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Y)lK 621.384 M-I6 

npO~O]bHAR KOMnPECC~fl OPOTOHHOrO nY4KA B YCTAHOBKE LHC CERN: 
OpenpHHT ~T3~ 4-001 

):(.f.KOIIIKapeB, A.B.liapXY,IlapJIH - M. I 2000 - 4c. 

llpe.ztDozeu 3<WJelCI'BBHWI MeTO,lJ; npo,lJ;om.s:ol ICOMIIpeCCHII crpymmpoBaHHoro nyqm 
npoTOBOB BHCOICOi 9Hepnm. IIpu BecltMa BLlCOKOi CTeneHH 1C.00mpeccBlI nyqICa nOTepH 

BpOTOHOB npaJcrH1Iecm OTCYfCTBytOT. 3aa'IHTeJlbH8JI MOII:UlOcn. OKOHelJHOro HMDyJI&Ca 
npoTOBOB }.J;OCTBI'aeTCJ[ npll yMepeIIBWX TpOOoBaHIUIX Ie 8MIIJIBTY~e II mmeboCTH Bq 
nOJDI. 

Longitudinal compression ofthe proton beam for the LHC design 

D.G.Kosbkarev, A.V.Barkhudaryan 

Effective method of the longitudinal compression of the bunched proton beam has been 
proposed. For the very high beam compression any particle losses aren't really 
noticeable. The high proton pulse power is realized by the moderate requirements on 
amplitude and linearity ofRF voltage. 

PHC. - 2, cnHCOK ~HT. - 2 HaHM. 

~ HHCTHT1T TeOpeTHQeCKOA H 8KCnepHMeHTaRbHOA ¢M3HKH, 2000 



1. BB~eHBe 

KaK 6LIJIO noICa38BO B pa60TaX [1;2], npoTOmn.rlt nyqOIC, ycmpeBmaIit B 

LHe ,no MBKCBM3JIbBoit 3Bepnm H cx<aI'bdi lIP ,nmrre.m.BOC'IlI 40 BllHocelC}'ll.n, 

.IBJIBeTCJI yam<aJIItll&IM BBCTpyYeBTOM ,nmI HCCJIeJlOBa!lBi B TepMOJlllepHoi cPH3HKe H 

B cPH3BJCe BLlCOICOJt IDlOTIlOCTH 3Hepnm B M8TepHH. O,llH8XO, lIp8IC'l'IfiIecKaJI 

pe~ 3TOm npe,lUIo:>KeHHB: BCTpeIfaeT ceploe3BLIe TPYABOCTII 83-38 BLICOKOH 

CTeneBH KOMItpeCCHH npoTOHHOro nyqICa. K co:EaJIemoo, 3Ta.01JeB& cepLe3H8JI 

npo6JIeM8 He 6h1JI8 IIp8KTH1fecKH p8CCMOTj)eH8 B yx&38.BH&IX pa60TaX. IloCJJe 

.nonOJIBBTeJILBHX HCCJIe.no:BaB:Jd B 3TO:A 06.JI8CTB, M&l MO)l(eM npe,lVIO)I(JI'J'L 

~eIcrHBHoe H peaJlHCTH1IecKoe pemeBHe 3TOJt 38,Q81fH. 

2. KOMOpeeeBIi npOTOBBoro ny-IU 

YCKOpeBH&I:lt l1.0 MllKClIMa.JWIolt 3Hepnm LHe CWILBO crpymlBpOBaBBLIH 
nporollHbl:A nyqOK TeOpenrqecICH MO)l(CT 6blTh C)[(8T B 2000 p83 B npo~m.HOM 

Banp8BJIeBHH B3-38 o~eHL MaJIol BeJDl'lUlB.b1 ~BOro 06'LeM8 ,nmI upo.nOJILBOro 

lJ.B}DI(eHHH nporoHoB. rJl8BHOB npo6.neMoJt TaI<Oit KOMnpeccBlI JIBJIJIeTCJI Tpe6oB8HHe 

6om.moA: aMllIIIflYl1.bI BtI 3JIeICIPll'iecKoro nOJIJI npH Oqem. BLICOKOB creneBH 

JIHHeiiHOCTH nOJIJl. 061>I'1Hhdt Mero,n - .ne6mqupoB8.HHe nyqrca H8. OCHOBHOit 

rapMomnce Bq nOJDI a 38TeM rpymmpoBIC.8 B8 tJaCTOTe o6pameHBJI npoTOROB B KOJILue 

- He MO)J(CT 6hITh HCn0JIL30BaB 3l1.ecL &3-38 em -qpe3BLAaABO BB3Koit ~ICIlIBHOCTH 

npH croJJl> 6oJILmoM K03Cll4l~eBTeKOMIlpeCCHH. 

3cPcPeICTBBHOCTh 3TOro· MeTO.na ( 5) MO)ICeT 6LlTh oDpe.lleJIeaa xax .nOJIJI 

nepBINHoro II)"IK8, 38XB8qe:HHaJI B oKOHe1lHLIA 6aHtI B pe3ym.nrre KOMIlpeccBH. ~ 

CHHyCOH.InlJIldloro Btl noJISI C }"'leroy ero He.JIBBebOCTH Mlil MOZeY n0JIY'IHTL 

rpy6YJO oneHKy 5 m COOTHOmeHWI 

.J6 
5= trJ"i ' (1) 

rJ(e X - ICO~HItBeHT KOMIIpeCCHH. 

Ib (1) 5 CP83Y nOnyqaeTCJI paBBIdM 1.7% l1.IDI X = 2000. 3roT pe3ym.T8T 

O1fem IDIOX JI., OqeB~O, .llOJD)[eH 6Yl'L YJIYIIIIIea. H3Becnn.dt MeTOJ(, KOTOphdt 
YJI)"IIIIaeT JIHBeiUlocn;. Bq nOJIJll1.o6a:BneBHeM BbICnmx CHBYCOH,l{WlDHLIX rapMomnc, B 

.ll8HBOM cnyqae IIpaIrnAecm HenpllYeBBM B3-38 OllCBb 6oJJJillIoro lDICJI8 

Reo6xo,llHMWX rapMOBllIC. 

B )\8BH01: pa60Te ITpe,lVIO>KeH HOBId MeTO.ll pemeBU 3TOit 98,lta'IH. OcHOBIUUI 

H,lleJl :.noro MeI'O)l8 COCTOH'I B lIcnOJIb30B8HBlI nOCJIeAQBaTeJILBOCTll all. I10Jletl C 

HOMep8MB rapMoBBK, yseJlH'IIlBBlOIUHMBCS B8 e,l1,HllJlQy COOTBe'rCTBeHBO 

yMem.meHHlO ~ nyqIC8.. llyen. nOCJIel1.0Bm'eJIbHOCTb 6mAeii ll)"IK8 lIMeeT 

OCBOBJlYIO ntpMoBBKy C BOMepoM, paBHhlM ~ no OTHomemoo K ~ 06pamCHWl 

npoTOBOB B KOJlLlle. Tor.na nepBOe B BameJt nOCJIe.n;OBaTeJILHOCTH Bq nOJle JlOJDlCBO 

6y.IleT HMen. rapMOIIHKY c HOMepoM K+1. nol1. JlelCTBHeM noro nOm! 3HeprHJI 

Ial.Qoro 6aHqa H3MeUeTCR B COOTBeTCT8HH co C,llBHrOM ero cP83&I OTHOCBTeJI&HO 
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4NoLI noJDl, npH 3TOM ace 68INII CMem;8IOTCSI K HyJIeBLIM 4l838M.. Kor,A8 IleKl])Jal acex 
6aHtIe1t 6y.tJYl' BaXO~JI B ByJleBOA c}la3e, Bt:[ nOJIe c rapMOBBICOii K+1 
OTKJDOTf8eTCJI, H B1CJIIOlI8eTCJI Bt:[ Done c rapvoBBKOB: K+2. 3roT DpOnecc nOBTOpJleTCJI 

~o Tex DOp, nOD see 68H'm He n01IyqaT 3Heprmo, He06xo.zlHMYIO .ztJIJI OKOH1mTeJn.HOi 

KOMlIpCCCHH llpH CB060,lUloM .zq>ei4Je. IIepe]l uaqaJIOM ,zweil4»a see 6aHtm .u;O.JDmLl 
6Ll'I'L IIOBepHYTLI OTHOCBTeJILHO CBon neBTpOB c nOMOIIU>lO AOnOJIHHTeJILHOro BlI 
noJISI ,lJ,IUI ICOppeICItHB opueBTaIXHB 6aJrr:Ieii B (la30BOM npoC1pSHCTBe. 

IIpu BLIIIOJIBeBBH BJoIEIHCJIemdi B 3TOM MeTO.z:te KOMD.peCCHH 6LlJI 06R8pyxce:a 
HOBLIA ~rr 8BTOKOppe~ HeJIHHeiHoCTB npo.u;OJlbHoit znmaMHJ!'B' II)"IJC3. lb-3a 
BeJIBBeiiHOCTH B'q nOM 6aIRH, pacnOJI01Kemwe A8JIeKO QT nellTpa JlYIID He 
noJI}"l8IOT Be06XOllHMoi 3Hep.mH H He ,llOCTHI'aIOT By.lIeBYX 4ND. IIo3TOMY npH 

BlCJIIOqeHHH CJIe,lJ;)'lOllleA rapMOHRKH all nOD 3TH 681[qH H8l111HaIOT .nBlDKeHHe c 

6om.mei 4)83W H noJIY1l8lOT 60JILIIIIdt llpBpOCT 3Hepnm, lfiO MO)f(eT nOJIBOCThIO 

CXOMIIeHCHpoBaTh HeAoCTarox 3Hepnm WUI HX nOCJJe~~ero,ZJ;Peii:4>a. 

Ta6JIHIta 1. IlapaMeTPhI LHC 

3HeprHSI IIPOTOHOB T3B 7 
):{JmHa XO.lIb~ M 26659 
~Ta o6J)aIQeHHJI Krn 11.25 
HaxoIIJIeHHaII 3Hepnr.a: IIY'IICa M,l()f( 334 
lIacToTa B'q nOJIJI : MTn 400.8 
CKBaXHOCTh 6aJIIIei HC 24.95 
lIHCJIO 1I8CTIIIt B 6aHtIe - 1.05.1011 

IIpo.u;om.m.dt 3MBTl'aHC 3B·c 1 
.llmma 6aIAa M 0.075 
P836poc no HMIIYJILC8M B 6aHqe - ±10'" 

OCHOBm.Ie napaMerphI ycT8HOBKH LHC. HCnOJIL30Bamn.te llpH p8ClIeTe 

KONnpeCCHH npoTOHHOro nycnca A8HH B Ta6JI. 1, a n8paMeTPIioI CHCTeMY KOMIIpeCCBB 

npHBe.z:tcBW B mJI. 2. 

TOO.Jllm8 2. IIapaMeTPLl CaCTeMLI KOMIIpeCCHH 

llopsuucoBwii 
HOMep 

onepaqIIH 

rapMOBBKa Bli 
noJU[, 

K 

~ 
wmpuemm BlI 

noJlJl, MB 

,[tmrre.m.HOCTb 

one~Mc 

1 3565 90 13.96 
2 3566 90 7.03 
3 3567 90 5.42 
4 3568 90 4.71 
5 CBo60AHLIi IIJ)OJIeT - 228 
6 3620 5.1 8.00 
7 CB060.znn,Dt npoJIeT - 15660 

PwmI. CMem;eBBJI 6mAe1 no 3HeprBH H ~ B pacq:eT 6hIJIO BKJIIOlIeHO 4 
rapMOHHICH at:[ noJISI C HOMep8MH K+1,...,K+4 H O,lJ;HH8XOBOit 8MIIJIlfJ)J{Oit 

H8IlpJDKeBBJI 90 MB. llepe.n Ha1iBJlOM xOMnpeccHH npoTOBHoro IIy'IKa K=3564. 
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,lVurre.m.HOcn. .2\eHCTBIDI rapMOBHK nil nOJDI llpHBe,lleaa B Ta6JI. 2. KoppeJCI'HPytOm;ee 

nil none HMeeT aMIJ.JIHTYJlY B8IIpJDKeBllJl 4 MB B rapMoHIIXY K=3620. llepe,2\ 

BlCIIO'IeHHeM KoppelCI'HpYIO~eronOIDI 6aII'm y,nJIBJUllO'I'CJ DpH CBo60,llBoM nponeTe, 
,wmreJILHOcn KOTOporo COCT8BIDIeT 228 MC. lloCJIe KOppeIanIH B c1183oBOM 

npoCTp8HCTBe 6aJIqu npB cBo60,AHoM npoJlere 3a C'IeT npHo6peTeHBoii 3HepnIB 

CXO,WITCg K neHTpY nepBH'IHoro IIyTflm. ,nmrrem.a:ocn. IIOCJIe.n;Hero npoJIeTa 
COCT8BJUlef 15.66 cexyH,Zt, DpB noM ,WIBlIa 6awIeii H, CJIe,2\oBaTeJIbHO, ,IVIBTeJIbHOCTb 

cllHHaJILHoro npoTOHHOro m.mym.ca 6y1J.~ 'reM Mem.me, 'IeM Mem.me p836poc no 

HMIIy.IIbC8M B 68B'I8X. 
):tnJl YMeBLmemu: pa36poca no BMDYJILCaM B 6aBtIax Heo6xo,llBM0 p3C'1'JlllYTh 

6aIAH IIepe,ll BltlllOIJeBHeM KOppeKTBpylOmero Btl nOJDI, Ho noMY npemrrcTByeT 
HemmeiiHocn. nOJIJI - MOJKHO RCII0Jlb30BaTb He 60Jlee 50010 paccTOJlHWl M~ 

6aH'Ia:MB. T8IC ICaIC xoppeICI'llpyIOm;ee nil IIOJIe BMeeT He601lLmyIO ~ 

H8JIP'DKeHIDl, TO HeJlHHeiiHoCTh ero noJDJ. MO)KeT 6h1Tb CKOppeKTHpOBaHa BKJIIQ'IeHHeM 

B npoTHB0cP83e TpeTLeI: rapMoBBKB Btl C HOMepoM K =10860 B 8MI1J1HTY,ll01: 

HanpJDICeHWI 0.57 MD. llpu 3TOM aMIIJIHTY,lJJl OCHOBHOIt rapMOH.BICH H81IpJDIreHBj[ Btl 
nOIDI (K=3620) yseJIB1mBaeTCJI )\0 5.1 MB. TaIaDl 06p830M Y.zxaeTCJI nOBLlCBTh 

~ct>eKTHBHOCTbKOMIlpeCCHB Ha 300.10. 

Ta6JIRna 3. TIaPaMeTpLl rryqrca IIOCJIe KOMIIpeCCHB 

M 6 
He 60 

±2.3·10·3 

90 
1500 
3300 

Pe3y.JILmTOM IIpHBe,llemlOl: BDIme nOCJIe,llosaTe.Jn.HOCTB onepana:l j[BJIJleTCSI 

np0,2\OJILHWI KOMlIpeCCBSI 30% IIepBHlIHoro npoTOHBoro nyqxa .no HMIIyJIbCa 

,ltJIBTeJILHOCThIO 60 B8HOCCKYHIJ. co cpeJlHeA MOJIJ;HOCTbIO rryqKa B mmym.ce 1.5.103 

TBT. 
Pe3y.JILT&TLl pac'leT8 KOMIlpCCCHH IIpOTOHHoro nytIKa B LHC npe,2\CTllB.IIeHhl B f TaOO. 3 B Ha pBC. 1 B 2. Ha pHC. 1 nOK838HO nOJImKemre B IlpO"l{OJD.HOM cPa3oBOM 

npoCTpaHCTBe (t, Ap/Po) ~eB'Ip8JI&BoroH ~oro COTOro H3 1000 6aHqel B MOMeHT 

MaKCHM8JIhHOro cxarrwr: ny'IK8. Ha pRC. 2 noIC838HO pacnpe,2\eJIeHHe 3HeprBH no .wnme 

cPHH~HOronpoTOHHOro ny'IK8.. 

llpe,llJIoxceHHLlii Mem,n n03BOJDIeT BLlIIOJIHBTb DpO,llOJll>:ayro KOMIlpeCCHIO 

nyqIC8, 3S.lIHMllJOmero 3()oJO ,WIHB:W KOJIhIUl BaxOmrreIDI LHe. TaK KaK KOJJb~O LHe 
3aIIOJJlD[eTCj[ nOCJIe.2\OB8.TeJI&lIlalMB HlDKe:IenIDIMB nporoHOB H3 SPS, TO ecTeCTBeHHO 

npe.zmOJI3GlT&. Tf1'O .IJ)Dl KOMl1peCCHH nyq:Ial H8,110 B3Ha'l8JI&HO 38IlO.JIHliT& TOJIbICO 30% 
,llJIHHLl XOJILIla. 0rcI0.na cne.nyer, lITO B IIpC,llJIO>KeHHOM MeTO,ne npo,n;om.ao:lt 

KOMIIPeccHH nyqK8 nOTepH lJaCTHIl; nOJIHOCTLJO oTCYfCTBYJOT. IIPOTOIIHhII II}"IOK 

co,nep)KHT npH 3TOM 90 M,Z:(JK 3HeprBH, 8 cpe,llHJlSl MO~OC'Th B mdnyJILCe pSBH8 

1.5.103lBT (IIBKOB8JI MO~OCTbB BMnym.ce pasHa 3.3·UY TBT), 'ITO ,nOCTaTO'lHO ,ll,JUI 

MHormc 3KcnepHMeHTOB B 06JI8CTH cPH3HKB M8TCpHH C BLICOKOB 1IJI0THOCThlO 3HeprHH. 
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P8(:CM01peHHLdi MernA npoAOJlbHOR ICOMnpeccU CrpymmpoB8HHoro nrnca 
Mozer 6lirI'lD BCDOJlL3OB8H .lVIJI no.JIY"ielDlJl B;HTeHCBBHWX BOHHLlX II}"UOB B 38pJlJlOBO­

CBMMerpwmOM JlPabepe me, T8IC X8J( Bee ODepaItIIB DO npo.QoJIWlol ICO~ 

,llOJIZmI BYIlOnmrn.cSl .110 CJJJUJIIU[ p83JIIICIBWX D)"DWB B OICOJreIUIOM DBane 

1p8HcnopmpoBJCB. Pac'lCTLl nOKB38JIH, 1ITO upB BWCOKOM XO~B1UIeme DpO.QoJILHoA 
JCOMDpe<:cBH (,llOCTIIl"aro~e:M BeJIH1DIlIId 400) ~~ocn. c60po BOBOB 

COCT8BJIJIeT 90%. 

J).IIaro,-pBOCTL 

Pa60Ta BYIlomeHa npR nOMepm:e rpmra DO lIpOeIC1'Y MH1'U Nt1137. 
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PHc.2 Pac~eHBe 3BeprBB B tBlWlltROM DpO'IOHBOM nyqe
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