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HacTosawuin JOKYMEHT, o3arnaBfieHHbIn «YCKOpW-
TENbHbIA KOMMIEKC NHTEHCUBHbIX adpPOHHbIX MY4YKOB»,
paspaboTaH crneunanuctamun MHL UPBI. Mpennoxe-
HVe HanpasiieHO Ha Co34aHune KPYNHOM MHOroL,eeBomn
YCKOPUTENBHOM YCTAaHOBKM MMPOBOIrO Kilacca C nyyka-
MW YCKOPEHHbIX NMPOTOHOB MEraBaTTHOM MOLLHOCTHU
B AmanasoHe aHepruin ot 100 MaB go 70 eB.

YcTaHoBKa npefHasHadyeHa njis NpoBeneHUs B pe-
XMME KOJIIEKTMBHOIO MOJIb30BAHUS OBLUMPHOW Mpor-
paMMbl UCCeN0BaHUI CBOVICTB BELLLECTB, MaTepuasnos
N N3penuin B HAHOMETPOBOM N CYOHaHOMETPOBOM
OuanasoHe, a Takke Onsa uccnenoBaHus GyHOaMeH-
TalbHbIX CBOCTB MaTepuu.

H.E. TiopuH,
onpektop ML, NPBI3

30 Hos16psa 2010

Ne2 ¢ MNMpoTBMHO ¢ 2010

This document entitled "Facility for Intense Hadron
Beams" has been prepared by IHEP, Protvino experts.
The proposal aims at construction of a large world class
multipurpose accelerator facility with megawatt power
proton beams in the energy range from 100 MeV to
70 GeV.

The new facility will allow to conduct on a multiuser
basis a comprehensive research program including the
investigation of substances, materials and object's
properties at nanometer and subnanometer scale and
also to study the fundamental properties of matter.

N.E. Tyurin,
IHEP Director

30 November 2010



BBeneHue

PasBntne ¢ounsukn pyHaamMmeHTanbHbIX B3aMMOLEN-
CTBUIN BO BTOPOV NofoBuHE XX BeEKa, 03HAaMeHOBaBLLEe-
€ecs LefbiM psaoM OTKPbITUI, ONMPanoch Npexane Bce-
ro Ha AOCTUXEHUS YCKOPUTENBHOMN DUBNKU N TEXHUKN.
B Hawe Bpemsi yCcKkoOpuTenn SBASIOTCH BaXKHENLLMMMN
MHCTPYMEHTAMN HE TOAbKO (pyHOAMEHTaNbHbIX, HO
M NPUKIAAHbIX NCCNEOBaHNN.

OOHOM N3 OCHOBHbIX TEHAEHLUMA Pa3BUTUSA YCKOPU-
Tenem NPoOTOHOB SBASIETCS NOBbILLEHNE MHTEHCUBHOC-
M (MOLLHOCTM) My4YKOB. YX€ CcO34aHbl YCTAHOBKMU
C MOLUHOCTbIO Ny4ykoB Ao 1 MBT, npoekTupytoTca ycta-
HOBKM C MOLLHOCTbIO Ny4ykoB Jo 5 MBT, ob6cyxaatoTcs
YCTaHOBKM C MOLWHOCTbLIO 0 100 MBT. Npwn aToM 3Hep-
rMsi MeraBaTTHbIX YCKOPUTENEN BapbnpyeTcs OT AECAT-
koB MaB po coteH [3B. Takne yCTaHOBKM HY>XHbl A51S
dyHOaMEHTasNbHbIX U NPUKIAAHbLIX NCCNEA0BaHNN, OHN
onpenenstoT passutmne psaaa BaXXHENLINX TEXHONOMMN,
KaK B MpOLLEecce CBOEro co3gaHunsa, Tak 1 npuv BoinosHe-
HUM NPUKNaaHbIX PadoT.

Mpepnaraetca Ha 6a3e CyLIECTBYIOLWEro YCKOpU-
TenbHoro komnnekca MHU, MPBD cospaTtb «Yckopu-
TENbHbIN KOMMNEKC UHTEHCUBHbLIX aAPOHHbIX My4KOB»
MeraBaTTHOM MOLLHOCTW.*

B ocCHOBY npeanoXeHusa MosioXeHbl cnepylowme
NPUHUMMbI:

4 CoxpaHeHune paboToCnoCOOHOCTU CYLLECTBYIO-
wero YckoputenbHoro komnnekca Y-70 MHL,
MDB3 n obecneyeHne BbIMOSIHEHUS yXe Hava-
ThIX NpOrpamMmm.

4 MuHuMM3aLMs PUCKOB B NpOLLECCE peannsaumnm
MpoeKTa, NCNOJSIb30BAHME COBPEMEHHbIX, HO OC-
BOEHHbIX TEXHONOMMN.

4 PasbuBka npoekTa Ha aTanbl C UX GYHKUMOHASb-
HOW CaMOO0CTaTO4YHOCTbIO Y TOTOBHOCTbBIO K UC-
MOJSIb30BAHMIO HA KaXA0M aTane.

MHTerpauus ¢ MMeIoLEencs MHPPacTPyKTypomn
M HaY4YHO-TEXHMYECKMM KOMMNEKCOM NHCTUTYTA.
MakcumanbHoe MCnoJfib3oBaHMe 6Ga30BblIX KOM-
neteHunn N'HL MPB3.

KoHconnpauus B pamkax MeranpoekTta MnoTeH-
umana pPOCCUNCKUX YCKOPUTENbHbIX labopaTo-
pUiA HA OCHOBE MCMNOIb30BAHUS WX AOCTUXEHUM
M KOMMETEHLNM.

"OTKpbITag apxmtekTypa” n BOSMOXHOCTb pas-
BUTUS B 40JITOCPOYHON NEePCEKTMBE.
Komnnekc nonxeH ObiTb YCTAHOBKOW KONNIEKTUB-
HOrO MONb30BaHUSA N NPEAOCTaBAATb BO3MOX-
HOCTW cneumannctaMm M3 pasHbix obnacrten
Hayku ONs NepBOKIACCHbIX WUCCNenoBaHui no
LUMPOKOMY CHEKTPY MpuknagHbiXx 1 GyHOaMeH-
TasbHbIX 3a4au.

Introduction

The development of fundamental physics in the sec-
ond half of the XX century was marked by a cascade of
discoveries based mainly on the achievements in the
accelerator physics and technologies. Today, the
accelerators have become the most important tools for
both the fundamental and applied studies.

One of the leading tendencies in development of the
proton accelerators is increase of the beam intensities
(power). Already there are facilities with beam power up
to 1 MW, accelerator facilities with the beam power up
to 5 MW are under design and facilities with the beam
power up to 100 MW are under consideration. The
energy of megawatt power facilities varies from tens of
MeV to hundreds of GeV. Such facilities are requested
by fundamental and applied studies, they enable the
development of variety of innovative technologies dur-
ing their construction phase as well as in the process of
their use.

It is proposed to construct at IHEP the "Facility for
Intense Hadron Beams™* of megawatt power beams.

The proposal is based on the following design
grounds:

4 Maintaining the working capacity of the existing
70 GeV accelerator U-70 and continuation of the
ongoing projects at IHEP.

4 Lowering the technical risks under the project
realization, the use of modern but reliable and
proven technologies.

4 Sectioning the project into a few stages with the
functional self-sufficiency and readiness for the
practical use of each particular stage.

4 Integration with the existing infrastructure of the
IHEP as well as with its research and technical
facilities.
Utmost use of the IHEP staff expertise.
Consolidation of the Russian Accelerator
Laboratories around this megaproject on the
basis of their particular scientific and technical
expertise and achievements.
"Open architecture” and the opportunities for the
development over a long term perspective.
The new accelerator and experimental facilities
should become the ones of the common use and
should provide the scientists from various fields
with the possibilities to conduct the first class
research programs on wide spectrum of applied
and fundamental topics.

.+

*  YcnosHoe HadBaHue: "Tpoekt OMEIA"

*  The conventional project name is "The OMEGA Project”
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LleHTpanbHbIM 3/IEMEHTOM MpPOEKTa ABNAETCH HO-
BblA Kackajg, YCKOpPUTENEN BbICOKOM WHTEHCUBHOCTU
C QHEprmen yCcKopeHHoOro nyyka npotoHoB 3,5 [3B.
OTOT KOMMEKC yckopuTenen** Gyaet ncnosb3oBatb-
Csa ON19 pelleHns OByX 3a4aq:

4 nnsa obecnedvyeHns OyHOAMEHTaNbHBIX U MPUK-
NafHbIX nccnegosaHuin ny4kom MBHbIX aHepruin
MOLLHOCTbIO cBbiwe 1 MBT;

4 ONS NHXEKLMN BICOKOUHTEHCMBHOIO MyyKa Npo-
TOHOB B yckopuTtenbs Y-70.

Mpoekt OMETA npegycmaTpmBaeT Takxe co3gaHue
Ha 6ase nyyka c aHepruein 3,5 BB 1 MOLIHOCTbLIO
1,1 MBT “MnNyfibCHOrO HEMTPOHHOIO WUCTOYHMKA (MUC-
cnepoBaHne 6UONOrMYEecKUX CTPYKTYP, HAHOCTPYKTYP,
BeELeCTB, mMarepuanos, nsgenun). lNMpoekt OMETA,
B COBOKYMHOCTU C UCTOYHUKAMW CUHXPOTPOHHOIO U3-
JIly4eHus, CO30aET YHUKaJIbHblE BO3MOXHOCTU ON4
BCECTOPOHHUX NCCNeL0BaHUN B MEPEYNCIIEHHbIX BbILLE
HanpasfieHUsX.

Kpome Toro, Takom rny4ok NpoOTOHOB MOXET ObITb UC-
Nnonb30BaH A1 UCCNeA0BaHMIA B 0611acTu saepHoOn Gusm-
KU1, pagvaumoOHHOro MaTepuasioBefeHns, nccnenoBaHus
YNPaBAgeMbIX YCKOPUTENEM MOAKPUTUYECKUX CUCTEM,
HapabOoTKM M30TONMOB, a Takke N8 U3ydeHnst GyHOamMeH-
TaJbHbIX MPOLLECCOB C UCMOJIb30BaHMEM HENTPOHOB, Kao-
HOB, NMNOHOB, MIOOHOB 1 HENTPUHO (Puc.1).

[ToBbILWEHVE 3HEPTUU U NHTEHCUBHOCTU MPOTOHOB,
WHXEKTUPYEMbIX B CyLLECTByOLWMI yckoputenb Y-70
13 BLICTPOLMKINPYIOLLLErO CUHXPOTPOHa ¥Y-3,5, no3Bo-
JINT NOJTY4UTb PEKOPLHYIO MHTEHCUBHOCTD MyYKa, YCKO-
peHHoro oo aHeprum 70 B, 4To co3aacT HOBbIE BO3-
MOXHOCTU ANna dyHOAMEHTaNbHbIX UCC/IeA0BaHUN,
a TaKkxke onpenenut nepcrnekTyuBbl UCMOJIb30BaHUSA
nHoppacTpykTypbl YHK.

CospaHne HOBOro KoMmiaekca yckopuTtenen rno3so-
JINT ONTUMN3NPOBATL CYLLLECTBYIOLLMINA UHXEKLMOHHBIN
KOMMekc B cocTaBe NuHenHoro yckoputensa M-100
1 BycTepHOro cMHxXpoTpoHa Y-1,5 ana paboTtbl ¢ ner-
KVIMU 1 CPEOHVIMU SAPAMMN.

B npouecce peanuzauuun npoekta OMETA Ha kaxaom
€€ aTarne Hay4yHoe COOOLLECTBO NOMYYNT HOBYIO YHMKASb-
HYIO 3KCMEepPUMEHTasIbHYI0 6a3y 1 HOBbIE TEXHOJIOTUMN.

Mpepnaraemasi yctaHoBka OyneT KpynHenwunm
B Poccuun LEeHTpPOM KONNEKTUBHOINO MOJIb30BAHUS,
obecneymBaloLLMM BO3MOXHOCTU MCCNEeLOoBaHUN Ha
COBPEMEHHOM YPOBHE [AJ19 CNEeunannctoB CamMblX
pasnuyHbIX gucumnamH. Co3gaHne yCTaHOBKU Takoro
YPOBHSA MO3BOJIUT COXPaAHUTb U Pa3BUTb LUMPOKUI
CNeKTp nepenoBbiX HayyHbIX HAMpasJ/ieHW W Nepc-
MEKTUBHbIX TEXHOJIOMMI. [10 OCHOBHbLIM MapamMeTpam
3TOT KOMMEKC OyOeT B Yncie ydlunx B Mype ycTa-
HOBOK [AHHOro HamnpasneHus (Puc.2), 4To A0MXHO
npuBeKaTb K HEMY POCCUNCKUX U 3apyOeXHbIX cre-
LNasINCTOB.

The core element of The OMEGA project is a new
cascade of high intensity accelerators with the top pro-
ton beam energy of 3.5 GeV. This proposed accelerator
facility** will address the two major tasks:

4 to provide fundamental and applied research
activities with the beams of GeV energy range
and the beam power above 1 MW;

4 to inject the higher intensity proton beams into
the U-70 accelerator.

The OMEGA Project also foresees construction of the
pulsed spallation neutron source utilizing the 3.5 GeV
and 1.1 MW proton beam (the study of biological struc-
tures, nanostructures, substances, materials, objects).
These features of the neutron studies make The OMEGA
Project complimentary to the synchrotron radiation
sources thus providing unique opportunities for a com-
prehensive research in the science fields listed above.

Moreover, such a proton beam can be used for inves-
tigations in the field of nuclear physics, radiation mate-
rial science, to study accelerator driven subcritical sys-
tems, to produce isotopes and also to study the funda-
mental processes using neutrons, kaons, pions, muons
and neutrinos (Fig. 1).

Higher energy and higher intensity of the protons
injected into the existing U-70 accelerator from the RC
PS U-3.5 will result in a record intensity of the 70 GeV
protons and, respectively, will create the new possibili-
ties for the fundamental studies as well as open an
opportunity for the future use of the UNK infrastructure.

Construction of the new accelerator complex will
allow to further optimize the existing U-70 injection
chain consisting of the linac I-100 and the 1.5 GeV
booster synchrotron for the operation with the light to
medium nuclei.

Realization of The OMEGA Project will provide the
scientific community with unique experimental facility
and innovative technologies at every particular proj-
ect stage.

The proposed facility will become the largest center
for the common use in Russia. It will allow the experts
from various fields of science to conduct advanced
research programs. The construction of such a front
level facility will stimulate the development of a wide
spectrum of advanced scientific investigations and
technologies. Among similar facilities this one will be
the most advanced by its basic parameters (Fig. 2). As
such it should attract the experts from Russia and other
countries.

*%

B panbHeriwemM ncnosib3oBaHbl CAeAyoLWme TEPMUHBbI:

4 YcKopuTesibHbIi KOMMJIEKC MHTEHCUBHbIX afpPOHHbIX My4-
koB — Mpoekt OMETIA, BknitoyaeT BCE (YCKOPUTENN, BbICOKO-
MHTEHCUBHbIE MYYKN U HENTPOHHbI NCTOYHUK).

Komnnekc BbICOKOMHTEHCUBHbIX yCKOpuUTenein BKo4aeT
N1Y-400 n ¥Y-3,5.

Y-70 — NPOTOHHbIV CUHXPOTPOH Ha aHepruto 70 B ¢ cywecTsy-
loLLen nHxekupert ot 1,5 MB konbueBoro 6yctepa, HanoHIeMo-
ro npotoHamu ot 30 MaB BYK-nuHenHoro yckoputens YPAJ1-30.

Ne2 ¢ MNMpoTBMHO ¢ 2010

** In what follows the use is made of the conventions:

4 Facility for intense hadron beams — The OMEGA Project,
includes "everything” (accelerators and high intensity beams and
n-source).

Complex of high intensity accelerators - includes LU-400 and
U-3.5.

4 U-70 Accelerator — 70 GeV proton synchrotron with the existing
injection from 1.5 GeV ring booster fed by the protons from the
30 MeV RFQ linac URAL-30.



Puc. 1.
Komnnekc pacnosiokeH B CEBEpPO-3anafHoi YacTu TexHuyeckon nnowanku MHL, NDPB3I3: 1 — nuHEenHbli yCKopuTESb

J1Y-400 (kpacHbIi UBET); 2 — ObICTPOUMKIVPYIOLWUA CUHXPOTPOH Y-3,5 (kpacHbii ugeTt); 3 — T1

PacnonoxeHue komMmnnekca Ha MECTHOCTN.

— MMULLUEHb

M 3KCMEPUMEHTAJIbHBIA 3@l HEMTPOHHOIO WCTOYHMKA (KpacHbIM uBeT); 4 — 5 T2 n T3 — 30Hbl AN 9KCNEPUMEHTOB
C BbICOKOVHTEHCMBHbIMM Ny4ykamu (po30Bbili UBeT). CyulecTBylollee 3aaHme 6 (ronyborn LBeT) OyaeT MCnonb30BaHO ANg
TEXHOJIOrMYEeCKOro obecneyeHns kommnnekca. bnegHo-cepbiM 1 3en€eHbIM LBETaMU M300paxXeHb! CYLLECTBYIOLLME 30aHUS
1 coopyxeHus. B LeHTpe — konbLo yckoputens Y-70.

B kauecTBe MecTa an1a peanmsaumm 3Toro Meranpoek-
Ta npepyiaraetca TexHudeckasa nnowaaka MHLU NPBO.
Takor BbIOOP ONpenensieTcs cneayiowmMm apryMeHTaMum:

+

YRR e

+

konnektne MHU UPBS obnapaeTt 3HayuUTeNb-
HbIM, BO MHOIMX Clly4asix YHUKasIbHbIM OMbITOM
B pa3paboTke, sKCnayaTaumm 1 pa3sutm 60b-
LUNX YCKOPUTENBbHbBIX KOMIMEKCOB;

ML, MPB3 obnapaet B page HanpaBieHin yHN-
KanbHON MNPOU3BOACTBEHHOM M TEXHONOINYEC-
Kon 6a3on;

B MHL, MDPBI umeeTca pasBuTas MHXeHepHas
MHPPACTPYKTYypa, B TOM YNCIE SHEPreTmKa,;
reorpaduryeckoe pacnosioxXeHme yaobHO AN1s LUMPOKO-
ro YHaCTus POCCUIACKUNX 1 3aPYDEXHBIX CNELIMaINCTOB;
B M'HL, MPBO nmeeTcsa goctatoyHas anas cosga-
HUS MPeaaraeMoro KoMniaekca TeppuTopus;
MHL, NPB3 nmeeT MHOFOIETHNI OMbIT LUMPOKO-
ro MexayHapoaHOro COTPYAHNYECTBa;

npoekt OMEIA no3BoNNT 3HAYNTENBHO pacLun-
PUTb BOSMOXHOCTW CYLLLECTBYIOLLENrO YCKOPUTESb-
Horo komnnekca Y-70 (cuHepretuieckunii adpdekT);
npoekt OMEIA nmeeT nepcnekTuBbl OaNbHEN-
LLIEro pa3BuUTUS, CBA3aHHbIE C NCMOJSIb30OBAHNEM
MHppacTpykTypbl YHK.

The IHEP territory is suggested as a construction site
for the new megaproject. This particular choice is
determined by the following arguments:

4

4

.+ + 0+

+

IHEP staff has a significant and unique expertise
in construction, operation and development of
large accelerator facilities in Russia;

IHEP has in some cases unique technological
and production potential;

IHEP has a well-developed engineering infra-
structure, including the electrical power supply
network;

IHEP geographic location is attractive for a wide
participation of Russian and foreign users;

IHEP has a sufficient territory for accommodation
of the new facility;

IHEP has a longstanding experience in the inter-
national cooperation;

The OMEGA Project will allow to extend the
potential of the existing U-70 accelerator (syner-
gy effect);

The OMEGA Project opens the perspectives
towards the use of the UNK infrastructure.

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN
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Puc. 2.

XapaKTepI/ICTI/IKI/I BbICOKOMHTEHCUBHbIX MPOTOHHbLIX YCKODMTeﬂeﬁ.

MMYHKTUPHBIMW NPAMbBIMU IMHUAMK N306paKeHbl YPOBHM MOCTOAHHOM MOLLIHOCTW. 1o 3TOMY NapamMeTpy, BaXXHeENLLeMy As
OoNbLUMHCTBA 3a4a4, npeanaraemMbiii npoekT (Y- 3,5) 6yaeT npeBOCXOANTb BCE CYLLECTBYIOLLWE CEroAHSA yCTaHOBKU. ns

npoekta OMETA () ykasaHbl ABe TOYKW:

- ObICTPOUMKIMPYIOLWNIA CUHXPOTPOH, E=3.5 3B, I= 300 MkA (W=1,1MBT);

- cywiecTByoLLmMin yckopuTenb Y-70 ¢ HOBbIM MHXEKLMOHHBIM KommnekcoMm, E= 70 8B, I= 1,5 mkA (W=0.1 MBT).

Mpennaraembiii MPOEKT B CUYy €ro maclutabHoCTum
N KOMIMIEKCHOCTM OPUEHTMPOBAH Ha LUMPOKOE BOBJE-
YeHune B ero peanmaaumio OCHOBHbIX YCKOPUTESbHbIX Na-
BopaTtopuii Poccumn, cneumann3mpoBaHHbIX NPOEKTHbIX
OpraHn3aLmin 1 MPOMBbILLINIEHHbIX NPEANPUATUIA, a TaKxke
3aMHTEPECOBAHHbIX 3apPYOEXHbIX HAYYHbIX LLEHTPOB.

HacTodauwmin matepuan nmeeT HECKONLKO pa3aersos.
B Paspgene 1 npmBeaeHbl OCHOBHbIE XapakTePUCTUKN
CYLLECTBYIOLLEr0 yCKOpUTENbHOro komnaekca [MHL],
MDB3 1 psaga npoekToB, HAXOOALWMXCS Ha PasNYHbIX
aTanax pa3sutua. B Pazpene 2 npeacrtaBneHbl OCHOB-
Hble MapamMeTpbl NpenjiaraeMoro KoMraekca BblCOKO-
MHTEHCUBHbIX yckopuTtenen. B Pasgene 3 onucadbl
OCHOBHblE€ HanpaeneHns dyHAAMEHTasNbHbIX WU MPUK-
nagHblX UCCNeOoBaHUI C SHEPrUsiMU MNPOTOHOB A0
3,5 B. B Pazpgene 4 paccmMoTpeHbl NepcrnekTuBbl
ncenenoBaHuid Ha yckoputene Y-70 ¢ NOBbILLEHHOW
WHTEHCMBHOCTbIO.

B nocnepyowmx pasgenax npueeneHbl OLEHKN CTO-
MMOCTU, OPMEHTUPOBOYHLIAN NnaH-rpadpuk paboT
1 BO3MOXHbIE NEPCMNEKTUBbI AaNbHENLLEro pasBmTuS.

MpencTaBneHHbI B pa3genax 3 u 4 nepevyeHb BO3-
MOXHbIX HanpaBneHnn GyHaaMeHTaNbHbIX U NPUKIaa-
HbIX paboT NpMBEOEH Ans cnpaeku. B npouecce nanb-
Hellwen petanbHOW npopadoTkn OyayT onpeaeneHsbl
NPUOPUTETHbIE NEPBOOYEPEOHbIE HANPaBIEHUS.

Ne2 ¢ MNMpoTBMHO ¢ 2010

Owing to its scale and complexity, the proposed
project is expected to involve the major Russian accel-
erator laboratories, the specialized technological and
manufacturing enterprises as well as the foreign scien-
tific centers interested in the project.

This document is divided in a few sections. In Sec-
tion 1 the main parameters of the existing IHEP accel-
erator complex and a number of ongoing at U-70 proj-
ects are presented. In Section 2 the basic parameters
of the proposed high intensity accelerator complex are
specified. In Section 3 the principal fundamental and
applied research directions with the intense proton
beams at the energies up to 3.5 GeV are described. In
Section 4 the perspectives of the experiments at U-70
accelerator with the increased intensity are given.

Other sections of the document provide the cost
estimates, preliminary schedule and further develop-
ment perspectives.

The listing of possible fundamental and applied
research directions in Sections 3 and 4 is outlined for
reference. Of course, in the process of subsequent
detailed study certain priorities are to be adopted.



1. YckopuTenbHbIN
komnsekc Y-70

B aTOM paspene npuBeaeHbl XapakTepPUCTUKK CyLLLe-
CTBYIOLLLEr0o yckopuTenbHoro komnaekca MHU, NPBI
N OCHOBHblEe MapamMeTpbl MNPOEKTOB, HaXOAALLMXCS
B NPOLLECCe peannsaunm.

1.1. OCHOBHbIE XapaKTEepPUCTUKN

B HacTosuiee BpemMsi B cocTaB YCKOPUTENbLHOMO
komnnekca Y-70 M'HL, MDPB3I BxoOaT 4yeTblipe ycTaHOB-
K1, 0ObeAnHEHHble B edMHbIA Kackapn, YCKOpUTENen,
N oOMH yckopuTenb, paboTtawowmii aBTOHOMHO. Crnu-
COK yCTaHOBOK KOMMeKca:

4 NVHEeNHbIN yckopuTenb NpoToHoB YPAJT 30 Tvna

BYK®D c ppelidoBbiMM TpydOKaMu Ha 3HEPruio
30 MaB — wWTaTHbIN MPOTOHHbBIN UHXEKTOP;

4 nuHenHbIn yckoputenb M-100 Tvna AnbBapeua
(Alvarez) — MHXEKTOP NErkmx NOHOB C QHEpPrmen
16.7 MaB/HYKNOH 1/nnn pe3epBHbIN NHXEKTOP
MPOTOHOB C 3Heprun 72.7 MaB;

4 ObICTPbIN NPOTOHHbI CUHXPOTPOH BycTep Y-1,5
C MarHUTHOM XeCTKOCTbIO 6.9 Tn-m;

4 CcoBCTBEHHO OONbLUON MPOTOHHBIA CUHXPOTPOH
Y-70 ¢ MarHMTHOM XeCTKOCTbIO 233 Tn-m.

HoBbI nnHEeNHbI yeckopuTenb NPpoToHOB YPAJT-30M,
npegnonaraemas 3ameHa ana YPAJ1-30, HaxoauTcs
B PEXMME WCMNbITAHUA HA OTAENbHOM TEXHWYECKOW
niaowiagke.

PasmelleHne yckoputenem nokasaHo cxemaTuyec-
kn Ha Puc. 1.1. MapameTpbl yckOpUTeENern Kommnaekca
nepeyncneHol B Tabnuuax 1.1 n 1.2. Yckoputenb
MN-100, nCNoNb30BaBLUMNCS KaK MHXEKTOP MPOTOHOB
B Y-70, HaunHas ¢ MOMEHTa ero 3anycka BmiOTb A0
1985 r., cCHOBa MHTErpMpPOBaH B LEMNOYKY YCKOPUTENEN
c nekabpsa 2007 roga. B HacTosiLlee BpemMsi OH UCMOJb-
3yeTCs Kak MHXEKTOpP Nerknx MoHoB NMbo Kak pe3epB-
HbIi MHXEKTOpP, 06cnyxXuBatoLwmin konbuo Y-1,5.

OcHoBHble ycunus B paboTte Ha komnnekce Y-70
HanpasfieHbl HA JOCTUXEHME CNeayoLNX Lenen:

1. Obecne4yeHune HagexHon paboTbl, Masblix NPOC-
TOEB M MPOMYCKOB My4Ka BO BPEMS PEryspHbIX
ceaHcoB paboTbl yCKOPUTENS.

2. YnyduweHue kayecTBa NPOTOHHOrO My4yka nyTem
obecneyvyeHnss MeHbLLMX Ha30BbiXx 0ObLEMOB MyY-
Ka 1 nony4yeHus ero 6onee BbICOKON UHTEHCUB-
HOCTM, BNIOTb 10 3-10'® npoToHOB 3a LmK.

3. [lMostanHasa peanusaumsa NporpaMmmbl YCKOPEHUS
JIErkUx MOHOB C OTHOLLUEHMEM 3apsga K Macce
q/A=0,4-0,5.

B cOBOKYNHOCTH, BbIOpaHHOE HanpaB/ieHne PasBUTUS
npegnonaraeT npeBpalleHne KpynHeMwen Haymo-
HafIbHOW YCKOPUTENbHOM ycTaHoBKM Y-70 B yHUMBEp-
calibHbIli aAPOHHbIN YCKOpUTESb, CNOCOOHLIN obecne-

1. The U-70 Accelerator

In this Section the basic parameters of the existing
IHEP accelerator complex are specified and an
overview of the other ongoing projects is presented.

1.1. Basic Parameters

At present, the accelerator complex U-70 of IHEP
consists of four machines connected in a cascade and
one linear accelerator running in a stand-alone mode.
The list of the machines is presented below:

4 The 30 MeV RFQ DTL proton linear accelerator
(linac) URAL-30 - the regular proton injector;

4 The Alvarez DTL linac 1-100 - the
16.7 MeV/nucleon light-ion and/or backup
72.7 MeV proton injector;

4 The rapid cycling booster synchrotron U-1.5 with
a top magnetic rigidity 6.9 T m;

4 The main ring synchrotron U-70 with a top mag-
netic rigidity 233 T-m.

The new 30 MeV proton linac URAL-30M, the sup-
posed successor to the URAL-30, is housed on a sepa-
rate site and is operated in a pre-commissioning
regime.

Layout of accelerators is shown schematically in
Fig. 1.1. Their parameters are listed in Tables 1.1 and
1.2. Alvarez linac 1-100, the former proton injector to
the U-70 since its early days till 1985, is back on serv-
ice since December 2007. It is now operated as either
a light-ion or backup proton injector feeding the inter-
mediate booster ring U-1.5.

Major efforts during the accelerator operation are
invested to attain the three goals:

1. To ensure stable operation and high beam avail-
ability during the regular machine runs.

2. To improve proton beam quality (by providing
lower emittances and higher intensities, up to
3-10"3 protons per cycle).

3. To implement gradually a program to accelerate
light ions with a charge-to-mass ratio
q/A=0.4-0.5.

Generally, the trend is to convert the largest national
facility U-70 into a universal hadron accelerator to fit for
ongoing applied and fundamental fixed-target
research.
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Tabnuua 1.1.  XapakTepuCTUKM MPOTOHHbLIX CUHXPOTPOHOB.

Table 1.1.

Parameters of proton synchrotrons.

OHeprus, E (NpOoToHkI), 3B 0.030-1.32
OnvHa opbuTsl, L, M 99.16
Paguyc KpnBn3Hbl OpOUTHI

B 610Kax, p, M 5.73
MarHuTHasa XecTkoCTb, Bp, Tn:m 0.80-6.87
KoadduumeHT pacwimpenus opout, oo 0.07235
MakcumanbHast MUHTEHCUBHOCTb,

N, NIPOTOHOB/UMMYNLC 2-9-10""
Bpems yckoperus, t,, ¢ 0.030
lMepwnoa cnepoBaHUs LWKNOB, T, C 0.060

KpaTHOCTb yCKOpeHus, h, 1

PanunovactoTa, f-, Ml 0.75-2.75
BY Hanpsxenue, V.., kB 6-60
[Mepron MarHMTHOM CTPYKTYPbI MFDFM
Yucno nepmnogos 12
Yucno cynep nepnonos 12
BetaTpoHHbIe YacToThl (FOp/BEPT) 3.85/3.80

1.32-69 Energy, E (protons), GeV
1483.699 Orbit length, L, m
194.125 Curvature radius, p, m
6.87-233 Magnet rigidity, Bp, T-m
0.011120 Compaction factor, o
1.7-10™® Intensity, N, ppp

2.75 Ramping time, t., s

9.77 Cycle period, T, s

30 RF harmonic, h

5.52-6.06 Radio frequency, f,,MHz
190-300 RF voltage, Vg, kV
FODO Lattice period
60 Number of periods
12 Number of superperiods
9.9/9.8 Betatron tunes (H/V)

Tabnuua 1.2.  XapakTepuUCTUKWN JIMHENHbIX YCKOPUTENEN MPOTOHOB.

Table 1.2. Parameters of proton linear accelerators.

Tun RFQ DTL Alvarez DTL Type

OHeprus, E (npoToHbl), MaB 0.1-30 0.7-100 Energy, E (protons), MeV
OnuHa, L, m 25).3) 79.4 Length, L, m
PagnovactorTa, f., MI'y 148.5 148.5 Radiofrequency, f,., MHz
MMnynbCHbIN TOK, [, MA 70 100 Pulsed current, /, mA
LnvTenbHOCTb nMmnynbea, t, , MKC 1-10 12-40 Pulse length, t,, us
Mepuon uuknos, T, ¢ 0.060 1-5 Cycle period, T, c

Yucno cekuummn 5 3 Sectioning

YNTb NOTPEOHOCTU NPUKNAOHBIX U PYHOAAMEHTASNIbHbIX
ncenenoBaHuin Ha GUKCUPOBAHHbBIX MULLIEHSIX.

YckopuTenbHbIi komnneke Y-70 paboTaeT ABa pasa
B rof B TeyeHune ceaHcoB, aautenbHocTbio 1000-
1500 yac kaxabiri. PaboTbl N0 COBCTBEHHOW NpOrpam-
Me pasBUTUS YCKOPUTENS ONATCS OKOI0 OAHOW Heaenm
nepen HavyasoM MCMNOJIb30BaHUSA Mydyka AN Uenen
nporpamMmebl Mo aKCnepuMeHTanbHoOM Gusnke.

O06bI4HO, paboyas aHeprus coctasnsaeTt 50 3B. 310
KOMMPOMUCCHAasi BeNMYMHa, KoTopas npuemnema ans
6onblUMHCTBA NOTPEBMTENEN NyyKa, HO 3aMETHO NOHU-
XaeT 3aTpaTbl anekTpoaHeprum (-20%), nosoas cton-
MOCTb CEQHCOB [10 MPUEMNIEMOr0 3HAYEHUS.
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The U-70 accelerator complex is used to run twice a
year for 1000-1500 hr per run. Dedicated machine
development (MD) activity takes a week prior to deliv-
ering beam to the experimental facilities.

Usually, the top energy is about 50 GeV. It is a com-
promised value, which is acceptable to users and
noticeably minimizes electrical power consumption
(-20%) thus making the runs more affordable in cost.



Ha Puc. 1.2 nokasaHa cTaTucTuka npoCcTOeB M Npo-
MYyCKOB My4yka Ha BPEMEHM COOCTBEHHOW MPOrpamMmbl
yckoputensi (konioHkn MD) v npu paboTe Ha duamnyec-
Kunin akcnepumMeHT (XPh). MNpuBeaeHbl Takxe cpenHue
BennyuHbl 3a nepunop 2002-10 rogos. SKCnepuMeH-
TallbHble YCTAHOBKM MOMAYy4YalOT MY4OK B TeYyeHue
83-84% oTBEOEHHOr0 BpeMeHW. ITO COOTBETCTBYET
MMPOBbLIM NOKa3aTeNsam 1 ABASIeTCS pe3ynbLraTtoM nna-
HOBBbIX 1 NPOdUNAKTMYECKMX PabOT, MPOBOANMbIX B Ne-
puoa Mexnay ceaHcamu.

B xope akcnnyataumu n pasBUTUS Yy4LLIAOTCS
0a30Bble xapakTepucTuku komnnekca Y-70. M3 noc-
NefHUX OOCTUXEHN MOXHO OTMETUTb CO34aHME ME-
JIEHHOro CTOXaCTU4ECKOro BbiIBOAA MPOTOHOB (A/M-
TENbHOCTb BbIBOAA 2—-3 CeK, MHTEHCUMBHOCTL A0 1-10'3
NPOTOHOB B COPOCE) N YCKOPEHNE NOHOB AENTEPUS A0
YOENbHOM KNHETUYECKON aHeprum 23.6 3B Ha HYKJOH.

B nocnegHue rogbl nporpaMmma aKCrnepuMeHTanbHbIX
NCCNeaoBaHUM CKOHLEHTPUPOBAHA Ha CneayoLmx Ham-
paBneHusx, rae napameTpbl nydykoB Y-70 no3BoNSOT NO-
Jyqatb NPUOPUTETHLIE PE3YNbTaThl MMPOBOIO Kiacca:

4 pacnagbl 3apsiXEHHbIX KAOHOB;

4 cnekTpockonus agpoHOB;

4 ®un3nka CNnMHOBbLIX MPOLECCOB;

4 agpoH-a4epHble B3aUMOAENCTBUS.

Kpome Toro, Ha yckoputene npoBOAATCS NPUKIAL-
Hble paboTbl, B TOM 4uCIle, NO NPOTOHHOM paguorpa-
¢ BbicTpONpPOTEKAIOLLNX NPOLLECCOB.

1.2. MNnaHbl MOgepHU3aLUun

B pamkax PLMN «ApepHble 3HEProTEXHONOMMM HOBO-
ro nokoneHus» 6yaeT BbINOJSIHEH KOMMEKC paboT no
MOOEPHU3aLMN PSfa OCHOBHbBIX CUCTEM YCKOPUTESb-
Horo komnnekca ML NPB3.

BY yckopsiiowme cTaHUuMu CUHXpoOTpoHa ¥Y-70

Cuctema yckopsSIlOWMX CTaHUMM npefHas3HayveHa
AN CO34aHMNs YCKOPSIIOLLEro NPOAOSIbHOrO 9eKkTpu-
yeckoro BY nons B OCHOBHOM KOJibLLE MNPOTOHHOIO
cuHxpoTpoHa Y-70 ML, NPB3.

Co3paHune KOMMakTHbIX 1 60/1ee MOLLHbIX YCKOPSItO-
LLMX CTAHLMIM NO3BONUT BABOE COKPATUTh UX KOMYECT-
BO Ha opbuTe yckopuTens n Tem cambiM BbICBOOOANTb
4aCTb NPSAMOJSIMHENHBIX MPOMEXYTKOB 4S9 pasMeLle-
HUs apyroro Gmn3an4yeckoro o60pyaoBaHUS, HYXHOrO
Ons pa3BuUTUS MPOTOHHOIO CUHXPOTPOHA. Kpome Toro,
3aTa cucTemMa no3BOSINT YCKOPSATb NyYkn 6onee BbICO-
KOW MHTEHCMBHOCTW.

[Mepexon Ha COBPEMEHHbIE reHepaToOpPHbIE Namnbl
NO3BOJINT CAKOHOMWUTb 3KCMyaTaUVOHHbIE PACXOAbl.
OnHoBpeMeHHO OyaeT MnoBbllleHa HaaEXHOCTb 000-
pyooBaHWA, NepesefeHa Ha COBPEMEHHYIO 3/IEMEHT-
Hylo 6a3y 3/IEKTPOHMKA HWU3KOr0 YPOBHS MOLLHOCTHU
1N NpoBefeHa MNOosHas aBToMaTu3aumsa yCKOPSIOLLEN
CUCTEMBI.

BakyymHas cuctema CUHXpOTpoHoB ¥Y-1,5nY-70
YnyulweHnne Bakyyma (Ao yposHsa 0.8-10°8 Top) Tpe-
OyeTcsl AN YMEHbLUEHUS NOTePb MHTEHCUMBHOIO My4ka
NPOTOHOB 1 06ecneyYeHns oNTENbHOrO BPEMEHM XN3-
HW MHOro3apsgHbIX MOHOB. [1ns 3TOro cuctema npea-

Fig. 1.2 shows beam availability data during dedicat-
ed machine development activity (the MD columns)
and runs for a fixed-target experimental program (XPh
columns). The averages over 2002-2010 are also pre-
sented. Experimental facilities acquire the beam with a
fractional availability of 83-84%, which corresponds to
the world standards and is an outcome of an intensive
routine maintenance carried out during shutdowns.

Operational parameters of the U-70 accelerator
complex are getting better. The implementation of a
slow stochastic extraction of protons (extraction time
2-3 s, intensity up to 1:10'® protons per a spill) and
acceleration of deuterium ions to a specific kinetic
energy of 23.6 GeV per nucleon constitute the latest
achievements worth mentioning.

During a few last years, the experimental program is
focused on the following topics, in which the U-70
beam parameters allow to obtain valuable results of the
world class:

4 charged-kaon rare decays;

4 hadron spectroscopy;

4 physics of spin effects;

4 hadron-nuclei interactions.

Moreover, an applied research is performed with the
accelerator facility including proton radiography of
rapid processes.

1.2. Upgrade Plans

The upgrade of a number of main technological sys-
tems of the IHEP accelerator complex will be accom-
plished in frames of the Federal Target Program (FTP)
"New Generation of the Nuclear Power Technologies™.

RF accelerating system of the U-70 synchrotron

Cavities of the accelerating system are used to
impose the accelerating longitudinal electric RF field
along the U-70 proton synchrotron orbit.

The development of compact and more powerful
accelerating stations will allow to reduce their number
by a factor of two and, therefore, to get some addition-
al space for other equipment required for the machine
development. Moreover, the upgraded system will allow
accelerating the beams with a higher intensity.

Going to the up-to-date generating tubes will save
the operational expenses. At the same time, it is
planned to increase the equipment reliability, to switch
to the modern components of low-level electronics,
and to fully automate the accelerating system.

Vacuum system of the U-1.5 and U-70

In order to decrease the proton beam losses and to
increase the lifetime of multi-charged ions, it is neces-
sary to improve the vacuum (down to 0.8:10° Torr). For
this purpose, the system of fore-pumping will be
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BapuUTENbLHON OTKa4kn ByaeT nepeseeHa Ha 6eamac-
naHble TyPBOMONEKYNAPHLIE HACOChI W CMPAsbHbLIE
dopBaKyyMHbIE HACOChI, CUCTEMA 3MEPEeHUs BakyyMa
6yaeT OCHaLLeHa yHMBEPCaNbHbIMM JaT4MKamMu Baky-
yma, paboTalwmmMmn B ananasoHe gaBieHnNn 1-10% po
1-10""" Top, BakyymHble ynnoTHeHus 6GyayT caenaHbl
Ha MeTanNMYecKnx NPoKNaaKax, U3 BakyyMHOro oobe-
Ma 6yayT BbiBeAeHbl BHYTPEHHNE MULLEHW U NPUBOAbI
KPUCTANINMYECKUX AednekTopos.

Cucrtembl NUTaHns

KOJIbLLEBbIX 3JIEKTPOMarHUTOB

byctep Y-1,5. OCHOBHasa cnMctemMa nMTaHns KonbLe-
BOro anekrpomarHmta yckoputend Y-1,5 Bkniodaet
B cebs HaKONUTENbHYIO KOHAEHCATOpHYIO 6aTapeto, 3a-
psioHOE YCTPOWCTBO, BbIMPSMUTENN MOAMUTKA, MOLLL-
Hble KOMMYTUPYIOLLME YCTPOWCTBA, CUCTEMY NOAaBIe-
HUS UMMYJbCHBLIX HAaBOLOK, CUCTeEMYy cTabunmaaumm
N ynpaeneHus. 3T cuctemMbl GyayT nepeBeneHbl Ha
COBPEMEHHYIO 3/IEMEHTHYIO 6323y, YTO NO3BOSIUT UCKJITO-
YNTb N3 CUCTEMbI 3KOJIOrMYECKM OMNacHbIE KOHAEHCATO-
Pbl, YMEHbLUMTb CETEBbIE HABOOKM M YNYYLLINTE BO3MOX-
HOCTW ynpasieHns napameTpaMmm MarHUTHOrO Lukna.

CuHxpoTpoH Y-70. B HacTosiILlee BpeMs B CUCTEME
nuTaHusa yckoputens Y-70 ncnonb3yiotcs MoOTop-re-
HepaTopbl C KNHETUYECKUMUN HAKOMUTENSMU 3HEPTUN,
NMOCTPOEHHbLIMWN HA MAaCCUBHbIX MaxoBMKax. ATo 0b6opy-
[oBaHue Oblyio pa3paboTaHO M CO34aHO MoJsiBeka Ha-
3a/ Ha 6a3e CyLecTBOBaBLUNX TOrAa TEXHNYECKMX BO3-
MOXHOCTEN. OKCMNyaTauNOHHbIE XapaKTepPUCTUKN
3TUX YCTPOWCTB HE OTBEYAIOT COBPEMEHHbLIM TpeboBa-
HUSIM 1 He obecneymBaloT HagJslexallero aHeprocoe-
pexeHnsa. Bmecte ¢ TeM, COBPEMEHHbIE TEXHNYECKME
cpencTBa NO3BOJMIFIOT CO34aTb HOBYO CUCTEMY MuTa-
HUS 9NIeKTpoMarHuTa, CBOOOAHYIO OT HEeOO0CTaTKOB,
npucyLuMX CyLlecTByollen cucteme. Ee ocHoBol 4B-
NA0TCHA TUPUCTOPHbIE NpeobpasoBaTenu 1 TpaHchop-
MaTopbl.

1.3. Pa3zBuTtue akcnepumeHTtanbHoOW 6as3bl

CospgaHHas Ha yckoputene Y-70 cuctema KaHanos
YacTuL, BKJIIOYAET B cebsl kaHanbl, paboTalolme Kak ot
BHYTPEHHVX MULLIEHEN, TaK M HA OCHOBE BbIBEAEHHOIO U3
Y-70 nyuka. MNpuMeHeHEe BHYTPEHHUX MULLEHEN 0bec-
neynno BO3MOXHOCTb NpoBeneHus Ha Y-70 nepBooye-
penHbIX 3KCNEPMMEHTOB 6€3 CO34aHMs CIIOXHbLIX CUCTEM
ONa BblBOOA Nyvyka HENOCPenCTBEHHO MOCSe 3arnycka
YCKOPUTENS, HO CBA3aHO C PAOOM CYLLECTBEHHbIX Orpa-
HUYeHW. PagnalmoHHble Harpy3km Ha o0opyaoBaHWe
YyCKOPUTENS, BO3HMKAIOLLME NPY paboTe BHYTPEHHUX MU-
LIeHen, OrpaHnyYMBaloT MakCUMasIbHYIO NMHTEHCUBHOCTb
NMPOTOHHOIO My4yka, COPacbIBAEMOro Ha MULLIEHb.

[MnaHvpyemoe CyLleCTBEHHOE MNOBbILLEHNE WHTEH-
CVBHOCTM YCKOPEHHOr0 NPOTOHHOIO MNyyka OTKPbIBAET
HOBble BO3MOXHOCTU AJ19 MPOBeAeHUd GU3ndeckmx
nccnenoBaHuin Ha ycKkopuTenbHOM komnnekce Y-70.

MepcnekTrBa paboTbl C MPOTOHHbLIM MYYKOM BbICO-
KO MHTEHCUBHOCTM OnpenensetT HeobxoANMOCTb Cy-
LLLEeCTBEHHOM NepecTPOnKM CYLLECTBYIOLWLEN B HACTOSA-
Lee BPEMS CUCTEMbI KaHasnoB 4Yactul,. K OCHOBHbIM
HanpasfIeHsIM TaKoW NepecTPOnKU CreayeT OTHECTU:
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equipped with oil-free turbo-molecular pumps and spi-
ral fore-vacuum pumps. The system of vacuum diag-
nostics will be supplied with universal vacuum gauges
operating at the pressure from 1-10° to 1.:10°"" Torr.
Vacuum joints will employ metal seals. The internal tar-
gets and bent-crystal deflectors will be removed from
the ring vacuum volume.

Power supply systems of the ring magnets

Booster U-1.5. The main power supply system of the
U-1.5 accelerator ring magnet includes the storage
bank of capacitors, charging unit, re-feed rectifiers,
high power switching devices, system of pulsed inter-
ference filtering, stabilization and control systems.
These systems will be equipped with modern compo-
nents. That will allow removal of the ecologically
destructive capacitors, decrease of the power-supply
ripples and optimization of the control of magnet cycle
parameters.

Synchrotron U-70. At present, the power supply sys-
tem of the U-70 employs the motor-generators with
kinetic energy storage units (massive flywheels). This
equipment was developed and mounted half a century
ago on the base of technical possibilities of that time.
Operating parameters of this equipment do not comply
with contemporary requirements and do not satisfy the
power saving conditions. At the same time, modern
technical resources allow to create a new power supply
system of the ring magnet without shortcomings of the
existing one.

1.3. Experimental Areas Development

The beamline system of the U-70 includes the beams
from internal targets and the extracted ones. The use of
internal targets provided the possibility to carry out the
experiments at the U-70 prior to installation of the
beam extraction systems, but also had brought some
problems. Irradiation of the accelerator equipment in
the process of internal targets operation limits the max-
imal proton intensity on the target.

Planned increase of the proton beam intensity opens
new opportunities for the experiments at the U-70.

At the same time, operation with a proton beam of
high intensity requires essential reconstruction of the
existing beamlines.

The main trends of such reconstruction are listed below:



4 0TKa3 OT BHYTPEHHUX MULLEHEN, pa3BUTME CUC-
TeMbl KaHa0B YacTuUL, UCKTIOYNTENTbHO Ha OCHO-
Be BbIBEAEHHOro n3 Y-70 NpOTOHHOrO ny4Kka, 4To
MoO3BOJINT MPeaoTBpPaTUTb NepeobnydyeHne mar-
HUTHOM CUCTEMbl YCKOPWUTENS U CYLLECTBEHHO
MOBLICUTb MHTEHCMBHOCTb M KayYeCTBO My4kOB
4acTuUL, Pa3IMYHOro CopTa;
4 nosbllleHne 3dPEeKTUBHOCTU MCMNOJIb30BaHUSA
YCKOPEHHOr0 MPOTOHHOIO My4yKa nyTem yBenm4e-
HUS Yucna OOHOBPEMEHHO paboTalolmMx KaHa-
JIOB HaCTUL, U SKCMEePUMEHTaIbHbIX YCTAHOBOK;

4 uncnonb3oBaHWe nnowaaen, ocBOOOAMBLLMNXCS
rnocnie 3aBeplUeHUs psaa 3KCnepuMeHTasNbHbIX
nporpamMm, a8 co3gaHus HOBbIX KaHaNloB Yac-
TUL, ONs NPOBeAEHUs NMepcrnekTUBHbIX (yHaa-
MeHTaslbHbIX, a TakXke NpPobIEMHO-0PUEHTUPO-
BaHHbIX MPUKNaaHbIX UCCNeaoBaHUN.

Hwxxe npnBegeHa cxema peopraHmMsaumy CUCTEMbI Ka-
HaJI0B YaCTULL B 3KCNepuMeHTasbHbIX 30Hax Y-70, obec-
neyMBatoLLas BO3SMOXHOCTb MCMOJ1Ib30BaAHNS YCKOPEHHO-
ro MPOTOHHOIO Ny4ka 6os1ee BbICOKOM NHTEHCMBHOCTW.

9KcnepuMeHTasbHbIi 3an

AHanNM3 BapuvaHTOB PeopraHmM3aLn CUCTEMbI KaHaSIOB
4acTuL, PACMOJSIOXKEHHbIX B 9KCMEPMMEHTAIbHOM 3ase
Y-70, nokasbIBa€eT, 4TO Hanbosiee oNTUMasTbHbIM B HACTOSI-
LLee BpeMs MPeacTaBnseTcsl MeAIEHHbINV BbIBOL, YCKOPEH-
HbIX MPOTOHOB B HarpaBfeHMM CYLLECTBYIOLLEro KaHasna
Ne4 ¢ pacnonoXeHnem BHELLHEN MULLIEHN Ha PaCCTOSIHAN
~35 M OT Havana 3ana. lNpy 3TOM BHYTPEHHME MUILLIEHMU,
pacnosioXXeHHbIE B 24 1 27 MarHUTHbIX 6/10Kax yCKOpUTens,
NMKBUOMPYIOTCS. BbIBOA, MPOTOHHOMO My4yka B STOM Har-
paBfieHNN MOXET ObITb OCYLLIECTB/IEH B OAHOM LIMKJIE C CY-
LLECTBYIOLLIMM BbIBOAOM My4yka B HaMpaBlieHUM ranepen
nyTeM OeNeHns CToa MarHUTHOIO MOJIS YCKOPUTENS.

Mcnonb3ys BHELUHIO MULLEHb, B KOXKHOM YacTu 3ana
M NPUMBIKAIOLLEN K HEMY Ha4YaslbHOM 4aCTu raiepen Mo-
XeT ObITb PasMeLLeHO OT TPEX OO0 YETbIPEX NOOYEPEOHO
paboTaloLLMX KaHaIOB, AJ/IMHA ABYX U3 KOTOPbIX (KaHasbl
1 1 2 Ha puc. 1.3) nosBonsgeT GopMMPOBaTb MyyKN BTO-
PUYHBIX YacTuL, C BbICOKMMUW MapameTpamu, a no Hamn-
paBneHnio kaHana 1 Taike M nMydykn NosIPU30BaAHHbIX
NPOTOHOB OT pacnaga A-runepoHoB. Hanpaenexnms 3 n 4
MOIyT ObITb MCMNOJIb30BaHbI 711 OPraHM3aummn TeCTOBOWA
30HbI, @ TaKke KaHana YacTuL, HU3KMX SHepruii. OcHalle-
HME BHELLHEN MULLEHN CUCTEMOM U3 TPEX OTKITOHAIOLLIMX
MarHMTOB NMO3BONT 06ECNEeYnTb OOHOBPEMEHHYIO pabo-
Ty KaKk MUHMMYM [BYX U3 paccMaTpUBaEMbIX KaHas0B.

MakcumanbHass MHTEHCUMBHOCTb COpacbiBaeMOro Ha
BHELLHIOK MMULLIEHb YCKOPEHHOrO MPOTOHHOIO My4Ka,
a, cnegoBaTesibHO, N UHTEHCUBHOCTb GOPMUPYEMBIX HA
3KCMNEepPUMEHTaJIbHbIE YCTAHOBKW My4YKOB YacTuy, Oyaet
onpenensaTbcs pasMepamu HeobxoanmMon bronornyec-
KO 3alUuThl, Kak cCaMOW MULLIEHUN, TaK 1 KaHaNIOB 4YacTuL,
MOXHO OXMaaTh, YTO MHTEHCUBHOCTb MPOTOHHOIO My4yKa
Ha MULLEHW COCTaBUT He MeHee 2:10'° NpoToHOB 3a LMK,
2 VMHTEHCUBHOCTb MY4YKOB BTOPUYHBIX YAaCTUL, B 30HE 3KC-
nepUMeHTaIbHbIX YCTaHoBOK — A0 108 yacTuu, 3a umkn.

Ha cyuwiecTtByollen Tpacce MeasieHHOro BbiBOAA
(kaHan 8) mMoxeT BbITb COOpyXeHa cucTema aeneHus
MPOTOHHOrO Myyka, YTO MO3BOINT YBENUYUTL KOMYe-
CTBO OJHOBPEMEHHO pPaboTaloLLMX YCTAHOBOK.

4 to exclude the internal targets; to develop beam-
line system fed exceptionally with the extracted
proton beam and, thus, to eliminate over-irradia-
tion of accelerator equipment and noticeably
increase the intensity and quality of various
beams;

4 to increase the efficiency for accelerated proton
beam usage by increasing number of simultane-
ously operating experimental setups;

4 to use the existing experimental areas after com-
pleted experimental programs for construction of
the new beamlines for advanced fundamental
and applied researches.

The outline for beamlines rearrangement in the U-70
experimental areas for proton beam of higher intensity
is presented below.

Experimental Hall

The analysis of the feasible options for beamline sys-
tem shows that the optimal way is to arrange the slow
extraction of accelerated protons in the direction of the
existing beamline #4 and to place the external target on
the distance of about 35 m from the east side of the
Hall. Internal targets in the magnet blocks 24 and 27 are
to be removed. The extraction in this direction may be
realized in one cycle with the extraction to the experi-
mental gallery by means of the flat-top sharing.

With the external target, it is possible to place 3-4
beamlines in the south part of the Hall and in the head
of the adjacent gallery. The length of the two beamlines
(##1 and 2 in Fig.1.3) allows to form the beams of the
secondary particles with good parameters. In direction
of the beamline #1 it is also possible to construct the
polarized proton beams from A-hyperon decays.
Directions 3 and 4 may be used to organize the test
area and the low energy beamline. The external target if
equipped with the system of 3 bending magnets will
allow simultaneous work of at least two of the described
beamlines.

Maximal intensity of accelerated proton beam on
external target and, therefore, the intensity of particle
beam at experimental facilities will be determined by
the biological shielding both of the target and of the
beamlines. One can expect the intensity of protons on
the target to be not less than 2:10'2 protons per cycle.
The intensity of the secondary particle beams in the
experimental area will be up to 108 particles per cycle.

On existing path of slow extraction (beamline # 8)
there is a room for proton beam splitting. That will
increase the number of simultaneously working setups.
In the future the south part of the Experimental Hall can
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Puc. 1.3. Cxema pasmelleHmns kaHanos 4Yactuu, (1, 2, 3, 4) B 9KkCnepuMeHTanbHOM 3aJie Ha OCHOBE HOBOIrO MEAJIEHHOI O Bbl-
BOAA YCKOPEHHOro ny4dka n3d Y-70. NyHKTMPOM NokasaHO BO3MOXHOE MECTO pa3MELLEHUS CUCTEMbI OENEHUS
MPOTOHHOIO Ny4Ka Ha CYLLECTBYIOLLEN TPacce MeASIEHHOro BbiBOAA. B 10XXHOM YyacTu 3ana noka3aHa 30Ha UHTEH-

CUBHbIX MYYKOB HU3KNX SHepFMVI.

B panbHenwemMm, toXHas 30Ha 9KCMEPUMEHTaIbHOro
3ana MoXxeT ObITb MCMNONb30BaHa A9 CO30aHUS 30HbI
BbICOKOMHTEHCUBHbIX MY4YKOB CPEOHUX 3Heprun (oo
aHeprun 3,5 B) npu paboTte Y-70 B pexnme Hakonute-
nga-pacTsxutens nyyka Y-3,5.

1.4. NMpoTtoHHasa paanorpadus

B TeueHne 6onee Yyem rnonyBeka OCHOBHbLIM NHCTPYMEH-
TOM /151 UCCreaoBaHus ObICTPOMNPOTEKAIOLLMX MPOLECCOB
ABNSNIACb UMMYbCHas peHTreHoBckasa pagmorpadus. OHa
obnagaeT psooM NPenMyLLECTB, Takux Kak MpocToTa Me-
TOAA 1 OTHOCUTENbHAsA AELIEBN3HA YCTaHOBOK, OCHOBHbIM
3N1EMEHTOM KOTOPbIX ABNSETCS YCKOPUTENb 9/1EKTPOHOB.
B OCHOBHOM 3TVMU JOCTOMHCTBaMM 1 OOYCIOBEHO LUN-
pPOKOe pacnpoCTpaHeHVe peHTreHorpadun.

MPOTOHHOE M3NY4YEeHe MOXHO YBEPEHHO MPUMEHSTb NS
N3Y4EHNs1 CTPYKTYPbI TONCTbIX OOBLEKTOB, HANPUMEP, Coaep-
Xaluyx, Hanpumep, 50 cm ctanm nnm 25 cm Bonbdpama (ypa-
Ha), YTO MPaKTUYECKM HEBBLIMOIHUMO NPU raMma 0bTyHeHNN.
MHorve 13 npobnem, NpUCYLLUMX PeHTreHorpadum, oTCyT-
CTBYIOT B MPOTOHHOM pagvorpadun. MNpu TonwmHe nopsiaka
300 r/cM? ckBO3b OOBEKT NPOXOANT 0KONO 20% MPOTOHOB,
TOra KaK NMOTOK ramMma KBaHTOB 0CNabfiseTcsl B MUIIMOH pas.
Moatomy ans popmmpoBaHus paanorpaduyeckoro n3obpa-
XeHust He0OX0AMMO B MUTMOHbI Pa3 MEHbLLIE MPOTOHOB, YEM
ramma KBaHTOB. Hannuve 3apsiga y npoTOHOB, MO3BONSET Y-
PaBnsATb HaMPaBAEHHLIMM VX MOTOKAMW 071 MOSyYeHUsT MHO-
rokagpoBOVi 1 MHOTOJTy4eBO CbeMKM Ha 6a3e eaMHCTBEHHO-
ro yckopurensi. Vicnonb3oBaHne Ogyx HabOpOB AETEKTOPOB
0aeT YHUKaNbHYI0 BO3MOXHOCTb ONpeaensitb Z unmn A BeLLecT-
Ba B KaXX0 TOYKE NCCNeayeMOro 00bekTa.
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be used for construction of the area of high intensity
beams of medium energies (up to 3.5 GeV), while the
U-70 works in a storage-stretching mode of the U-3.5
beam.

1.4. Proton Radiography

During more than half a century, the pulsed X-ray
radiography is the basic instrument to study the rapid
processes. X-radiography has a number of advantages,
such as simplicity of the method and relatively low cost
of facilities based on electron accelerators. These fea-
tures made X-ray radiography a widespread technique.

Protons as the probing particles can be successfully
used to study the structure of thick systems or objects,
containing, for example, 50 cm of steel or 25 cm of wol-
fram (uranium) that is practically impossible in the case
of gamma irradiation. Many problems of X-radiography
method are absent in proton radiography. At the thick-
ness about 300 g/cm? approximately 20% of the pro-
tons pass through the object, while the gamma flux is
reduced by a factor of 106, That is why the producing
the radiographs requires millions times less protons
than gammas. The fact that protons have a charge
allows one to control their fluxes in order to obtain
multi-frame and multi-axis radiography with the use of
single accelerator. Usage of two sets of detectors pro-
vides the unique possibility to measure Z or A of the
substance at each point of the object under study.



[MaBHbIM TPEOOBAHMEM /151 OCYLLECTBIEHUS NMPOTOHHOM
paguorpadumn SBASETCS HaNM4Me MHTEHCUBHOMO MNyyKka Bbl-
COKO3HEPrNYHbIX MPOTOHOB € aHepruen 50-70 3B. Mpryém
Takue BbICOKME SHePrnm TPeBYIOTCA He TOMbKO AJ1s obecre-
YeHUs ryOMHbI NPOCBEYMBAHUS ONTUYECKN TOSCTOMO 06BbEK-
Ta, HO 1 AN NONYYEHNST BbICOKON YETKOCTU N300PaKEHNS],
TaK KaK C YBEJIMYEHNEM 3HEPTUMN MPOTOHOB YMEHbBLLIAETCS
pa3mbITUE N30OPaxXeEHNs 3a CYET XpomaTnHeckux abeppa-
LUMIA Y MHOFOKPaTHOMO KYNOHOBCKOro paccesHus. Mcnonb-
30BaHVe CneuyaibHOM MarHUTHOM OMTUKM NMO3BOJISIET CyLLE-
CTBEHHO YMEHbLUWTbL BIMSHME KYJOHOBCKOIrO pPacCesiHuS
1 NONYYMTb ONTUYECKOE paspeLleHre MeHee 1 MM ans 00b-
€KTOB C ONTUHECKON TONLLMHOMN 6onee 300 r/cm?.

Hannuue yckoputens npoToHOB ¢ 3Hepruen 70 aB
M pPasBUTON CMCTeMbI BbiBoga no3sonunuv B 2004-2006
rogax cospatb Ha Y-70 ycunuamum MHL MDPBI3 n POAL,
BHUN3® yHukanbHyi0 YCTAHOBKY [OJ1si WUCCeaoBaHus
00ObEKTOB NPaKTUYECKM Mt0OON NpeacTaBnsioWEen NHTe-
pec TONWMHbI MeTOAOM MPOTOHHOM paguorpadun.
B nyykax npoToHOB OT ¥Y-70 OblM BbINOIHEHbI CTATUYEC-
Kue U AMHAMNYECKME 3KCMEPUMEHTbI C UCMONb30BaHN-
€M TECT-00bEKTOB PA3/INYHOM CTIOXHOCTU, SKCNEPUMEH-
TanbHO JokKasaHbl MpenmyLlecTBa MeToaa MPOTOHHOWN
paguorpadum, NoaroToBJEHAa OCHOBA OJ1s1 LUMPOKOro
BHEAPEHWS N PA3BUTKUS 9TOMO MOLLHOIO MeToaa.

[MnaHnpyemble NOBbILLEHNE NHTEHCUBHOCTU U YMEHb-
LueHve ¢a3oBoro oobema nydka NPoToHoB B Y-70 ynyy-
LIAET XapakTepUCTUKU MPOTOHHOrO Jly4a U OTKPbIBAET
HOBbl€ BO3MOXHOCTM A1 YBENIMYEHMS MHOrOKaapOBOC-
TN N BPEMEHU 3KCMNO3MLMKN N, TEM CaMbIM, pacLuMpseT
o6nacTb NPUMEHEHVS NPOTOHHOM paauorpadumn Npu nc-
cnefoBaHnKM BbICTPONPOTEKAOLLMX MPOLECCOB U BHYT-
PEHHEN CTPYKTYPbl OOBbEKTOB CNOXHOW reoMeTpum.

1.5. NoHHbIE MeaULMHCKME NMYYKU

OpnHM 13 Hanbonee NepPCcnekTUBHBLIX METOA0B Jy4EeBOW
Tepanun SIBASIETCS MCMOJIb30BaHME MOHOB yrnepoaa, KoTo-
pble 06nafalT BCEMU NPEUMYLLECTBAMU NPOCTPAHCTBEH-
HOro pacnpegeneHnst A03bl, NO3BONAWMMN 0OOMBATLCS
MakCHMaIbHOM N3bnpaTeibHOCTK 00NyYeHnsl, U OQHOBPE-
MEHHO — JOCTOMHCTBAMM MAOTHO MOHU3MPYIOLLErO U3Ny-
4yeHus, CNocobHOro ap@PeKTBHO BO3AENCTBOBATbL HA pa-
OMNOPE3NCTEHTHbBIE OMYXONN N Apyrve HoBoobpasoBaHus,
HEYYBCTBUTENbHbIE K TPAAMLMOHHBIM BUAAM U3NYy4EeHUS.
B nocnepHue rogpl cneuyanuctamm FocyaapCTBEHHOMo Ha-
YYHOIO UEeHTpa «VIHCTUTYT PU3NKN BbLICOKUX SHEPruii» —
ML, NPB3 (r. MpoTtBuHo, Mockosckas obnacts) n Meau-
LUMHCKOrO pagmosiorMyeckoro HaydHoro ueHtpa — MPHL,
(r. OBHUHCK, Kanyxckas obnacTb) pa3paboTaH NpoekT nep-
Boro B Poccuu LleHTpa noHHoin nyveson Tepanun (LAJIT)
Ha 6a3e Y-70 ons neyeHns OHKOOrM4yecknx 3aboneBaHuii.

XapakTepucTmnkm yckopmutenbHoro komnnekca MHL,
NDB3 1 ero BO3MOXHOCTY N0 GOPMUPOBAHUIO My4yKa
WOHOB Yyrnepoaa uaeanbHO MNOOAXOOAT Ofs peLleHus
aToli npobnembl. MPHLL, — Begylee pagmonormuyeckoe
yypexaeHne Poccun n eaMHCTBEHHbIN MeaVLMHCKNIA
LEHTpP, 0bnagalowmm NpakTM4eCckMm OnbITOM NPOTOH-
HOM N HENTPOHHOW Tepanuu.

OpnHoM N3 OCHOBHbIX NPOBGIEM COBPEMEHHON paan-
0OfIornKn, Hapsay C NpeodoneHneM Pe3nCTEHTHOCTU
3/10Ka4eCTBEHHbIX HOBOOOPa30BaHWiA, SIBNsSieTCA 3aaa-
4ya onTuMmM3auum obnydyeHus. XapakTepHoh 0COBGeH-
HOCTbIO KOPMYCKYNSAPHbIX U3NYY4EHUI SBNSETCS UX
BbICOKasi OTHOcuUTenbHas Guonornyeckas addekTns-

Usage of proton radiography requires the intense
proton beam with the energy of 50-70 GeV. Such high
energies are needed not only to provide the irradiation
depth of the thick object, but also to obtain high resolu-
tion images, because increasing of the incident proton
energy results in improvement of the image contrast,
and the effects of chromatic aberrations and multiple
Coulomb scattering are decreasing. By the use of spe-
cial magnetic optics one can significantly decrease the
influence of Coulomb scattering and obtain image res-
olution better than 1 mm for the objects with the thick-
ness exceeding 300 g/cm?.

Proton accelerator with the energy of 70 GeV and
well-developed beam extraction system allowed IHEP
and RFNC-VNIIEF to create jointly in 2004-2006 the
unique facility to test the objects of any practically
required thickness with the proton radiography tech-
nique. The various experiments were realized with the
U-70 proton beams and the test objects of various
complexity. The advantages of proton radiography over
X-ray technique were experimentally proven. There
appeared the basis for a wide appliance and develop-
ment of this powerful method.

The planned increasing intensity and improving the
U-70 proton beam parameters will open the new possi-
bilities to increase number of frames and exposure
time. It will widen the range of proton radiography appli-
cations under the study of the rapid processes and
internal structure of the objects.

1.5. lon Beams for Medicine

The most advanced method of radiation therapy is
the use of carbon ions having all the advantages of
spatial distribution of the dose and allowing the maxi-
mal selectiveness of irradiation. At the same time this
method has the advantages of dense ionizing radiation
providing the effective treatment of the radioresistant
tumors and other neoplasms insensitive to the tradi-
tional kinds of irradiation. During the last few years The
State Research Center - Institute for High Energy
Physics (IHEP, Protvino, Moscow region) and The
Medical Radiological Research Center (MRRC,
Obninsk, Kaluga region) have developed the project of
the first Russian Center of lon Beam Therapy (CIBT)
aimed at medical treatment of the cancers.

The parameters of the IHEP accelerator complex and
the abilities to form carbon ion beams are in conformi-
ty with this task. The MRRC is a leading radiological
institute in the Russian Federation and the only medical
center which has practical experience in proton and
neutron therapy.

One of the key problems of the modern radiology
alongside with the overcoming the resistance of malig-
nant neoplasms is the problem of irradiation optimiza-
tion. The characteristic feature of corpuscular radiation
is their high Relative Biological Effectiveness (RBE). For
the protons the RBE doesn't exceed too much that of
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HocTb (OB3). N ecnu paguodbuonormnyeckas apdek-
TUBHOCTb NPOTOHOB HE HAMHOIO BbIlE TPAAMLMOHHO
MCMOJIbYEMOro B Ny4yeBoW Tepanun OOTOHHOrO
N3Y4EHNSA U SNEKTPOHOB, TO MOHbI YINEPOAa UMEIOT
BTpoe 0Oosiee BbICOKME 3HAYEeHUs KO3IPPULMEHTOB
OB3. B uenom, pewiaioliee npenmyLlecTBO MOHHOM
JIy4EBOW Tepanumn CBA3aHO C BKJIKOYEHMEM Ha MOCNea-
HUX CaHTUMEeTpax npobera MOHOB [OMOSHUTENBHOIO
NPSMOro BO3AENCTBUS U3NYYEHUSI HA KIIETOYHOE CO-
oepxmmoe. IToT MexaHU3M no3Bonsietr adpdeKTUBHO
paspyLlaTb AaXe Pe3NUCTEHTHbIE OMYXOJN.

Bonblwon vHTEpPEeC K yrnepoaHoM fiyd4eBOM Tepanum
CB$I32H C [OKa3aHHbIMW Ha NPaKTMKE BbICOKOM 3P dEKTMB-
HOCTbIO Nle4eHust 1 B6ONbLLIOK NPOMYCKHOM CNOCOOHOCTbLIO
MEAMLIMHCKNX LEHTPOB C My4Kamm MOHOB yrnepoaa.

Lnga co3pgaHns MeamnumMHCKMX MOHHbBIX My4YKOB NOTPe-
OyloTCH cnenyLmne 35IEMEHTbl YCKOPUTENTbHOrO KOMII-
nekca un nigpactpyktypsl M'HL NDBI:

N1a3epHbI NICTOYHMK MOHOB yrnepoaa (MMeeTcs);
NHenHbIN yckopuTenb M-100, yckopsaiowmin no-
Hbl yrnepoga (MMeeTcs);

KaHan nepesoga ny4ka noHos n3 1-100 B 6ycTep
(nmeeTcq);

CUCTEMbI BBOAA Myyka B OycTep (nmeeTcs);
KonbLEeBOW yckopuTenb-0ycTtep Y-1,5 (umeeTcs);
CUHXPOTPOH Y 70, paboTatoLuin B pexmme Hako-
nnTens (umeetcs);

cucTtema BbiBoga nyyka n3 Y-70 B npouenypHboie
rnomeLleHns (co3gaeTcs);

npoueaypHblie NoOMeLleHus ons obnyyeHus na-
umeHToB (TpebyeTcsa co3aath);
noAroToBUTENbHAA MeauLMHCKaa MHOPaCTPYK-
Typa (~3000M?) (TpebyeTcs co3aath).

Cuctema kaHanoB Ao/kHa obecneynmTb OOCTaBKy
nyyka A0 Tpex MeANLMHCKUX MNpouenypHbIXx KabuH
(KaHbOHOB).

YacTb 34aHMs, HEMOCPEACTBEHHO MPUMBIKAIOLLIErO K 9KC-
nepumeHTaNibHOMY 3asly, NpearonaraeTcs nepeobopyoBaTh
ONs MEOULIMHCKOrO NPUMEHEHWS. B 3TOM 3aaHumM AOMKHBbI
pacnonaratbCq NOMELLEHNS A NPUEMa MU pasmeLLeHns
NauMeHTOB, OXMAAIOWNX NPOLEAYP W MPOXOASALLMX Npeay-
YEBYIO 1 MOCNENYYEBYIO NOArOTOBKY. 34eCh Xe OyayT pacno-
naratbCsi MOMELLEHNS O MEAUUMHCKOIO W TEXHNYECKOMO
nepcoHana, 3aHaToro 06CAyXMBaHMEM MALMEHTOB, MySbTbl
KOHTPOJIS 1 ynpaBneHus, ciyxebHble nomMeLleHus. B pamkax
npoekta UWT nnaHmpyeTtcs Takke co3paHne Ha 6ase nmeto-
Lumxcst 06bekToB MHL, MDB3I nHdpacTpykTypbl MEAULIMHCKOMO
Ha3Ha4YeHUs 19 Pa3MELLEHNs MaUMEHTOB, a Taikke paboumnx
KOMHAT 151 YCTaHOBKM 000PYAOBAHUS CUMYASILIM MOHHOMO
N3MYy4EHNS 1 MAAHMPOBaHNS NPOLLEeaYPbl TY4EBON Tepanum.

OTHOCUTENBHO HEBLICOKAA CTOMMOCTb MNpoOekTa
LeHTpa WOHHOIM nyyeBon Tepanun MDPBI-MPHL,
B 9TUX LLEHTax yXe MMeITCH OCHOBHbIE KOMMOHEHThI:
YCKOPUTENbHbLIA KOMIMJIEKC, HEOOXOoAuMble MNaoLaan
onsa amOynatopHOro M CTauMOHAPHOro OTAENIeHUN
1 KBanuUUMPOBaHHbIA NepcoHarn.

OTOT NPOEKT, NO3BOJINT:

< B OGnmxanwme rogbl co3gaTb nepsbiii B Poccun

LLeHTP C YrNepoaHbIM My4koMm, oTpaboTaTb MeTo-
OVKY YrnepogHom Tepannu;

< NPUCTYNUTb K NeYEeHUI0 BONbHbIX;

4 opraHunzoBaTtb 00y4yeHME Jly4eBbIX TepaneBTOB

ons Oyaywmx LeHTPOB NTy4eBOM Tepanuu.
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photon radiation and electrons, but for carbon ions the
RBE is almost three times larger than the one for X-rays
or protons. The key advantage of the ion beam therapy
is related to the effect of the additional direct impact on
cellular content at the last centimeters of ions free path
length. This mechanism results in effective treatment of
even resistant tumors.

The great interest to the carbon beam therapy is
caused by high efficiency of the medical treatment
proved by practice and higher patient flow capacity of
the medical centers utilizing carbon ion beams.

In order to create the medical ion beams as well as
conditions for their usage at IHEP, Protvino the follow-
ing accelerator components and the infrastructure ele-
ments are required:

laser source of carbon ions (exists);

linac 1-100 accelerating carbon ions (exists);
channel of ion beam transportation from [-100 to
the booster (exists);

injection system to accommodate the ion beam
into the booster (exists);

circular accelerator-booster U-1.5 (exists);
synchrotron U-70 operating in a storage mode
(exists);

extraction system for the beam from U-70 into
the treatment area (is under way);

treatment canyons for patient irradiation (to be
installed);

preparatory medical infrastructure (~3000 m?)
(to be done).

The system of beam lines is to transport the carbon
ions beam to the three medical treatment rooms
(canyons).

The part of the existing building located closely to
experimental hall is assumed to be converted for the
medical purposes. The reception and accommodation
rooms for patients waiting the treatment and undergo-
ing pre-radiation and after-radiation procedures are to
be provided in this building. In the same building the
rooms for medical and technical staff attending the
patients, control and service rooms will be placed. As
a part of CIBT project it is supposed also to create on
the basis of the existing IHEP infrastructure the medical
facility for patients’ accommodation and rooms for the
beam therapy simulations and planning.
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The cost of the IHEP-MRRC ion beam therapy proj-
ect is relatively low because the main project compo-
nents — the accelerator facility, the infrastructure units
and well-trained staff — already exist in IHEP and MRRC.

This project will provide:

< creation in the near future the pilot Russian medical
facility with the use of carbon beams, getting an
extensive radiobiological and clinical experience and
improvement of the carbon ions therapy technique;
beginning the patients treatment;

training the radiation oncologists for the future
hadron therapy centers.

++



2. Komnnekc yckopureneun
BbICOKOM
MHTEHCUBHOCTMU

Komnnekc yckopuTenen BbICOKOM MHTEHCUBHOCTU
COCTOUT N3 IMHENHOIO YCKOPUTENS MOHOB H™ 1 npoTo-
HOB Ha aHepruto 400 MaB 1 GbICTPOLIMKAMPYIOLLLErO
MPOTOHHOIO CUHXPOTPOHA Ha aHepruio 3,5 MB.

2.1. JlunenHbin yckoputenb J1Y-400

B HacTosLeM pasfene npeacTasneHsl obLme cxe-
Mbl KOMMJIEKCA JIMHENHbIX yCKopUTEene, chopmMynmpo-
BaHbl TPeOOBaHNS K YCKOPSIOLIMM CTPYKTYpaMm, a Tak-
e NpeacTaBneHbl OPUEHTUPOBOYHbIE 3HAYEHWs napa-
METPOB 3TUX CTPYKTYP.

HauyanbHas yacTtb yckoputens (H4Y)

B kauyecTtBe HYY no sHeprum eguHunl, MaB npumeHs-
eTcs pa3pabotaHHas B UPBD cTpykTypa ¢ NpocTpaH-
CTBEHHO-OAHOPOAHOM KBaAPYNONbHON HOKYCMPOBKOMN
(MOK® nnu RFQ). OcHoBHast GyHKLMS 3TOW CTPYKTYPbI
COCTOUT B 3axBaTte, aauabdaTnyeckon rpynnmpoBKe
1 POKYCMPOBKE Nyyka. INEKTPOObl CTPYKTYPbI MPeac-
TaBnSOT COOOM YETbIPEXMPOBOAHYIO AJIMHHYIO JINHUIO
C MOAYAMPOBaHHbLIM MO ONPEAENEHHOMY 3aKOHY PacCTo-
SIHMEM OT OCMU MNyyKka A0 MOBEPXHOCTU 3MIEKTPOLAOB MO
OnvHe (puc.2.1a). AnekTpoabl yCTaHOBMEHbI B PE30HA-
TOpE C NPOAOAbHBLIM MarHUTHbIM NOSEM. DfekTpoMar-
HUTHbIE MOAA MMEIT KBaApPYynoOJibHYIO MOMepeYHyto
cuMMeTpUIo BOIN3K ocK CTPYKTYpbI. Ha prc.2.16 noka-
3aH pe3oHaTop T1na 2H, ncnonbdyemsivi B 'HL, UDB3.

Mpwn niobom BbIGOpPE pPe3oHaTOPOB O6LWMMM Napa-
MeTpamMmn CTPYKTYPbl HA4YanbHOM 4acTu YCKOPUTENS
(HYY) asnsaioTcs:

Pabouas pagnoyactota 148,5 MI'u;

OHeprusa Bxoga 0,1 MaB, aHeprus Bbixoga 2,0 MaB;
MakcumanbHas HanpPsXKEHHOCTb Ha MOBEPXHOC-
™ <2 Ek (egnHuny Knnnatpwuk);

OnnHa cTpykTypbl <4 M.

+ e

Puc. 2.1a. 9nekTpoapbl YCKOPSIOLLEH CTPYKTYPbl C MPOCT-
PaHCTBEHHO OOHOPOAHONM KBaApynoibHOW do-
kycupoBkom (MOK®).

2. High Intensity
Accelerators

The complex of high-intensity accelerators compris-
es a linear accelerator of H™ ions and protons with the
energy of 400 MeV followed by a rapid cycling synchro-
tron with the energy of 3.5 GeV.

2.1. Linear Accelerators

In this section, the general layout of linear accelera-
tors is presented. The requirements for accelerating
structures are specified and the parameters of these
structures are given.

Initial Part of Accelerator (IPA)

As an initial (front-end) part of accelerator with the
energy of a few MeV, the structure with spatially-homo-
geneous quadrupole focusing (RFQ) developed in IHEP
is used. The main task of this structure is to capture, to
bunch adiabatically and to focus the beam. The inner
electrodes constitute the four-wire long transmission
line with a specifically modulated distance from beam
axis to electrode surface along the line (Fig. 2.1a).
Electrodes are mounted into the cavity with a longitudi-
nal magnet field. The EM-fields have a quadrupole
symmetric distribution in transverse plane near the
axis. Fig. 2.1b shows the cross-sections of cavities of
2H-type used in IHEP.

For any feasible choice of the cavity design, the gen-
eral parameters of initial part of accelerator (IPA) will be:

Operating radiofrequency 148.5 MHz;

Input energy 0.1 MeV, output energy 2.0 MeV,;
Maximal field strength on the surface <2 Ek
(Kilpatrick);

Structure length <4 m.

Puc. 2.16. 2H-pe3oHaTtop (MDBI).

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN
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Puc. 2.2. 3aB1cUMOCTb 3G HEKTUBHOrO LLYHTOBOIO COMPOTMBIEHNS OT SHEPIUN ANS Pa3ANYHBIX CTRYKTYP.

OcHoBHag yacTb yckoputens (O4Y)

BaxxHOWN XxapakTepUCTUKON YCKOPSAIOLLEN CTPYKTYpPbI
aBnsgeTcs 3PPEeKTUBHOE LYHTOBOE COMPOTUBIEHUE
Z3®. Ero Benn4ymHa nponopumoHanbHa ksagparty Temna
YCKOpEeHMs 1 06paTHO NPonopLmMoHasbHa notepsam BY-
MOLLHOCTW Ha eAVHNLY OJIMHBI CTPYKTYpbl. Ha puc. 2.2
nokadaHa 3asBucumocTb Zadp (W), rae W — knHetumnyec-
Kas aHepruvs, 41 Pas/iNyHbIX YCKOPSAOLNX CTPYKTYP,
NOCTPOEHHAs Ha OCHOBE HalUMX AAHHbIX U OaHHbIX,
NPUBEOEHHbIX B nTepaType. ITa 3aBUCUMOCTb OpU-
€eHTUpOoBOYHasA. [1na nonyyeHns 6osiee TOYHbIX 3HAYe-
HUI TpebyeTcsl pacyeT KOHKPETHOW CTPYKTYPHI.

OcHoBHag YacTb yckoputensa — O4Y-1: MMNK®

B cooTBeTcTBUM C MpuBEOEHHbLIM pPadUKOM
(puc. 2.2) NpUMEHeHNe CTPYKTYPbl C MPOCTPAHCTBEH-
HO-NepUoaANYECKON KBaAPYNOJIbHON (OKYCUPOBKOW
(MNK®) cywecTBeHHO BbIFOAHEN WCMNOJIb30BaHUS
CTPYKTYpbl AnbBapeua oo sHeprum ~18 MaB. lNMepuog
YCKOPEHUSI CTPYKTYPbI COCTOUT U3 yCcKopstoLLero n ¢o-
KYCUPYIOLLLEr0 3a30p0B, Pa3fesfieHHbIX MPOMEXYTOou-
HbIM 91EKTPOAOM (puc.2.3a).

Puc. 2.3a. Dnektpoapl nepuoga YCKo-
penHus ¢ MMNK® (RFQ DTL).
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Main part of accelerator (MPA)

The important parameter of an accelerating struc-
ture is the effective shunt impedance Zeff. Its value is
proportional to a square of acceleration rate and
inversely proportional to the losses of RF-power per
unit of the structure length. Fig. 2.2 shows the plot of
Zeff versus kinetic energy W for various accelerating
structures. The data for this plot are recovered from
local experience and from the references elsewhere.
Still, this dependence is only approximate one since, to
obtain more precise values, it is necessary to compute
out the specific structure.

MPA-1 with spatially-periodic quadrupole

focusing

According to the plot in Fig.2.2, it is noticeably more
efficient to use the structure with spatially-periodic
quadrupole focusing than Alvarez structure up to the
energy of around 18 MeV. The relevant accelerating
structure period consists of accelerating and focusing
gaps separated by an intermediate (spacer) electrode
(Fig.2.3a).

Puc. 2.36. 2K-pe3oHaTop.



AHanus npnBoauT K BbIOOPY YCKO-
putens c MMNK® Ha 2K-pe3oHaTope:
OcHOBHbIe NapamMeTpsbl:
Pabouyast pagmoyacToTa
148,5 Ml'u;
OHeprusa Bxopa 2 MaB, aHep-
rva Bbixoga 18 MaB;
MakcumanbHass HanpsXeH-
HOCTb <2 EK;
CpenHun Temn yckopeHus
21,3 MaB/wm;
KonuyecTtBo cekumin 3;
O6was anmHa go 13 m.

++ + 4

OcHOBHast HaCTb yCKOpUTEns —

0O4Y-2: AnbBapeuy,

Ona panbHenwero yckOpeHusi Ha
aHeprusx, 6onbwmx 18 MaB (Puc. 2.2.),
CTaHOBUTCS BbIFOOHOM yCKOPSOLLAS
CcTpykTypa AnbBapeua (puc. 2.4).
CTtpykTypa npeacrtasnseT coboli nocienoBaTeslbHOCTb
Tpybok gpeiida, pacnosoXeHHbIX Ha OCU UUAMHOPU-
4yeckoro pes3oHaTopa, Bo36yx4aemMoro Ha Buae kosne-
6aHnin E010. HanpsixeHuss Ha cocemHux nepuopax
YCKOpPEeHUs1 CUH@a3HkI, T.e. CTPYKTypa paboTaeT Ha 27-
BoJiHe. (PoOKycMpOBKa OCYLLECTBASETCS KBAAPYMoOJib-
HbIMW NIMH3aMW BHYTpU TpyBok apenda.

Puc. 2.6. CTpykTypHasa cxema JIMHENHOro YCKOPUTENS.

Puc. 2.4. OcHoBHass 4acTb YCKOpUTEnNs
O4Y-2 (AnbBapeL).

As a result of the analysis, an
RFQ DTL with a 2K-cavity design
i was chosen. Its main parame-
ters are:

4 Operating radiofrequency

148.5 MHz;

4 Input energy 2 MeV; out-
put energy 18 MeV,
Maximal field strength
<2 Ek;

Average accelerating rate
>1.3 MeV/m;

Number of sections 3;
Structure lengthup to 13 m.

++ + 4

MPA-2 Alvarez

For further acceleration to the
energies above 18 MeV, Alvarez
accelerating structure becomes
more efficient (Fig. 2.4).

The structure consists of a sequence of drift tubes
placed onto the axis of a cylindrical cavity excited at
oscillation type E0Q10. The voltages across the adjacent
accelerating periods are driven in-phase, i. e. the struc-
ture operates at the 2n-mode. Focusing is accom-
plished by means of lenses inside the drift tubes.

Puc. 2.7. PagnotexHn4ecknin MakeT pesoHaTopa-
nednekrTopa Ha UCMbITAaTENIbHOM CTEHAE.

HoBocTu v npobnemb dyHAaMEHTaNbHOW GU3UKNU



OcHoBHble napameTpbl O4Y-2 Anbaped, (DTL):
Paboyas yactoTa 148,5X2=297 Mrlu,

OHeprus Bxoaa 18 MaB, aHeprus Boixoga 90 MaB;
MakcunmManbHas Hanpsi>KeHHOCTb Ha MOBEPXHOC-
™M <1,7 Ek;

Temn yckopeHusa 2,5 MaB/wm;

O6uwas gnnHa oo 30 m;

KonuyecTtBo cekumii 4 Wwrt.;

BHyTpeHHUI anameTp pesoHaTtopos ~0,6 m;
®dokycunpoBka — 3NEKTPOMAarHUTHbIE KBagpy-
MOJIbHbIE JINH3bI.

L4444+ 444

OcHoBHas 4yacTb yckoputens — O4Y-3:

CBfi3aHHblIe S4YeNKun

CornacHO nNpuBEOEHHOW paHee 3aBUCUMOCTU
Za¢ (W) ona yckopeHus yactuy, nocne 90 MaB npume-
HAlOTCA Ounepuoamnyeckne CTPyKTypbl, paboTatolime
Ha 1/2 Tune konebaHuin c 6onee BbICOKONM MO CpaBHe-
HUIO CO CTPYKTYpOI AnbBapeua Yyactoton. Ha puc. 2.5
nokasaHbl KOHCTPYKUMWU Takmx O6uMnepuroamnyeckmx
cTpykTyp. Ha yckoputene LINAC4 (CERN) ncnonbay-
eTcs CTpykTypa Cc OOKOBbIMKW siyenkamu CBSI3U (puc.
2.5a), Ha yckoputene MEIMAH (UN9WN) - cTpykTypa
¢ wanbamm n gnadparmamm (puc 2.56). Obe CTpyKTy-
pbl NPUrOAHbI AN NMPUMEHEHNS B PpaCCMaTPMBAEMOM
yckopuTtene.

OcHoBsHble napameTpbl O4Y-3 (CC DTL) cBsi3aHHbIE
AYENKN:
Pabouas pagmoyacTtoTta 891,0 (148,5X6) MI'u;
OHeprua Bxogma 90 MaB, aHeprus BbIxoda
400 MaB;
MakcumanbHasi HaNPSXXEHHOCTb HA MOBEPXHOC-
™M <1,7 Ek;
Temn yckopeHua 1,4 MaB/wm;
O6uwas gnuHa ~250 m;
dokycnpoBka — MEXCEKLMOHHbIE 3nekTpomar-
HUTHbIE NINH3bI.

+44 4+ ++

CTpyKTypHasa cxema yckopurtens

Ha puc. 2.6 nokadaHa CTPyKTypHas cxema yCKopwu-
Tensl, COCTOSILLErO N3 OMMUCAHHbIX PaHee YCKOPSIIOLMX
CTPYKTYP. YCKOPUTENb OOKEH UMETL Cneaylowye na-
pameTpbl:

4 CpenHuin ToK MOHOB BO4OPOAa A0 2 MA;

4 CKBaXHOCTb Mo TOKy ~40;

4 CkBaxHoCTb no BY-umnynbcam ~10;

4 Oneprus Ha Bbixoae 400 MaB;

4 HopmannaoBaHHbIl aMUTTaHC (2-3)1T MM-Mpag.

HYY n O4YY-1 yckoputena paboTatoT Ha 4acTtoTe
148,505 Mrl'u. Pabouas yactota OYY-2 Ha cTpykType
AnbBapeua B 2 pasa Bbile — 297,01 Ml'u, yto genaet
CTPYKTYpYy AnbBapeLa 6onee npuemnemMon gns paboTsbl
B PEXMME Masion CKBaXHOCTWU. s yCTpaHeHus npo-
nycka ogHoro nepuoga BY-konebaHuin npmn yckopeHun
B O4Y-2 npepnaraercsa cnoxeHue Ha Bxoge OYY-2
OBYX MYy4YKOB OT [ABYX WAEHTUYHbIX YCKOPUTENEN
HYY-O4Y-1. B 9T0M Ccnyyae TOK 1 MOLLHOCTb My4Ka Ha
Boixoge O4Y-2 yasamnsatotcd. CnoxeHne npoBoamTCs
C NMOMOLLbIO pe3oHaTopHoro BY-pednekrtopa, ocyule-
CTB/IFIOWEro napassefibHbli NepeHoc Mny4kos. Takas
cxema croxeHusi obecneynBaeT MUHUMAbHbIA POCT
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The basic parameters of MPA-2 Alvarez (DTL):
Operating radiofrequency 148,5X2=297 MHz;
Input energy 18 MeV, output energy 90 MeV;
Maximal field strength on the surface <1.7 Ek;
Acceleration rate 2.5 MeV/m;

Structure length up to 30 m;

Number of sections 4;

Inner diameter of cavities ~0.6 m;

*
*
*
*
*
*
*
4 Focusing - electromagnetic quadrupole lenses.

MPA-3 Coupled Cavity

According to the function Z_ (W) plotted earlier in
Fig. 2.2, for acceleration particles above 90 MeV it is
necessary to use the bi-periodic structures operating at
the /2 mode of oscillations with a higher frequency
than that of the Alvarez structure. Fig. 2.5 shows the
geometry of such bi-periodic structures. In LINAC4
accelerator (CERN), the structure with side coupled
cavities is used (Fig. 2.5a). In the MEGAN accelerator,
the structure with washers and diaphragms is used
(Fig. 2.5b). Both these structures can be employed in
the accelerator in question.

The basic parameters of MPA-3 (CC DTL) Coupled
Cavities:
Operating radiofrequency 891.0 (148.5X6) MHz;
Input energy 90 MeV, output energy 400 MeV;
Maximum field strength on the surface <1.7 Ek;
Acceleration rate 1.4 MeV/m;
Structure length ~250 m;
Focusing — electromagnetic lenses between the
sections.

+4444+

Structure scheme of the linear accelerator

Fig. 2.6 shows the structure scheme of the linear
accelerator consisting of the accelerating sections
described earlier. The accelerator will have the follow-
ing design parameters:
Average current of hydrogen ions up to 2 mA;
Duty factor in beam current ~1/40;
Duty factor in RF-pulses ~1/10;
Output energy 400 MeV;
Normalized emittance (2-3)r mm-mrad.

+444+

Both IPA and MPA-1 operate at radiofrequency value
of 148.505 MHz. Operating frequency of MPA-2 with
Alvarez structure is twice higher, 297.010 MHz. That
makes the Alvarez structure more suitable for operation
in a high duty factor mode. In order to fill one missing
(empty) period of RF oscillations during the acceleration
in MPA-2, it is proposed to merge at the MPA-2 input
two beams from the two identical accelerators IPA and
MPA-1 operating in a counter-phase regime. In this
case, both the current and power of the beam at the out-
put of MPA-2 are doubled. The beam funneling is
accomplished by means of RF cavity deflector providing
parallel beam transfer. Such a scheme of beam funnel-



amMuTTaHca nydka. Ha puc. 2.7 nokaszaH pagnoTeEXHU-
yeckmn MakeT gednekTopa, NOCTPOEHHOro Ha 2K-pe-
30HaTope, paboTatoLlero Ha yactote 148,5 MIlu,
YckopeHuve Ha aHeprusx 6onee 90 MaB nposoauTcs
Ha CTPYKTYPE CO CBSI3aHHbLIMM fi4eikamMmu, paboTaroLm-
MM Ha LWEeCTON TrapMOHUKE HayasbHOW 4acToThl
891,03 Ml'u. Mexay oTaenbHbIMK YaCcTaMU yCKopuTe-
N9 PacnosioXeHbl CormnacyoLLme KaHanbl, coaepxatime

ing provides the minimal blow-up of beam emittance.
Fig. 2.7 presents radiotechnical model of RF deflector
built on 2K-cavity operating at frequency 148.5 MHz.
Acceleration to the energies above 90 MeV is
accomplished by means of the structures with coupled
cavities initial at the sixth harmonic of driving radiofre-
quency, at 891.03 MHz. Between separate sections of
the accelerator the matching beam lines containing

Tabnuua 2.1. Table 2.1.

ESS H 65 1.2
DESY-CERN LINAC4 H" 80 0.4
CERN -SPL H 50 1,5
SNS (USA) H 50 1
NAN(Tponuk)

nUcToYHuK n3s NAd CO

INR (Troitsk) source from

BINP of SB of RAS H" 40 0.2

50 6 3.9 90 1.2

2 0.08 0.07 95 1

50 7.5 3,5 95

60 6 3.0 65 0.8
2-50 0.04-1 0.4 400 <3,5

Table 2.2.

Tabnuua 2.2.

RFQ 2H™ pesoHaTtop
RFQ 2H" cavity

A) 60 1.9 0.114 65
B) 60 1.9 0.228 65
RFQ DTL 2K™ pe3oHaTop

RFQ DTL 2K cavity

A) 40 16 0.64 90
B) 40 16 1.28 90
DTL AnbBapel,

DTL Alvarez

A) 40 72 2.88 120
B) 80 72 5.76 120
CC DTL, cBA3aHHbIe A4EMNKn

CC DTL, coupled cavities

A) 40 310 12.4 100
B) 80 310 24.8 100
WToro:

Total:

A) 40 399.9 16.03

B) 80 399.9 32.07

*  Tetpon TH 526 ¢dupma THALES.
Tetrode TH 526, THALES.

**  Ananor Tpuopga N'M-54A | 3ason «CBETJIAHA».
Analogue of triod GI-54A , plant "SVETLANA".

4.0 0.26 0.374 * 0.035
4.0 0.52 0.748 * 0.147
13 1.17 1.81 * 0.131
13 2.34 3.62 * 0.610
30 3.6 6.46 o 0.48
30 3.6 9.36 o 1.1
250 25.0 37.4 i 3.3
250 25.0 49.8 i 7.6
30.03 46.04 4.0
31.46 63.5 9.5

*** KnuctpoH ananor KNY-40 NLIM3I nnn aHanor E3766 TOSHIBA.
Klystron, analogue of KIU-40 ICMEP or analogue of E3766 TOSHIBA.

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN



JINH3bI, gnadparmbl, KOPPEKTOPLI U OPYrve 3IEMEHTHI
cornacoBaHuMa M guarHoctmku nydka. Mexgy HYY
n OYY-1 BK/IIOYEH YoNnep, C NOMOLLbIO KOTOPOro OkKa-
3blBaeTCH BO34ENCTBME HA OTAESIbHbIE CIYCTKM Ny4yKa.

UcTouyHnK H-MmuHyc

BaxHbIli OTAENbHbBIA BONPOC — UCTOYHUK MOHOB BO-
noopopaa, crnocobHbI paboTaTb B pexume Masnown
CckBaXHOCTU. VcToYHMK MoHoB H-MuUHyC ¢ Tpebyembl-
Mu napameTtpamu B MHL, UDPBI oTtcyTcTryeT. B Tabnu-
ue 2.1 npuBeneHbl NnapameTpbl NCTOYHUKOB MOHOB H-
MUHYC, pa3paboTaHHbIX AJ1 CUbHOTOYHbLIX YCKOpPUTE-
Jlei B KPYMHENLLMX YCKOPUTESNbHbIX LlEHTPaXxX.

M3 aToi Tabnunubl BUOHO, YTO B PSAE LEHTPOB UMe-
I0TCSt UCTOYHUKM C TPeByeMbIMM NapamMeTpamu.

B kayecTBe MCTOYHMKOB MOHOB H-MUHYC Hamnbonee
NPeanoYTUTESIbHbI C TOYKU 3PEHUSA NPOLOIKNTESNIbHOC-
TU 1 HAOEXHOCTU PaboTbl MYJILTUMNOSIbHBIE UCTOYHUKM
¢ BY-B0o3OyXxaeHnem nnas3mbl, paspaboTaHHble
B DESY. Takne NCTOUYHUKM MAAHMPYETCS MCMNO0b30BaTh,
Hanpumep, B npoekTe LINAC4 CERN. CepuiiHo Takne
WCTOYHMKM He BbinyckatoTcd. lNpencrasngerca uene-
Cco00pa3zHbIM MPUBNIEYEHNE CMEXHBIX OpraHn3aLnii,
B TOM 4umcne 3apyOexHblX, K CO34aHNI0 UCTOYHMKa H-
MWHYC 019 peanusaumy npoekra.

OueHka 3HepreTu4eCcKnx napamMeTpos

JINHEMNHOro yckopurtens

OueHka sHepreTnyecknx napamMeTpoB NPOBOAMIACH
ONs ABYX BAPUAHTOB NOCTPOEHUS IMHENHOro yCKopuTe-
n4. BapuaHTt nepsoro atana A) — co3gaHue yckopurtens
6e3 cnoxeHus Ny4KoB NpearonaraeT cienyoLme napa-
METPbI NMy4Ka Ha BbIXOAE: 4ACcTOTa NOBTOPEHUS NMIMYJIb-
coB Toka 25 lu, gnutenbHocTb umnynbca 300 Mkc,
MMNynbCHOe 3HaveHne Toka 40 MA, cpegHee 3HaveHne
Toka 0,3 MA, CKBaXHOCTb No TOKy 133, CKBaXXHOCTb MO
BY-nmnynscam 33. Ha BTopom atane B) — peannayetcs
Ccxema CO CNoXeHMEM MyykoB. [1ns 3Toro BapmaHTa npo-
BEAEHAa OLLeHKa NapamMeTpoB AN CPeAHEro Toka Ha Bbl-
X04e NIMHENHOro yckoputenst 2 MA npm CKBaXHOCTU MO
TOKy 40 1 ckBaxxHOCTU No BY-umnynbcam 10. Pegynbra-
Thl PACHETOB NPUBEAEHBI B Tabnuue 2.2.

M3 aTon Tabnuubl BUOHO, YTO 3HepronoTpebreHne
KOMMeKca JIMHENHbIX YCKOPUTESNIEN OKa3blBAETCH Ha
ypoBHe 10 MBT, B CBSI31 C YEM MCMNONb30BAHNE CBEP-
XnpoBoasLLmMx cTpykTyp B JIY-400 HeuenecoobpasHo,
NOCKOJIbKY CO3JaHNe CBEPXNPOBOASALLErO JIMHENHOIO
yckopuTens noTpedbyeT o4vyeHb OONbLUMX YCUNWIA Ha
pa3paboTKy W OOMONHUTENbHbIX KanuTasbHbIX 3aTpaTt
Ha COOpYXeHue.

2.2. BbICTPOLUMUKIUPYIOLWUIA CUHXPOTPOH (Y-3,5)

OcHOBHbIE NapamMeTpbl

BbICTPbIN NPOTOHHBIN CUHXPOTPOH Y-3,5 CnonHseT
aBe QyHKUMN:

1. LparBep n-reHepupyoLmnx MULLIEHEN,

2. HOBbIN KOMbLEBOM MHXeKTOop anga Y-70.

OCHOBHbIE XapakTEPUCTUKM YCTAHOBKM MNpeacTaB-
NeHbl B Tabnumue 2.3

B nocneaytouiem nepumeTp I MOXeT ObITb UISMEHEH
Ha manyto ALl gna obecneyeHnss B3aMHOIo CKOJIbXe-
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lenses, diaphragms, correctors and other elements of
beam matching and diagnostics are foreseen. Between
IPA and MPA-1, the chopper is inserted, fast enough to
affect individual bunches.

Source of H-minus ions

The important dedicated question is the hydrogen
ion source which is able to operate in a high duty factor
mode. Source of H-minus ions with required parame-
ters is not available at IHEP. Table 2.1 lists the parame-
ters of H-minus ion sources developed for high-current
accelerators world-wide.

From this table, one can see that in a number of cen-
ters there are H-minus sources available with the
required parameters.

Multipole sources with RF-excitation of plasma
developed at DESY are the most preferable H-minus ion
sources because of sustainability and reliability of their
maintenance-free operation. Such sources are sup-
posed to be used in the project LINAC4 (CERN). Still,
these sources are not available commercially. In this
case it is advisable to cooperate with the other organi-
zations, Russian and/or foreign, in manufacturing and
delivering the H-minus source for the project.

Estimation of power supply parameters

of the linear accelerator

The estimation of power consumption parameters
was carried out for the two options of the linac design
taken into account. In version of the first stage A) — con-
struction of accelerator without beam funneling — we
assume the following output beam parameters: rate of
current pulse repetition 25 Hz, pulse duration 300 ps,
pulsed current 40 mA, average current 0.3 mA, duty
factor in current 1/133, duty factor in RF pulses 1/383. In
the second stage B), the scheme of beam funneling is
accounted for. For this option, we have calculated the
estimation for average current at the linac output 2 mA
at duty factor in current 1/40 and duty factor in RF puls-
es 1/10. The results are summarized in Table 2.2.

From this table one can see, that power consumption
of linac is limited to an acceptable level 10 MW. That is
why it is not advisable to use superconducting struc-
tures for LU-400. Indeed, construction of supercon-
ducting linac will require greater efforts for research and
development and more expenses for the construction.

2.2. Rapid Cycling Proton Synchrotron (U-3.5)

Basic parameters

Rapid cycling proton synchrotron U-3.5 operates as:
1. A driver for n-generating targets;

2. A new ring injector to the U-70.

The basic parameters of the facility are specified in
Table 2.3.

Later on, the perimeter IT might be varied by some
AIT in order to provide the reciprocal slippage of beams



HUS MY4Y4KOB PABHOWM 3Heprum B konbuax ¥Y-3,5 n Y-70
Npu CUHXPOHM3ALMK NepeBoja.

Bonbwoi cuHxpoTpoH Y-70 npuHUMaeT o Tpex
LuMKNoB nHxekumn n3 Y-3,5. Ctpyktypa nyyka B Y-70
(Puc. 2.8):

3X(9 3an0NHEHHbIX CryCTKOB + 1 nycTomn
cryctok) = 30, kpaTtHocTmn ¥Y-70.

B ¥Y-70 yckopsiotcs ot 1 0o 3 uyroB crycTtkos. [llyc-
Tble cenapaTpucbl UCMNOMb3YIOTCA 09 pas3MeLLeHns
nepeaHero n 3agHero GpPoHTOB BBOOHOIO MMMYJIbCHO-
ro mMarHuta (co3gaeTcs BHOBb). Pa3pbiBbl B Myyke Tak-
Xe CrMOoCOOCTBYIOT Ny4llel KOrepeHTHOM YCTONYMBOCTH
WHTEHCMBHOro nyyka B Y-70.

UHXXeKunsa n KyNOHOBCKUW CABUI

34ecb 1 fanee sMUTTaHC 1 akCenTaHC OnpeneneHbl
Kak Npoun3BefeHus nonyocen ¢galoBoro annunca, 6e3
MHOXUTENS 1t. [PoeKkTHbIE NapameTpbl Ny4Kka Ha BbIXOAe
N3 NINHEIAHOI O YCKOPUTENS NMPUBEAEHLI B Tabnuvue 2.4.

[Mpy MNyNbLCHOM TOKE My4Ka OTPULATENbHbBIX NOHOB
BOAOPOAa H™ M3 NMMHENHOro ycKOpuTeNns, pPaBHOM
40 MA, nepesapsaHas MHOroo60opoTHas MHXeKLMs By-
net anutbcs 145 060-
pPOTOB MNy4ka B KOJbLE
Y¥-3,5 (0.3 mc). B aTo
Bpems OyaeT NpousBo-
ONTbCSA KOHTpoOnupye-
MO€ 3aroJjIHeHne 4vac-
TMuamMu  nornepeyvyHom
$az3oBON MNJIOCKOCTMU.

0123456789

1 oBopot ¥-70

with equal energies rotating in the U-3.5 and U-70 rings
to facilitate the proper beam transfer synchronization.

The large synchrotron U-70 receives up to 3 cycles of
injection from the U-3.5. Beam structure in the U-70
(Fig.2.8) is:

3X(9 filled buckets + 1 empty bucket) = 30,
RF harmonic number of U-70.

From 1 to 3 trains of bunches are accelerated in the
U-70. The empty buckets are used to accommodate the
rise and decay fronts of pulsed injection magnet (to be
developed anew). The beam gaps would also ensure the
better coherent stability of intense beam in the U-70.

Injection and Coulomb tune shift

Here and in what follows, the emittance and accept-
ance are defined as the products of semi-axes of a
phase ellipse, without factor n. The design beam
parameters at exit from the linear accelerator are listed
in Table 2.4.

Given 40 mA pulsed beam current of negative hydro-
gen ions H™ from the linear accelerator, the stripping
multi-turn injection will
take over 145 beam turns
around the U-3.5 ring
(0.3 ms). During injection,
the controlled painting of
transverse phase planes
will be accomplished. After
that, the normalized beam

[Mocne Hero Hopmanu-
30BaHHbIE 3MUTTAHCHI
nydyka (No ypoBHIO 10)

1 turn in U-70

Puc. 2.8. Ctpyktypa nyyka B Y-70 ¢ nHxexkunen n3 Y-3,5.

emittances (at 1o level) will
amount to:

COCTaBAT
Tabnuua 2.3. OCHOBHble NapaMeTpbl MPOTOHHOIO CUHXPOTPOHa Y-3,5.
Table 2.3. Basic parameters of the proton synchrotron U-3.5.
YckopsieMble YacTuLbl MPOTOHbI
protons Accelerated particles
MepumeTp opbuThl, I1, M 445.110 Orbit perimeter, IT, m

or 3/10 11 of U-70

SHEPrnsa NHXekLUMn-BbiBoda (KnHetmndeckas), B
MarHuTHas XecTkoCTb, Bp, Tn-m

Mepuop obpalleHns nyydka no opbute, MKC
KpaTHOCTb YyCKOpPEHUS, g

0.4-3,5
3.183-14.470 Magnetic rigidity, Bp, T-m
2.082-1,519 Period of beam rotation around orbit, us

Energy of injection-extraction (kinetic), GeV

9 RF harmonic number, g

or 3/10 g of U-70

YacToTa cnegoBaHus UUKNos, fe, Ny,
dopma marHuTHOro umkna, B(t)

25 Cycle frequency, f¢, Hz

o<-cos(2nfct) Form of magnetic cycle, B(t)

CKopoCTb pocTa MarHUTHOro nons, max dB(t)/dt, Tn/c 58.0 Rate of magnetic field growth, max dB(t)/at, T/s
MHTeHCMBHOCTL Nyyka (B 9 cryctkax), N 7.5-10"8 Beam intensity (in 9 bunches), N

CpenHuii (Mo umknam) Tok nyydka, MkA 300 Average (over cycles) beam current, pA
MoOLHOCTb nMy4yka Ha BHELLHEN MuLleHn, MBT >1.0 Beam power on external target, MW

Tabnuua 2.4.

Table 2.4.

MapameTpbl Nyyka Ha BbIXOAE U3 IMHENHOIO YCKOPUTESIS.
Parameters of beam at the exit from linear accelerator.

OHeprusa (kmHeTuyeckas), E, MaB
Pazbpoc no aHepruu, AE (£3c), MaB

400 Energy (kinetic), E, MeV
+1 Energy spread, AE (x3c), MeV

OTHOCHTENBHBIM PAa3BPOC MO MMNYILCY, AP/P, (£36) +4.9-10°  Fractional momentum spread, Ap/p, (£30)
lMonepeyHbIi SMUTTaHC, Transverse normalized emittance
HOpPManM30BaHHbIN, Mo 10, 3X=3y, MM:-Mpag, 2-3 at 1o level, 3X=3y, mm-mrad

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN



3, =30 mm-mpaga, 9, = 10 mm-mpaga,.
Mpy 3TOM MMMNYNLCHbIN Pa3Mep B Ny4ke YBENNYNTCS
npumMmepHo B 2,5 pasa n coctasuT
Ap/p,=*12-10"3 (no yposHio +35)
6,/Po=4-10" (o 10).
KynoHoBCKuin coBuUr 4acToTbl 6eTaTPOHHLIX kKoneba-
HUI MakCcUManeH Ons BEPTUKAIbHOrO HarnpaBiieHUS.
Ero sennynHa

nnn

r, N/gq 1 .
2nB By 23y <Bx> X
B,) 2

34ecCb 1, — KlacCnYeckmin pagmyc npotoHa, N — 4ncno
yactuy, B yckoputene; g=9 — KpaTtHOCTb YCKOPEHUS;
B — daktop rpynnupoBku; B 1 Y — pensaTUBUCTCKUE
dakTopbl. 3,¢M 06o3HauaeT aPPEKTUBHBIN HOPMANN-
30BaHHbLIA aMuUTTaHC (No 1c6) ¢ yyeToMm pobaBku
OMCNEPCUOHHON COCTaBNAOLWEN B TOPU3OHTaSIbHbLIN
pa3mep ny4ka. [pn MakcrumasnibHON NPOEKTHOM NHTEH-
cuBHocTU nydka N=7.5-10"3 npoToHoB B LMKNe nony-
4MM NPUEMJSIEMblE BEJIMYMHBLI KYJIOHOBCKOro caBura
6eTaTPOHHbIX HacTOT
AQy=-0.15, AQ,=-0.08.

BertaTtpoHHble pa3mepbl Mnyyka OnNpenendoTcs ero
HEHOPMaJIN30BaHHbIM (FreOMeTPUYECKNM) 3MUTTaH-
coM €=3/By. MNMockonbKy NPU NHXEKLMN NPUBEAEHHDIN
nmnynsc By=1.017, To ¢ gocTaToyHOW ans uenen du-
314eckoro 060CHOBaHUS TOYHOCTbLIO MPUHUMAEM

e,=30 Mmm-mpag, e, =10 mm-mpag,.

AQ, =-

Yckopsiowaa cucrema

YacTtoTta ycKOpeHUs WN3MEeHSeTcsa B Auana3oHe
4.322—5.925 Ml'y. 310 Anana3oH, XOpPOLIO OCBOEH-
HbI Npuv akcnnyaTaumn Y-70.

MpennonaraeTtcs cUHycougasnbHbI 3aKOH N3MeEHe-
HUS BeAyLLEro MarHUTHoOro nonsi. Torga noTpebHOCTb
B CYMMapHOM aMmnauTyne yckopsioLero nons V

maXV:2nﬂfcE ! (maxBy—mjn BY] ,
e ¢ cosO, 2

roe E, — aHeprvs nokosi NpoToHa; € — 3NeMeHTapHbIN
3apsan; ¢ — CKopocTb cBeTa; maxpy=4.623; minfy=1.017;
¢, — CMHXpOHHas dasa.

Ana npuiemnemon BennunHbl ¢ =535 nony4nm max
V=687.9 kB. C y4yeTom paboyero pesepBa notpedyem
max V=720.0 kB Ha 060poT.

Mpn ncnonb3oBaHUn oNnPoBOBaAHHBLIX COBPEMEHHbIX
TEXHONOIrMM (3TO 2-3a30pPHbIE pPe30oHaTopbl C peppu-
TOBbIM 3aroOSIHEHMEM) MOXHO pPacCyYuUTbiBaTb Ha
HanpsxeHne V,=20 kB Ha ogHy BY ctaHumio ¢ raba-
PUTHBLIMUK pa3mepamMu No enaHuam <2.5 m. TpebyeTcs
36 Takux yckopsiiowwmx ctaHuuii. MIx ymcno BbiGpaHo
LenbiM KpaTHbIM 6, cynepnepnognyHoOCT! MarHUTHOWN
CTPYKTYpbI Y-3,5.

Ona pasmelleHus BY yckopsioLen cnctemsl NoTpe-
oyetcsa npumepHo 90 M cBOOOAHbLIX NMPSAMOSIMHENHbBIX
NPOMEXYTKOB.

KoadpdurumeHT Harpyskm pesoHatopa TOKOM Mnyyka

2J,

=1 =38
Vi/R

Ne2 ¢ MNMpoTBMHO ¢ 2010

9,30 mm-mrad, 3 =10 mm-mrad.
Momentum spread of the bunched beam will
increase by a factor of around 2.5 to
Ap/p,=*12-1073 (at +3c level) or
6,/P, =410 (at 10).
Coulomb tune shift of betatron oscillations is maxi-
mal vertically and is equal to

AQ ~_ rO N/q 1 .
' 2mBPBy’O, REXE
1 XX
,) 2

Here, r, is classical radius of a proton, N is number of
particles in accelerator; g=9 is RF harmonic number;
B is bunching factor; B and vy are relativistic factors.
3, s the effective normalized emittance (at 10) tak-
ing into account the addition of dispersive contribution
to horizontal beam size. At the top project beam inten-
sity N=7.5-10"® protons per cycle one obtains the
acceptable values of Coulomb tune shift of the betatron
oscillations
AQ,=-0.15, AQ,=-0.08.

The betatron sizes of a beam are determined by its
non-normalized (geometric) emittance €=3/By. Since
at injection the product By=1.017, with a sufficient
accuracy one takes

€,=30 mm-mrad, ey=10 mm-mrad.

Accelerating system

The radiofrequency varies in the range of 4.322—
5.925 MHz during the acceleration. This frequency
range is well explored at the U-70 operation.

The magnetic guide field ramps according the sinu-
soidal law. The required total amplitude of the acceler-
ating field V is then

maxV:27r&fCE ! (maxBy—minByj ,
e c cos, 2

where E, is rest energy of a proton; e is elementary
charge; cis velocity of light; maxpy=4.623; minBy=1.017;
and ¢, is a stable (synchronous) phase angle.

Given the acceptable value ¢,=55°, one gets max
V=687.9 kV. On taking into account the operational
safety factor, the value is increased to max V=720.0 kV
per turn.

Using up-to-date and proven technologies (2-gap
ferrite-loaded cavities) one can expect for the voltage
V,=20 kV per one RF station within an overall flange-to-
flange size <2.5 m. The project calls for 36 such accel-
erating stations. Their number is chosen to be an inte-
ger multiple of 6, the superperiodicity of the U-3.5
magnetic lattice.

Accomodation of the RF accelerating system
requires approximately 90 m of free straight sections.

The beam loading factor of a cavity is
2J
_ q

= "1 -38
ViR




970 mocTaTtoyHo Gonbluas BennynHa. OHa TpebyeT
0CO0O0ro BHUMAaHUA K CXeMOTEXHUYECKUM peleHnam
B Lensx oOpaTHOM CBA3W, OXBaTbIBAOLLMX YCKOPSIO-
WM pesoHaTop, Ons obecnedyeHust yCTOMYUBOCTMU
CUCTEMbI «PE30HATOPTUHTEHCUBHbIN MYy4OK».

MarHutHas cTpykTypa

Mcnonb3yeTca MarHuUTHas CTPykTypa C pas3feneH-
HbIMW PYHKUMSAMM NMOBOPOTA N POKYCUPOBKU (AMNOAN
n kBagpynonu). Tun ¢pokycmposku FODO(90°).

OnuHa op6butel 11=445.110 M, cpefHuii paguyc
R=I1/2n=70.841 m.

YckopuTenb COCTOUT M3 6 cynepnepnogoB OJ/IMHOW
74.185 m kaxgpii. B cynepnepuog, BxoaaT 6 nepruoaos
FODO pnunHon no 12.364 m.

Cxema cynepnepuona MarHMTHOM CTPYKTYPbI Npenc-
TaBneHa Ha puc. 2.9. Cynepnepuof, 3epkanbHO CUMMET-
pPUYEH OTHOCUTENBHO CBOEN LIeHTPanbHOM To4kmn QD/2.

Cynepnepuogbl (CekcTaHTbl) Konbua naeHtudunym-
PylOTCS NO XO4y My4Kka yKkasaHnmem nap CBOUX rpaHuny-
HbIX TOYek: (a, b), (b, c), ... (f, ). 3TK e BGykBblI MapKM-
pyloT 6 MOBOPOTHLIX apoK 0pbuThl a, b, ... f.

lMpepnaraemass MarHuTHasa CTPyKTypa coyeTaer
NpVBneKaTesibHblE CTOPOHbI TPEX U3BECTHbLIX MArHUTO-
ONTUYECKMX PELLUEHUI:

1. TlpoctoTty nepuoamndeckoro FODO kanana.

2. OdDEKTUBHBIN KOHTPOSb HAL ANCNEPCUOHHONM
dyHkumen D,, K03bDUUMEHTOM pacLIMpeHns
OpOUT oL 1 KPUTUHECKOW SHEPruen v,, xapakTep-
Hbin ansg FODO cTpykTyp € OTCYTCTBYIOLLIMMW AN-
MONASIMU.

3. dnviHHbIE NPAMOIMHENVHBIE YHaCTKN C NOOABMEH-
HOW AMCrnepcuen, BO3MOXHbIE B CXeEMe axpoma-
TNY4ECKOr0 NOBOPOTA My4Ka C MOMOLLbIO YEThbIPEX
ONNONEN.

AnnonbHbIE MAarHUTbLI YCTAHOBMIEHBI TOIBKO B 2 ne-
puogax n3 6. Tak ocBO6OXOAETCA MECTO A1 NPSIMO-
NMHerHbIX npomexyTkoB O1, Pnc.2.9.

B 3 nepropax n3 6 nonHOCTLIO NOAaBneHa gucnep-
cus, D,=dD,/ds=0. N3 Hux dopmupyeTca AJIMHHbIN
NPSMONIVIHENHBIN MPOMEXYTOK 6X01 kaxagoro cynep-
nepvoga. B ogHom nepuoge, cBOOOAHOM OT AMMOJEN,
aucnepcus He nogasneHa (rpaHuyYHble Noaynepunoabl
Ha Puc. 2.9).

Cnncok npaAMOSIMHENHBIX MNPOMEXYTKOB BCEro
Konbua npuBeneH B Tabnuue 2.5. Mpomexytkn O1
C NogaBfIEHHOW Amcnepcuen 3aHmmaroT nodtn 45%
nepumMmeTpa opbuTbl. NMoNoBUHA N3 HUX NCMOJML3YETCSH
ona pasmelleHns BY yckopsaoLLen CUCTEMBI.

This is arather high value. Itimplies that dedicated efforts
be spent to develop feedback circuits encircling the accel-
erating cavity in order to provide the safe stability of the
closed-loop system comprising "cavity+intense beam™.

Magnetic lattice

Magnetic lattice with separated functions of bending
and focusing (dipoles and quadrupoles) is used. The
focusing structure period type is FODO (90°).

The orbit length 1= 445.110 m, average radius
R=I1/2n=70.841 m.

The accelerator consists of 6 superperiods with
a length of 74.185 m each. A superperiod includes 6
FODO periods with a length of 12.364 m.

The scheme of magnetic lattice structure superperi-
od is shown in Fig. 2.9. Superperiod obeys the reflec-
tion symmetry about its central point QD/2.

Superperiods (sextants) of the ring are identified
downstream of the beam by marking the pairs of their
boundary points: (a, b), (b, ¢), ... (f, a). The same letters
label 6 bending arcs of the orbit a, b, ... f.

The lattice incorporates the attractive features of the
three known solutions in the magnetic optics:

1. Simplicity of a plain periodic FODO beam line.
Effective control over dispersion function D,,
compaction factor o and transition energy v,
inherent in a FODO lattice with missing dipoles.

3. Long straight sections with suppressed disper-
sion, which are possible in the QBA scheme
(quadruple bent achromat, i. e. achromatic beam
bend with four dipoles).

Dipole magnets are placed only in 2 of 6 periods.
Thus, the space for straight sections O1 is released
(Fig.2.9).

In 3 of 6 periods, the dispersion is completely sup-
pressed, D,=dD,/ds=0. These periods form the long
straight section 6X0O1 of each superperiod. In one peri-
od without dipoles the dispersion is not suppressed
(these are the boundary half-periods in Fig. 2.9).

The list of straight sections of a whole ring is present-
ed in Table 2.5. Dispersion-free straight sections O1
occupy almost 45% of the orbit perimeter. Half of them
is used to accommodate the RF accelerating system.

a!b!cldle’ Il " ce“ .
( | g I'Ieplilcgp. 1 L ngp:g'q 2 . nepuon 3 L {b.c.d.e.f.a)
7
QF QF QF
o1 D B ] o1 o1 [| o
02 o2U02 02
QD2 QD Qb QD2

Puc. 2.9. Cxema NonoBMHbI Cynepnepruoaa MarHUTHOW CTPYKTYPbI.
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Tabnuua 2.5.

MpAMONNHENHbBIE MPOMEXYTKU.

Table 2.5. Straight sections.

O1 TIpAMONVHENHbBIN NPOMEXYTOK,

NoAaBMEHHAsA aMcnepcus 5.582 36
O1 TIpAMONVHENHbBIN NPOMEXYTOK,
HeHyneBas gucnepcus 5.582

02

Mcnonb3yloTcs 4 HE3aBUCKMBbIE LLENU MUTAHUSA:
1. ona 24 pyunoneni D (25 ¢ y4eTOM U3MEPUTENbHO-

[MPAMOSIMHENHBIN NPOMEXYTOK

ro gunons),

2. pnnsa 36 perynspHbix GOKYCUPYOLLMX KBAAPYNO-
nen QF,

3. ansa 30 perynsapHbix AedOKyCUMPYIOLLMX KBaapy-
nonen QD,

4. pna 6 pedokycupylowmx kBagpynonein QD1
B LleHTpax apok.

Mcnonb3oBaHve Tpex CEMENCTB KBAAPYMNObHbIX JINH3
HeobxoaVMO A1 HE3aBMCUMOIO BbiOOpa YacToT beTaT-
POHHbIX KonebaHui (paboyel ToUKM) U NogaBeHVS onC-
nepcun B AJIMHHBIX MPSMOJIMHERHbBIX MPOMEXYTKaX.

OTHoOLWeHME OANHBI MarHUTHOM AOPOXKM (OAMMNosb-
HOI) K NepUMETPY OpOUTHI

2 _P o216,

BbiGpaHHasa CTpykTypa He SIBASieTCs KOMMaKTHOW.
OpHako aTa uenb 1 He npecnegosanack. AnvHa opbu-
Thl 1 MAKCUMasbHas 3HEPTUS Myyka ANKTYIOTCSH UHbIMU
coobpaxeHnaMu.

Cxema pasmelleHnss OCHOBHbIX TEeXHONOrm4eckmnx
cucTemM npencTasneHa B Tabnuue 2.6 n Ha Puc. 2.10.

OpKrEHTMPOBOYHBIN BIOOXKET pacnpenenieHms mecta
BOOMb OpOUTHI NpuBeaeH B Tabnuue 2.7 (okpyrieHue
C TOYHOCTbIO A0 nepuoga CTPykTypbl). OH BbIrMSAUT

B804 HA N-MHLLEHD
exlraction to n-targel

saGa
Injection

quaﬁrupﬂte

nepeson 8 ¥-T0
lramvsfier o U-T0

Puc. 2.10. PaamelleHmne OCHOBHbIX TEXHOOrnM4ecknx
cuctem Y-3,5.

Ne2 ¢ MpoTBMHO & 2010

0.791 48

Straight section, suppressed

200.952 dispersion

Straight section, nonzero
66.984 dispersion
37.968 Straight section

The 4 independent power supply circuits are used:

1. For 24 dipoles D (or 25, taking into account a
stand-alone reference dipole).

2. For 36 regular focusing quadrupoles QF.

3. For 30 regular defocusing quadrupoles QD.

4. For 6 defocusing quadrupoles QD1 in the arc
centers.

The three families of quadrupole lenses are neces-
sary to ensure independent variation of betatron tunes
(working point) and suppression of dispersion in the
long straight sections.

The ratio of (dipole) magnet path length to orbit
length is equal to

2 _P _ o216,

The lattice is not the compact one. But that was not
the design goal. The orbit length and top beam energy
are set by other reasons.

The scheme of arrangement of the basic technolog-
ical systems is presented in Table 2.6 and in Fig. 2.10.

Tentative distribution of space along the orbit is pre-
sented in Table 2.7 (rounding up to a lattice period). It
appears well balanced and should not complicate fur-

. LIEALZ0
rlium-crEgy
ek physics
high-enery
o ploysices expanmantal hall
main gale I

poxiemeer of lechnical Sile

Puc. 2.11. PasmelLLeHne yCKOPUTENLHOIO KOMMJIEKCA UH-
TEHCMBHbIX aApPOHHbIX MYYKOB HA TEPPUTOPUN TEXHUYEC-
koW nnowankm MPBI. 3allTprxoBaHbl 30HbI, 3aHATHIE CY-

LLLECTBYIOLLVMU COOPYXEHUAMMN.




Tabnuua 2.6.

Table 2.6.

PaSMeLLI,eHIAe OCHOBHbIX TEXHOJIOTM4YECKUX CUCTEM.
Arrangement of the basic technological systems.

BBopa 13 NMHENHOro yckoputens

Injection from the linear accelerator 1

lMepesopn B Y-70

Transfer to the U-70 1

BblBOA, HA N-reHepypyioLLyo MULLIEHb

Extraction to the n-generating target 1

TexHonornyeckoe o6opyaoBaHne, pe3eps
Technological equipment, reserved 6
Yckopsiowme ctaHumm no 2 ea. Ha O1

Accelerating stations, 2 units per O1 12

Yckopsiowme ctaHumm no 2 ead. Ha O1

Accelerating stations, 2 units per O1 12

6X01 (a, b)
6X01 (c, d)
6X01 (e, f)
2X01 B LIEHTPE apku
in the arc center
6X01 (b, c)
6X01 (d, e)
6X01 (f, a)

Yckopsiowme ctaHumm no 2 ead. Ha O1

Accelerating stations, 2 units per O1 12

Tabnuua 2.7.

Mcnonb3oBaHne mecTa BOOb OPOUTHI.

Table 2.7. Budget of space along the orbit.

Bcero ctaHuum
Total number of stations 36

JnnonbHbIE MArHUTI 1/3 Dipole magnets

Beop/nepeBon/BbIBOL, 1/4 Injection/transfer/extraction

YckopsioLime ctaHuum 1/4 Accelerating system

WHble TexHonornyeckue cuctemsl' 1 peseps 1/6 Other technological systems') and reserve

NTOro

TOTAL

D KBaapynonbHble NIMH3bI, KOPPEKLIMSA MarHUTHOIO MOJIst U 3aMKHYTOM OpOuTbl, BakyyMHasi oTkadka, AMarHoCTuUKa ryyka,
TOJIKATENM CUCTEM 0OPATHOM CBA3W, KOJIMMALMA U OYUCTKA rano, CUnbdOHbI, hnaHLbl 1 ap.

" Quadrupole lenses, correction of magnet field and closed orbit, vacuum pumping, beam diagnostics, actuators of feed-
back circuits, collimation and cleaning of halo, bellows, flanges, etc.

cbanaHCUpPOBaHHbLIM 1 HE OOJXKEH 3aTPYAHUTbL Nnocne-
ayoume rabapruTHO-KOMMNOHOBOYHbIE PELLEHNS U BO3-
MOXHOE pPa3BUTUE YCTAHOBKN.

BapuaHT npuBasku KoMnaekca K TEppUTOpun Tex-
Huyeckown nnowaakn MHL MPB3 nokazaH Ha Puc. 2.11.

Tononorusa yckopsiiow,ei CUCTeMbl

MarHuTHasa CTpykTypa Konbua nMmeeT 6X6=36 nepwu-
opnos FODO. MNpu kpaTHOCTM yckopeHus g=9 Haber da-
3bl BOJIHbI YCKOPSAOLEro nons cocrasnsieT n/2 BY pag
Ha 1 nepuopg (MM COOTBETCTBEHHO, T/4 pafd Ha Kax-
Able noanepunoaa).

Takne Habern ¢asbl BMECTE C CUMMETPUYHBLIM pa3s-
MELLEHNEM CTaHLUMI YNPOLLAIOT UX B3AMMHYIO CUHXPO-
HM3aLmo, koTopas TpebyeTcs OJ1 KOrepPeHTHOro Co-
KEHUST HANPSKEHNM OTAENbHbBIX CTAHLMIA HA My4Ke.

Tpoukn paBHOYOANEHHbIX CTaHUUN, UMEIOLMX a3nMy-
Tbl, KpaTHble 271/3, 06pa3ytoT CUHDA3HbLIE TPUMIETHI.
Bcero 12 tpunnetoB. 311 Tpunnaetsl cobupatotcs B 4
rpynnbl NO TPY TPUNJIETA C OTHOCUTENbHOW hason BY no-
na 0 (segywmin TpunneT), /2 n T pag B Kaxaon rpynne.

OTHOocuTenbHble BY dasbl yeTbipex rpynn Bobibupa-
IOTCS NO MECTY B COOTBETCTBUMN C GAKTUHECKNMN a3u-
MyTamMn BeAyLLMX TPUMAETOB rPyrn CTaHUMNA.

ther equipment assembling solutions and does not pre-
clude future development of the facility.

A tentative layout of the complex on the IHEP site is
shown in Fig. 2.11.

Topology of accelerating system

The magnetic lattice of the ring has 6X6=36 FODO
periods. Given RF harmonic number g=9, the phase
advance of accelerating field wave is equal to /2 rad per
1 period (or, correspondingly, n/4 rad per a half-period).

Such phase advances, along with a symmetrical
arrangement of RF stations, simplify their mutual syn-
chronization required for coherent addition of voltages
from individual stations at the beam.

The triplets of equidistant stations that have
azimuths integer multiple to 2n/3 form in-phase
triplets. There are 12 such triplets in total. These triplets
are united into 4 groups of 3 triplets with relative phase
of RF field O (leading triplet), ©/2 and & rad in each
group.

Relative RF phases of four groups are selected in situ
according the factual azimuths of leading triplets of the

group.
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AMnNOoJibHbIA MarHuT

B MarHuTHOWM CTpPyKType Mcnonb3yeTcs 24 aunons
D. Ewe oanH, 25-i annonb pacnonaraetcs BHE CTPyK-
TYpbl U ABASETCA U3MEPUTESIbHBLIM (OMOPHbIM).

XapakTtepucTrku aurnonen npmseaeHsl B Tabnuie 2.8.

MarHuTHbIN 610K AUMNOAS COCTOUT U3 ABYX NPSMOY-
rOJIbHbIX MAaKETOB PaBHOM AJIMHbI. [lakeTbl pa3BepHyThI
Ha yrbl £7.5° OTHOCUTESIbHO LLEHTPAJIbHOIO MOMnepeyHo-
ro cedyeHus gunons. MakeTbl UMelOT 06LLYy0 0OMOTKY
BO30OYXO€EHMS. Yron Bxoda W BbIXOAa OopbuUTbl B Kpasix
6noka amnons (yron ckoca TopLoB AJ18 KpaeBoi poKycu-
pOBKM) paBeH 3.75°. KonupyeTcs TEXHNYECKOE PeLLEHME,
NPUHATOE AJ1s1 NTOBOPOTHbIX MarH1TOB Oyctepa Y-1,5.

Tabnuua 2.8. XapakTepucTUKU ANMNOSIbHbIX MAarHUTOB.
Table 2.8. Parameters of dipole magnets.
D [MOBOPOTHbLIN (ANMMNONBLHbLIN) MAarHUT

OnnHa Baonb opbuThkl (MO NoJ0), M
Yron nosopoTa, °

Pagnyc KpnBmn3Hbl opouThl p, M
Yucno nakeToB B 6510ke

Yron ckoca TopLoB, °

CarutTa B 6/10K€, MM

Carntra B nakete, Mm

Mone npu nHxekumn (400 MaB), Tn
Mone npwu BbiBOAE (3500 MaB), Tn

BakyymHaga kamepa BHYTPUY AUMONEeN rHytas ¢ paau-
YCOM KPUBU3HBI P.

[TOBOPOTHBLI MarHUT He HanpsbkeHHbln. MmeeTca
npuMepHo 25%-1 3anac no nonto (8o 1.2 Tn).

KeagpynonbHas nuH3a

B cTpykType ncnonblyetca 36 nuH3 QF, 30 nnu3 QD
1 6 nuH3 QD 1. KOHCTPYKTMBHO BCE 72 KBaApynons NaoeH-
TWYHbI. VIX XapakTepucTukm NpBeaeHbl B Tabnuue 2.9.

Mpwn paguyce anepTypbl NMH3bI, PABHOM, HAaNnpuMep,
100 MM, nmeeTcs OBYKpaTHbIN 3anac no rpaguneHTy.
3anac obecneynBaeT TEXHUYECKYD BO3MOXHOCTb )15
NepecTponKM ONTUKM B NPOLLECCE 3KCMyaTaumn.

Tabnuua 2.9. XapakTepuCTUKN KBaapymnoJibHbIX JIMH3.
Table 2.9. Parameters of quadrupole lenses.
QF dokycupyoLLmin KBagpynosibHbIA MarHUT

OnvHa Boosnb opbuThbl (MO rpagneHTy), M
OTHoweHwue rpaameHTa k xectkoctu G/Bp, M
pagmeHT npu nuxekuum (400 MaB), Tn/m
pagmeHT npu BoiBOAE (3500 MaB), Tn/m

QF dokycupyoLLmin KBagpynosibHbIA MarHUT
JnvHa Boonb opbuThbl (MO rpagneHTy), M
OtHolwenve G/Bp, m™
pagmeHT npu nuxekuum (400 MaB), Tn/m
pagmeHT npu BeiBOAE (3500 MaB), Tn/m

QF dokycupyoLLmin KBagpynosibHbIA MarHUT
[JnvHa Boosib opbuThbl (MO rpagneHTy), M
OtHolwenve G/Bp, m™
pagmeHT npu nuxekuum (400 MaB), Tn/m
pagmeHT npu BoiBOAE (3500 MaB), Tn/m

2
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Dipole magnet

There are 24 dipoles D in magnetic lattice. One more,
the 25th dipole, is housed outside the lattice. It is the
measuring (reference) dipole.

The dipoles parameters are presented in Table 2.8.

Magnet block of a dipole consists of two rectangular
packets of equal length. The packets are turned by
+7.5° about the central cross-section of the dipole.
Packets have common exciting coil. The incident angle
of orbit at the entry/exit edges of dipole block (angle for
edge focusing) is equal to 3.75°. The proven technical
solution used for bending magnets of the existing
booster U-1.5 is adopted.

Bending (dipole) magnet

4.00 Length along the orbit (over field), m
15 Bending angle, °
15.280 Curvature radius of orbit p, m

2 Number of packets in a block

3.75 Edge surface angle, °

130.7 Sagitta in a block, mm

32.7 Sagitta in a packet, mm

0.208 Field at injection (400 MeV), T
0.947 Field at extraction (3500 MeV), T

Vacuum chamber inside the dipoles is curved with
the orbit curvature radius p.

The bending magnet design is not strained. There
is approximately 25% reserve in a bending field
(upto 1.2T).

Quadrupole lens

There are 36 QF lenses, 30 QD lenses and 6 QD1
lenses in the lattice. All 72 quadrupoles are identical in
their design. Their parameters are shown in Table 2.9.

At an aperture radius of, for example, 100 mm, there
is double reserve in field gradient. This reserve provides
technical possibility for operational tuning the optics.

Focusing quadrupole magnet

0.60 Length along the orbit (over gradient), m
+0.3845 Ratio of gradient to rigidity G/Bp, m™
1.224 Gradient at injection (400 MeV), T/m
5.564 Gradient at extraction (3500 MeV), T/m
Defocusing quadrupole magnet
0.60 Length along the orbit (over gradient), m
-0.3325 Ratio G/Bp, m™
-1.058 Gradient at injection (400 MeV), T/m
-4.811 Gradient at extraction (3500 MeV), T/m
Focusing quadrupole magnet
0.60 Length along the orbit (over gradient), m
-0.3593 Ratio G/Bp, m™
-1.144 Gradient at injection (400 MeV), T/m
-5.199 Gradient at extraction (3500 MeV), T/m



Tabnuua 2.10. XapakTepuCTUKN MarHUTHOWN CTPYKTYPHI.

Table 2.10. Parameters of magnetic lattice.

lopu3oHTanbLHas 6eTaTpoHHas YacToTa
lopu30oHTanbHas aMnanTyaHas B-dyHKUMS, M

Qx

min By
BepTtukanbHas 6eTaTpoHHas YyacTtoTa Qy

BepTukanbHas amnantygHas B-pyHKums, m

min By
JducnepcroHHas GyHKUMS, M max Dy
min Dy
KoadduumeHT paclumpeHms opout o
Kputnyeckas aHeprug Vi
KnHetmnyeckad, 6B
EcTtecTBeHHas (1mMHenHas) Ax
XPOMATUYHOCTb ¥=pJdQ/dp Xy

OnTuyeckue xapakTepucTuku

XapakTepucTnKM MarHUTHOM CTPYKTYPbl CUHXPOTPO-
Ha nepeuncnersl B Tabnvue 2.10. Npadukn amnnnTya-
HbIX N OUCNEePCMOHHOM PYHKLMIA NOKa3aHbl HA PUCYHKE
2.12a. BbibpaH Haber dasbl 6eTaTPOHHbLIX KONebaHni
Ha NepunoA CTPYKTYPbl, OIN3KNIA K T/2. TO NOYTM ONTU-
ManbHasa HacTpoika pns npoctoro FODO kaHana.
Yckoputenb ¢ 3anacomM paboTaeT 40 nepexona Yepes
KPUTUYECKYI0 dHepruio: max y=4.549 < vy, =7.595.

[MoTpebyeTcs co3paHne cucTemMbl KOPPEKLUU XPO-
MaTUYHOCTN, MO3BONSIOWEN MONYYUTb HebonbLUME
oTpuvuaTesnbHble 3Ha4YeHus x MacwTtaba -1+-1,5. Uenb —
YMEHbLLIEHME XPOMaTUYECKOro pasmepa paboyen TOUKN
Ha kneTke 6eTaTpOHHbIX YAaCTOT 1 MoJaBfieHne rnone-
PEYHbIX HEYCTOMHYMBOCTEN TUNA «rOS1I0BA—XBOCT».

MonoxeHne BbIBPaHHOM NPOEKTHOW paboyer To4KM
(9.15; 7.20) Ha kneTke 6eTaTPOHHbIX YAaCTOT NOKa3aHo
Ha Puc. 2.126. Ha Hem npoBefeHbl IMHUM MarHMToonmn-
TUYECKMX PE30HAHCOB [0 YETBEPTOro Nopsaka BKIIO-
ynTeNbHO. TONWMHON (LBETOM) BbIOENEHbI JINHUN
CTPYKTYPHbIX pe30HaHCOB. KynOHOBCKMIA CABUI YMEHb-
waeT obe OeTaTPOHHbIE 4acTOTbl. [Mpu OBUMXEHUN
B HanpaBiieHUn OeNCTBUS KYJIOHOBCKOro casura noc-
nepoBaTesibHO NepecekalnTCs PE30HAHCHI

002 2Q -Q,=5, 300—1226

PeaoHch ceasn Q, (5 2 MOXeT 6bITb CKOpPpPEeKTU-
pPOBaH (KocCble KBa,u,pynoanble NH3bI). Pe3oHaHC 4-ro
nopsigka (NocnegHWn B CNUCKE) SBASETCS CTPYKTYP-

T
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max By 23.939

max B, 22.423

9.150 Horizontal betatron tune
Horizontal amplitude B-function, m
1.995
7.200 Vertical betatron tune
Vertical amplitude B-function, m
4.505
4.105 Dispersion function, m
0.0
0.01733 Compaction factor
7.595 Transition energy
6.188 kinetic, GeV
-11.873 Natural (linear) chromaticity x=poQ/dp
-9.099

Optical parameters

Parameters of the synchrotron magnetic lattice are
listed in Table 2.10. The plots of the amplitude and dis-
persion functions are shown in Fig. 2.12a. The phase
advance of the betatron oscillations per a lattice period
is selected to be around ©t/2. That is a close-to-optimal
tuning for a plain FODO beamline. The accelerator oper-
ates safely below transition: max y=4.549 < vy, =7.595.

It will be necessary to develop the system for chro-
maticity correction which allows to obtain small nega-
tive values of x in the range -1+-1.5. The goal is to
squeeze the chromatic size of operating point on the
betatron tune plot and to suppress the transverse insta-
bilities of the "head-tail” type.

The adopted operating point (9.15; 7.20) is shown on
the betatron tune plot in Fig. 2.12b. This plot shows the
lines of magneto-optical resonances up to the fourth
order inclusive. The thick (color) lines mark the struc-
ture resonances. The Coulomb tune shift decreases
both the betatron frequencies. During the motion in
direction of the Coulomb shift a particle crosses
sequentially the following resonances

QX-Qy=2, 20y-Ox=5, SOy-C)X=12=2-6.

The coupling resonance Q,-Q =2 can be corrected
(skew quadrupole lenses), if required. Resonance of
the 4th order (the last one in a list) is a structure reso-
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Puc. 2.12a. AnHamunyeckmne GyHKUMN MarHUTHOM CTPYKTYPbI. Puc. 2.126. Knetka 6eTaTpOHHBIX 4aCTOT U paboyas Touka.
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HbIM 1 TpebyeT ocoboro BHMMaHusl. OH 1 nNpoyne cy-
LLLECTBEHHbIE MArHUTOOMNTUYECKNE PEe30HaHChbl OyayT
N3yYeHbl Ha CNeayloLLmMX Tanax NPoeKTUPOBaHMS.
Bnocnencrtauy pabouyyto TOUKY YCKOPUTESSt MOXHO Oy-
OET OTKOPPEKTMPOBATH B OCTATOYHO LUMPOKMX Npeaenax.

AnepTtypa kKamepbl U MarHMTOB

Orubatome GyHKLMM Nyyka No ypoBHIO 16 NocTpo-
eHbl Ha Puc. 2.13a.

paHuLy anepTypbl BakyyMHOW KamMepbl NpoBeaem
Nno ypoBHIO 4G ny4yka oT ocu. BakyymHas kamepa an-
JINNTUYECKOrO CEYEHUA C BHYTPEHHUMU MONYyOCAMM
(ropn3oHTaNIbHOM, BEPTUKAJIbHOWN)

a=126.0 mm, b=60.0 mm.
BeTtaTpoHHbIN akcenTaHC Takon BakyyMHOM Kamepbl
2

max 3,

2

* max B,

4=

=663.2 MM Mpaa,

=160.5 mm mpaga.

MMnynbCHbIN akcenTaHc gocturaeT £3.1% (ToHKM
ny4ok ¢ €,=0) nnm £1.6% (NonHbIA Ny4oK).

BakyymHass kamepa BHYTPU MarHUTOB Kepamuyec-
Kasi ¢ TONWUMHOM cTeHkn A=10 mMm. BbibepeM MOHTax-
HbI gonyck =5 Mm. B Hem OyayT pasmeLLeHbl yCTaHo-
BOYHbIE MPOKNAAKM, HArpeBaTesibHblE 3IEMEHTbI AfIS
nporpesa npu BaKkyyMHOM TPEHUPOBKE U T. M.

MoTpebyeTcs AMNONbHLIM MarHUT C BbICOTOW W LLN-
pVHOI 3a30pa

h=150 MM, w>272 MM (0612CTb XOPOLLErO NOSS).
Papuyc anepTtypbl KBaAPYMOSBHOM JINH3bI
r=102.9 mm.

Bupa, BakyyMHOI KamMepbl BHYTPW MOJIIOCHbIX MOBEPX-

HOCTEN MarHMToB NokasaH Ha Puc. 2.136.

sigrna, y [

Puc. 2.13a. Ornbatowipye pyHkumm nyyka (no 1c).
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nance and requires a closer attention. This resonance
and other essential magneto-optical resonances will be
studied on next stages of the project.

Later on, the operating point can be corrected within
sufficiently wide limits.

Aperture of chamber and magnets

The envelope functions at 1 level are plotted in
Fig. 2.13a.

The aperture boundary for the vacuum chamber is
set at +4c level of beam from the axis. The vacuum
chamber is of an elliptic cross-section with internal
half-axes (horizontal and vertical).

a=126.0 mm, b=60.0 mm.
Betatron acceptance of such a vacuum chamber is

equal to

2
a

A= =663.2 MM Mpaga,
max 3

2

A,=

=160.5 mm mpag.
max [3),

Momentum acceptance is £3.1% (pencil beam with
€,=0) or £1.6% (full beam).

Vacuum chamber inside the magnets is made of
ceramics with a wall thickness A=10 mm. The assem-
bling clearances are set to 5 mm. It will allow for
accommodating the fittings, heating jackets for baking
during the vacuum training, etc.

The dipole magnet is required to have a height and a
width of the gap, respectively,

h=150 mm, w>272 mm (a good-field region).
Aperture radius of the quadrupole lens is
r=102.9 mm.

The sketch of vacuum chamber inside pole surfaces

of the magnets is shown in Fig. 2.13b.

150

100

Puc. 2.136. BakyymHasas kamepa 1 MNOJIOCHbIE MOBEPX-

HOCTU MarHMUTOB.




3. UccnepoBaHus c
nyykamum J1Y-400 n ¥-3,5

MeraBaTtTHbIN Ny4O0K MPOTOHOB M3 YCKOPUTENS
¥Y-3,5 n03BOAUT MHNLMMPOBATL U Peann3oBaTh LUMPOKYHO
nporpamMmmy gyHaaMeHTaNbHbIX U NPUKNagHbIX padoT.

Haunbonee cyLiecTBEHHOWN YaCTblO NMPOEKTA SABNSETCS
MMMYNbCHBIA HENTPOHHbLIA UCTOYHUK, MPeaHa3Ha4YeH-
HbI AN NCCNeaoBaHUM CBOMCTB BELLECTB U MaTtepua-
0B B HQHOMETPOBOM W CyOHAHOMETPOBOM Ananaso-
He. Kpome TOro, BbICOKOUHTEHCUBHbIA MPOTOHHbIN
Ny40K NPenoCTaBASET YHUKASIbHbIE BO3MOXHOCTU OIS
pa3BuUTUA psaa apyrnx NePCNeKTUBHbIX HANPaBAEHUI:

4 unccnepoBaHWe BELWECTB U MaTepuasos npuv no-
MOLLM MIOOHOB;

HapaboTKa N30TOMNOB;

nccnegoBaHmMa npy NOMOLM YAbTPAXON04HbIX
HEWNTPOHOB;

MPOTOHHAsA U HEMTPOHHAasA pagmorpadpus;
N3MEPEHNS HENTPOH-90EePHbIX peakuuii No Bpe-
MEHU NPOoNeTa;

[O0NNepoBcKass CnekTpockonus AMHAMUYECKUX
MPOLLECCOB;

paguauMoHHOE MaTepmnanoBegeHune;
nccnegoBaHme NoAKPUTUYECKNX CUCTEM.

4 4 4 e

3.1. TennoBble N XOJI04HbIE HENTPOHbI

XapakTepucTUKN HEMTPOHHOIO UCTOYHUKA

Cxema HEWTPOHHOrO0 MCTO4YHMKA NpuBEOEHA Ha
puc. 3.1. TpOTOHHbIN ny4oKk C dHepruen E=3,5 3B
MoLlHocTbio 1.1 MBT nonagaeTt Ha MULLIEHb HENTPOH-
HOro NCTOYHMKA. JNnTenbHOCTb MMNynbca — 1,5 MKCek,
yactoTa cnegoaHus — 25 Ny, PTyTHaa muweHbs, Ha KO-

Puc. 3.1. Cxema 3ana ¢ MWLLUEHHbIM KOMIJIEKCOM, CUCTEMO
KaHasioB 1 YCTaHOBOK /151 9KCMEPUMEHTOB C TEMI0BbIMU

1N XONO4HbIMU Hel7|TpOHaMVI.

3. Application of LU-400
and U-3.5 Beams

The accelerator U-3.5 will provide proton beam for
comprehensive program of fundamental and applied
researches.

The most challenging element of the project is the
pulsed spallation neutron source, intended for life and
material science at nanometer and subnanometer
scale.

On top of it, high intensity proton beam provides the
unique opportunities for development of the other
promising topics:
muon science;
isotope production;
studies with ultracold neutrons;
proton and neutron radiography;
measurements of neutron-nuclei reactions by
time-of-flight technique;

Doppler spectroscopy of dynamic processes;
radiation material science;
studies of subcritical
Systems.

Accelerator Driven

+44 24444

3.1. Thermal and Cold Neutrons

Parameters of neutron source

The layout of spallation neutron source is presented
in Fig.3.1. The proton beam with the energy E=3.5 GeV
and power 1.1 MW is directed on the target of neutron
source. Pulse duration of the beam is 1.5 us, repetition
rate is 25 Hz. Mercury target, where the neutrons of

Puc. 3.2. YoenbHble Bbixoabl HEMTPOHOB (N/p[l=2B])
U3 TOJICTOM CBUHLOBOM MULLEHW. (U3
B.C.BbapaiueHkoB, 94AS, 9-11, 1978).
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TOPOWM NOCPEACTBOM SiAEPHbIX PpeakLnin NPON3BOAATCS
HENTPOHbI B LUMPOKOM 3SHEpPreTuyeckoMm Auanas3oHe,
OKpYyXeHa pagnauroHHON 3aLMTON, CUCTEMAMM OXJ1aX-
OeHVs 1 BeHTURSUMK. B HenocpencTBeHHOM 611M30CTH
OT MULUEHN HAaxXOAATCS KPUOrEHHbIE MOOEepaTopbl, Ha
KOTOPbIX HENTPOHbI 3aMeaNflTCs U TEPMANN3YIOTCS.
Ha mopepatopbl CMOTPAT HEMTPOHHbIE KaHasbl, 0OLLM
KONM4EeCTBOM OKOJO ABaauaTtn. KaHanbl MOryT OTKpbI-
BaTbCH U 3aKPbIBATbCS MNPU MOMOLLM MACCUBHbIX ANC-
TaHUMOHHO YMpaBisieMblX 3aTBOPOB. [nnHa kaHanos
B 3aBMCUMMOCTM OT KOHKPETHbIX 3KCMEPUMEHTOB COC-
TaBnsieT OT AeCATn A0 CTa METPOB.

Bbixoabl HENTPOHOB U3 TONCTOW CBUHLLOBOWN MULLE-
HW B 3aBUCUMOCTU OT SHEPrUM NPOTOHOB NPUBEAEHDI
Ha puc. 3.2. Mpu aHeprum 3,5 3B kaxabii NPOTOH NPo-
n3BOAUT OKONO 70 HEMTPOHOB, TaK YTO NPY MOLLHOCTH
nydka W=1.1 MBT B MuweHn ByneT o6pa3oBLIBATLCSH
1.3-10"" HeliTpoHOB B cekyHay. Mpu 3TOM MMYNLCHAsA
WHTEHCMBHOCTb MOTOKAa HEWTPOHOB OyAeT MPUMEPHO
Ha ABa-Tpu nopsigka 6onble, B 3aBUCMMOCTU OT
KOHCTPYKLMN MOAEPATOPOB.

CnekTp HEWTPOHOB CYLLECTBEHHO 3aBUCUT OT
KOHCTPYKLUMN MULLEHM U MOAepaTopos. [pu ncnonb-
30BaHUM TEMbIX U XONOAHbIX MOOEPATOPOB 3HAYU-
TenbHas 4aCTb HEMTPOHOB UMEET AJINHY BOJIHbI B AMa-
rna3oHe OT OOHOro OO0 OOHOM [eCATOM HaHOMEeTpa,
NCKJTIOYNTENBHO BaXXHOM A1 UICCNEeA0BaHUN LLUMPOKO-
ro KOMMJekca sBfeHn, BELLLECTB 1 MaTepnanos.

[na 60nblLIMHCTBA 3KCMNEPUMEHTOB HapsiAy C UHTEH-
CMBHOCTbIO HEMTPOHHOIro MOTOKa BaXXHEWLWMM napa-
METPOM 4BASETCS [OJNTENbHOCTb HEWTPOHHOro
MMMyNbCa, NOCKOJIbKY MMEHHO 3TOWN BEJINYMHON Ornpe-
DensgeTcsd aHepreTuyeckoe paspelleHve npu Gukcu-
pOBaHHOM reoMeTpun. ng HEMTPOHOB C 3HEPruen me-
Hee 1 9B aTa opMTenbHOCTL OkadbiBaeTcs 60bLLE OBYX
MukpocekyHa;: At(us)>2E5 (aB) (D. F. R. Mildner and
R. N. Sinclair, J. Nucl. Energy 6, 225 (1979)), Tak 4TO
COOCTBEHHAs AJIUTENLHOCTb MMMy/bca MPOTOHOB U3
yckoputens ¥Y-3,5, coctasnsawowas 1,5 Mkcek, He BHO-
CUT CYLLECTBEHHOrO Bk/iagda B MPOAOSIXUTENbHOCTb
HENTPOHHOM BCMbILLKW.

OcTaHoBMMCSH NoapoOHee Ha 3TOM BaXXHOM 0COOEH-
HOCTW MpefnaraemMoro npoekra. VI3BeCTHbl Tpu pas-
NNYHBIX NOAX0AA K CO34AHUI0 BblICOKOMHTEHCUBHbIX
MMMNYIbCHbBIX HEMTPOHHbLIX NCTOYHUKOB:

4 JIMHEWNHBbI yCKOPUTENb MPOTOHOB C 3HEpruemn

okosio 1 IeB, ¢ oyeHb 6onbwmnm (1>150 MA) TO-
KOM B MMMynbce 1 6onbwmm (>5 MA) cpeaHum
TokOoM (npoekT ESS, EBpona);

4 JNMHENHbI yckopuTenb Ha aHepruio okono 1 MaB
C UCTOYHMKOM H™ C MNynbCHBIM TOKOM MacLUTa-
6a 50 MA, 1 HakonUTenem-KoOMMNPECCOPOM,
CXUMawLwmmMm nMnynbc ¢ ~1 Mcek o ponen
MunkpocekyHapbl (npoekT SNS, CLUA);

4 NWHeNHbI yckopuTenb Ha aHepruio ~400 MaB
co cpegHuM TokoMm H™ pgo ~0,5 ma n B6bICTpbIn
CMHXPOTPOH, NOBLILLAKOLWWA 3Hepruto go ~3 3B
(J-PARC, AnoHuns).

[Mpennaraemblin NPOEKT NCMOJSIL3YET CTPYKTYPY MPO-
ekta J-PARC, HO OTnmMyaeTcs OT HEro B NMEPBYIO O4e-
penb TEM, 4TO B CUHXPOTPOHE Y-3,5 ncnonb3osaHa 4o-
BOJIbHO OJIMHHas opbuTa. Takoe pelueHne no3sonsieT
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wide energy spectrum are produced in spallation reac-
tions, is surrounded by the radiation shielding, cooling
and ventilation systems. In the vicinity of the target
there are cryogenic moderators, where neutrons are
decelerated and thermalized. About 20 neutron chan-
nels are looking at these moderators. The channels can
be opened or closed by means of massive shutters with
the remote control. The channel lengths depend on
specific experiments and varies from ten to hundred
meters.

The neutron yield from thick lead target as a function
of proton energy is given in Fig. 3.2. At the energy of
3.5 GeV each proton produces about 70 neutrons, so
that at the beam power of 1.1 MW approximately
1.3:10"" neutrons per second will be produced at the
target. The pulsed flux intensity will be 2-3 orders of
magnitude greater, depending on moderators design.

The neutron spectrum crucially depends on the
design of the target and moderators. With thermal and
cold moderators the significant part of neutrons has the
wavelength in the range from 0.1 to 1 nanometer. This
wavelength is very convenient for research in chem-
istry, condensed matter physics, materials science,
engineering and biology.

For majority of experiments, duration of the neutron
pulse is as important parameter as intensity, because
the energy resolution at fixed geometry is imposed by
this very value. For neutrons with the energy less than 1
eV this duration parameter is more than two microsec-
onds: At(us)>2E°° (aB) (D. F. R. Mildner and R. N.
Sinclair, J. Nucl. Energy 6, 225 (1979)).

As a result the duration of proton pulse from the
U-3.5, which is equal to 1.5 us, would not deteriorate
the neutron flash duration.

We have to draw attention to this important feature of
the project. There are three different approaches to the
construction of high intensity pulsed neutron sources:

4 proton linear accelerator with energy around
1 GeV, very high (>150 mA) current in a pulse and
high (>5 mA) average current (project ESS,
Europe);

4 linear accelerator with energy around 1 GeV with
H™ source and pulse current of 50 mA and accu-
mulator ring, which compresses pulse from
~1 ms to fractions of microseconds (project
SNS, USA);

4 linear accelerator with energy ~400 MeV, average
current H up to ~0,5 mA and rapid cycling syn-
chrotron, with energy up to ~3 GeV (J-PARC,
Japan).

The proposed project uses the topology of the
J-PARC project, but differs significantly in a few impor-
tant details. The main difference is the orbit of synchro-
trons which is rather long in the U-3.5 synchrotron.



DOBUTLCA NPaKTUYECKN UOEeasIbHOW OMTUKWU, CHUXAET
KOMIMYECTBO YacTuL, B OTAEIbHOM 6aH4e 1, B KOHEYHOM
cyeTe, NO3BONISET NOBbICUTb MHTEHCUBHOCTbL Ny4yka. 3a
3TO NPUXOOMUTCH NNATUTb YBEJIMYEHUEM OJIUTENIbHOCTU
NMPOTOHHOIO UMMYJbCA, YTO HE YXyOLUAeT KOHEYHbIX Xa-
PaKTEPUCTUK HEMTPOHHOIO UCTOYHMKA. Takom noaxon,
NO3BOJISET OOCTUYb PEKOPAHbLIX XapaKTepUCTUK OIS
ncenenoBaHUin ¢ HEMTPOHAMM HaHOMETPOBOIO U Cy0-
HaHOMETPOBOro AnanasoHa AJIMH BOJIH.

BaXHbIM OOCTOMHCTBOM npeajiaraeMoro nonxoaa
C VICMOMb30BaHMEM ObICTPOLMKIINPYIOLLLETO CUHXPOT-
poHa 4HBNAETCH HECKOJIbKO MeHbllass CTOMMOCTb
B CPaBHEHUN C UCTOYHMKOM, NMOCTPOEHHbLIM UCKIIOUU-
TeNIbHO Ha OCHOBE JINHENHbIX YCKOPUTENEN.

[Mpu cpaBHEHUM BO3MOXHOCTEN Npeanaraemoro uc-
TOYHMKA C TEM, 4YTO MOXHO MOJNYYUTb HA peakTopax,
BaXHbl [OBa MnapameTpa — CpPefHAd MHTEHCUBHOCTb
HENTPOHHbLIX MOTOKOB W UMIMYJIbCHAA MHTEHCMBHOCTb.
[Mpv cpaBHEHNV NpeanaraeMoro NCTOYHMKA C JyYLUINM
nccnepoBaTenbCckumMm peaktopoM ILL (MpeHobnb), Mbl
oBHapyXnBaeMm, 4TO CpeaHne NoToKM HEMTPOHOB, Mo-
JlydyaeMble B peakTope, Ha NopsaoK BblLLE, YEM MOTOKN
B MeraBaTTHOM MMMYJ/Ib,CHOM WUCTO4YHUKE, B TO BPEMS
KaK UMMYNbCHbIE MOTOKN HENTPOHOB B MOC/IEAHEM Cy-
Yyae MOYTM Ha ABa Nopsnka Bbile, YeM B peakTope.
B pesynbrarte, 414 WMPOKOro knacca 3KCNePUMEHTOB
MeraBaTTHbI UMMYJIbCHbIM UCTOYHUK OKa3blBAETCH
6onee apPEKTUBHbLIM.

OcCHOBHbIE METOAbl U HanNpaBneHUs

nccnenosaHuii HA HEATPOHHOM UCTOYHUKE

na vccnenoBaHns BELWECTB U Marepurasnos LUMPOKO
NPUMEHSIOTCA pPas3finyHble BUObl U3NYYEHUA — CUHX-
POTPOHHOE (PEHTreHOBCKOE) NU3JlyYeHne, YCKOPEHHbIE
My4Kn 3NIEKTPOHOB N HENTPOHHOE u3nydeHune. K Bax-
HENLLINM NPEVNMYLLLECTBAM HENTPOHHbIX UCCe0BaHUN
OTHOCATCS: 60bLUOM AManas3oH SHEPr i HENTPOHOB, Bhbl-
COKasi MpOHMKaroLwas crocobHOCTb, Bblicokasi 4YyBCTBU-
TENIbHOCTb K Nerkum sapam (MpoToHaMm), MUHUMaJIbHOE
BO3OENCTBME HENTPOHOB HA MCCNEAYEMBbIN OOLEKT.

[MprBenem KpaTkmin, Aaneko He NOJHbIA NepeYeHb Harl-
paBneHnin paboT Ha UMMYILCHOM HEATPOHHOM UCTOYHMIKE.

Such a solution gives a room for practically perfect
optics, decreases the number of particles in a single
bunch and, as a result, provides opportunity for the
beam intensity increase. The payment for those advan-
tages is some growth of neutron pulse duration, but as
we have seen above, it does not compromise the ulti-
mate parameters of neutron source. Within this
approach one can reach record parameters for neutron
researches at nanometer and subnanometer wave-
length scale. The important advantage of proposed
method, which uses the rapid cycling synchrotron, is
a lower construction cost in comparison with the
source constructed exceptionally with the use of linear
accelerators.

In comparison the characteristics of proposed
source with what can be reached at nuclear reactors
one should take into account the two parameters: aver-
age intensity of neutron fluxes and pulsed intensity.
Comparing the proposed source with the research
reactor ILL (Grenoble), one can find that average neu-
tron fluxes at reactor are of about one order of magni-
tude greater than the fluxes in megawatt spallation
source. At the same time, the pulsed neutron fluxes
in megawatt spallation source are almost two orders
of magnitude greater than these in reactor. As a result,
for wide class of experiments the megawatt spallation
neutron source appears to be more effective.

Basic methods and trends of research

with the neutron source

Various projectiles are used for research at nanometer
and subnanometer scale: synchrotron (X-ray) radiation,
electron beams and neutrons. The main advantages of
neutrons are: the wide range of neutron energies, high
penetration power, high sensitivity to light nuclei (pro-
tons) and minimal influence on studied objects.

Some examples of spallation neutron source appli-
cations are listed below.
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Puc. 3.3. 9ddekTrBHAA MHTEHCUBHOCTbL MOTOKOB TEMOBbLIX HEMTPOHOB OJ1 Pasfn4HbIX MCTOYHMKOB (MCMOJfIb30BaHa
pabota Neutron Scattering, K. Skold and D. L. Price, eds., Academic Press).
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®dusvka TBEPOOro TENA:
MarHUTHbIE CBOMNCTBA BELLLECTB, B TOM YMCIE Bbl-
COKOTEMMepPaTYPHbIX CBEPXMPOBOAHMKOB; AVHA-
MUKa BOOOPOAA B PaA3/INYHbIX COEAVHEHUSX;
KBaHTOBblE 3P dEKTbI; UCCeL0BaHNE MArHUTHO-
ro ynopsiao4yeHus; nCCnefoBaHne BANSHUS MUK-
POCTPYKTYPbl OPraHN4yecknx MOJNMEPOB Ha UnX
onTn4eckmne, TeEPMMUYECKMUE, MarHUTHbIE U ApYy-
rme XxapakTepucTuku; dusrka NOBEPXHOCTHbIX
SIBMIEHUI; CTPYKTYypa BELECTB B 9KCTPEMASIbHbIX
ycnoBusix, GasoBble Nepexonbl.

®dunsvka HaHOCTPYKTYp:
npoueccbl camocbopku; Tonorpadus HaHoC-
dep, HaHOTPYOOK, UX B3aMOLENCTBME C aToOMa-
MW 1 MONIEKYNaMN; MEXaHU3Mbl POCTA HAHOMET-
POBbIX KPUCTANNNYECKNX CTPYKTYP B aMOP@HbIX
Martepuanax, ux BiMsgHue Ha CBOMCTBa Matepua-
J0B; BINSIHNE BHELLHWX YCIOBUIA HA XapakTepuc-
TUKU POCTA HAHOCTPYKTYP; MarHUTHbIE CBOMCTBA
HAHOCTPYKTYP.

Buonorua:
Mopdonorusa n metabonnam membpaHHbIX NpPo-
TEVHOB; KMHETMKa (epMEeHTaTUBHbIX peakuui;
MexaHM3Mbl CBOpaynBaHus 6eNkoB; onpeaene-
Hue GopM, pasMepoB 1 NONOXEHUS GEPMEHTOB;
1“ccnenoBaHve BUPYCOB B PA3/IMYHbIX YCIIOBUSIX,
MEXaHNU3MOB MX B3aUMOLENCTBUS C KIleTKamMu.

Xnmms:
peakuuv ruaponmsa, ruaparaumm 1 rmoporeHmsa-
LMN; XMMUYECKasi 1 KpucTanamdeckas CTpykTypa
O0nbLUMX MOMNEKY; CTPYKTYpa 1 AMHaMumKa nosm-
MEPHbIX CUCTEM; MEXaHU3MbI KaTan3a B MOPUCTbIX
mMaTepuanax u Apyrmx Katamtn4eckux CUCTEMaX.

Martepuansoi:
nccnefoBaHMe maTepuanos Ans BOLOPOLHOM
9HepreTukn (NonoxeHne aToMOB BOAOPOAA, WX
CBsI3blBaHME U BbICBODOOXAEHME); 3NEKTPOXMMUS
MaTepvanoB OJis ObICTPbIX 3NIEKTPUYECKUX UCTOM-
HUKOB; $a30Bble nepexobl B GeppoanekTpuyec-
KUX 1 NbE€303NEKTPUYECKMX MaTEpPManax; LOMEeHHas
CTPYKTYpa MarHUTHbIX MaTepuanoB; HEWTPOHHas
ToMOrpadus NPOMbILLEHHbIX MATEPUAIOB U N34e-
JIM; n3amepeHne GasoBoro CocTasa BELLECTB.

Okpyxatowasa cpega:
nccnefoBaHme NOIMMEPHbIX MOBEPXHOCTEN ANs
co3paHus 6e3BpeHbIX MoMMEPOB; UCCenoBa-
H1e GOPMUPOBaAHNS NMOPATOB C LENbIO pa3paboT-
KU TEXHONOMMM CBS3bIBAHUS MAPHUKOBBLIX ra30B;
aHanM3 3arps3HeHNin TSXKeNbIMY MeTaaMmul.

MepguupyHa:
nccnenoBaHe CTPYKTYPbl IEKAPCTBEHHbIX Mpe-
napaToB 1 X B3aMMOAENCTBUS C peuentTopamMu.

MeToabl HENTPOHHBIX UCCIEQOBaHNI MOXHO pasae-
JINTb Ha TpW BONbLUMX HanNpaeBeHWs — yNpyroe pacce-
SHMe HEWTPOHOB, Heynpyroe paccesHne HEWTPOHOB
1 B3aMMOLENCTBME HENTPOHOB C MArHUTHbLIM MOJIEM.

CnekTpoMeTpbl yNpyroro paccesiHus MoryT OblTb
pasfenieHbl N0 BeNNYMHE NepefaHHoOro nMnyJsbca Ha
0ETEKTOPblI MasioyrfoBOro pacCedHns HEUTPOHOB
(MYPH), ondpakromeTpbl 1 pednekToMeTpbl. HEMTPOH-
Hble OndpakToOMeTpbl UCMNOML3YIOTCA NMPU onpenerne-
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Solid state physics:
magnetic properties of materials, including high-
temperature  superconductors; hydrogen
dynamics under various conditions; quantum
effects; study of magnetic ordering; study of
relationship of organic polymer microstructure
with its optical, thermal, magnetic and other
characteristics; physics of surface phenomena;
materials structure at extreme conditions; phase
transitions.

Physics of nanostructures:
processes of self-assembly; topography of
nanospheres, nanotubes, their interaction with
atoms and molecules; mechanisms of nanome-
ter crystalline growth in amorphous materials,
their influence on material properties; influence

of external conditions on characteristics of
nanostructure growth; magnetic properties of
nanostructures.

Biology:

morphology and metabolism of membrane pro-
teins; kinetics of fermentative reactions; mecha-
nisms of protein folding; mapping of shape, size
and position of ferments; study of viruses under
different conditions, mechanisms of their inter-
action with cells.
Chemistry:

reactions of hydrolysis, hydration and hydro-
genation; chemical and crystal structure of big
molecules; structure and dynamics of polymer
systems; mechanisms of catalysis in porous
materials and other catalyst systems.

Materials:

study of materials for hydrogen power engineer-
ing (position of hydrogen atoms, their binding
and release); electrochemistry of materials for
fast electric sources; phase transition in ferro-
electric and piezoelectric materials; domain
structure of magnetic materials; neutron tomog-
raphy of industrial materials and products; meas-
urement of phase composition of materials.

Environment:
study of polymer surfaces for development of
harmless polymers; study of hydrate formation
and further development of greenhouse gases
binding technology; analysis of impurities
caused by heavy metals.

Medicine:
study of structure of pharmaceutical drugs and
their interaction with receptors.

Methods of neutron researches can be subdivided
on three big groups: elastic scattering of neutrons,
inelastic scattering of neutrons and neutron interaction
with magnetic field.

Elastic scattering spectrometers can be subdivided
by transmitted momentum on detectors of small angle
neutron scattering (SANS), difractometers and reflec-
tometers. Neutron difractometers are used for study of
atomic and magnetic structure of crystals, local distor-



HUW aTOMHOM M MarHUTHOW CTPYKTYPbl KPUCTasJIOB,
JIOKaJIbHbIX NCKaXEHNN, MUKPO- 1 MaKpOHanpsXeHnn,
MYPH - gna nccnegoBaHus HEOOHOPOOHOCTEN, CyLue-
CTBEHHO MPEBLIWAIOWUX OJIMHY BOJIHbI HENTPOHOB,
HanpumMep, 60/bLINX MOMEKYN N YaCTUL, B pacTBOPax,
nedekToB B MaTepuanax. PepnekromeTpbl — Angd n3sy-
YeHUs NOBEPXHOCTEN, rpaHnL, pasaena cpen, AJIMHHO-
NepMOANYHbIX CTPYKTYP.

TunuyHble 3apa4yn, pellaemMble Ha CrekTpoMeTpax
Heynpyroro paccesHud, — ¢dasosble nepexoanl; anHa-
MMKa aTOMOB M MOJIEKYSI; MIOTHOCTb KosiebaTesnbHbIX
COCTOSAHUIN, Ancrnepcus GOHOHOB; MarHUTHble $aso-
Bble Mepexofbl; CMWUHOBbLIE BOJIHbI; BO30yXaeHUs
B QJIEKTPOHHbIX CUCTEMax; MarHeTuku; CUCTEMBbI
C CWJIbHBIMW 3JIEKTPOHHBIMU KOPPENAUUAMN; Anddy3unsa
B TBEPAbIX TeNax (BOAOPOL), KPUTUYECKME ABJIEHUS.

MHoroobpasvne 3agay, pelaemMbliX Ha HETPOHHOM
NCTOYHUKE, TPEBYET NPMMEHEHUS Pa3/IUYHbLIX MHCTPY-
MeHTOB. Ha gaHHOM 3Tane Mbl He PUKCUPYEM KOHK-
pPeTHbIi Habop YCTAaHOBOK, @ MCXOOMM K3 TOro, 4TO
o0LLee KOIMYeCTBO KaHaoB LOMKHO ObITb JOCTATOYHO
OOonbLUMM, OKOJO ABaauaTu.

3.2. NpuknagHble paboTbl

PapunaunoHHoe maTepuanosepneHue

Pan 3apay pagmauvoOHHOro mMartepuanoBefeHud
(nanee PMB) MoxeT pewaTbCd Ha BbICOKOMHTEHCUB-
HOM NPOTOHHOM yckopuTtene Y-3,5.

OueHKN JOCTMXKMMOI Ha BbIBEAEHHOM nyyke Y-3,5
MMKOBOM MJOTHOCTM MNOTOKa ObICTPbIX HENTPOHOB
(c aHepryieit Boiwe 0.1 MaB) gatot ~1,5-102" H/cm?/rop,
ONS MUWEHU wn3 pTyTKU (pacyéTt no nporpamMmme
MARS'109), 4TO COOTBETCTBYET NPMMEPHO 2 CHA.

OnHO 13 NepcnekTMBHbIX HanpasneHuin PMB — 06-
ny4deHme ToHkux (50-100 mkm) 06pas3uoB MaTepunanos
B PEXMME MHOIOKPATHOIO NPOXOXAEHUS NyyKa NpoTo-
HOB Yepe3 06paseL, C N3MepeHneM BbIBpPaHHbIX Napa-
METPOB B npoLiecce 06y4eHnst. B Takmx akcnepumMeH-
Tax MOXHO [OCTUraTb YPOBHS 0OJIyYEHUS TOHKUX
o6pas3yos macwTtaba 100 cHa/rog,.

BbICOKOVHTEHCUBHbBIE MPOTOHHbBIE MYYKN YCKOPUTE-
ns Y-3,5 no3BonaT pewartb Lenbin psig akTyasnbHbIX 3a-
nay PMB:

4 PaspaboTka MeTogoB MMUTALMKN Ha yCKopUTene
paanaLmOHHbIX SBNIEHUI, NMPOTEKALWNX B MaTe-
prianax akTMBHbIX 30H SAEPHbIX U TepMOsaep-
HbIX PEaKTOPOB.

4 WccnepoBaHusa paguauMoHHbIX 0edekToB U nx
BNIVSTHNE HA MaKPOCKOMUYECKNE CBONCTBA MaTte-
pranos.

4 WccnepoBaHne BO3MOXHOCTEN PErynMpoOBKU
CBOWCTB MaTepurasioB npu nomMoLLmM pagmaumoH-
HOro o6nyyYeHus.

AnepHasa dusuka

Ina nonydyeHnsa faHHbIX O SOEPHbIX peakumsax nog,
BO34ENCTBUEM 3APAXEHHbLIX YaCTUL, MEPCNeKTUBHbIM
NnpencTaBfsgeTCd Co34aHMe KaHana s nccnefoBaHuin
B HENTPOHHbIX CNEKTPax Nno BPeMsrnponETHON MeTOLMKE.
JaHHaa meToamka no3sBongeT NpoBOAMTb UCCIIef0BaHNA
peakumi, WHOYUMPOBAHHbLIX HEMTPOHaAMW B LUMPOKOM

tions, micro- and macro-tensions, SANS detectors are
used for study big nonuniformities, considerably
exceeding neutron wavelength, for example, big mole-
cules and particles in solutions, defects in materials.
Reflectometers help to study surfaces, boundaries and
structures with long periodicity.

Typical problems to be solved with inelastic scatter-
ing spectrometers are the following: phase transitions;
dynamics of atoms and molecules; density of oscilla-
tion states, dispersion of phonons; magnetic phase
transitions; spin waves; excitations in electron sys-
tems; magnetics; systems with strong electron corre-
lations; diffusion in solid states (hydrogen); critical
phenomena.

Different problems to be solved with spallation neu-
tron source require different tools. At this stage we
don't fix the list of specific facilities, instead we estimate
the total number of channels: it should be sufficiently
big, around twenty.

3.2. Applied Research

Material science
High intensity proton beam from the U-3.5 can be
used for experiments on radiation material science.

The estimations of peak flux of fast neutron (with
energy higher than 0.1 MeV) for the beam extracted
from U-3.5 give approximately ~1,5-10%' n/cm?/year
for mercury target (calculated by MARS'109 code), that
corresponds approximately to 2 dpa (displacements
per atom).

One of perspective approaches to radiation damage
studies is the irradiation of thin (50-100 um) material
samples by means of multiple proton beam passing
through sample with measurement of selected param-
eters during irradiation. In such experiments the level of
irradiation for thin samples around 100 dpa/year can be
achieved.

High intensity proton beams of the U-3.5 accelerator
will help to solve a number of topical problems of mate-
rial science:

4 To develop the methods of imitation with accelera-
tors the radiation phenomena in materials of active
zones of nuclear and thermonuclear reactors.

4 To study radiation defects and their influence on
macroscopic properties of materials.

To study the methods of materials properties
regulation with the radioactive irradiation.

Nuclear physics

A number of data on nuclear reactions with neutrons
can be obtained with the dedicated channel for
researches with time of flight (TOF) method. This
method helps to study reactions induced by neutrons at
wide range of energies on samples with masses as
small as 1 mg. That is extremely important while work-

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN



creKkTpe aHepruii, Ha obpasuax Mmaccon nopsaka 1 mr,
YTO WCKJIIOYUTENBHO BaXHO Npu paboTe C BbICOKOAK-
TUBHbIMM MaTepuanamu. PaspeluatoLas cnocobHOCTb
Takoro KkaHasna ornpegensercsa ero 4JIMHON 1 AINTeNb-
HOCTbIO MMMYJIbCa MPOTOHOB Ha MULLEHN, & UHTEHCUB-
HOCTb MOTOKa HEWTPOHOB — MNapamMeTpamMu ny4ka,
KOHCTPYKUMEN MULLEHN N OJTMHOW KaHana.
[Monyyaemble B 3KCNepuMeHTax sfepHble OaHHble
MCNOJb3YTCA B pacyétax GuU3NYecKnx xapakrepuc-
TUK S0EPHO-3HEPIreTUYECKMX YCTaHOBOK 1 B aCTPOhU-
3M4YECKNX pacyeTax.
OcHOBHbIe HanpaBneHns UccnefoBaHni Ans nogoo6-
HbIX YCTaHOBOK:
4 [ONg pasBUTUSA 90ePHbIX TEXHONOMMIA:
< nccnenoBaHUs CeYeHuin B3amMMOoLencTBUIN
a0ep ¢ HelTpoHaMmu ans notpebHocTeln pas-
BUTUS SO0EPHON SHEPTEeTUKMN;
<F vcenepoBaHns 40epHOM CTPYKTYPbI (MIOTHOCTb
YPOBHEN, 3HEPINSA CBA3U, AEIMMOCTb U T.M.);
<» mncecnegosaHus No TpaHcmyTauum O4AT;
< nccneposaHve MpoLecCoB «0OTpaBieHUSA»
A4epPHbIX PeakTOpPOB CPeSHVMU S4pamMu;
4 dyHOaMeHTanbHble NCCnenoBaHNs:
< U3MepeHne ceyvyeHun Ong A4epHor acTpo-
bdU3KN.

ADS (Accelerator Driven System) — ynpaensie-

MbliA YCKOpUTENIeM NOAKPUTUYECKUIA peaKkTop

[My40K NPOTOHOB, Magas HaA MULLUEHb U3 TAXEN0ro
Martepuana, reHepmpyeT NOTOK BTOPUYHbIX HEATPOHOB,
KOTOpbIE 3amMyCcKalT NPOLECChl OeNeHUs B S4EPHOM
TOMMBE, OKPYXaloLWeM MULLEHb. Takom NogKpUTn4ec-
KU peakTop OyaoeT noTpebnatb HapabdbaTbiBaeMbli UM
NIyToHMN a Takke nepepabatbiBatb OAT. Knaccuyec-
kas cxema ADS — CBUHLIOBaAs MULLEHb 1 YPaHOBOE TOM-
nBo. Bo3MOXHbI Opyrne nogxonbl — Hanpumep,
NCNONb30BaHME TOPUSI.

Ha BbiBegeHHOM ny4ke Y-3,5 nnun Ha nydke J1Y-400
MOXHO co3paTb npototun ADS ang npoBegeHus mc-
cnepoBaHWii B 3TOM 061acTy 3HEPreTUKN 1 oTpaboTKK
TEXHOJIOTMYECKMX PELLUEHMI ONs NpoekTa peHTabesb-
HO «MPOMbILLNEeHHOM» ADS.

MiOOHBI

MHTEHCUBHBI NMY4OK MIOOHOB MOXET ObITb MCMOJIb-
30BaH OJ19 uccnepoBaTesibCkux paboT no MOOHHOMY
KaTanngy. [NPOTOHHbLIN NMYY4OK NPON3BOAUT HA MULLEHN
oTpuLLaTEesIbHO 3apsaXeHHble TT°, pacnajatloLwmecsd Ha W
M @HTUHENTPUHO Vg MIOOHbI HaNPaBFITCH B CUHTE3a-
TOP, HaMoOJIHEHHbIA CMECbIO OeNTepusd U TpUtuN, rae
npoucxoamtT o6pa3oBaHe ME30aTOMOB 1 MeE30MOJie-
Kyn ¢ nocneayoowmm cnmsHuem saep. Ocsoboxaato-
LWMACHA NPY 9TOM MIOOH MOXET BHOBb KaTann3npoBaTb
nocnenosaTesibHOCTb peakLmin 0 TeX Nop, Noka He pac-
nageTca unu He 3axsatutcd. B npuHumne, takom npo-
LLeCC MOXEeT NMPeACcTaBNATb MHTEPEC OJ151 SHEPIreTUKMN.

ViccneposaHna MIOOHHOMO Katanusa Takxe gatoT
nHdopMaLmio 451g peLleHns GyHaaMeHTaNbHbIX GU3n-
yeckmx 3agay. B ux ymcne:

4 WccnepoBaHus CTPYKTYpbl NErknx saep.

4 Me3somonekynsipHble NPOLLECCHI.

4 dusmka aTOMHbIX CTOSIKHOBEHUIA.
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ing with highly active materials. Neutron energy resolu-
tion is determined by the channel length and duration of
proton pulse on target. Neutron flux intensity is deter-
mined by beam parameters, target design and channel
length.

Nuclear data from these experiments can be used
for nuclear power facilities and for astrophysics.

The main tasks for such facilities:

4 for development of nuclear technologies:
{» study of cross-sections of reactions for
nuclear power industry development;
< study of nuclear structure (level density,
bondind energy, fissility and others);
SNF (Spent Nuclear Fuel) transmutation
researches;
<> study of nuclear reactor "poisoning” by medi-
um nuclei;
4 fundamental studies:
{» study of cross-sections of reactions for
nuclear astrophysics.

AN
A 'd

Accelerator Driven System (ADS)

Proton beam falling on target made of heavy materi-
al generates flux of the secondary neutrons, which
"triggers” the process of fission in nuclear fuel sur-
rounding the target. Such subcritical reactor would
consume produced plutonium and will transmute Spent
Nuclear Fuel — both its own and others. Classic scheme
of ADS is lead target and uranium fuel. The other
approaches are under investigation — for example,
usage of thorium.

The extracted beams of U-3.5 or LU-400 can be
used for the prototype of ADS aimed for researches in
power engineering and for prototyping technological
solutions for would be commercial ADS.

Muons

Intensive muon beam can be used for researches on
muonic catalysis. Negatively charged pions produced
by proton beam decay to u” and antineutrino v, . Muons
pass to synthesizer filled with mixture of deuterium and
tritium, where mesoatoms and mesomolecules are pro-
duced with further nuclear fusion. Muon released dur-
ing this process can again catalyze the sequence of
reactions up to the moment, when it will be decayed or
captured. In principal, such process could be interest-
ing for nuclear power development.

Study of muon catalysis also gives the information
for fundamental physics including:

4 Light nuclei structure.
4 Mesomolecular processes.
4 Physics of atomic collisions.



Jpyras BO3MOXHOCTb MUCMOAb30BaHNSA MIOOHOB Ha
Y¥-3,5 — uSR (Muon Spin Rotation/Relaxation/Reso-
nance) — UCCNeaA0BaHMs BELLLECTBA C MCNONb30BAHVEM
MIOOHa B KayecTBe 30HAA. [10NOXUTENbHbIE MIOOHDI
MOryT BbICTyNaTh Kak NPMMECHAas 4acTuLa, Moaenmpy-
lowasa noBefeHne O4HO3apsaHbIX npumMecen (Hanpu-
Mep, npoTtoHa). Obpa3syloLmiics B BELLECTBE 9K30TU-
4ECKWn aToM MIOOHMSA (1'e”), aHanornyHbIi atomy
BOOOPOAA, NCMOJIb3YETCS B U3YHEHUN ObICTPbLIX XUMU-
yeckmx npoueccoB. OTpuLaTENBHO 3aPAXKEHHbIE MIOO-
Hbl, OCTaHaB/MBasCb B BELLECTBE, 06Pa3yoT MIOOHHLIE
aTOMbI, KOTOPbIE MOIYT MCNONb30BaThCs ANl UCCNeno-
BaHNS KPUCTAIMYECKON PELLETKN.
OO6bI4HO NCMNONB3YIOT ABa BUAA MIOOHHbIX MYYKOB:
4 YacTb NMMOHOB C ME30HO0OPA3YIOLLEN MULLEHN
OoTOMpaeTCcs B MIOOHHBbIV KaHan, rge u pacnaga-
I0TCS «Ha neTy». B pe3ynbrate nony4aiotcs nyyd-
K1 MIOOHOB ¢ nmMmnynbcom 100-200 MaB/c n cte-
neHbto nonspusaumn 0.6-0.9, KoTOpbIE MOrYT
ObITb MCMOSIb30BaHbI 419 UCCNef0oBaHNs JoCTa-
TO4HO NPOTAXEHHLIX 06pa3Lo. (30-50 r/cm?).

4 BTOpoOV TMMN Ny4YKOB — Tak Ha3blBaeMbIE «MOBEPX-
HOCTHbIE MIOOHbI», 00pasytoLmecs oT pacnaja
NMUOHOB, NOMIOTUBLUNXCSA BHYTPU MULLIEHW. Takne
MIOOHbI UMeIOT UMmnynbc okono 30 MaB/c (aHep-
rmsa 4 MaB) n npaktnyeckn 100% nonapusauumio,
npober B BewecTse okono 0.15 r/cm?.

B yckopuTenbHOM KOMMAEKCE BbICOKOMHTEHCUBHbIX
AAPOHHBIX MYYKOB MPW MCMNONb30BaHUM Mason AOAu
(<1%) NHTEHCUMBHOCTM NPOTOHHOIO Ny4yka Y-3,5 MOXHO
NOJSTY4NTb BbICOKOKQYECTBEHHbIE MIOOHHbIE My4YKM HN3-
KX BHEPruil C MHTEHCUBHOCTLIO cBbilwe 108 1/c, 3aBe-
OOMO y[oBneTBopsiowell NoTpebHOCTAM aKcnepu-
MeHTOB USR.

U3oTonbI

PagnoakTuBHbIE M30TOMbI LUMPOKO MCMOJb3YIOTCS
B ANArHOCTUYECKOM U TepaneBTUYECKOW 90epHON Me-
OVLUMHE, NPOMBILWNEHHOCTU U UCCNEeAO0BaTENbCKMX
npoekTax. Ha HOBOM MHXEKLUVMOHHOM KOMMJIEKCE BO3-
MOXHa opraHusaumsa npou3BoACTBa M30TOMOB KakK Ha
JINHENHOM ycKopuTene, Tak 1 Ha ¥Y-3,5.

TpaAMUMOHHO B MMpe HapabaTbliBaOTCS U MPUMEHS -
l0TCS MaBHLIM 06pa3oM cneaylowme usotonbl: 1123
F18, C11, N13, 015, Rb81, 82, Ga67, T3201, Re188, Sr82,
Sn''"M Se’, Ac??®. BmecTe ¢ TeMm, pacluMpeHne Aoc-
TYMHOrO0 W30TOMHOr0 ChnekTpa MOXET CYLLeCTBEHHO
NOBNUATbL HA Pa3BUTME STOrO MEPCHEKTUBHOro Hamn-
paBneHns 90epPHbIX TEXHOOMMIA.

OHeprusa JTY (100-400 MaB) no3sonset npou3so-
OUTb «TPagMLUVOHHBIE», LLMPOKO NCMNONb3YEMbIE paau-
0aKTMBHbIE N30TOMNbI. CpaBHUTENBHO BbICOKAsS 3HEPTUS
NPOTOHOB Y-3,5 faéT JONONHUTENbHYIO BO3MOXHOCTb
NPON3BOANTb HENTPOHHO-AePULUTHBIE U30TOMbI, KaK-
T0: Ag”o, At204, 210, Cu61’ Er165, |124, Int1 114m, Ir192,
M099’ Re186, Rh103, Tng, Tm170, Yb169.

TakuM 006pa3oM, MPOEKTUPYEMBI YCKOPUTENbHbIN
KOMMIEKC MOT Obl 0HOBPEMEHHO ABNATLCSH (adbpUKOWA
M30TOMHOW NPOLYKLNN.

B npepnaraemon cxeme komnjekca cucrtema nm-
HENHbIX YCKOPUTENENn MMEET 3anac MHTEHCUBHOCTWU.
MoatomMy HapaboTka M30TOMOB C MOMOLLLIO JIMHEHbIX

One more direction in muon physics is uSR (Muon
Spin Rotation/Relaxation/Resonance), the study of
substances with muons used as a probe. Positive
muons can be considered as impurity particle modeling
the behavior of single-charge impurities (for example,
proton). Exotic atom of muonium (u*e’) formed in
a substance is similar to hydrogen atom and can be
used in study of fast chemical processes. Negatively
charged muons stopped in a substance form muon
atoms, which can be used for crystal lattice studies.

There are two types of muon beams in use:

4 Part of pions from meson-forming target is
directed to muon channel, where pions decay
"in fly". As a result, muon beams with momentum
of 100-200 MeV/c and polarization level
0.6-0.9 can be obtained. These beams can be
used for the study of sufficiently thick samples
(30-50 g/cm?).

4 Another type of beams, so-called "surface
muons”, can be produced with decay of pions
absorbed inside the target. Such muons have the
momentum about 30 MeV/c (energy 4 MeV) and
polarization of nearly 100%, their path in a sub-
stance is about 0.15 g/cm?.

At the OMEGA facility by using the small fraction
(<1%) of U-3.5 proton beam it is possible to form high
quality muon beams with low energies and intensity
above 108 /s. This intensity satisfies the requirements
of uSR experiments.

Isotopes

Radioactive isotopes are widely used in diagnostic
and therapeutic nuclear medicine, industry and
research projects. The production of isotopes can be
organized both at linear accelerator and at U-3.5.

The following isotopes are widely produced and
applled |123’ F18, CH, N13, 015’ Rb81, 82’ Ga67, Ta201,
Re'®, Sr8 Sn''"™m Se72 Ac??5. The widening of avail-
able spectrum of isotopes could significantly affect the
development of this perspective area of nuclear tech-
nologies.

Energy of LU (100-400 MeV) allows production of
"traditional”, widely used radioactive isotopes.
Comparatively high energy of U-3.5 protons gives addi-
tional possibility to produce neutron-deficit isotopes
such as: Ag110, At204, 210’ CU61, E|’165, |124’ |n111, 114m’
|r192, M099’ Re186, Rh103, Tng, Tm170,Yb169.

Thus, projected accelerator complex could be at the
same time the factory of isotope products.

In proposed scheme the system of linacs has
a reserve in intensity. That is why isotope production on
linac system can be made without intensity losses
at the U-3.5.

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN



yCcKopUTene MOXET OCYLLECTBNATLCSA 6e3 NoTepun UH-
TEHCUBHOCTU B ¥Y-3,5. OTOT yCKOPUTENb Kak NPOnU3BO-
OVTenb N30TOMNOB aHAaNoroB B POCcun He NMeET.

Ona addekTBHOM nepepaboTkn 06yYeHHbIX 00-
pa3L0oB Hago pas3feniaTb M30TomMbl MO0 TaMm, FAe OHU
npousBoasaTcs, nMbo rae-To Hepaneko. O4HMM 13 BO3-
MOXXHbIX PeLUeHniA MOXeT OblTb COTpyaHMYecTBo ¢ MHL],
D3N (Prn3nko-aHepreTUIECKnii MHCTUTYT), PaCcMoo-
XeHHbIM B 50 km oT UPB3.

[Mpon3BOACTBO KOPOTKOXMBYLLNX N3OTOMOB 3 dek-
TUBHO BOMV3N MEONLIMHCKOrO LLEHTPA, UCMOMb3YyoLLe-
ro saepHble MeToabl ANAarHOCTUKM 1 Tepanun. Takum
LEeHTPOM MOXET OblTb MegULMHCKMIA paamnonormyec-
KWiA Hay4HbIN LeHTp — MPHL, (. OBHMHCK).

UccnepoBaHue aguHaMU4YeCKUX NpoLeccos

npu NOMoLUU A0MIePOBCKOW CNEKTPOCKONUU

BbICOKOMHTEHCUBHbLI MPOTOHHbLIA MY4YOK CO3JaeT
YHUKasIbHbIE BOSMOXHOCTU AJ1 UCCNefoBaHU ObICT-
ponpoTeKalLwmx npoLeccoB MeTogamu O0rJjepoBc-
KOW CNEeKTPOCKONMUU MeLJIEHHbIX HEUTPOHOB. B aTOM
MeTo4e MMMYJIbCHbIN MPOTOHHbIV MY40K MCMNOJIb3YETCH
ONa co30aHuNsA BbICOKOMHTEHCUMBHOIO NOTOKA HENTPO-
HOB C @HepruamMmn maciwutadba gecatkos aB. Mpu npo-
XOXAEHUN Yeped uccrenyemMblli 00pasel, HENTPOHLI
paccenBaloTcsa (NOraowalTcd) Ha crneumansHO BBe-
OEHHbIX B 00pasewl, sapax ¢ y3KUMU JIMHUSIMU MOrToLLe-
HUS Npun aHepruax B ananadoHe 10-50 aB. NonoxeHne
M WMPUHA JIMHUX MOMIOWEHUA onpenenderca no
CMEeKTPY HEMTPOHOB, N3MEePSEeMOMY MO BPEMEHW MNPOo-
neta. MNpw aBUXeHUN nccnepyeMoro obpasua 0THOCK-
TeNIbHO UCTO4YHMKA JINHUS CMELLLaeTCs, a Npu pasorpe-
Be obpasua — ywupsietcs. ATUM MeTOAOM MOXHO
nosly4aTb AaHHble 06 ypaBHEHUSIX COCTOSHUS pa3ny-
HblX BELLeCTB MNPV O4YeHb BbLICOKMX Temnepartypax
N OaBEHUSX, peanndyemMblx B ObICTPbIX ANHAMUYECKMNX
npoueccax.

3.3. UccnepoBaHunsa dpyHaamMeHTasNbHbIX
npoweccos

YnbTpaxonogHbie HENTPOHDI
BbICOKOMHTEHCMBHBIN MPOTOHHbIV MY4OK MOXET OKa-
3aTbCH BeCbMa 3D PEKTUBHBIM S5 CO30AHNA UCTOYHN-
Ka yNnbTpaxonoaHbix HelTpoHos (E<1077 aB). Takue
HEeNTPOHbI 0COOEeHHO 3hdEKTUBHO 0OpaszyTCsa npwu
3aMeJIEHUN XONO4HbIX HENTPOHOB B MNepeoxaxaeH-
HOM (t ~1K) renum nnu B TBEPOOM OENTEPUN.
CyuwiecTByeT psiL WUCTOYHMKOB YNbTPAxXONO4HbIX
HENTPOHOB (YXH), NMOCTPOEHHbIX HA BblBEAEHHbLIX 13
peakTopa HEeNWTPOHHbIX My4kax. Ha Takux MCTOYHMKax
yO2eTCH MOoNyyYnUTb MAOTHOCTb Y/IbTPAXOJIO4HbIX HENT-
poHoB BnnoTb Ao 10% n/cm®. Cospanue nctouHmnka YXH
BOIM3M aKTUBHOW 30HbI PEakTopa, rae NoTOK HEMTPOHOB
0COOEHHO BENVIK, HAaTaJIKNBAETCA Ha ABE NPOBIEMBI:
4 Kkak nNpaBuWso, B peakTopax HeT MecTa A5 pas-
MeELLLEHMS BONBLUNX KPUOTEHHbIX YCTPOWCTB;
4 TennoBas Harpy3ka Ha KPUOrEHHYIO CUCTEMY
NPenaTcTByeT ee pa3MeLLeHNo BOMM3N akTUB-
HOW 30HbI.
EcTb TONIbKO 0aMH NpoekT (peaktop BBP-M B MNAD),
roe niaHpyeTcd NpeososieTb 3TN NPENATCTBUSA.
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As an isotope producer, this accelerator does not
have analogues in Russia. For effective processing
of irradiated samples it is necessary to separate iso-
topes either on producer site or not far away from it.
One of possible solutions could be the collaboration
with the State Research Center PEIl (Physics Energy
Institute, Obninsk) situated in 50 km from IHEP.

Production of short-living isotopes is effective near
the hospital, which uses nuclear methods of diagnostic
and therapy. Natural option for this is Medical
Radiological Research Center — MRRC (Obninsk). The
need of these products on market deserves further
investigation.

Study of dynamic processes with Doppler

spectroscopy

High intensity booster beam opens the unique possi-
bilities for study rapid dynamic processes by means of
Doppler spectroscopy of slow neutrons. In this method
the pulsed proton beam is used for production of high
intensity neutron flux with energies of tens of eV.
Passing through investigated sample neutrons are
scattered (absorbed) on admixture nuclei. These nuclei
are specially included in the sample material. Admixture
element has narrow absorption lines at energies in
a range of 10-50 eV. Position and width of absorption
line are determined by neutron spectra measured with
the TOF method. The motion of sample relatively to the
source leads to Doppler shift, and the sample heating
leads to the line broadening. With this method the data
on state equations for various substances at very high
temperatures and pressures realized in rapid dynamic
processes can be obtained.

3.3. Studies of Fundamental Processes

Ultracold neutrons

High intensity proton beam can be very effective for
making the ultracold neutron source (E<107" eV). Such
neutrons are formed effectively while slowing down the
cold neutrons in supercooled (t ~1K) helium or in solid
deuterium.

There are several sources of ultracold neutrons built
on neutron beams extracted from reactor. The density
of ultracold neutrons up to 10 n/cm?® can be obtained
with these sources. The construction of ultracold neu-
tron source near active zone of reactor, in regions with
highest neutron flux, is faced with two problems:

4 asarule, in reactors there is no enough space to
arrange large cryogenic tools;

4 the heat load on cryogenic system prevents from
placing it near active zone.

There is only one project (reactor WWR-M at PNPI),
where these obstacles are planned to be overcome.



B HENTPOHHOM NCTOYHMKE HA OCHOBE BbICOKOUHTEH-
CVBHOIO MPOTOHHOIO My4yka 3TV NPoOeMbl 3HAYUTESb-
HO CMSAr4atoTCs, NOCKOJIbKY B MULLEHHOW CTaHUUW, rOe
reHepupylTCs HENTPOHbI, HAMHOIO 6oJblle CBOOOAbI
ONs1 pa3MeLLLEHNS KPMOTeHHbIX YyCTPOMCTB 1, BAOOABOK,
Ha eaVHMLY MOLLHOCTM NPOU3BOANTCS BNATEPO OOJbLLE
HENTPOHOB, YEM B peakTope. Takon noaxon K cospna-
HMIO UCTOYHMKA YSIbTPaxX00gHbIX HEMTPOHOB peanns3o-
BaH B Jloc-Anamoce (LANSCE) n Lijopuxe (PSI), npoek-
Tupyetca B KaHage (TRIUMF).

BbICOKOVMHTEHCUBHbBIN UCTOYHUK YJIbPaX004HbIX
HEWTPOHOB C NNOTHOCTLIO ~10% n/CM3, KOTOPbIN MOXET
ObITb peann3oBaH C UCMoJIb30BaHMEM NpeasiaraemMoro
KOMMJiekca, no3BOsIMT MPOBOLAUTb UCCenoBaHUs Mo
LUMPOKOMY CMEKTPY 3aaay Gusnkn pyHoaMeHTabHbIX
B3aVMOLENCTBUIA:

4 nNouck 3nNeKTPuyeckoro AWnoJsIbHOro MOMEeHTa
(24M) HenTpoHa;

N3MEepPEHME BPEMEHN XU3HN HENTPOHA;
M3MEpPEHME acuMMeTpumM B-pacnaga HeMTPOHa;
M3y4yeHne MaKPOCKOMUYECKUX KBAHTOBbIX 3¢-
(HEKTOB HENTPOHA;

MOUCK HENTPOH—AHTUHENTPOH OCLUANALNIA;
MOVCK OCLIIIALMIN HENTPOH—3EPKASTbHBIA HEUTPOH.

[ns cos3gaHusa Takoro UCToYHMKa OyaeTt Heobxoam-
Ma OTAeSIbHas MULWIEHHAst CTaHUUSA C MOLLHOCTbIO MyY-
ka >100 kBT.
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BbICOKOMHTEHCUBHbIV MY4OK MIOOHOB

B aTtom paspene kpartko pacCMOTPEHbI 3KCnepu-
MEHTbI C MIOOHaMM MO nomckam apPeKToB 3a npege-
namu ctaHgapTtHon mopenn. OcobeHHOCTb 3TUX IKC-
NepMMEHTOB COCTOUT B TOM, YTO OHW HE MOryT ObITb
BbIMOJIHEHbBI HA YHMBEPCaslbHbIX YCTAHOBKaXxX 1 TPebytoT
crneumasnbHbIX, MOPOMN OYEHb CJIOXHbIX 1 LOPOrnx ycta-
HOBOK. Takme 9KCnepuMEHTbl MOryT CTaTb 3aMETHOW
4acTbto Hay4yHOW nporpammbl OMETA-npoekTa.

Pacnanbl MIOOHOB

BbICOKOMHTEHCUBHbBIN MPOTOHHbLIN MYYOK CPEemHUX
QHEeprni rno3BOJISeT CO34aTb BblCOKOKAYECTBEHHbIE
MIOOHHbIE MYYKM 019 UCCNefoBaHUA pacnagoB MO-
HOB (L—>eY, u—>eee, U—>€evV) 1 |L'->e” KOHBEPCUU, a TakK-
Xe ON9 U3MEPEHUS CTaTUYECKUX XapakTepuUCTUK —
aHOMaslbHOr0 MarHUTHONO MOMEHTa MiooHa (g-2),
bepMmneBCKON KOHCTAHTbl U MOUCKA 3JIEKTPUYECKOro
OMNOJIbHOrO MOMEHTA MIOOHaA.

Ina akcnepnMeHTOB Mo pacnagamMm 1 KOHBepCcuu
npexae Bcero Heo6xoaMmo chopMMpPOoBaThb BbICOKO-
WHTEHCUBHbIA MYy4O0K MIOOHOB HU3KUX JHEPTUi, KOTO-
pble OOJIKHbl OCTaHaBNMBAaTbCH B MULIEHW U pacna-
natbea (1), nmbo 06pa3oBbLIBaTL CBA3AHHOE COCTOSAHUE
C 940pOM 41 NMOUCKa BO3MOXHOW |L'->e  KOHBEPCUW.
Ona ontumanbHOro MCnosib30BaHUA WMHTEHCUBHOCTU
U MUHUMKU3aUMK pOoHa ITOT NYYOK A0SIKEH UMETH Cre-
LUMPUYHECKYIO BDEMEHHYIO CTPYKTYPY — KOPOTKME BaHun
yepes ~1,5 mkcek. Takas MULLEHHAs CTaHUMSA Npeaso-
xeHa B NFAN cebiwe 20 neT Hasag, HO NMoka He peanu-
30BaHa. B HacTosilee Bpems B psage nabopatopuid
npennaralTcd, MJaHUPYIOTCA U FTOTOBATCHA 3KCMepu-
MEHTbI, NMpeTeHayloLMe Ha CYLLLEeCTBEHHOE, Bonee YeM
Ha TPpW NopsaKa, MoBbILLEHWE YYBCTBUTENIbHOCTU. [4

At the spallation neutron source based on high inten-
sity proton beam all these problems are reduced,
because at the target station, where neutrons are gen-
erated, there is more space to arrange the cryogenic
tools and, in addition, five times more neutrons are pro-
duced at spallation source than in the nuclear reactor
with the same power. This approach to ultracold neu-
tron source is realized at Los-Alamos (LANSCE), Zurich
(PSI) and is projected in Canada (TRIUMF).

High intensity source of ultracold neutrons with den-
sity around ~10* n/cm?®, which can be realized at the
OMEGA facility, can be used for experiments in various
directions of fundamental science:

4 search of electrical dipole moment (EDM) of
neutron;

measurement of neutron lifetime;

measurement of B-decay asymmetry of neutron;
study of macroscopic quantum effects for neu-
tron;

search for neutron-antineutron oscillations;
search for neutron-mirror neutron oscillations.
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The dedicated target station with beam power
>100 kW is necessary for this source.

High intensity muon beam

This section briefly describes muon experiments on
searches the effects beyond the Standard Model.
These experiments cannot be performed on universal
setups and require special, often very complicated and
expensive, facilities — that is the peculiarity of such
experiments. Muon experiments could become the
important part of research program at OMEGA facility.

Muon decay

High intensity proton beam of medium energies is
especially effective for production the high quality
muon beams to study muon decays (u-—->ey, u—eee,
p-=evv) and pw-e” conversions and also to measure
static characteristics: anomalous magnetic moment
(g-2), Fermi constant and search for electrical dipole
moment of muon.

For experiments on muon decays and conversion
one has first of all to form high intensity beam of muons
with low energies, which should be stopped in the tar-
get and decay (u") or captured by nucleus to search for
a possible w-=e” conversion. This type of target station
was proposed at INR more than 20 years ago, but was
not yet realized. At present several laboratories pro-
pose, plan and prepare experiments based on this
approach. To use optimally the intensity and to mini-
mize the background this beam should have specific
time structure: short bunches approximately each
1.5 ps. This time structure can be realized at OMEGA
facility.

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN



ONTUMaJIbBHOTO NCMNOJIb30BAaHUA UHTEHCUBHOCTU U CHU-
XEHNA GOHa My4yOK OOJKEH UMETb Crneundu4eckyto
BPEMEHHYIO CTPYKTYPY: KOPOTKME BGaH4M Yepe3d Kax-
able ~1,5 mkcek. Takaa BpeMeHHas CTPyKTypa MOXET
ObITb peannaoBaHa B komrniekce OMETA.

Cratnyeckme xapakTepucTuK MIOOHOB

B cBA3M C NOBbILLEHNS TOYHOCTU NPELU3NOHHBIX U3-
MepEeHNIN NapamMeTpPoB CTaHLAPTHOM MOAESIN BO3HMKA-
€T NoTpebHOCTb B 60s1ee TOHHOM U3MEPEHUN OLHOMO
M3 QyHOaMeEHTa/IbHbIX NapamMeTpoB — (GepMUEeBCKON
KOHCTaHTbI. TakMe namepeHus nNpoBOAATCH Ha MIOOH-
HbIX ny4kax PSI.

OpHoM 13 akTyanbHbIX 33424 SIBASETCS NOBbILLEHNE
TOYHOCTU B UBMEPEHUN aHOMaJIbHOrO MarHUTHOIO MO-
MeHTa MIooHa (g-2). B HacTosLiee Bpems HabnopaeT-
cs paccornacoBaHne ~36 Mexay U3MEPEHHbIM U Bbl-
YyncnsgemMblM B CTaHAAPTHOWM MOAENU 3HAYeHnem g-2.
B psoe nabopatopuii paccMaTprBaloTCs HOBbIE 9KC-
NEePUMEHTbI MO U3MEPEHUIO g-2 TPAOULMOHHBIMU Me-
TOAaMU, UCMNONb30BaHHbLIMK B BHJT, HO C cyLlecTBeHHO
6osiee BbICOKOM CTaTUCTUYECKOM TOYHOCTbLIO M HEec-
KOJIbKO YJIyYLUEHHOW CUCTEMATMYECKOW OLUMOKOMN.
Kpome Toro, o6¢cyxaanTcs HOBble METOObI NU3MEPEHUS
g-2, roe OOHO U TO XK€ KOJbLO MUCMNOoNb3yeTcs ANs Ha-
KOMJEeHNsI MIOOHOB 1 MPOTOHOB (KanubpyeTcs nNpoTo-
HamMu), 4TO MNO3BOJIFET WUCKIIOYUTb 3HAYUTENIBHYIO
4aCTb CUCTEMATUYECKOKN OLLIMOKMN.

Mpobnembl C onMcaHWeM B CTaHOAPTHOM MoLEenu
aHOMaJIbHOro MarHUTHOrO MOMEHTa MIOOHa 3acTaBns-
0T Oonee BHUMATENIbHO OTHECTUCb K MOWCKaM BO3-
MO>XHOI0 3JIEKTPUYECKOro AUMNOJIbHOr0 MOMeHTa
(EDM). B J-PARC npennoxeH OpurMHanbHbI METOL
pagvanbHOro 3NEeKTPMUYECKOro nons s rnonassieHns
npeueccmu 3a cHeT aHOMasIbHOro MarHUTHOrO MOMEH-
Ta, NO3BONSAIOWMINA MOBLICUTb TOYHOCTb U3MEPEHUSA
EDM ernoTb o 10724 e-cm.

Ucnonb3oBaHue Y-70 B KauecTBE Hakonutens-

pacTaXuTens nyvyka, uHxektupyemoro us ¥-3,5

B psge cnyyaeB BpeMeHHas CTpykTypa nydka Y-3,5
janeka OT ONTUMaNbHOW AN MNPOBEAEHUST TeX WUn
MHbIX 9KCNEPMMEHTOB. DTOT HEAOCTAaTOK Npeoaonesa-
etca Gnarogaps MUcnonb3oBaHuO yckoputens Y-70
B PeXumMe Hakonutenga-pacTsxxmtens. B aTom pexuvme
yckopuTtenb Y-70 Bce BPEMSI CTOUT HA SHEPTUM NHXKEK-
umn E=3,5 MB. VHxekTupoBaHHbii B Y-70 ny4ok
(3 nnm menbLie umkna Y-3,5 - 0,12 cek) BbIBOAUTCS 13
Y-70 menneHHbIM BbIBOAOM 32 BpeMs Maclutaba 1 cek.
B TakoM pexnmMe BPEMEHHYIO CTPYKTYPY My4ka MOXHO
ONTUMN3NPOBATb A7 NPOBEAEHNSA KOHKPETHbIX 9KCMe-
PUMEHTOB, HanpuMep, OpraHU3oBaTb CryCTKM 4epes
~1,5 MKCeK, 4TO KpamHe BaXHO Npu mccnenoBaHnun
pacnagoB MIOOHOB.

BbiBog, nydka 13 Y-70 B 9TOM peXrMe MOXHO opra-
HM30BaTb U3 22-ro0 NMPAMOJIMHENHOIO MPOMEXYTKA
B IOXKHYIO 30HY 60JIbLLIOI0 SKCNEPUMEHTANIbHOIO 3ana.

BbICOKOMHTEHCUBHBIN NPOTOHHbIN MYy40K C 3HEPIrnen
3,5 B, nHTeHcuBHOCTHLIO cBbilwe 10'* p/cek u wupo-
KM CMEKTPOM BO3MOXHOCTElN BapbMpPOBaHUS Bpe-
MEHHOW CTPYKTYpPbl MOXET ObITb MCMOSb30BaH TakXe
B Pa3NYHbIX 9KCNEPMMEHTaXxX C MMOHAMM 1 KAOHAMMU.
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Static characteristics of muons

Steadily improvement of accuracy in precision meas-
urements of Standard Model parameters requires more
precise measurement one of the fundamental parame-
ters - Fermi constant. Such measurements are
in progress at PSI.

One of the present-day tasks is the accuracy
increase in the measurement of anomalous magnetic
moment of muon (g-2). At present time one can
observe the tension of ~3c between measured value
g-2 and that calculated in Standard Model. New exper-
iments for measuring the g-2 with known methods used
by BNL, but with considerably higher statistics and
improved systematic error, are proposed. Moreover,
new methods of g-2 measurement are discussed.
These new methods use one and the same ring for
storage of muons and protons (the ring is calibrated by
protons). That opens the way for reduction significant
part of systematic error.

Problems with anomalous magnetic moment of
muon in Standard Model require for more carefully
looking on possible electrical dipole moment (EDM).
Significant improvement in precision of EDM measure-
ment can be reached with new method suggested
at J-PARC. With the ring based on radial electrical field
one can suppress the unwanted spin precession
caused by anomalous magnetic moment. That gives
a chance for increase the precision of EDM measure-
ments up to 102* e-cm.

Using U-70 for beam storage and stretching

In a number of cases the time structure of the U-3.5
beam is far from optimal for some experiments. At the
OMEGA Project this defect will be overcomed due to
operation of the U-70 in a mode of beam storage-
stretching. In this mode the U-70 accelerator is working
all the time at the injection energy 3.5 GeV. The beam
injected into the U-70 (3 or less cycles of U-3.5 —
0.12 s) is extracted from U-70 by slow extraction
in about 1 s. In such a mode the time structure of the
beam can be optimized for specific experiments.
For example, it is possible to organize short bunches
every ~1.5 us, that is extremely important while study-
ing the muon decays.

Beam extraction from the U-70 in this mode can be
organized at straight section #22 in the direction
of south area of experimental hall.

High intensity proton beam with energy of 3.5 GeV,
high intensity >10' pps and variety of possibilities
in the time structure can be used also in various exper-
iments with pions and kaons.



4. Pabotbi ¢ nyukamu Y-70

4.1. OcHOBHble HanpaBsieHus padoTt

B peaynbrate peanm3aumm npoekta YCKOPUTENb
Y-70 6ynoeT obnagatb WMPOKMM HAaBOPOM BO3MOX-
HOCTEN:
4 npoToHbl ¢ 3Heprmen oo 70 BB 1 UHTEHCUB-
HocTbio ~10' p/umkn;

4 nerkuve sgpa ¢ aHepruen 0o 32 M3B/HYKTOH U NH-
TEHCMBHOCTbIO B AnanasoHe 109—3-10'° A/uyikn;

4 VOHbI ynepoaa 12C ¢ aHeprueit oo 420 MaB Ha
HYKJIOH C My4KOM, ONTUMU3UPOBAHHbLIM OJ1S1 UC-
Mosb30BaHMs B MOHHOM Tepanunu;

4 BbICOKOVHTEHCUBHBIN (>10'* p/cek) nyyok npo-
TOHOB C 3Hepruen 3,5 3B.

Takon Habop MyykOB MO3BONSET NPOBOAUTbL LUNPO-
KNnim kKomnnekc dyHoaMeHTaNbHbIX WUCCNenoBaHUN
M NpUKNagHbIx padoT.

B obnacTtn doyHaamMmeHTanbHOM GpU3NKN OTKPbIBAIOT-
Cs XOpolWmne NepCnekTUBbl NO paAay HanpaBneHuin
NccnenoBaHuii:
dur3MKa 3apPAKEHHDBIX U HEMTPAsbHbIX KAOHOB;
CMNeKTPOCKONUs aApOHOB;
cnnHoBas Gun3uKa;
dur3mKa rmnepoHoB;
adpOH-g0epHbIE U S4P0-94EePHbIE B3aMOLEN -
CTBUS;

MIOOHHasa pU3NKa;
HENTPUHHas GN3NnKa;
dunsnka nerknx n cpeaHnx HecTabunbHbIX S0ep.

B nocnegyowmx pasgenax aTom rnasbl PACCMOTPEHDI
OCHOBHbIE HaNpaB/IEHNS NCCNEA0BAHMNN HA yCKOpUTe-
ne Y-70 ¢ NOBbILWEHHOW NHTEHCUBHOCTLID. OCHOBHOE
BHMMaHME yAeNieHO NepBOOYepenHbIM 3KCNEPUMEH-
TaMm, rOe yXe Ha nepsbIx aTanax nx peanm3auym MOXHO
NOJAY4YNTb NPUOPUTETHBLIE HAY4YHbIE PE3YNLTATHI.

++
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4.2. Dunsunka 3apsXKeHHbIX U HENTPaJibHbIX Kao-
HOB

MHTepec Kk pnsnke KaoHOB YBENNYMBAETCS B MOC-
negHue rogpl. 9TO CBS3aHO C TEM, YTO KAOHbI ABASAIOT-
CA yHuUKaNbHbIMW OObekTaMu [/ Moucka HOBbIX
4acTuL, N HOBbIX B3aumMoaencTeuin. pn 3TOM HOBblE
yacTuubl MOryT MNPOSIBASTLCA Kak B pPeasibHOM BUAOE
cpenmv NpoaykToB pacnana KaoHOB, Tak U B BUPTYyallb-
HOM, Yepea BAUSHME Ha KNHEMATUYECKME XapaKTepmc-
TUKN NPOAYKTOB pacnaja. VccnepoBaHve pacnagos
3apsKEHHbIX KAOHOB OAET YHUKaNbHYI0 MHMOpMaLnio
0 pyHAAMEHTaNbHbIX 3aKOHaxX NpUpPoabl, Takmx KakK Ha-
pywenne CP n T cummeTpun.

B M'HU, NdB3, AN PAH n ONAN HakonneH 601b-
LWON mMaTepuan no pacnagam 3apsKEHHbIX KAOHOB.

4. The U-70 Intense
Beams

4.1. Research Directions

Within this project the U-70 accelerator will be devel-
oped to multipurpose machine with a variety of beams:

4 protons with energy up to 70 GeV and intensity
up to ~10"* p/cycle;

4 light nuclei with energy up to 32 GeV/nucleon
and intensity in a range of 10°—3:10'° A/cycle;

4 carbon ions '2C with energy up to 420 MeV per
nucleon with the beam optimized for ion therapy
needs;

4 high intensity (>10'* pps) beam of protons with
energy of 3.5 GeV.

Such a beam set opens new possibilities for funda-
mental researches and applied works in a number
of directions:

physics of charged and neutral kaons;

hadron spectroscopy;

spin physics;

hyperon physics;

hadron-nucleus and nucleus-nucleus interac-
tions;

muon physics;

neutrino physics;

physics of light and medium unstable nuclei.
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In subsequent sections of this chapter the principal
issues of researches at the U-70 accelerator with
increased intensity are described. Primary attention is
paid to first and foremost experiments where the high
priority results can be obtained at the initial stages of
the project.

4.2. Physics of Charged and Neutral Kaons

Interest to the physics of kaons increases during last
few years. It is connected to the fact, that kaons are
unique objects for searching new particles and new
interactions. New particles can appear both in real
forms among the products of kaon decay and in virtual
forms through the influence on kinematic characteris-
tics of decay products. Study of charged kaons decays
gives unique information concerning fundamental laws
of nature, such as CP and T symmetry violation.

IHEP, INR-RAS and JINR have accumulated at U-70 a
lot of data concerning charged kaon decays. Results
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Yemanobra

"OKA"

Puc. 4.1. Cxema yctaHoBku OKA.

OnybnnkoBaH psag, pe3ynsrtaTtos no nonckam CP-Hapy-
wenwns B pacnage K™ —n*1%n% noucky cynepcummet-
pUYHOro CcronacTtuMHO B pacnage K'—*n'nOP; NMOUCKY
NPOSIBNIEHUI BUPTYyaslbHOrO 3apsiXeHHoro 6030Ha
Xurrca B pacnage K‘—»u'vno; TOYHOMY WU3MEPEHUIO
OTHOCUTEJIbHOW BEPOSITHOCTU pacnaga K'—>e'wc°; rno
onpeneneHnto KOHCTaHT cnaboro B3anMOAeinCcTBUS
FV-FA B pacnage K'—=uvy.

B HacToswee Bpems B THL, UPBI npuctynuna k Ha-
6opy ctatnctmkm ycrtaHoska «OKA» (MPBI-UAN-
ONFAN), ncnonbadyowasa eAMHCTBEHHbBIA B MUPE cena-
PUPOBaHHbBIN My40K KAOHOB C 9Hepruenm 12.5 6B
n 17.7 MaB, koTopbih GopmMmUpyeTCcsa Mnpu MOMOLLN
CBEPXMPOBOAALLMX BbICOKOYACTOTHbLIX AedNeKTOPOB.
JocTturHyt ypoBeHb cenapaumn ~25% W MHTEHCUB-
HOCTb KaOHOB ~500 TbicAY 3a LMKJT PabOThbl YCKOPUTESS
(npw VHTEHCUBHOCTU Me[JIEHHOrr 0 BblBOOA
~10"3/umkn). 9T napameTpbl NO3BONAT YBENUYUTH
CTaTUCTUKY KAOHHbIX pacnagos, nojy4yaemMbix Ha Y-70,
B ~10 pas.

Ona nonydyeHus panbHenWwux npuopuUTETHBIX pe-
3y/NbTaTOB B 9TOM 006N1acTM HAO0 NepexoanTb K ndyye-
HUIO BCE Gonee penkmMx MpoueccoB. JTO, B CBOIO
oyepenb, TPebyeT yBENNYEHUS UHTEHCMBHOCTU MNy4yka
KaoOHOB. [lnaHmpyemoe yBenn4eHUss MHTEHCUBHOCTHU
mMeaneHHoro BuiBoga Ao ~10' npoToHoB/uukn nae-
aJibHO COOTBETCTBYET 3TOM LENN.

OKCNEepuMEeHTbl C HEUTPasibHbIMU KAOHaAMU

O6wenpr3HaHHbIM NPUOPUTETHLIM HarnpaBiieHNEM
ncenenoBaHni B GU3nke HEMTPasibHbIX KAOHOB ABJIS-
eTcsa MNOUCK CBepxpeakoro pacnaga K,_—>n°\/\7.
TeopeTnyeckoe 3Ha4YeHne o ero OTHOCUTESNIbHOW Be-
posaTHocT B CM (2.8+0.4)-10°"". Mpu ysBennuyeHum
VHTEHCMBHOCTU Mea/IeHHOoro BbiBoga a0 10'* p/uvkn
Ha Y-70 MOXHO co3paTb NMy4YOK HENTPAsbHbIX KAOHOB
He yCTynawLwmin ydlemMy B MUpe NMpPoeKTY Ha YyCKOpU-
TenbHOM komnnekce J-PARC B AnoHnn. BeiCOKyYIO MH-
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are published on searching for CP-violation in decay
K*—n*1°1%; on searching for supersymmetrical sgold-
stino in decay K'—=n'n°P; on searching the signs of vir-
tual charged Higgs boson in decay K‘—>u'vn°; on pre-
cise measurement of the branching fraction of the
decay K'—e"vn%; on determining the constants of weak
interaction FV-FA in decay K'—=uvy.

At present time the OKA setup (IHEP-INR-JINR)
starts data-taking at U-70. This facility operates with
unique (the only one in the world) separated beam of
kaons with energies of 12.5 GeV and 17.7 GeV, which is
formed by means of superconducting RF deflectors.
The level of separation ~25% and kaon intensity ~500
thousands per cycle of accelerator are achieved (at
intensity of slow extraction ~10'3/cycle). These param-
eters will allow to increase the kaon decays statistics at
U-70 ~10 times.

In order to obtain further high level results in this field
it is necessary to study more and more rare processes.
This, in its turn, requires the increasing of kaon beam
intensity. Planned increasing of slow extraction intensi-
ty up to ~1014 protons/cycle satisfies perfectly to this
purpose.

Experiments with neutral kaons

Generally recognized high priority research trend in
neutral kaon physics is the search for super rare decay
KL—>n°\/\7 . Theoretical value for its relative probability in
Standard Model is (2.8+0.4)-10°"''. By increasing the
slow extraction intensity up to 10" ppp at U-70 it is
possible to form the beam of neutral kaons compared
to the best project of this class in the world at acceler-
ator complex J-PARC in Japan. High intensity of slow
extraction can be used both for direct increasing of K_



TEHCVBHOCTb MeJIEHHOr0 BbIBOAA MOXHO WCMOJIb30-
BaTb Kak A8 MPAMOro yBEIMYEHUS WHTEHCUBHOCTU
nyyka K, 1aKk n ans ¢GbopMmpoBaHus nyvka ¢ manow
NPUMECHIO HENTPOHOB. 119 3TOro HENTPasbHbIV MYy40K
[OoJKeH GOopMMPOBaTLCH U3 BTOPUYHOIO My4vka OTpu-
LaTesIbHO 3apsXeHHbIX 4acTuLl,. BbICOKOMHTEHCUBHbIE
NMy4KN HENTPasbHbIX KAOHOB MO3BOJIAT MPOABUHYTHCA
M B MOUCKax OPYrnx UCKIIKYUTESNIbHO Pefkux pacna-
noB, HanpumMep K, —pue.

OKCNEePUMEHTbI C 3apSHKEeHHbIMU KaOHaMu

OKCNEePUMEHTbI C 3aPSKEHHbIMW KaOHaMW MOXHO
pa3buTb, B CBOK O4epesb, Ha ABa HanpaBieHUs: onbl-
Tbl C ny4kamu ¢ nmnynbcom ~500 MaB/c u nyykamm
BbICOKMX aHeprun ¢ p>10 MB/c.

4 OkcnepuMeHTbl C MyYKamMu HU3KUX 3HEPrnii
Takue ny4ykn Co3[a0TCS C MOMOLLbIO MCNONb30-
BaHUg OBYX anekTpoctarnyeckmx EXB cenapa-
TOPOB. Jly4wnin Ny4oK Takoro Turna MUcnosib3o-
Bancs B akcnepumeHTe E949 B BNL. OH nmen
MHTEHCUBHOCTb ~5-10°% K* npu 10'3 BbIBEAEHHBIX
NMPOTOHOB. Ha aTOM ny4yke Oblno HabnwogeHo 7
pacnagos K'—=r*vv. B nporpamme Y-70 kpome
NpoOAOJIKEHNA UCCNefoBaHUs 3TOro pacnaja,
OY€eHb VHTEPECHO NPOBECTN MOUCK NMOMEPEYHOMN
nonsipusaumn MiooHa B pacnage K —p'vrP.
Takas nonspusaums ykasbiBae€T HA HapyLleHue
T-4eTHOCTM B 3TOM pacnage u 4YyBCTBUTENbHA
K dnsuke BHe CM. Takor NoOuCK MPOBOAMICS
B KEK, roe Obllo nosy4eHO oOrpaHuyeHue
PT<4-1O'3. OT0 orpaHuyeHmne MoxXeT ObITb CcyLLe-
CTBEHHO, OoJiee 4eM Ha NOPSJO0K, YIYYLLIEHO Ha
MOOEPHM3NpPoBaHHOM Komrnekce Y-70. Meg-
JIEHHbIE KAOHbl NPEeACTaBNAOT Takke 6O0MbLION
VHTEPEC AN1s1 9KCNEePUMEHTOB MO CNEeKTPOCKO-
num 6aprMoHOB

4 OKcnepuMeHTbl C MyYkamu BbICOKMX SHEPTUIA
OTy nporpamMmmy WCCNeLoBaHWU NOrMYHO pac-
CcMaTpuBaTh, Kak MPOAOIXEHNE U PA3BUTUNE 3KC-
nepumeHToB Ha yctaHoBke «OKA». Hambonee
MPUHUMANANBHOE U MNPUOPUTETHOE Hanpasne-
HUE 30EeCb — 9TO U3YYEHVE PeaKNX N CBEPXPES -
K1X pacnanos, Takmx kak K'—=n*vv. ns Habnio-
neHna ~100 cobbiTMii 3TOro pacnaga Hano
MMEeTb MNYy40K KAOHOB C WHTEHCUBHOCTbIO
~1O7/ce|<. Ana aToro Hy>xeH MeaJIeHHbIV BbIBOL,
C UHTeHcmBHOCTbLIO >10'4/c6poc Y-70 1 mopep-
HMU3VPOBAHHAsE CUCTEMA CBEPXMNPOBOASALLNX Bbl-
COKO4YaCTOTHbIX Aednektopos ¢ CBY nonamum
~5 MB/meTp. Kpome 3Tol «CBepx3afayn» Ong
MOLEPHN3NPOBAHHOIO akcnepumeHta OKA
MO>HO NPeaoXnTb UCClefoBaHMe Ha BONbLUON
CTaTUCTUKE peakLmin C MULLEHAMN N3 BELLECTBA
¢ 6onblWnM Z, roe B3anMogencTeme AET C BUP-
TyanbHbIMY GOTOHAMMU:

4 K'Z—K"YZ - 3T0T npouecc nos3soauTt onpe-
DEenTb NONSPU3YEMOCTb KaOH3;

4+ K'Z-K'n"Z, K'Z=Kn'Z, B atux npoueccax
MPOSABNAIOTCA TOHKME 3D@EKTbl KMpasbHOM
TEOPUU BO3MYLLLEHWIA.

beam intensity and to form the beam with small neutron
background. In this case neutral beam should be
formed from secondary beam of negatively-charged
particles. Neutral kaon beams of high intensity will give
the opportunity to make an advance in searching for
other extremely rare decays, for example K —ue.

Experiments with charged kaons

Experiments with charged kaons can be divided on
two parts: experiments with beams with pulse
~500 MeV/s and high energy beams with p>10 GeV/s.

4 Experiments with low energy beams

Such beams are formed with the help of two
electrostatic EXB separators. The best beam of
such type was used in experiment E949 at BNL.
It had the intensity ~5-108 K* at 10'® extracted
protons. In this beam 7 events of the decay
K'—=n*vw were observed. In U-70 program,
besides the study of this decay, it would be inter-
esting to carry out a search for transversal muon
polarization in the decay K'—u*vn® Such
a polarization points on T-parity violation in the
decay and is sensitive to physics beyond
Standard Model. The search at KEK gave the limit
PT<4-10'3, which could be considerably, by one
order of magnitude, improved at upgraded U-70
complex. Slow kaons are, as well, of great inter-
est for experiments on baryon spectroscopy.

4 Experiments with high energy beams

This research program can be considered as
a prolongation and development of experiments
at OKA setup. The most principal and primary
trend here is the study of rare and super rare
decays, such as K'—=rn*vv. To observe ~100
events of this decay it is necessary to have kaon
beam with intensity of ~10/sec. Slow extraction
with intensity >10'#/spill at U-70 and upgraded
system of superconducting RF deflectors with
RF field of ~5 mV/m are required. Except this
"super task” one can propose for modernized
OKA experiment a large statistics study of reac-
tions with targets made from substance with
large Z, where the interaction with virtual photons
is possible:

4 K*Z—K*yZ - this process allows to determine
the kaon polarizability.

4+ K'Z—K'n°Z, K'Z—Kgn'Z - fine effects of chi-
ral perturbation theory can show up in these
processes.
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4.3 CnekTpockonus agpoHOB

CnekTpockonus nerknx agpoHOB SABASETCS OAHUM
M3 OCHOBHbIX METO40B 3KCNEPUMEHTAJIBHOIO Uccne-
[OBaHUSA CUJbHbIX B3aUMOOENCTBMA B HenepTypba-
TUBHOM ob6nactu. THUL MNDBS wumeer OGosnbluve
Tpaguuun uccnegoBaHui B aTon obnactu. 3Oechb
npexae BCero MOXHO OTMETUTb UCCNeoBaHNs Cka-
JNAPHbLIX ME3OHOB U COCTOSAHUI C BBICOKMMW CUHAMM
Ha yctaHoBke TAMC, pegkux pacnagoB Ha YyCTaHOB-
kax FTAMC wn JIENTOH, 9K30TN4eCKMX COCTOSIHUIA Ha
yctaHoBke BEC. 3HaunTenbHaa 4acTb nccnenoBaHui
Nno agpoOHHOW CnekTpockonuu Ha yckoputene Y-70
BbINOJIHEHA B COBMECTHbIX 3KCMEPUMEHTax Cc oTeye-
CTBEHHbIMU N 3apybexHbIMU MHCTUTYTamu — LIEPH,
ongan, NTood.
B akcnepuMeHTanbHOM MnnaHe CNekTPOCKOMMUIO Jier-
KX ME30HOB Y006HO pa3faennTb Ha Tpyu 60bLINX Har-
paBneHuns:
4 HuskosHepreTuyeckas 06nacTb, rge MoryT ObiTb
MCMNONb30BaHbI TakMe noaxonbl, kKak apdeKTns-
Hble NarpaHXmaHbl U KupasbHasa TeOPUs BO3MY-
weHnin. 3pecb 0COBGEHHO BaXHbIM SIBNSETCSH
vccnenoBaHme pasnyHbIX NPOLECCOB C yHacTUeEM
Jfleryanmx ckansapHbix Me30HOB, MOCKOJIbKY UX
CBOMCTBA TECHO CBA3aHbl C KOHKPETUKOM CMOH-
TaHHOIO HAPYLUEHUS KUPAIbHOM CUMMETPUN.

4 Bbicokune BO30yXAeHWS pe30HaHCOB
B HacTodLEee BpeMa MMEHHO 3TO HanpasieHne
B ME30HHOW CMeKTPOCKONUU NnpuBieKkaeT 0Co-
60e BHUMaHWe. MonyyYeHbl aKCnepruMeHTasbHbIE
yKasaHug Ha TO, 4TO ONA OOCTAaTOYHO BbICOKMX
BO3OYXAEHMA MacCbl PE30HAHCOB CReaylT
MPOCTOMY 3aKOHY, XapakTEPHOMY AJ19 CTPYHHbIX
Mogenen. O6cyxaaeTcs BO3MOXHOE BOCCTa-
HOBJIEHME KNPANbHON CUMMETPUN OJ19 BbICOKMNX
BO30yXaeHunii. B uenom, npu nepexone ot HU3-
LLIMX COCTOSIHUI K BbICOKUM BO30OYXXAEHUSIM MOXK-
HO OXWpaTb CYLWECTBEHHOI0 U3MEHEeHUd
CBOWCTB apOHOB, NMOCKOJIbKY B NEPBOM Clly4yae
VX XapakTepPUCTUKM ONPEeLenstoTcs rmaBHbIM 06-
pa3oM CMOHTAHHbIM HapyLUEeHMEM KUpasibHOM
CUMMETPUN, UCTOYHMKOM KOTOPOro SABJAIOTCHA
NnPeMyLeCTBEHHO WMHCTaHTOHbLI, @ B MOCnesn-
HEM — CBOMCTBA apOHOB OMNpenendTcs CTpy-
HOW, B GOPMMPOBAHUM KOTOPOW onpeaensoLas
pPOnb NPUHAONEXUT OPYruM HenepTypbaTUBHbLIM
BaKyyMHbIM GNyKTyaLusim.
YamBuTenbHbIM 06pa3oM, Ha CEMOAHSLUHNI AEHb
OCTalTCs HEM3BECTHBIMU MHOrMe 6a3oBble xa-
PakTEPUCTUKN BbICOKOBO3OYXAEHHbLIX COCTOS-
HU — MACCbI, LUMPVHBI, OTHOCUTESbHbIE BEPOSIT-
HOCTW pacnajos.

4 OK30TUYECKME COCTOAHNSA
OK30TUYECKMMWN COCTOSIHUSIMU TMPUHATO Ha3bl-
BaTb 0ObEKTbl, BbiNajawolme nU3 npocTeinLlei
KBapkoBOM (qd, qgq) mMoaenu. Bo3MoxHbl pas-
JINYHbIE 3K30TUYECKME COCTOSHUS — o6osbl
(99), rmbpuasl ((04g, qaqg), YCTPOEHHbIE Pa3HbI-
MM cnocobamMn MHOMOKBapKOBbIE COCTOSIHUS, Me-
30H-ME30HHblEe, 6APVOH-ME30HHLIE NN BAPUOH-
aHTUOAPUOHHBIE COCTOSIHUSA U BCEBO3MOXHbIE
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4.3 Hadron Spectroscopy

Spectroscopy of light hadrons is one of the main
methods of experimental study of strong interactions in
non-perturbative area. IHEP has long-standing tradi-
tions of researches in this field. First of all, one can
mention the study of scalar mesons and high spin
states at GAMS facility, study of rare decays at GAMS
and LEPTON facilities, study of exotic states at VES
facility. Sizeable part of research on hadron spec-
troscopy at U-70 is done in collaboration with domestic
and international scientific centers (CERN, JINR, ITEP).

Spectroscopy of light mesons can be subdivided on
three large experimental areas:

4 Low energy range, where such approaches as
effective Lagrangians and chiral perturbation
theory can be used. In this case the most impor-
tant task is the study of various processes with
the lightest scalar mesons, because their prop-
erties are closely connected with the mechanism
of spontaneous chiral symmetry breaking.

4 High excitations of resonances

At present time exactly this field in meson
spectroscopy attracts the special attention.
Experimental results confirm that for sufficient-
ly high excitations the resonance masses fol-
lows simple laws, typical for string models. The
restoration of chiral symmetry for high excita-
tions is widely discussed. As a whole, at the
transition from low states to the high excita-
tions one can expect essential changes of
hadron properties. That is because in the first
case their characteristics are driven mostly by
spontaneous chiral symmetry breaking, due to
instantons, and in the second case the hadron
properties are defined mainly by strings, which
are formed by other non-perturbative vacuum
fluctuations.

It is astonishing, but at the present time many
base characteristics of high excited states are
unknown, including masses, widths, branching
ratios etc.

4 Exotic states
Generally, the exotic states are the objects,
which do not fit the simplest quark (qq,
gqq) model. Various exotic states are pos-
sible: glueballs (gg), hybrids ((gqg, gqqg),
multiquark states made in diverse ways,
meson-meson, baryon-meson or baryon-
antibaryon states and all possible combina-
tions of above mentioned states. Some



CMECU BCEero BbllLenepeyncneHHoro. CylecTBy-
€T uenbii psg HabnoaeHWn, CBUAETENbCTBYIO-
LMX O CYLLLECTBOBAHNN 3K30TUYECKNX OOBEKTOB.

CnekTpockonua 6apuoHOB

C co3paHneM BbICOKOKQYeCTBEHHOMO KaHana 1 «CKo-
POCTPESIbHOM» YCTAaHOBKWU MOSIBNSOTCS HOBblE BO3-
MOXHOCTWU B CMNEKTPOCKOMNUN GapUOHOB, rae CIoXu-
Nlacb MHTEpecHas 39KCMepuMeHTaslbHas cuTyauus.
C ofHOIi CTOPOHbI — B 9KCMEPUMEHTASIbHbIX AAHHbIX HE
BMOHO GOJBbLIOIO KONMYECTBA COCTOSIHMIA, Npenckasbl-
BaeMbIX B KB2PKOBbIX MOZENSIX, a C ApYroi — nepnoam-
4YeckM MNOSBASAIOTCS YyKaszaHWs Ha CyLW,eCTBOBaHME
39K30TUYECKMNX COCTOSTHUM.

CnenyeT OTMETUTb, YTO NogaBnsioLee 60bLWNHCTBO
pesynbTaToB Mo 6apuUoOHHLIM Pe30HaHCaM C HyNeBOW
CTPaHHOCTbIO MOJIy4EHO B My4kax NMUOHOB U Y-KBAHTOB,
B TO BPEMS Kak 0 npoueccax obpa3oBaHns 6apUOHHbIX
pe30oHaHCoB 00beKTaMU, NexallmmMm Ha Opyrux Tpaek-
TOpUSIX, UIBBECTHO HEMHOTO. B akcnepumeHTax Ha Y-70
MOXHO CYLLECTBEHHO NPOABMHYTLCS B 3TOM Hanpaene-
HUW NCNONb3YS ANs BO30yXaeHUs 6apnoHOB peakLmn
B MUOHHOM WJIM KAOHHOM MNy4Ke ¢ 06pa30BaHNEM NeTS-
LMX Brepes Me3oHOB C TEMU NN MHBIMW KBAHTOBLIMU
yncnamu.

Tpe6GoBaHUSA K Ny4Ky

OHeprus yckoputens Y-70 ncknounTtensHo yaobHa
DN ccnefoBaHUn CNEKTPOCKOMNUM NIErKUX aApOHOB
no uesomMy psay NpuHmnH:

4 cocTosHNa ¢ Mmaccamu oo 2,5-3 BB o6pasyioT-

Csl B pa3HO00pPasHbIX 3KCKITIO3UBHBLIX Peakumsaix
C [OCTaTO4HO 60NbLUVMMUN CEYEHUSIMU;

4 dazoBbIi 06bEM peakuuii Kak npasuio gocTa-
TOYHO BeNnK Ana 3d@EeKTUBHOIO pasfesneHus
PasiMyHbIX NPOLLECCOB;

4 NpoayKTbl peakumn Kak NpaBuso nexar B yaob-
HOM KMHEMaTU4Y4EeCKOM Auana3oHe, rge MOXHO
C BbICOKOW TOYHOCTbIO U3MEPSATb XapakTepuUcTm-
K1 YacTuy, N NOeHTUPULNPOBATL UX.

Kanan ¢ napameTpamu, onTuManbHbIMW 4115 3KCne-
PUMEHTOB MO CMEKTPOCKONuUU, MOXeT ObiTb cOo3haH
B 9KCMEpMMEHTaNlbHOM 3aJie Npu cbpoce Ha MULLIEHb
MeZJIEHHO BbIBEAEHHOIO MPOTOHHOIO Myyka C UHTEH-
CUBHOCTBLIO ~2:10'% npoToHOB/LMK.

4.4. CnuHoBaa pusuka

M3ydyeHne CnuHOBLIX ABNEHWUN NpencTtaBnser ad-
GEKTUBHBIN cNOcod nccnegoBaHUs CTPYKTYPbl HacTuL,
1 OANHAMUKU UX B3anmoaencteuin. CnmHoBble 3addekThbl
SABJISIIOTCS BECbMa YYBCTBUTEJIbHLIMU K OEeTallbHOW OMU-
HaMuMKe B3aMMOLENCTBUSA HacTul, U NO3BOJSIOT MPO-
BECTU 3PPEKTUBHYIO TMPOBEPKY TEOPETUYECKUNX
npencrasneHnii. Vicnonb3oBaHne MeTog0B Teopumn
BO3MYLLEHUA B paMKax KBAHTOBOM XPOMOOMHaAMUKN
MCMbITbIBAET CEPbLE3HbIE TPYLHOCTU MNPU ONMCaHUN
3KCMEPUMEHTAsIbHbIX PE3Y/bTATOB.

CnnHoBble 9 deKTbl ABAAIOTCH BaXHbIMU TaKXe
C TOYKN 3PEHUSA UBYHEHUSA CTPYKTYPbI 4acTul, B 4acT-
HOCTUM, BOMNPOCa O CBSA3M CMNKMHA 4YacTuL, U CnnHa coc-
TaBNSOWMX U MEXaHN3Ma B3aUMOLENCTBNS COCTaBSA-

observations confirm the existence of exot-
ic objects.

Baryon spectroscopy

Creation of high quality dedicated channel and
41 spectrometer with fast DAQ opens new opportuni-
ties for baryon spectroscopy, where experimental situ-
ation is far from being simple. On the one hand,
an experimental data do not demonstrate a number
of states predicted by quark models. On the other
hand, some states looks like exotics.

One should mention that most of results on baryon
resonances with zero strangeness are obtained in pion
and y-quanta beams, while the processes of of baryon
resonances production by other projectiles are not so
well studied. At experiments with U-70 beams the full
set of virtual meson projectiles is acceptable by using
for baryon excitations the reactions in pion or kaon
beam with production fast spectator mesons with vari-
ous quantum numbers.

Beam requirements

Energy of U-70 accelerator is exceptionally conven-
ient for studying light hadrons spectroscopy by number
of reasons:

4 states with masses up to 2.5-3 GeV are pro-
duced in various exclusive reactions with suffi-
ciently large cross-sections;

4 as a rule, the phase space of reactions is suffi-
ciently high for effective separation of different
processes;

4 most of the reaction products has convenient
kinematical parameters, where particles can be
identified and their characteristics can be meas-
ured with high accuracy.

Beam line with optimal parameters for experiments
on spectroscopy can be constructed on the base
of slow extracted protons with intensity of ~2-10'® pro-
tons/cycle.

4.4. Spin Physics

Spin studies are the effective method to obtain
knowledge on the particle structure and interaction
dynamics. The spin effects are very sensitive to partic-
ular details of particle interactions and allows one
to test effectively the theory. Besides that, the pertur-
bative quantum chromodynamics predictions for the
spin observables are in the serious disagreement with
the existing experimental results.

Spin effects are important also for the particles
structure studies, in particular, they are needed
to establish a relation between the particle spin and
spin of particle constituents. It is established that spin

HoBocTu m npo6nemb pyHOAaMeHTanbHOW PU3UKKN



lowmx. TpyaHOCTU, KOTOpble BCTpeTuia KBaHTOBas
XpomMogmHamMmuka rnpu Ucnosib30BaHUN TEOPUN BO3MY-
LWEHWA, CBNOETENbCTBYIOT O TOM, YTO CMNMHOBbIE 3(-
dekTbl MOryT ObiTb CBSI3aHbl C HenepTypOaTUBHbLIMU
SBJIEHNAMU, HaNnpumep, ¢ 9BJIeHNEM CIMOHTAHHOr 0 Ha-
pylleHne KupanbHOW CUMMETPUU. VI3ydyeHue CrnmHo-
BbIX SBJIEHWI MO3BOJISET MOJly4aTb HOBble CBeLeHUs
0 OVHAMUKE B3aMMOLEWNCTBUI 4HacTul, U NPOBOOUTH
JeTalbHbl aHA/INS Pa3JINYHbBIX TEOPETUYECKMX NMPEeC-
TaBNEHUN 1 NOOXOL0B.

CnuHoBble cTeneHn cBOOOAblI TaKXe MoJsie3Hbl Npu
MOVCKE M UCCNefOoBaHMM CBOWCTB KBapPK-TIOOHHOMN
nnasmol.

[Mony4yeHne MHTEHCUBHbLIX MYYKOB MONSPU30BAHHbIX
MPOTOHOB 1 @HTUMPOTOHOB MO3BOJINT PELUUTb MPUHLN-
nmasibHO HOBYIO 38434y — UCCleg0BaHME CNMHOBLIX Xa-
pakTepUCTUK B peakuusax obpa3oBaHMsa YacTul,
cogepXawmx o4apoBaHHbIE KBAPKW, 4TO MO3BOJIUT
1n3y4aTb CMNHOBYIO CTPYKTYPY NPOTOHA Bnarogaps na-
MepPEeHUNI0 QYHKUMI pacnpenenenHmsa npoLosibHO 1 No-
NMepeyHo NOJIIPN30BaAHHbIX KBAPKOB C MOMOLLbIO N3Me-
peHns pasfinyHbiX OOHOCMUMHOBLIX U ABYXCMUHOBbIX
adpdekToB. O6paszoBaHne TakMx COCTOSAHUI B CTOJIKHO-
BEHUSAX HYKJIOHOB OCOOEHHO WHTEepPecHO, Tak Kak

KOHEYHbIe Y4acTuLbl C KBAHTOBbIMU Ymcnammu J7C=1"
1+

3

, 2" HecyT uHGOPMAaLMIO O MIOTHOCTU [IIOOHOB
B HYKJIOHaXx.

Takxe He MEHee BaXXHbIM HaMpaBfeHMEM UCCNeno-
BaHUN SIBNSIETCHA U3y4YeHWe nongpusauum B ynpyrom
paccesHUY pasnn4yHbIX YacTuL,. VIix cpaBHUTENBHOE N3Y-
YeHne MOXET NPOSICHUTb POJib COCTaBASIIOLLMX KBAPKOB
B a4 POHHbIX MPOLECCax C UBMEHEHVNEM CMMPASIbHOCTU.

O6cyxpaemas 30ecb nporpammMa 9KCnepuMeHTOB
CYLLLECTBEHHO OPMEHTUPOBAHA HA UCMOJIb30BAHNE Bbl-
COKOVMHTEHCMBHOIO nyyka nonsipu30BaHHbIX MPOTOHOB
N ny4yka MNONSPU30BaAHHbLIX AHTUMPOTOHOB, KOTOPOro
Gonblle HeT HuUrge. Takme BTOPUYHbIE (TPETUYHBLIE)
My4ykn MoryT GbiTb CO34aHbl Ha 6a3e HOBO BbICOKOMH-
TEHCUBHOW MU LLEHN HA BbIBEAEHHOM 13 Y-70 ny4yke
npoToHoB. Mpu cOpoce Ha muwweHb 2-10'® npoToHoB
3a UVKJT UHTEHCMBHOCTb NONSPU30BAHHOIO MPOTOHHOIO
nydka 6yaeT nocturath 2:107 npoTtoHo.. Monapusauus
NPOTOHOB KOPPENMPOBaHHA C MX KOOPAWHATOM Ha BEP-
TUKANbHOM KONMMAToOpe M B MakCUMyMe OOCTuraeT
65%. IHTEHCMBHOCTb NONSPU30BAHHbBIX aHTUNPOTOHOB
6ynet ~3-10° 3a umkn. KaHan gonkeH npegycmartpu-
BaTb BPALLLEHNE BEKTOPA NONSPU3aLmn.

4.5. HeuitpnHHasa dpusuka

3HaynTeNbHOE MOBbILUEHNE WMHTEHCUBHOCTWU MpPO-
TOHHOrO My4yka CO34AET MepcnekTuBbl AN Pa3BUTUS
HENTPUHHbIX 3KCNEPUMEHTOB. OTM 3KCNEPUMEHTbLI MOX-
HO YCJI0BHO pa30uTb Ha HECKOJbKO B6OJbLUMX FPYNI:
4 9KCNEepUMEHTbLI CO CBEPXAANIbHMMU HEUTPUHO NO
M3MEPEHUIO NapaMeTPOB OCUUINIALUNA (Amiyj, yr-
Nbl  cMewmBaHnsa u  ¢dasa) B gumanasoHe
Am?=3.10°3—5.10"° aB?;
4 9KCMNEpPUMEHTbI MO MOUCKY BObICTPbLIX OCLMANS-
LM Ha Manoli 6ase, HanpuMep, NOMUCK OCLMIISA-
Lumii V =V, ¢ napameTpamu oCLUMANSumii B ana-
nasoHe Am?=0,1—1 aB?;
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effects should be associated with the non-perturbative
dynamics, for example, with phenomenon of sponta-
neous breaking of chiral symmetry. Thus, the studies
of the spin phenomena allow one to obtain new infor-
mation on dynamics of particle interactions and to per-
form detailed analysis of various theoretical ideas.

The spin degrees of freedom are also useful while
searching and studying the quark-gluon plasma (QGP)
properties.

The availability of the beams of polarized protons and
antiprotons will allow to resolve a principally new prob-
lem — the study of spin characteristics in the reactions
producing charmed particles. This study will allow
to investigate the spin structure of proton by measuring
the distribution functions of longitudinally and transver-
sally polarized quarks with the help of various one-spin
and two-spin effects. Formation of such states in colli-
sions of nucleons is especially interesting, since the
final particles with quantum numbers J?C=1—, 1**, 2**
provide the information about gluon density in nucleons.

Also important direction is the study of polarization in
elastic scattering of various particles. Their compara-
tive study can clear up the role of constituent quarks
in hadron processes where the helicities change.

The Experimental program is oriented mostly on
using high intensity beam of polarized protons and
beam of polarized antiprotons, which do not yet exist
anywhere. Such secondary (tertiary) beams can be
produced on the base of a new high intensity target
in proton beam extracted from U-70. At 2:10'2 protons
per cycle spilled on target the intensity of polarized pro-
ton beam will be ~2:107 protons. Polarization of protons
is correlated with their coordinate on vertical collimator
and achieves in maximum 65%. Intensity of polarized
antiprotons will be ~3-10° per cycle. The beamline is
supposed to provide the rotation of polarization.

4.5. Neutrino Physics

Significant rise of proton beam intensity at U-70
opens perspectives for new generation of neutrino
experiments. These experiments can be conditionally
divided on several big groups:

4 long base line neutrino experiments on measure-
ment oscillation parameters (Amiyj, angles of mix-
ture and phase) in the range Am?=3.-10°—
510 eV?;

4 experiments on search for fast oscillations,
for example, the search for oscillations v =V,
with oscillation parameters in the range
AM?=0,1—1 eV?



nccrnenoBaHne BANSHUS BELWECTBA Ha ABMXEHNE
HENTPUHO;

nccnenoBaHue rnyboknx ClIoeB 3emMau npu no-
MOLLN HENTPUHO;

nPeunsmoHHoe Uu3yyeHne B3aUMOOENCTBUN
HENTPUHO HU3KUX N CPEOHUX SHEPruii;

MOMCK HOBbIX HenTpasbHbIX cnaboB3anmMonen-
CTBYIOLLMX HaCTULL.

HelTpuHHbIE 3KCMEPUMEHTBLI MOTMYT pas3BMBaATbCAHA
TakXe Ha OCHOBE BbICOKOMHTEHCUBHOIO My4yka ObICTPO-
LMKIIMPYIOLLEro CUHXPOTpoHa Y-3,5.

KoHKpeTHasa nporpamMmma UccnefoBaHuii C HEUTPUHHDI-
MU ny4ykamMu J0J1xHa GOPMYIMPOBaTbLCH HECKOJIbKO MNO3[-
Hee B 3aBVICMMOCTU OT PE3Y/IbTaTOB NPOBOAVMbIX B HACTO-
siLLlee BPEeMS 3KCNEPUMEHTOB 1 C Y4ETOM BO3MOXHOCTEN
NiaHNPyeMbIX 3KCNEPVIMEHTOB Ha OPYrMx yCTaHOBKaX.

+ 4+ + 4+

4.6. UccnepoBaHuga ¢ ny4yKamMm Ierkux MOHOB

B yckoputene Y-70 BO3MOXHO YCKOPEHME My4KOB
LENTPOHOB C MHTEHCUBHOCTBIO 40 5-10'° npoToHOB 3a
LIMKJT U MOHOB YrNepo/a C MHTEHCUBHOCTLIO 40 3-10° 3a
umkn. B panbHenwem, ¢ co3gaHnemMm COOTBETCTBYIO-
LLUMX NCTOYHUKOB, MOXHO OyneT yckopsTb 1 bonee T-
Xenble aapa, BrioTb A0 Xeneaa.

B kayecTBe nepBOro wara B 3TOM HanpasfeHUN
B yckopuTenbHoM komnnekce DB npoeeneHo ycko-
peHve OeNTPOHOB 0 SHeprum 24 MaB/HYKIOH.

M3 MHOXECTBa BO3MOXHbIX MEPBOOYEPEAHbIX 3a4au
OCTaHOBUMMCS Ha Tpex:

4 Mn3yyeHne KyMynsaTUBHbIX 9D PeKTOoB;

4 Mn3yyeHne xapakTepuCTUK AAPO-A0EPHbIX B3aun-
MOAENCTBMIA BONU3K npennosiaraeMoi TOYKu
$as30BoOro nepexona;

4 n3yyeHue Nerknux HectTabunbHbIX SAep.

KnactepHbie CTPYKTYpbI B SApax

OHeprusa ny4koB aaep Y-70 ontumanbHa ansa novcka
N AeTanbHOr0 MCCNenoBaHUs KNACTEPHbIX CTPYKTYP
B sAapax. BbidBaHHble knactepamm (pnykToHamm) ag-
dekTbl 0COOEHHO ya0OHO ndyyaTb nNpu aHeprusax Y-70,
MOCKOJIbKY MNPV MEHbLUMX 3SHEPrusiX OHU 3amMalaHbl
depMNEBCKUM ABMXKEHMEM HYKJIOHOB B siApax, a npu
0Oonee BbICOKMX 3HEPrusix CevyeHust nognexalmx nuc-
CNefoBaHMIo XECTKNX NPOLLECCOB 0Ka3bIBAKDTCH CIMLL-
KOM MasbiMU 4719 OETANbHOIO N3YYeHUs.

B akcnepumeHTax Ha Y-70 xopolume BO3MOXHOCTU
Ons nccnenoBaHnsa KYMYNSTUBHBIX @0pOHOB NOA HyJe-
BbIM YITIOM peannayloTcs Ha kaHane Ne22, roe ecTb Mu-
LEeHb HA MeAJsIEHHO BblBEAEHHOM My4YKe M KaHan BTO-
PUYHbBIX YaCTuL,, NPUrOAHbIA ANS OeTaNbHOro aHanmaa
COCTaBa ny4ka B LUMPOKOM KMHeMaTu4eCckoM ananaso-
He. MIamepeHre CnekTpoB B KYMYNSTMBHOM 061acTh Ha
Pa3ANYHBIX MULLEHSX U NMPU Pa3NNYHbIX SHEPrUsSX NO4
OONbLWIMMU YITiaMn, a Takke U3MepPeHUss Koppensaunii
MexXay KyMyNsTUBHbIM aAPOHOM U BblIETAOWMMMN
B MPOTMUBOIMOJIOXHYIO CTOPOHY afpoHamMy BO3MOXHO
Ha yctaHoBkax ®OC n CMAH.

Mowuck u nccneposaxue ¢pas3oeoro nepexona
B ueHTpasibHbIX CTONIKHOBEHUAX TSXENbIX a4ep npw
VS, =7.5 B HabniopgaeTcs peskoe n3MeHeHne psipa

study of matter effects on neutrino propagation;
study of earth density with neutrinos;

precision study of low and medium energy neu-
trino interactions ;

search for new neutral weakly interacting parti-
cles.

+ +++

Neutrino experiments can be developed also on the
base of high intensity beam at the U-3.5.

Specific program of researches with neutrino beams
should be formulated in some future. It depends on the
results of experiments conducted at present time and
also should take into account the planned experiments
at other facilities.

4.6. Research with the Light lons

The acceleration of deuteron beams with intensity up
to 5-10'° ppp and carbon ions with intensity up to 3-10°
per cycle is possible at U-70. Later on, after the con-
struction of proper sources, it will be possible to accel-
erate even more heavy nuclei, tentatively up to iron.

As the first step in this direction the acceleration
of deuterons in U-70 up to energy of 24 GeV/nucleon
was attained in 2010.

Here we touch three of possible primary tasks:

4 study of cumulative effects;

4 study of nuclei-nuclei interactions near sup-
posed point of phase transition;

4 study of light unstable nuclei.

Cluster structures in nuclei

Energy of nuclear beams at U-70 is optimal for
search and detailed study cluster structures in nuclei.
It is especially convenient to study the effects pro-
duced by clusters (fluctons) at energies of U-70,
because at lower energies these effects are smeared
by Fermi motion of nucleons in nuclei and at higher
energies the cross-sections of relevant hard processes
are too small for detailed study.

The good opportunities for studying the cumulative
hadrons at zero angle are realized in channel #22.
In this channel there is a target on slow extracted pro-
ton beam and secondary particles channel, which can
be used for detailed analysis of beam composition in
wide kinematical range. Inclusive spectra at high trans-
verse momentum in cumulative region at various tar-
gets and at various energies and also the correlations
of cumulative hadrons with hadrons flying in opposite
direction can be measured at existing facilities FODS
and SPIN.

Search and study of phase transition
In central collisions of heavy nuclei at VS =7.5 GeV
a number of interaction parameters demonstrates sud-
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OCHOBHbIX XapakTePUCTUK B3aUMOLENCTBUIA:

4 OTHOLEHME BbIxO#oB K+ 1 mt+;

4 Temneparypa K+;

4 dnykTyaumMm KMHeMaTU4eCKNX xapakTepUCcTUK;

4 3aBUCMMOCTb BbIXOLOB T OT SHEPIUN.

[MpUYMHBI Taknx U3MEHEHUN Hen3BeCTHbl. Pacnpo-
CTpaHeHO NpPennosioxXeHMe 0 TOM, YTO Habnogaemble
SBNIEHNS Bbl3BaHbl HGa30BbIM NEePEXOLOM.

OHeprusa yckopeHHbix saep B Y-70 \/SNNzB B
pocTaTtoyHa ons usydyeHuns apdekra. Cnekrp uccneno-
BaHWI BECbMa LWMPOK — OT AeTaNlbHOro N3y4eHus 3aBu-
CUIMOCTU NHKJTIO3MBHbIX CMEKTPOB OT Ha4asibHOW 3HEpP-
v 1 aTtoOMHOr0 HOoMepa f4ep nydyka U MULLEHU 00
nccnenoBaHnsa 3aBMCUMOCTU Pa3SIMYHbIX KOPPENALMiA
OT TeX Xe napamMmeTpos. [1pn naaHnpyemMon NMHTEHCUB-
HOCTM MYYKOB B STUX 3KCMNEPUMEHTaxX MOXHO OyneTt
NPOBOAUTL UCCIEQOBAHNSA C UCKITIIOYUTESIBHO BbICOKOW
CBETUMOCTBIO, BMIoThb f0 L=10%%/cm?.cek, uto nenaet
MX BMOJIHE CoLepXaTelbHbIMU B CPaBHEHUW C JKCre-
pUMeHTaMmn Ha Kosnangepax.

UccnepoBaHue HecTabUIbHbIX NErkKUX aaep

Ha ocHOBe NepBMYHbLIX Ny4koB '2C ¢ UMMNYNLCOM A0
35 AlaB/c Moryt ObITb MOMyYeHbl BTOPUYHbLIE MYYKW
agep ¢ A<12, Bkovas pagmMoakTuBHbIE 94pa, 3a CYET
dparmeHTaumy aaep '2C Ha pasNnyHbIX MULLEHAX U3
JNIErK1X 3JIEMEHTOB, HanpuMmep, yrnepoae, ¢ nocneay-
IOLLLe MarHUTHOM cenapaumen dparmeHTos. Bo BTO-
PUYHBIM KaHan MOryT ObITb BbIBEAEHbI MYyYKN paamoak-
TmBHbIX sigep ''C, 1°C, °Be, °Li, 8B, Li, ®He, ®He n 'Be
C VIHTEHCMBHOCTBLIO 0T 2:107 no ~10* noHos/umkn. Mpw
BbICOKOW 3HEprnm npoaykTbl dparMeHtaumm agpa
(PparmMeHTbl) NPOOO/IXKAIOT NETETb MO HanpPasJIEHUIO
OBVXEHUS 1A4pa NPaKTUYECKM C NMPEXHEN CKOPOCTbIO.
Bcnencrteme Takon KMHEMATUKM OObIYHBIA KaHan C
Ap=%t3% A6=3 mrad oTbupaeT (cenapupyeT) HyXHble
dparmMeHTbl C BbICOKOW 9P DeKTUBHOCTBIO (=50%)
1 HU3KUM hOHOM (<1073).

YckopeHue sigep '2C Ha yckopuTene Y-70 oTkpbiBaeT
BO3MOXHOCTU AN 9KCMEPUMEHTOB N0 Andpakumn
HENTPOHHO-N3OLITOYHbLIX SOEp Ha A4pe U B KYJTOHOBC-
KOM Mofie Npu PEKOPAHO BbICOKMX 3Heprusax. Metoam-
4Yeckol 0COBEHHOCThLIO 9KCMEPVMIMEHTOB Ha Ny4Ykax saep
Y-70 npun umnynbcax 25-35 AlBB/c aBnseTcs BO3MOX-
HOCTb KaJIOPUMETPUYECKON NOEHTUdUKaALNN PENAaTU-
BUCTCKUX HEMTPOHOB C BbICOKOM 3P PEKTUBHOCTLIO.

Mpwn aHeprun ny4koB Y-70 nosBAsSeTCa HOBasi YHU-
KanbHas BO3MOXHOCTb UCCNEN0BAHUS XapakTEPUCTUK
HecTabubHbIX S4ep NPY MOMOLLM YIPYroro n Heynpy-
roro paccesiHus snep Ha 3AeKTPOHaX MULLIEHU:
e +tA—e +A'". [py HOMUHANIBHOW XECTKOCTU YyCKOpUTE-
nsa Y-70 yckopeHHOe a4p0 ABUMXETCH C Y-pakTopoMm
Y=E/2m =35, TaKk 4TO B CMCTEME MOKOA AApa SHEPTUs
HaneTalolwero asekTpoHa cocTtasnsetr E =ym_=
=18 MaB. 31a 3Heprus gocratoyHa anas Bo3byxaeHus
NPaKkTNY4eCKM BCEX YPOBHEN UCcneanyembixX saep 1 Hen-
pPEePbIBHOIO cnekTpa. Taknx BO3MOXHOCTEN HET U He
npeaBnanTCa Ha OPYrmx yCKoputensx (Kpome, MoxXeTt
ObITb, SPS).
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den variations:

4 Ratio of yields K+ and nt+.

4 Temperature of K+.

4 Fluctuations of kinematic parameters.

4 Energy dependence of the &t yields.

The reason of such changes is an open issue. Quite
often it is supposed, that observed phenomena are
caused by phase transition in hot nuclear media.

Energy of accelerated nuclei at U-70 vS,~8 GeV
is sufficient for study these effects. Scope of experi-
ments is quite extensive — from detailed study of the
inclusive spectra dependence on energy and atomic
number to search for various correlations in depend-
ence on the same parameters. The beam intensity
is sufficient for experiments with exceptionally high
luminosity up to L=10%2/cm?s. That fact makes
these researches complementary of experiments
with colliders.

Study of unstable light nuclei

Having primary beam 12C with momentum up to
35 AGeV/c it is possible to generate secondary nuclear
beams with A<12 (including radioactive nuclei) by frag-
mentation '>C nuclei on various targets, for example,
on carbon, with subsequent magnetic separation
of fragments. The intensity of these beams of radioac-
tive nuclei ''C, '°C, '°Be, °Li, 8B, 8Li, 8He, ®He and "Be
will be from 2:107 to ~10% ions/cycle. At high energy the
products of nucleus fragmentation (fragments) contin-
ue to fly in the initial direction practically with the same
momentum. Due to such kinematics the ordinary chan-
nel with Ap=+3% A6=3 mrad will separate wanted frag-
ments::3 with high efficiency (=50%) and low background
(<107°).

Acceleration of '°C nuclei at U-70 opens good
opportunities for experiments on diffraction of neutron-
rich nuclei on nucleus and in Coulomb field at record
high energies. The advantage of experiments on nuclei
beam of U-70 at momentum 25-35 AGeV/c is the pos-
sibility of calorimetric identification of high energy neu-
trons with high efficiency.

New unique opportunity for studying the unstable
nuclei by elastic and inelastic scattering of high energy
nuclei on target electrons appears at the U-70 beam
energy: e +A—e +A'". At nominal U-70 rigidity accelerat-
ed nucleus moves with y-factor y=E/2m =35, so that in
the nucleus CM system the energy of flying electron
is E,;=y-m_=18 MeV. This energy is sufficient for excita-
tion of practically all nuclear levels as well as for disin-
tegration to continuous spectrum. Such possibilities do
not exist at other accelerators (except, perhaps, SPS).



5. OueHka cpokoB 5. Construction
M CTOMMOCTMU Schedule and Cost

COOpYyXeHuUs Estimations
MnaH-rpadpumk Provisional construction schedule
B tabnuue 5.1 npuBeneH OpMEHTUPOBOYHBIV MaaH- Table 5.1 represents provisional schedule for the
rpaduk paborT. OMEGA project realization.
BblgeneHHble ronybbiM LBETOM MNO3WLUM MaHa- The items marked with blue color (Table 5.1) are not

rpaduka (Tabnuua 5.1) He BxoaaT B cocTaB npoekTta. part of the project. These tasks are to be performed
CooTBETCTBYIOLLME 33241 peLlaTcs B paMkax Teky- in the framework of the already planned programs.
LWmx nnaHoBblx pabot MHL NPB3 n npueeneHsl B Tab- They are shown in Table 5.1 in order to represent the
nnue ong NonHOTbLI KAPTUHBI pa3BuUTUS yckoputenbHo-  scope of the IHEP accelerator complex development.
ro komnnekca Y-70.

Tabnuua 5.1.
Table 5.1.

LY -400
LU.400

V-3.5
U-3.5

HefiTpoRBEl HeTOTHHE
8 |ismmens T1)
Spallation source (target T1)

TlepBble VETAHOBKN 114
9 |wccaeannanmii ¢ mefiTpomasm
First set-ups for neotron studies

Huwexuna 13 ¥-3,5 8 ¥-70
Injection from U-3.5 to U-70

10

YeTaHoBKA B 30He T2
Set-ups at T2 area

11

B atom nnaHe-rpadurike MOXHO BblAENNTb HECKOJb- There are several milestones in this overall schedule:
KO KJItOYEBbIX MO3ULNIA:
4 2012 rop: yckopeHue B Y-70 MOHOB AenTepus 4 2012: acceleration of deuteron and carbon ions
W yrnepoaa, rnepsble 3KCNePUMEHTHI in the U-70; first experiments with the
C Ny4yKamun YCKOPEHHbIX S4ep; accelerated nuclei;
4 2013 ropa: Ha4ano paboT ¢ ny4kom H-; 4 2013: start of the H-minus source operation;
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4 2014 rop: cosgaHuve ny4ykoB yrinepoda ans pa-
ONaLUVOHHONM Tepanuu;

CO3/[aH1e 30Hbl BbICOKOMHTEHCUBHbIX

My4KOB;

BbIMYCK NpOeKkTa HOBOro Komriekca

BbICOKOMHTEHCUBHbIX YCKOpUTENe;
< 2015 ropn; 3aBepLUeHME MOOEPHM3ALNN TEXHO-

noruyeckmx cuctem Y-70;

3aBepLUeHVe NPOEKTUPOBaHMS

1 yTBepxaeHune npoekta OMETA;

4 2016 roa: 3anyck rOJIOBHOW 4aCcTWU JIMHEHHOro
yckopuTens, Hadano paboT C BbICOKO-
WHTEHCUBHbLIM MYy4KOM;

< 2018 ropa;: 3anyck IMHENHOro yckopuTens

ny-400;

2019 roa; 3anyck yckoputens ¥Y-3,5;

2020 ron; Ha4yano paboT ¢ MeraBaTTHbIM HENT-

POHHbIM NCTOYHUKOM,;
VMHXEKLMS BbICOKOMHTEHCMBHOIO MyY-
ka B Y-70.

++

OueHka CTOMMOCTHU

B Ttabnuue 5.2 npuBeneHbl OUEHKW KanuTasbHbIX
3aTpaT Ha co34aHne YCKOPUTENbHOro KoMraekca WH-
TEHCUBHbIX aAPOHHbIX MY4KOB.

OueHka CTOMMOCTM OCHOBBIBAETCHA Ha nuTepartyp-
HbIX AAHHbBIX O CTOMMOCTU COOPYXXEHHbIX, MPOEKTUpye-
MbIX UM NpeanaraeMbix 3apyOeXXHbIX aHaIOroB.

Pacxonbl Ha HUOKP oueHnBatoTcs B 4 mnpg. pyo.

Ha puc. 5.1 npuBegeH npodunb GUHaAHCUPOBAHUSA
npu NaaHMPYEMOM CpPOKe 3aBepLUEHUs npoekTa —
10 neT ¢ MoOMeHTa Hadvana puHaHcuposaHusa HNOKP.

4 2014: delivery of carbon beams for the radiation
therapy;
the high intensity beams zone construction;
the design completion for the new com-
plex of high intensity accelerators;

4 2015: improvement of the U-70 basic techno-

logical systems;

completion of the Technical Design for
The OMEGA Project

and getting its approval;

4 2016: the start-up of the front-end part of linear
accelerator; starting initial operation with
high intensity beam;

2018: start-up of the linac LU-400;

2019: start-up of the RC PS U-3.5;

2020: starting the operation with megawatt spal-
lation neutron source;
injection of high intensity proton beam to
the U-70 machine.

+4+

Cost estimations

Table 5.2 provides the capital costs estimations for
the Facility of Intense Hadron Beams.

These cost estimations are based in particular on the
cost data for facilities already completed or the projects
under design or the propsed ones. For this project the
R&D expenses are estimated at the level of 4 billion
Rubles in the current prices.

Fig. 5.1 represents the funding profile required for
the project completion during the time period of
10 years from the start of the R&D program funding.

Tabnuua 5.2.
Table 5.2.

J1y-400

Y-3,5

HeNTPOHHBIN NCTOYHUK (MULLEHb T1)
YcTaHoBKM Asis UccnefoBaHUM C HENTPOHAMU
Nuxekuma na Y-3,5 B8 Y-70

MuweHHble cTaHuum T2 n T3

MHXeHepHas ngpacTtpykTypa

Bcero

~NOoO O~ WN =

OpraHusauus pa6oT

MpepnaraemMbii NPOEKT ABASETCA €CTEeCTBEHHbIM
passuTneM paboT, nposoammbix B THLL MPBI B noc-
nefHue rodbl B pamMkax passnyHbIX NPOrpamm:

4 JluHelhHble yckoputenu ¢ BYK dokycuposkoii
paspabaTtbiBatotca B HL, MPBI gna cobcTBeH-
HbIX HYX[, a TakKXe Ans Apyrux noTpeduTtenen.

4 MopgepHu3aLms OCHOBHBIX TEXHOIOMMYECKNX CUC-
Tem yckoputensa Y-70 BkatodeHa B DL «Anep-
Hbl€ SHEeProTEXHOIOrMY HOBOIO NMOKONEHNSI».

4 PasBuTMe paboT No YCKOPEHMIO Saep NpoBOaNT-
cs B pamMmkax goroeopos ¢ 'K «Pocatom». B 2011
roay niaHUpyeTcs YCKOPEHME MOHOB yriiepoaa B
Y-70, a Takke BbIBOA, yrnepoaHoro nyyka ns Y-70
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7 200 Linac LU-400
10 100 RC PS U-3.5
8 400 Neutron source (target station T1)
1500 Neutron research set-ups
800 Injection from U-3.5 to U-70
800 Target stations T2 and T3
700 Infrastructure
29 500 Total

The organizational matters

The proposed project appears to be a natural devel-
opment and continuation of the already performed
or ongoing tasks conducted at IHEP in the frameworks
of various programs:

4 Linear accelerators with RF-focusing are devel-
oped at IHEP for its own needs and also for some
of applied (mainly medical) projects.

4 Upgrade of the main technological systems
of the U-70 accelerator is part of the Federal
Target Program (FTP) "New Generation of The
Nuclear Power Technologies".

4 The development towards acceleration of the
light nuclei with the ultimate energy of
34 GeV/nucleon in the U-70 machine is support-



Ha 3QHEPTUN VHXEKUMN O MeLULMHCKUX Npn-
JIOXXEHUIA.

BbinonHsaoTcs paboTbl N0 PasBUTUIO BO3MOX-
HOCTEeW NPOTOHHOM paauorpadun.

Co3spaHure Ha 6a3e yCKOpUTENbHOro KoMriekca
Y-70 LieHTpa MOHHOM Ny4YeBOn Tepanum B COCTa-
Be LleHTpa BbICOKOTEXHONIOMMYHON SO0EPHON Me-
anumHbl (. OGHMHCK) 0J00pPEHO KOMUCCUEN
no mopepHuzauum npu MpesngeHte P®. 3tot
npoekT 6yaet peannsosaH ML MPB3I coBmecT-
HO ¢ MeaNUMHCKNM Paamonorm4eckmm Hay4yHolmM
ueHtpoMm — MPHLL (r. O6HuHCK, Kanyxckas 06-
nactb) B pamkax PLIM no saepHor megmumyHe.

ed by the Sate Corporation "Rosatom”. It is
planned to accelerate carbon ions in 2011.
Carbon ions beam will be also extracted from the
U-70 ring for the medical applications at the
injection energy.

The development of proton radiography tech-
nique is to be continued.

4 The Center for lon Beam Therapy on the base

of the U-70 accelerator has been approved by
The Commission for Modernization and
Technological Development attached to the
President of the Russian Federation. This task is
to be performed by IHEP in close cooperation
with The Medical Radiation and Science Center
from the nearby town of Obninsk (Kaluga region)
in the framework of FTP on nuclear medicine.

Mpa. py®. B rox

11 12 13 14 15 16 17

18

Wupactpyrrypa
Infrastructure

HT2uT3
T2 and T3
m MHxexkuwa g ¥Y-70
Injection to U-70
B Yetanoewm T1
Setupsat Tl
mT1
Target T1

HY-3.5
U-35

B nY-400
LU-400

B HUOKP

13 20 21 .
Toa Year R&D.design

Puc. 5.1. lNMpodunb GrUHaAHCMPOBaHUS.

Realization of such a large-scale project requires

HeobxoonMbiM  yCNOBMEM peann3aumm Takoro
MacLuTabHoro NnpoeKkTa ABndeTca npmneiedeHmne 3Ha4um-
TEeNbHOIo0 Konm4yecTtBa BbICOKOKBaJ'IVICbI/ILI,I/IpOBaHHbIX
crneuyanMcToB. OTa BaXHeWwas 3agada Oyoet pe-
LaTbCA NO HECKOJIbKNM HarpaB/eHNAM.

1.

MHLU, MPBI3 nmeeT 3HAYMTESNbHbIN OMbIT NMOAro-
TOBKM CMNELNanMCTOB BbICOKOWN KBaMduKaumm.
B TeueHve psipa net MHCTUTYT siBnsieTca 6a3o-
BbIM anst kapenp MY, MOTU n MNDU, rotoss-
LWMX CneumannuctoB rno Gusnke BbICOKUX IHEpP-
rMin, COTpyaoHM4YaeT ¢ GuaranomMm yHMBepcuTeTa
«[AybHa». VIHCTUTYT nnaHupyeT 3HaAYMTENbHO
pacwmpuTb 06bEM NOArOTOBKM CNELNaNNCTOB.

MpoekT OMEIA npegnonaraeT LWMPOKOE y4acTne
B ero paspaboTke 1 peanvsauun opraHmsauni,
0612420 MX COOTBETCTBYIOLLMMU KOMMETEHLM-
amu. K ynucny aTux opraHu3aumini OTHOCATCS He
TOJIbKO POCCUNCKNE YCKOpUTENbHbIE naboparto-
puu, TPAOULMOHHO COTPYAHMYaloLWmMe B peanmn-

participation of a considerable number of highly skilled
scientists and engineers. This is one of the most impor-
tant prerequisites. It is to be solved in several ways:

1.

IHEP has a large experience in teaching and train-
ing. During many years IHEP is the basic
Science&Education Center for the chairs of MSU,
MIPT and MEPhI specialized in high energy
physics and accelerators. Also, IHEP closely
cooperates with the Protvino branch of the
Moscow Regional University "Dubna”. Itis planned
to widen the program of specialists’ training.

The OMEGA project assumes wide participation
of the organizations having the required compe-
tences both for the R&D and construction phas-
es. These organizations include not only the
Russian accelerator laboratories traditionally
cooperating in large accelerator projects, but
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3auum B60JbLUMX YCKOPUTENbHbLIX MPOEKTOB, HO
M Hay4HbIE N NPOEKTHbIE OpraHn3aumn, UMetoLLme
onbIT B pa3paboTkax AaepHbIX 3HEPreTUYecKmx
YCTaHOBOK. OTO CBAA3aHO C TeM, 4TO pa3padoTka
M CcO3gaHmne MULLEHEN O151 BbICOKOMHTEHCUBHbBIX
Nny4ykoB TpebyeT cneunduryecknx 3HaHuin, KOTo-
pbIMU crneunanucTbl NO S4EPHbIM peakTopam
obnagatoT B HaMbObLLIEN CTEMNEHN.

3. Tlockonbky OOHOM M3 OCHOBHbIX 3a4a4 NpoeKkTa
SB/IETCSH CO34aHNE YHUKANIbHOrO MMIMYJSbCHOIMO
HEWTPOHHOINO MCTOYHUKA, BaXXKHEWLLINM YCJIOBU-
€M YyCMewHOn peanum3aumn npoekTa SBJsieTCs
LLUMPOKOE y4acTme B HEM CNeuyanncToB MO HENT-
POHHBIM UCCIe40BaHUSIM.

4. C cosgaHMeM MMMNyNbCHOro HEMTPOHHOIO NCTOY-
HUKA MOSABATCH YHUKasIbHble BO3MOXHOCTU AS14
npoBELEHUA WCCefoBaHUn cneumanmctamm
pas3nnYHbIX HanpaeieHuin. B cBA3K ¢ 9TUM O05X-
HO MNOJy4NTb PasBUTUE COTPYOHUYECTBO C pas-
JINYHBIMW OpraHmM3aumsamMn, 3aHMMaLWMMNCS
HaHOTEXHOJIOMMSIMU, & TakXe C YHUBEPCUTETCKN-
MM Kadegpamm, ONs KOTOpbIX npegiaraemas
yCTaHOBKa A0JKHA CTaTb 6a30BbiIM MHCTPYMEH-
TOM 19 3KCMEPUMEHTaJIbHbIX NCCNeS0BaHNNA.

Peanusaums npoekta OMEFA notpebyeT pa3BuTuS
B Poccuu nnm BOCCTaHOBIEHUS psiga TEXHONOMMIA B Ta-
KMX HanpasfieHUsX Kak, cneuyanbHas CUoBast aJ1ekT-
POHMKA, BaKyyMHas TEXHNKA, MOLLHbIE BbICOKOYACTOTHbIE
CUCTEMbI, MOLLHAA UMMNY/IbCHAa TEXHMKA, KPUOreHmka
M psga opyrux. 3t TEXHONOrMM NpUHaanexar K Yucny
onpeensoLwmx HanpasieHns MHHOBALMOHHOIO pas-
BUTUS. BaxHelilweln ocoOeHHOCTbIO NpoeKkTa ABNSeTCs
TO, YTO OCHOBHOW 0ObEeM 3aka30B MOWAET B BbICOKO-
TEXHOIOrMYHbBIE OTPAC/IM MPOMbILLIEHHOCTU. ITO Oy-
OeT cnocobCTBOBATb CO34aHMIO0 HOBbIX Paboyux MecT
1, B LEJSIOM, pasBUTUIO 3TUX OTPaACIEN.
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also scientific and engineering institutes and
companies with the experience in development
of nuclear power facilities. In fact, the develop-
ment and construction of the target stations for
the high intensity beams assume a specific
knowledge, and the experts on nuclear reactors
are the most competent specialists in the field.

3. Since one of the main topics is construction of
the neutron source the ultimate condition for
successful realization of the overall OMEGA
project is to be a wide participation of the neutron
research experts.

4. Creation of the pulsed spallation neutron source
will open the unique possibilities for conducting
research in different fields of science. In this con-
nection there is a necessity for close collabora-
tion with various organizations dealing with nan-
otechnologies as well as cooperation with
the universities, for which the proposed facility
should become the basic facility for their
research programs.

Realization of the OMEGA project will require devel-
opment or restoration of the technologies in such fields
as special electronics, high vacuum technology, pow-
erful RF-systems, powerful pulsed technology, cryo-
genics and some others. These technologies are
among the crucial ones determining the tendencies for
innovative development. The main feature of the proj-
ectis the fact that the major part of the contracts will be
addressed to high-tech sectors of the industry. That will
provide conditions for the new jobs appearance and
boost for the industry.



6. NepcnekTusbl
AanbHeuwero
pa3BuTUg

B pmaHHOM rnaBe pacCMOTPEHbI BOSMOXHbIE Hanpas-
NleHns pas3BuTUa YCKOPUTENBHOrO KOMMAEKCa UHTEH-
CUBHbIX aAPOHHbIX NMY4YKOB B [OIrOCPOYHOM nepcrek-
TnBe. HecmoTps Ha TO, 4TO 3TU pa60Tb| HE BXOOAT
B COCTaB NpoeKkTa, aHa/n3 NepcriekTmB pa3BnNTnA Heob-
XOOUM A1 ONTUMM3aLUMKM 0OLLENA CTPYKTYpPbI KOMIJ1EKCa
n onga Bbl60pa OTAENbHbIX TEXHNYECKMNX PELLEHWIA.

AHTUNPOTOHHbIN UCTOYHUK

B npeanaraemom npoekTe MOLLHOCTb MPOTOHHOIO
nyyka Y-70 6ynet pocturate 100-200 kBT, 4tO cTtaBut
€ro B OAVH psif, C TaKUMU UCTOYHUKAMKW aHTUNPOTOHOB,
kak PS(LIEPH), MI(dPHAJ) 1 SIS100(PAINP). Ha gaHHOM
aTane aHTUNPOTOHHAsA NPOrpamMmMa He paccMaTpUBaeTCs
B KQ4eCTBe NepBOOYEpPEaHON, MOCKONbKY A1 Pa3BUTUS
Takow NporpamMmmMbl TPEBYETCS COOPY>KEHMNE CIIOXKHbIX Bbl-
COKOTEXHOJSIOMMYHbIX YCTAHOBOK [J151 aKKyMYNSLUMM U OX-
NaXAeHWs1 aHTUMPOTOHOB, YTO HeLleniecoobpasHo aenartb
O[HOBPEMEHHO C CO34aHMEM KOMIMEKCA BbICOKONHTEH-
CUBHbIX yCKopuTenen. B panbHelnem Takas nporpamma
MOXET OKa3aTbCs BOCTPEOOBaHHOW, 0COOEHHO MpU MOo-
BbILLEHWN MHTEHCMBHOCTM NPOTOHHOMO MyyKa.

BbICOKOMHTE@HCUBHbIN CUHXPOTPOH Ha SHEepPruio
no 100 B

CyLiecTByOLWNIA CUHXPOTPOH Y-70 ewie AOCTaToO4HO
nonro Oyoet ocTtaBaTbCsl LEHTPasbHbIM 3/1€MEHTOM
BCEro yCKOPUTENbHOro KOMMeKca.

Yxxe B Gnmxariee BpemMs yckopuTtenb 0yaeT npuc-
nocobseH onsa paboTbl B pexnme HakonuTens-pacTs-
XUTENs yrnepoaHoro nyyka ansg MeanumHCKnX npmno-
XEHWN, a Takke ON8 YCKOPEHUS NErkmx U CpegHux
aaep Ao aHeprun 34 BB/HYKNoH.

B npepnaraemoii nporpamme ero GyHKUMOHaNbHbIE
BO3MOXHOCTM CYLLECTBEHHO PaCLUMPATCS:

4 Onarogapst HOBOMY UHXEKTOPY 3HAYUTENTbHO MO-
BbICUTCSI MHTEHCUBHOCTb MPOTOHHOrO nyuka,
npwv 3TOM pagmaumMoHHas Harpy3ka Ha 9N1EMEHTbI
YCKOPUTENS OCTaHeTcs NpuemMseMon Bcnepn-
CTBME NUKBMOALMN BHYTPEHHUX MULLIEHEN;

4 [Ona onTMManbHOrO MCMOJNb30BaHUS My4dka pas-
JIN4HBIMKW 3KCNEPUMEHTaMKN OyayT peanm3oBaHbl
PEXUMbI C YMEHbBLUEHHOM SHEPIrUEN, B TOM YMCIE,
paboTa B pexuvme Hakonutens ¢ nydykom 3,5 Mi3B.

B ponroBpeMeHHoOl nepcnekTnBe OCHOBHbIE Xapak-
TEPUCTUKN yckopuTens Y-70 6yayT caepXxmBaTb pas-
BUTME psaa BaxXHeNWnx HanpasneHnin. Ha cmeny Y-70
0OJIKEH NPUATN HOBbIN CUHXPOTPOH C SHEprmen nyyka
macwTtaba 100 BB v MowHocTbio B MeraBaTTHOM Au-
anasoHe. Yckoputenb Y-3,5 0yaoeTr npekpacHbIM WH-
XKEKTOPOM /151 TaKOr0 CUHXPOTPOHA.

6. Prospects for Further
Development

In this section possible ways of further develop-
ment of The Facility for Intense Hadron Beams are
considered for a long term perspective. Despite
these options are not included in the project, the ded-
icated analysis is mandatory for optimization of the
whole project structure and for the choice of techni-
cal solutions.

Antiproton Source

The beam power of the U-70 protons will achieve
100-200 kW according to the project. By this parame-
ter the future facility will be comparable with such
antiproton sources as PS (CERN), Ml (FNAL) and
SIS100 (FAIR). At this stage the antiproton program is
not considered as a top-priority one because it requires
construction of the additional high-tech accelerating
facilities for accumulation and cooling of antiprotons.
Simultaneous development of the project and the
antiproton program seems too ambitious and unrea-
sonable. But in the future such a program could
become important, especially in case of increasing the
proton beam intensity.

High Intensity Synchrotron with the Energy up
to 100 GeV

The existing U-70 synchrotron will remain the central
element of the IHEP accelerator complex during a long
time. Already in the near future the U-70 will be adapt-
ed for acceleration of the light nuclei with the energy of
34 GeV/nucleon as well as to function as accumulator
and debuncher of the carbon ions used for medical
treatment purposes.

In the framework of the proposed project the U-70

functionality will be essentially extended:

4 due to the new injector the intensity of proton
beam will be essentially increased; under this the
irradiation of accelerator elements will remain
acceptable due to removing the internal targets;

4 for optimal beam usage by various experiments
the operational modes with decreased energies
will be realized, including the storage mode with
the energy of 3.5 GeV.

Nevertheless the main parameters of U-70 will limit
development of a number of important trends in long
term perspective. The U-70 accelerator is to be eventu-
ially replaced by a new synchrotron with the energy of
about 100 GeV and the beam power of the megawatt
range. The accelerator U-3.5 could serve as an excel-
lent injector for such a synchrotron.
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HakonuTtenb B TOHHene YHK

PasBuTne 6a3oBbix yckoputenei MHLL NDB3 oTkpbl-
BaET HOBbIE MEPCNEKTUBbI A1 CMONb30BAaHUS CYLLECT-
BytoLero ToHHens YHK. B aToM ToOHHene MOXEeT ObITb
COOPYXXEHO HAKOMUTENbHOE KOMbLO Ha aHepruto 50 MB.
3T0 MOXET BbITb CAENAHO C UCMNOJIb30BaHNneM 060pyao-
BaHW4, y>xe co3gaHHoro ansa npoekra YHK.

[MpPOTOHHBIN HakoNuTENb Ha 3aHeprmo 50 3B OTKPbI-
BaeT HOBble BO3MOXHOCTU AJiI1 MHOrokaapoBOW Mpo-
TOHHOW pagunorpadumn AnHaMmn4eCckmx rnpoLeccos.

Konbuo B ToHHene YHK 3a 14 uuknoB 3anonHaeTcd
6aH4yamun n3 yckoputens Y-70 (29 nnn 27 6anyein), nay-
wymMm yepes 160 He, a 3aTem 9Ta NocnenoBaTeNbHOCTb
HaHueli (Bcero okono 400 6aHyein) BEIBOANTCS U3 HAKO-
nnTens 3a oguH obopoT (70 MKC) 1 HanpaBnseTcs Ha
nccnenyemblii 06bekT. O6CyXaaeMblii 34eCb Hakomnm-
TeJlb C TOYKM 3PEHNHA YCKOPUTENBHON PU3NKN OKa3biBa-
€TCS OTHOCUTESNIbHO NPOCTbIM MO PSAY NPUHUH:

HU3KOE MoJie B MAarHUTHOM CUCTEME;

HMU3Koe noTpebnieHre 3NeKTPOIHEPrM (MacLu-
Taba 1 MBT);

MOCTOSIHHOE NOJIe MAarHUTHOM CUCTEMBbI;
MUHUManbHass BY cncrema, HyXxHasi TONbKO Ang
noanepXaHus rpynnmpoBKY MyyKa;

OYeHb HM3Kas paguaumMoHHas Harpyaka Ha 060-
pyaoOBaHVE (HECKONBbKO LIMKIOB HAKOMIEHWS -Bbl-
BO4A B CYTKU).

KoHeuHo, B culy 60/bLINX FEOMETPUYECKMX pa3Me-
POB 3TO JOCTATOYHO CJ/IOXHbIN OOBLEKT.

Takasi yctaHoBKa co3pacT 6ecnpeleneHTHbIE BO3-
MOXHOCTU O NPOTOHHOM pagmorpadun WnpoKoro
Knacca AMHaMUYEeCKMX MPOLECCOoB.
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YckopuTtenb C 04€Hb BbICOKO MHTEHCUBHOCTbIO

Mpu HanMuMm BbICOKOMHTEHCUBHOIO YCKOPWUTENS
c aHepruen po 100 BB wn ToHHens gnamHom 21 km.
npeacTaBnsieTcs eCTECTBEHHbIM CO3aHNe B Nepcrek-
TUBE yckopuTens Ha Bblcokne aHeprmun (300-500 3B)
C NpenenbHO BbICOKOM MOLLHOCTBLIO My4ka, Maclutaba
5 MBT. 910 ponXeH OblTb YCKOPUTENbL Ha OObIYHBLIX
MarHmTax, NoCKOJIbKY pagnaunoHHbIe Harpy3km oyayT
60/bLWNMU, N BLICTPOLMKIINPYIOLLMIA, C LIMKIIOM B HEC-
KOJIbKO CekyHzA,. BonbLlion nepumMeTp Konbua no3sonnT
YCKOPATb U BbIBOAUTb PEKOPAHBLIE MHTEHCUBHOCTW.
Takoi ny4yok MoxeT 6bITb BOCTPeOOBaH pa3HbIMM 3KC-
nepumMeHTamm, B MEPBYIOD o4vepenb HENTPUHHBLIMMU.
Bblcokasi cpeHsisi MOLLHOCTb My4Ka 1 UCKIIOYMUTESNBbHO
BbICOKasi MOLLHOCTb B MMMYJIbCE CO3AAl0T HOBbIE BO3-
MOXHOCTU U 4719 Pas3nyHbIX NPUKNaaHbiX paboT.

MprnBeOEHHbLIV Bbille aHann3 AeMOHCTPUPYET nepc-
NeKTVBbl JanbHenwero passutusa npoekta OMETA
B pas/inyHbIX HanpassieHuax. BaxHenwmmm cocTasng-
IOLLMMU, ONpenensioLmMmM BO3SMOXHOCTU Pa3HOBEKTOP-
HOro PasBuUTUA B OTOAJIEHHOW MepCrnekTuBe, ABMSIOTCA
OTpbITas apXMTEKTYpPa NPOEKTa U Pa3BuUTad NHXEHepP-
Has uHdpacTpykTypa ML, NPBI.
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Storage Ring in the UNK Tunnel

The development of the IHEP accelerators would
open new possibilities for the use of the existing 21 km
UNK tunnel. The 50 GeV storage ring may be con-
structed in this tunnel. This could be done by using the
equipment earlier produced for the UNK project.

Proton storage ring with the energy of 50 GeV pro-
vides the new opportunities for multi-frame proton radi-
ography of rapid processes. Indeed, the UNK ring
is filled with proton bunches (29 or 27 bunches) during
each of 14 cycles of the U-70. The bunch space
is equal to 160 nanoseconds. Then the train of about
400 bunches is extracted from the storage ring in single
turn (70 us) and directed to the object under study.
The discussed storage ring is a relatively simple facility
from point of view of accelerator physics due to number
of reasons:
low magnetic field;
low electric power consumption (about 1 MW);
constant field of magnet system;

a reduced RF-system used for the proton bunch-
ing only;

low irradiation of the equipment due to particular
operation mode with very few cycles of the beam
storage and extraction per a day.
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Of course, one should recognize that it is a rather
complex object because of its large geometrical size.
Such a facility could provide the unique possibilities for
proton radiography of wide range fast processes.

Accelerator of Super High Intensity

Both the high intensity accelerator with the energy of
100 GeV (as injector) and the existing 21 km long tun-
nel open the possibility to suggest in the future con-
struction of high energy accelerator (300-500 GeV)
with extremely high beam power of the order of 5 MW.
This machine would use the conventional warm mag-
nets because of high irradiation and is to be rapid
cycling one with several seconds cycle duration. The
large machine perimeter will allow acceleration and
extraction of the super high intensity beams. The scope
of their potential use is extended from the fundamental
neutrino experiments to applied use of high beam
power as well as of extremely high pulsed power.

The above considerations demonstrate the options
for the further development of the OMEGA project.
Open architecture of the project and well developed
technical infrastructure at IHEP are the significant fea-
tures determining variety of the opportunities.



3akJiloueHue

MccnepoBaHus BewecTB, Matepuanos, WU3AENuin,
Ovonornyeckmx n Apyrnx o6beKTOB, PaBHO Kak 1 dyH-
JaMeHTaslbHbIX CBOMCTB MaTepuun, HeOOXOANMbI FOCy-
0apCcTBY, CTPEMSLLEMYCS K Pa3BUTUIO 3KOHOMUKM
Ha MHHOBALUMOHHOM OCHOBE. YCKOPUTENbHbIA KOMIM-
NIeKC VMHTEHCUBHbIX aApPOHHbIX MYyYKOB (MeranpoekTt
OMETIA) cospacTt BOBMOXHOCTM AJ19 Takux nccnenosa-
HUN HA MUPOBOM YPOBHE.

OTOT NPOEKT BO MHOroM onupaeTtca Ha onbIT MHL,
MDB3 B pa3BUTMN YCKOPUTENBbHBLIX TEXHOJIOMMIA N COB-
PEMEHHOro PU3NYECKOro aKCNeEPUMeEHTa. BaxxHenwmnm
YCNOBMEM YCMELLUHOW peanusaumn npoekTa sBageTcs
06beaMHeHEe BO3MOXHOCTEN U YCUNTMIA OTEeHYECTBEH-
HbIX YCKOPUTESbHbIX TabopaTopuii.

B npouecce cospaHus yctaHOBKM OyayT pa3BuThbl
HOBblE MEPCMNEKTUBHbIE TEXHOSIOMMKN, ByayT CcO3aaHbl
HOBble paboyne MecTa B BbICOKOTEXHOJIOMMYHbIX
oTpacnsax NPOMbILLIEHHOCTU, OyAyT MNOArOTOBJIEHbI
BbICOKOKBaNIMMULUMPOBaAHHbIE CNeuuanmcTbl aas pabo-
Tbl HA NePEfOBbIX HAMPaBNEHMNAX HAYKN U TEXHUKN.

Conclusion

Studies of substances, materials, biological and
other objects as well as studies of the fundamental
properties of matter are the ultimate research clus-
ters for the state progressing its economy on the
innovative basis. The Facility for Intense Hadron Beams
(The OMEGA Project) will boost such investigations on
a frontier level.

This project is based on the IHEP expertise in the
accelerator technologies and instrumentation as well
as in physics research. The necessary condition for
successful realization of the project is participation and
cooperation of the Russian accelerator laboratories in
the project.

The project will initiate development of the new
advanced technologies and the new jobs in high-tech
industries. As a result, number of new highly skilled
personnel will appear in the advanced field of science
and technologies.
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NMpunoxeHune

Mone3Hble popmynbl

Tok nyuyka:

J [Amnep] = | [cekyHaa '] - Q [KynoH]

Tok ny4ka = MIHTEHCMBHOCTL - 3apsag, YacTuubl
na yckopurtena Y-3,5:

1=7.5-10"3.25 ¢

Q=1,6-10"9C

J=7.5-10"3.25.1,6-10"'9=0,30 mA

MowHoCcTb nyykKa:

WI[BT]=J[A]-E[3B] nnn W[MBT]=J[MA]-E[2B]

MoLuHoCTb nyyka=Tok-OHeprus

Mpun Toke nyyka 0,3 MA n aHeprum 3,5 B
W=1,05 MBT

XapakTepHas 3Heprus HelTPOHOB, HAXOASALIMXCS
B TEMJIOBOM PaBHOBECUWN CO Cpeaon (MoaepaTopom)

Cc Temnepartypon t,
E[aB]=t[K]-k[3B/K]
(k=8.6-10"° 3B/K — koHcTaHTa BonbLmaHa).
Ins t=300K E=2,6-102 3B

AnnHa BOJIHbI HENTPOHA ¢ 3Hepruemn E:
A[M]=2A-Hhc[MaB-m]/p[MaB]

Hc=1,97-10" aB:m

Ins E=1072 aB p=v(2 m _-E)=4,3-10° aB
A=2n-Hc/p=2,9-10"""m =0,29 Hm

B ynoGHbIX eguHnuax: A [HM] = 0,029/VE [3B]
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Attachment

Useful formulas

Beam current:

J [Ampere] =1 [second '] - Q [Coulomb]
Beam current = Beam intensity - Particle charge
For U-3.5:

1=7.5-10"3.25 ¢

Q=1,6-10""C

J=7.5-10"3.25.1,6-10"'°=0,30 mA

Beam power:

WI[W]=J[A]-E[eV] or W[MW =J[mA]-E[GeV]

Beam power = Beam current - Beam energy

At beam current of 0.3 mA and beam energy
of 3.5 GeV the power W= 1.05 MW

Characteristic neutron energy at thermal equilib-

rium with moderator at temperature t:

E[2B]=t[K]-k[2B/K], where k=8.6-10° eV/K is
Boltzmann constant.
At t=300K E=2.6-102 eV

Wavelength of neutron with energy E:
Alm]=2A-Hhc[MeV-m]/p[MeV]
hc=1,97-10" eV:m

For E=102 eV p=v(2 m, -E)=4,3-10% eV
A=2n-Hc/p=2,9-10""m = 0,29 nm

In convenient units: A [nm] = 0,029/VE [eV]
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