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06m;a.H xapaKTepHCTHKa pa60TbI 

AI{TyaJihHOCTb TeMbl. 

B HacToziru;Hil: M0MeHT B CERN pa6oTaeT BoJihlllOil: a,n;poHHhiil: K0JIJiail:,n;ep 

(LHC), K0T0pbiil: CTaJIKHBaeT M8)K)];y co6oil: rrp0T0HbI. 9neprmr coy,n;apemrn Ha­

CTOJibK0 B8JIHKa, 'ITO B K0H8'IH0M C0CT05IHHH o6pasyroTC5I HOBbie 'IaCTHil;hI, KO­

T0pbre II03B0JI5IIOT HaM HCCJie,n;onaTb MaTepHIO Ha caMhIX MaJibIX paccT05IHli5IX li 

MacuJTa6ax. IlpoTOHhI B ycKoprrTeJie u;npKyJirrpyroT crycTKaMli c 6oJiee MHJIJIH­

ap,n;oM <:racrn:u;. Kor.n;a ,n;Ba crycTKa cpoKycnpyroTCzI MarHnTaMH ,n;pyr Ha ,n;pyra B 

u;eHTpe ,n;eTeKTOpOB, TaKnx KaK CMS li ATLAS, rrpoHcxo,n;nT coy,n;apeHHe rropR,n;Ka 

30 rrp0T0HOB. OcTaJihHbie qacnru;i,r rrpoJieTaIOT )];aJibIIIe B YCKOpHT8JibHOe KOJibl\O 

,n;o cJie,n;yroru;ero coy,n;apeHnzI. 

BoJiee <:racToe co6bITHe c rrpoToHaMn HeMHoro ,n;pyroe. EcJIH ,n;Ba rrpoTOHa 

rrpoJieTaIOT 6JIH3KO ,n;pyr OT ,n;pyra B pa3JIHqHbIX HarrpaBJI8HH5IX, TO H3 Ka)K,ll;Olt 

<:raCTHil;bl H3JiyqaIOTC5I <pOTOHbI, KOT0pbre MOryT CTaJIKHBaTbC5I Me)K,n;y co6oil. H 

p0)K,ll;aTh HOBbie <:raCTHil;bI. 

Ilpli 3TOM )];Ba rrepBOHaqaJibHbIX IIp0TOHa OCTaIOTC5I rrpaKTliqecKH H8B3aH­

MO,n;eltCTBYIOiu;HMH, rrpo,n;oJI)KazI cBolt rryTh B ycKoprrTeJihH0M KOJihu;e LHC. BsarrMo­

,n;eltcTBHe li3JiyqeHHOil: rrapbl <pOTOHOB OTHHMaeT JIHillb qaCTb 3Heprlili rrpOTOHOB, 

3aCTaBJI5IH HX CJierKa OTKJIOHHTbCH OT HaqaJibHOlt TpaeKTOPlili. I1,n;eHTH<pHU:If PY5I 

OTKJIOH8HHbie rrpOTOHbI, MO)KH0 orrpe,n;eJiliTb, 6bIJIO JIM TaKoe BSam.10,n;eil:CTBlie cpo­

TOHOB. ,ll;aHHa5I cxeMa 3cpcpeKTHBHO rrpeBparu;aeT LHC B <pOTOHHbiil: KOJIJiail:,n;ep. 

TaK)Ke B03MO)KH0 B3aHMO,n;eii:CTBHe rrpOTOHOB qepes o6MeH rrapolt rJIIO0HOB, 'ITO 

rrpe,n;cTaBJIHeT HHTepec )];JIH KX,JJ; cprrsrrKn. 

I1,n;e5I MeqeHHH pacce5IHHbIX rrpoTOHOB 6bIJia rrpe,n;JIO)KeHa Ha rrpe,n;hI,ll;Yiu;liX 

K0JIJialt,n;epax, a TaK)Ke Ha CTa,ll;HH LHC B 2012 H 2015 ro,n;ax Ha Hli3K03Hepre­

THqHbIX rryqKax. Ilpe,n;JIO)K8HHe HCCJI8,ll;OBaTb ,n;aHHbIH THII <pH3liKH C IIOMOiu;bIO 

3KcrrepnMeHTOB CMS H ATLAS Ha LHC BrrepBbre BhICKasaHo MHoro JieT Hasa,n;, HO 

rrpoeKT IIO,ll; HMeHeM FP420 He 6bIJI peaJIH30BaH. 

HoBhril: rrpoeKT Ha3hrnaeTC5I CMS-TOTEM - ToqHbiil: rrpoTOHHhifl: crreKTpo­

MeTp (CT-PPS), u;eJib KOTOporo B HaCTOHru;ee BpeMH c,n;eJiaTb B03MO)KHbIM rrsyqe­

HHe <pOTOH-<pOTOHHOil: <pH3HKH Ha LHC rrpn HOMHHaJibHOil: CB8THMOCTH. B TO Bp8MH 

KaK CMS HBJizieTCH yHHnepcaJibHhIM ,n;eTeKTopoM ,n;JIH cpli3HKHLHC, CT-PPS HCIIOJib­

syeT )];Ba Ha6opa ,n;eTeKTOpOB, pacrrOJIO)KeHHbIX B 200 MeTpax OT TOqKli B3aHMO­

.n;eltcTBHH B CMS ,ll;JIH H3MepeHliH rrpOTOHOB, pacceHHHbIX B IIp5IMOM HarrpaBJieHHH. 

IlapaJIJieJihHbilt rrpoeKT Ha3brnaeTcH "IlpzIMaH cpH3liKa HaATLAS 11 (AFP), KOTOphrlt 

paspa6aTbrnaeTCH B KOJIJia6opau;rrH. O6a rrpoeKTa Hau;eJieHbI Ha peaJirrsau;Hro H 

c6op ,n;aHHbIX B TeqeHHe 2017 ro,n;a BO BpeM5I ceaHCOB LHC ,ll;Jl5I rrpOTOH-IIpOT0HHbIX 

coy,n;apeHrrlt. 
- . 
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BHBYIHOTEKA 
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HecMoTp.H Ha 9JieKTpwiecKyIO HefiTpaJihH0CTh cpoTOHOB, CTaH,11,apTHa.H Mo­

,11,eJih (CM) rro3B0JI.HeT B3aIIMo,11,eficTB0BaTh ,D,BYM cpoToHaM qepe3 o6MeH BIIPTYaJih­

HhIMII 3apmirnHHblMII qacTmi;aMII. Bo3MO)KHbl HeCK0JibK0 K0HeqHbIX C0CT0.HHIIfi, 

BKJIIOqa.H rrapy cpoTOHOB. Ilpori;ecc pacce.HHII.H caeTa Ha caeTe xoporno 1i3aecTeH co 

BpeMeH pa3BIITII.H KBaHTOBOfi 9JieKTp0,11,IIHaMIIKII (K8,l1;) II K0CBeHHO rrpoaep.HJIC.H 

B HeCK0JibKIIX 9KCIIepIIMeHTax, HO rrepBble rrp.HMhie Ha6JIIO,D,eHII.H 6bIJIII 3acpIIK­

CIIp0BaHhl B rrp0IIIJI0M ro.n:y B 9KCIIepIIMeHTe ATLAS rrpII II3MepeHIIII CT0JIKH0Be­

HII.H II0H0B CBIImi;a rrpII HII3K0fi caeTIIM0CTII. TaK KaK aepO.HTHOCTh II3JiyqeHII.H 

cpoTOHOB rrporropri;II0HaJibHa KBa,11,paTy 9JieKTpIIqecKoro 3ap.H,11,a qacTIIIJ;hI, ceqe­

HIIe pacceHII.H rrpII CT0JIKH0BeHII.HX II0H0B CBIIHIJ;a 3HaqIITeJibH0 BhIIIIe, qeM rrpII 

rrp0T0H-IIp0T0HHhlX coy,11,apemrnx. Ifayqa51 co6bITII.H C ,11,BYM.H cpoTOHaMII B 0TCyT­

CTBIIe ,11,pymx qaCTIIIJ; B ri;eHTpaJibH0fi qacTII ,11,eTeKT0pa, a TaK)Ke IICIIOJib3Y.H KII­

HeMaTIIqecKIIe orpaHIIqeHII.H ,11,JI.H rro,11,aBJieHII.H cpoHOBblX co6bITIIfi, 6bma noJiyqeHa 

IIHBapIIaHTHa.H Macca ,11,ayx cpoTOHOB B ,11,IIana3oHe ,11,0 10 r9B. lfaMepeHHOe ceqe­

mie pacce.HHII.H C00TBeTCTB0BaJI0 npe,D,CKa3aHII.HM K8,l1;, pe3yJibTaT B 9KCnepIIMeH­

Te ATLAS 3HaqIIMblX 0TKJI0HeHIIfi B HII3K09HepreTIIqH0M ,D,IIaila30He Mace, KaK II 

paHee Q)KII,11,aJI0Ch, He 3acpIIKCIIp0BaJI. 

O,11,HaKo, B 9KcnepIIMeHTaX CT-PPS II AFP coy,11,apeHII.H rrpoT0H0B c Bbrco­

Kofi CBeTJIM0CTbIO Il03B0JI.HIOT IICCJie,D,0BaTh 60JibIIIJIO o6JiaCTb Mace - B ,D,IIana-

30He Me)K.n:y 300 r9B II 2 T9B B cJiyqae CT-PPS. Meqmme npoToHoB B03M0)KHO 

II3-3a Ha6JIIO,D,eHII.H BbIC0K09HepreTIIqHhIX CIICTeM B ri;eHTpaJibH0fi o6JiaCTII, npII 

9T0M npoT0Hhl Tep.HIOT ,11,0CTaToqHo MH0ro 9HeprIIII qT06bI OTKJI0HIITbC.H B CT-PPS 

,11,eTeKT0p. Jfayqemre B3aIIM0,D,efiCTBII.H cpoTOHOB B ,11,aHH0fi o6JiaCTII M0)KeT npe,11,0-

CTaBIITb K0CBeHHhie H0Bhre ,11,aHHhre 06 9JieKTpocJia6oM (8C) B3a1IM0,11,eficTB1I1I, B 

qaCTH0CTII qeThipex-ToqeqHofi K0HCTaHTe B3a1IM0,11,efiCTBII.H, npe,D,CKa3aHH0fi B CM. 

Ilp1I ,11,aHH0M B3a1IMo,11,efiCTBIIII ,11,Ba cpoToHa ammrIIJIIIPYIOT qepe3 coy,11,apeH1Ie II 

p0)K,11,aIOTC.H )],Ba W-6030Ha, np0II3B0,ll,.HIIJ;IIX qeTbipe qaCTIIIJ;bl B TOfi )Ke T0qKe. 

OTKJIOHeHIIe OT npe,11,cKa3aH1Ifi CM 6y,11,eT yKa3bIBaTh Ha H0BYIO <PII31IKy. AHa­

JI0rliqHo, KaK Ha6JIIO,D,eH1Ie 0TKJI0HeHII.H B qeTblpexqaCTIIqH0M B3alIM0,D,eficTBIIII B 

Te0plIII 6eTa-pacna,11,a <I>epMII B 1930 ro.n:y B Il0CJie.n:yrorri;eM npIIBeJio K 0TKpbITIIIO 

W-6o3oHa qepe3 50 JieT. 

I1Me.H IlOTeHIJ;IIaJI B IICCJie,11,0BaHIIII H0BOfi cp1I3IIKII, cpoTOH-<POTOHHhie K0JI­

Jiafi,11,epbl .HBJI.HIOTC.H o6'beKTOM onpe,11,eJieHH0r0 IIHTepeca y)Ke B TeqeHIIe HeCK0Jib­

KIIX ,11,ec.HTIIJieTIIfi. HanplIMep, cpoTOH-<POTOHHbie coy,11,apeHII.H II3yqaJIIICb Ha BoJib­

III0M 9JieKTp0H-Il03IITp0HH0M K0JIJiafi,11,epe LEP B CERN, B TO BpeM.H KaK IICCJie,D,oBa­

HII.H Ha HERA B DESY II Tevatron B Fermilab cocpe,11,oTaqIIBaJIIICh Ha B3a1IM0,11,efi­

CTBII.HX np0T0HOB nyTeM o6MeHa rJIIO0HaMII ,11,Jl.H II3yqeHII.H KBaHT0B0fi xp0M0,11,II­

HaMIIKII KX~ B HenepTyp6aTIIBHOM pe)KIIMe. Ha LHC noJiyqeHhI nyqKII c ropa3,11,o 

6oJihIIIefi 9HeprIIefi II CBeTIIM0CThIO, qeM Ha LEP, HO ri;eH0fi coy,11,apeHII.H qaCTIIIJ;, 
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He .HBJI.HIOIIJ;IIXC.H 9JieMeHTapHbIMII. II09TOMY, e,11,IIHIIqHbre B3alIM0,D,eficTBII.H Me)K.n:y 

rJIIOOHaMII II KBapKaMII He IIMeIOT CTporo onpe,11,eJieHHYIO 9HeprIIIO, a np0AJKTbI 

B3alIMO,D,eficTBII.H BKJIIOqaIOT B ce6.H 0CTaTKII OT ,11,Byx npOT0HOB, ,11,eJia.H TeM CaMbIM 

<PII31IqecKIIfi aHaJIII3 6oJiee CJI0)KHbIM B o6rri;eM CJiyqae. 

,ll;Ba 3aMeqaHII.H no nop.H,11,Ky npII paccMoTpeHIIII npoeKTa !LC. Bo-nepBhrx, 

Mbl paccMaTpIIBaeM T0JihK0 BbIC0K09HepreTIIqHhre <POTOHHhie KOJIJiafi,11,epbI co CBe­

TIIMOCT.HMII, npe,11,cTaBJI.HIOIIJ;IIMII peaJibHblll IIHTepec ,11,JI.H <PII3IIKII 9JieMeHTapHbIX 

qacTIIIJ;. B TO BpeM.H KaK II3BeCTHbl 9KCnepIIMeHThl ,11,Jl.H HII3K09HepreTIIqHoro pac­

ce.HHII.H CBeTa Ha CBeTe. B 1928-30 rr. BaBIIJIOB IICCJie,D,0BaJI pacce.HHIIe BII,11,IIMhIX 

cpoTOHOB OT ,11,Byx JiaMn. 3aTeM, np0X0,11,IIJIII 9KCnepIIMeHThI C cpoToHaMII OT Jia-

3epoB, HO 0HII TaK)Ke npoBaJIIIJIIICh II3-3a oqeHb MaJieHbK0ro ceqeHII.H pacce.HHII.H 

cpoTOHa Ha cpoTOHe npII HII3KOfi 9HeprIIII. Cyrri;eCTBOBaJIII II,D,eII IICil0Jib30BaTb CIIH­

xpoTpOHH0e II3JiyqeHIIe, T0pM03H0e II3JiyqeHIIe cpoTOHOB, II ,11,a)Ke .H,11,epHblll B3pbIB 

,11,JI.H II3yqeHII.H cpoTOH-<POTOHHOro B3aIIM0,D,efiCTBII.H. <POTOHbI T0pM03H0ro II3Jiy­

qeHII.H ,11,eficTBIITeJibHO MoryT 6hITh ,11,0CTaT0qHo BbIC0K09HepreTIIqHbIMII, HO II,11,e.H 

IIX coy,11,apeHII.H CJIO)KHa B peaJIII3aIJ;IIII Ha npakTIIKe, 6oJiee Bep0.HTHbI coy,11,apeHII.H 

BIIPTYaJihHbIX cpoTOHOB B HaK0illITeJibH0M K0JihIJ;e IlPII 6oJibIIIOfi CBeTIIM0CTII. 

BO-BTOpbIX, xoporno II3BeCTH0, qTo nplI coy,11,apeHII.HX B 9JieKTp0H­

Il031ITpOHH0M JIIIHefiH0M K0JIJiafi,11,epe 9JieKTp0HbI II Il03IITp0HbI II3JiyqaroT )KeCT­

KIIe cpoTOHbI, npIIMepH0 0,11,IIH TaKofi cpoTOH Ha 9JieKTp0H. TaKIIM o6pa30M, C0B­

MeCTH0 C Il03IITp0H-9JieKTp0HH0M K0JIJiafi,11,epoM Mbl 6ecnJiaTHO IlOJiyqaeM cpoTOH­

cpoTOHHblll K0JIJiafi,11,ep C BhIC0K0fi CBeTIIM0CTbIO II ,11,0B0JibH0 60JihIIIOfi 9Hepmefi 

(o6brqHO HeCK0JibK0 npori;eHT0B OT 9HeprIIII nyqKa, HO M0)KeT 6bITb II BhIIIIe). IlpII 

oqeHb 60JibIIIOfi 9HeprIIII cpe,11,H.H.H 9HeprII.H TaKoro cpoTOHa T0pM03Horo II3JiyqeHII.H 

cocTaBJI.HeT 25% OT 9Hepr11II 9JieKTp0Ha. B 1988 ro.n:y BJiaHKeH6eKJiep II ,ll;peJIJI 

paCCMaTplIBaJIII npe,D,JI0)KeHIIe IICil0Jih30BaTb TaK0fi <POTOH-<POTOHHoro KOJIJiafi­

,11,ep B pe)KIIMe KBaHT0B0ro T0pM03H0ro II3JiyqeHII.H. He,11,ocTaTKII ,11,aHHoro MeTo,11,a 

CJie.n:yIOrri;IIe: Heo6xo,11,IIMO IIMeTb MYJibTIITeBHblll JIIIHefiHblll K0JIJiafi,11,ep ( IIJIII KOJI­

Jiafi,11,ep C oqeHb MaJieHbKIIM pa3Mep0M nyqKa). CBeTIIMOCTb TaK)Ke orpaHIIqeHa 

HeCTa61IJibHOCTbIO coy,11,apeHII.H nyqKoB, cneKTp cpoTOHOB ,11,0CTaT0qHo IIIIIp0K, II 

B CIIJihHOM Il0Jie CTaJIKIIBarorri;eroc.H nyqKa, cpoTOHbI 6y.n:yT p0)K,11,aTb 9JieKTp0H­

Il031ITpOHHbie napbl. <POTOHHhlll K0JIJiafi,11,ep, 0CH0BaHHblll Ha o6paTHOM pacce.H­

HIIII KOMilTOHa, BH0CIIT BKJia,11, B II3yqeHIIe HII3K0-9HepreTIIqHofi qacTII cneKTpa 

CBeTIIMOCTII cpoTOH-<POTOHHOro B3alIM0,D,eficTBII.H II yqIIThIBaeTC.H BO Bcex M0,11,eJIII­

poBaHII.HX. 

Bo3MO)KHOCTb ,11,06aBIITb M0,11,bl cpoTOH-<POTOH II cpoTOH-9JieKTpOHHhIX co­

y,11,apeHIIll ,11,JI.H BbIC0K09HepreTIIqHoro 9JieKTp0H-Il03IITp0HH0ro JIIIHefiHoro KOJI­

Jiafi,11,epa yBemrqIIBaeT o6rri;yro CT0IIM0CTb npoeKTa Ha MaJiyIO ,11,0JIIO. XoT.H CBe­

TIIMOCTb <POTOH-<POTOHHOfi M0,11,bl B BhIC0K09HepreTIIqHofi qacTII cneKTpa 6y,11,eT B 
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3-5 pas MeHbUie, '-IeM CBeTllMOCTb 9JieKTpOH-II0311TpOHHOii MOAhI, ce'!eHlle pacce-

5IHml CBeTa Ha CBeTe o6hI'-IHO IIpll paBHbIX ycJIOBll5IX 6oJibUie Ha <i>aKTOp 5-10 11, 

TaKllM o6pasoM, llHTepeCHbie co6bITll5l MoryT II05IBJI5ITbC5l '-laIIJ.e, '-IeM B 9JieKTpOH­

II0311TpOHHbIX coyAapeHll5IX. BoJiee Toro, AaJihHeiiUiee yneJI11'-IeH11e AOCTllrHJTOll 

CBeTllMOCTll cpoTOH-<POTOHHOii MOAbI M02KeT B 6yAJIIJ.eM COCTaBJI5ITb TOT )Ke IIO­

P5IAOK, '-ITO 11 AJI5I OCHOBHOii MOAhI. TaK KaK <POTOH IIp5IMO B3allMOAeiiCTByeT co 

BCeMll <PYHAaMeHTaJibHbIMll 3ap5I2KeHHbIMll '-IaCTllIJ.aMll - JieIITOHaM11, KBapKaMll, 

W-6030HaM11, cynepCllMMeTpll'-IHbIMll '-IaCT11n.aM11 11 TaK AaJiee - <POTOHHhiii KOJI­

JiaiiAep npeAOCTaBJI5leT B03M02KHOCTh 11ccJieAOBaTb Ka2KAhiii acneKT CM 11 3a Heit. 

KpoMe Toro, cpoTOHbI MoryT B3allMOAeiiCTBOBaTb 11 C HeiiTpaJibHbIMll '!aCTllIJ.aMll 

(rmooHaM11, Z-6o30HOM, 6o30HOM X11rrca 11 TaK AaJiee) qepe3 neTJienyro 6oKcon­

cKyIO AllarpaMMY C 3ap5I2KeHHbIMll '!aCTllIJ.aMll B nponaraTopax. 

KoMnaKTHhifi JI11HeiiHhifi KOJIJiaiiAep (CLIC) 5IBJI5leTC5l npoeKT11pye­

Moii MYJihTllT9BHOii BbICOK09HepreTll'-IHOii JlllHefiHOii MaUillHOii AJI5l 9JieKTpOH­

II0311TpOHHbIX coyAapeHllii. ,ll;JI5I OIITllMaJibHOro llCIIOJib30BaHll5l ero cp113ll'-IeCKOro 

IIOTeHIJ.llaJia, CLIC npoeKTllpyeTC5l iJI5l IIOCTpOiiKll 11 <PYHKIJ.llOHllpOBaHll5l II09Tan­

HO C TpeM5l CTaA115IMll HapaIIJ.llBaHll5l 9Hepr1111 B CllCTeMe n.eHTpa Mace OT HeCKOJib­

KllX fsB AO 3 TsB. Ilepna5l CTaA115I 6yAeT cocpeAOTO'-IeHa Ha BhICOKOTO'-IHOii npo­

nepKe CTaHAapTHOfi MoAeJI11, B '!aCTHOCTll 113MepeH11ii cnoiicTB 6o3oHa X11rrca 11 

Ton KBapKa. CJieAJIOIIJ.a5l cTaA115l 6yAeT cocpeAOTO'-IeHa Ha ll3MepeHll5IX peAKllX 

npon.eccOB C 6o30HOM X11rrca, TaK11e KaK IIOllCK HOBOii <Pll311Kll, 11 BbICOKOTO'-I­

HbIX ll3MepeHll5IX AJI5I CJieAJIOIIJ.eli CTaAllll IIO nponepKe COCT05IHllii, OTKpbITbIX Ha 

LHC 11JI11 caMOM CLIC. B KOHIJ.eIITYaJihHOM All3aiiH-OT'-IeTe CLIC B 2012 ro,ey 6hIJI 

npeACTaBJieH IIOJIHOCTbIO OIITllMll311pOBaHHbiii 3 TsB KOJIJiaiiAep, B TO BpeM5l KaK 

Hll3K09HepreTll'-IHa5l CTaA115I 6hIJia paspa6oTaHa C MeHhlllllM ypOBHeM npopa6oT­

Kll AeTaJieii. OIITllMll3llpOBaHHbie CTaAllll cn.eHap1151 npeAIIOJiaraIOT Tpll OCHOBHbIX 

9Tana no 9Hepr1111 B c11cTeMe n.eHTpa Mace, a 11MeHHO 380 fsB, 1.5 TsB 11 3 TsB, 

peaJill3aIJ.ll5I KOTOpbIX 3afiMeT 22 rOAa. 

cI:>11311'-IeCKllii IIOTeHIJ.llaJI JillHeiiHoro KOJIJiaiiAepa 3Ha'-IllTeJibHO paCUillp5IeT­

C5I B CJiy'-Iae llCIIOJib30BaHll5l IIOJI5Ip1130BaHHbIX ny'-IKOB. ,ll;aHHOe Tpe60BaH11e AJI5I 

CLIC 5IBJI5IeTC5l o65l3aTeJibHhIM, TaK KaK 11MeIOTC5l ABa 3ap512KeHHhIX ny'!Ka 11 cpek 

Hlle TOKll B IIY'!Ke MeHbIIIe, '-IeM B Hll3K09HepreTll'-IHbIX 11 Hll3KO'-IaCTOTHbIX MaIII11-

Hax. 

Ily'-IOK IIOJI5Ip1130BaHHbIX 9JieKTpOHOB C 80% IIOJI5Ip113an.11eii MO)KeT 6b!Tb 

noJiy'-leH c noMOIIJ.hIO cpoTOllH2KeKTOpa SLC-T11na. XoT5l C03AaH11e llHTeHCllBHoro 

IIOJI5Ip1130BaHHOro ny'!Ka II0311Tp0HOB 11 6oJiee CJI02KHM 3aAa'-Ia, pacce5IHlle KoMII­

TOHa Ha Bb!COKOMOIIJ.HOM Jia3epHOM Jiyqe MO)KeT 5IBJI5ITbC5l llCTO'-IHllKOM II0311Tp0-

HOB C 60-80% IIOJI5Ip113an.11efi. 8Knep11MeHTaJibHbie paspa6oTKll 11 IIpOTOTllIIllpO­

BaH11e IIOJI5Ipll30BaHHOrO II0311TpOHHOro llCTO'-IHllKa, OCHOBaHHOro Ha pacce5IHllll 
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KoMnTOHa, npoBOAllJillCh B KEK AJI5l JLC npoeKTa. ,ll;aHHa5l cxeMa II03BOJI5leT 11c­

IIOJib3oBaTh npe11MyIIJ.eCTBO 6bICTpOpa3BllBaIOIIJ.efiC5l Jia3epHoii TeXHOJIOrHll. feo­

MeTpll5I TpaHCIIOpTllpOBO'-IHbIX JlllHllii IIY'!Ka Ha CLIC 11 HaKOIIllTeJibHOro KOJibIJ.a 

Bhr611paIOTC5I TaKllM o6pasoM, '-IT06br coxpaH5IJiaCb IIOJI5Ipll3aIJ.ll5l IIY'!Ka, aHaJIO­

rH'-IHO rrpOeKTY SLC. OTCYTCTByeT 3Ha'-IllTeJibHa5l AeIIOJI5Ipll3aIJ.ll5I IIO IIYTll K TO'!Ke 

coyAapeH115l. 

Ilp11 coyAapeH1111 ny'-IKOB ll3-3a TopM03Horo ll3Jiy'-IeH115l 11 acpcpeKTa CllJih­

HhIX IIOJiefi rrp11 3 TsB OKOJIO 7% scpcpeKTllBHOii IIOJI5Ipll3aIJ.llll 6yAeT IIOTep5IHO. 

OKOJIO IIOJIOBllHbI AaHHbIX IIOTepb IIpOllCXOAllT ll3-3a CIIllHOBOli npeu.ecc1111, BTO­

PM IIOJIOBllHa - ll3-3a ll3Jiy'-IeHll5I IIpll rrepenopoTe crnma. ,ll;aJiee, AaHHblli IIY'-IOK 

YCKOp5IeTC5l AO 6oJibUillX 9Heprnii 11, TaKllM o6pasoM, Ha CTaAllIO ycKopeHll5l He 

BJill5IeT Tpe6onaH11e BbICOKOH cneTHMOCTll rrp11 IIOJI5Ip113an.1111. IIosTOMy IIOApasy­

MenaeTC5l ycTaHOBKa ABYX KOMIITOHOBCKllX IIOJiap11MeTpOB C pa3Hb!X '-IaCTeii Ae­

TeKTOpa. I13MepeH11e C TO'-IHOCTbIO 0.5% AJI5I BXOA5IIIJ.ero IIY'!Ka 6yAeT cpaBHllMO B 

IIOJiy'-IeHHbIM Ha SLC 11 02KllAaeMbIX B AH3aiiHax Apyr11x npoeKTOB. ,ll;oCTll2KeH11e 

IIOA06Horo paspeIIIeHll5I AJI5l BbICOK09HepreTll'IHOro IIY'!Ka 5IBJI5leTC5l CBepx3aAa­

'-Ieii. BoJiee IIOAp06Ho o IIOJI5Ipn3an.1111 rry'!Ka rrp11 3 TsB B c11cTeMe IJ.eIITpa Mace 

M02KHO Haii:T11 !IO rrepBOllCTO'-IHllKY, 

MoAa cpoTOHHhrx coyAapeH11fi paccMaTpllBaJiacb so ncex npoeKTax mmeii­

HhIX ycKop11TeJieii CLIC. ,ll;11arrasoH aHeprnii OT 0.5 AO 1 TsB llAeaJibHO IIOAxo­

AllT AJI5I pacce5IH115l CBeTa Ha CBeTe C TeXHll'-IeCKOii TO'-IKll 3peHll5l: AJillHa BOJIHbl 

Jia3epa AOJI)KHa 6hITb OKOJIO 1 MKM, TO eCTb n o6JiaCTII CaMbIX MOIIJ.Hb!X TBep­

AOTeJibHbIX Jia3epoB, 11 II09TOMy scpcpeKTbI coyAapeHllii He 6yAJT orpaHll'-IllBaTb 

CBeTllMOCTb <POTOH-<POTOHHOli MOAbI. B MYJibTllT9BHOli o6JiaCTll 9Heprnii CllTya­

IJ.1151 6oJiee CJI02KHa5l: scpcpeKThI coyAapemrii c p02KAeH11eM KorepeHTHOii napbr rrp11 

pacce5IHIUI CBeTa Ha CBeTe 6yAJT 3Ha'-IllTeJibHhI, '-ITO M02KeT IIOBJlll5ITb Ha KOHeq­

HYIO CBeTllMOCTb. OIITllMaJibHa5I AJillHa BOJIHbI Jia3epa yBeJill'-IllBaeTC5l rrporropn.11-

0HaJibHO BhI6paHHOii 9Heprn11. B A06aBOK, Tpe6yeMa5I 9Heprn5I BCIIbIUIKll Jia3epa 

yneJI11'!11BaeTc5l ll3-3a 1re;r11neiiHoro KoMIITOHOBCKoro pacce5IH115l. Orrn.1rn cpoTOH­

Horo KOJIJiafiAepa Ha 3 TsB OCHOBbIBaeTC5l Ha Jia3epe c AJillHOii BOJIHbI 4-6 MKM, 

KaK IIOKa3aJill HeAaBHlle HCCJieAOBaHll5l. 

IIpeAJI02KeHHhiii npoeKT Me2KAJHapOAHOro JI11HeiiHoro ycKop11TeJI5l (ILC) 

xopoIIIo IIOAXOAllT AJI5l 113y'-IeHll5I cp11311K11 3a rrpeAeJiaM11 CM 11 TO'!Horo rrpeACKa-

3au1151 CTPYKTYPhI AaHnoii <Pll311Kll. I1cCJieAOBaHll5l MOryT 6bITb 6oJiee scpcpeKTllB­

HbIMll !Ipll llCIIOJib30BaH1111 IIOJI5Ipll30BaHHbIX IIY'-IKOB KaK 9JieKTpOHOB, TaK 11 II03ll­

TPOHOB. Ilp11 AaHHOli OIIIJ.1111 II0Ka3aHbI npe11MyIIJ.eCTBa IIYTeM COOTBeTCTBYIOIIJ.ero 

aHaJill3a peaKIJ.1111 !Ipll pa3Jill'-IHbIX <Pll3ll'-IeCKllX CIJ.eHapll5IX. Pe3yJihTaT IIOKa3bI­

BaeT, '-ITO llCIIOJib30BaH11e IIOJI5Ipll30BaHHOro II0311TpOHHOro IIY'!Ka IIpll COOTBeT­

CTBYIOIIJ.eii 9KCIIep11MeHTaJibHOii cpeAe 11 o6opyAOBaHllll JlllHettHoro YCKOpllTeJI5I, 
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I103BOJUieT yJiy-<IIIIIITb IIOTeHI.J;lla.Jl IIOIICKa HOBbIX 'laCTIIIJ; II orrpe.n.eneHmI IIX )].IIHa­

MII'leCKIIX cBoitcTB, 'ITO 0TKpbrnaeT .n.opory K 113y-qeH11ro CM. 

Paccmrn11e CBeTa Ha CBeTe HBJIHeTCH 0)].HIIM 113 caMhIX cpyH)].aMeHTa.JlbHblX 

rrpori;eccoB. OH rrpo11cxo.n.11T -qepe3 o.n.HorreTneByro .n.uarpaMMY Tuna 6oKc, co.n.ep­

)Karri;yro 3apH)KeHHbre 'laCTIIIJ;bl. IlepBblll pe3yJihTaT B K9,ll. )].JIH HU3K09HepreTII'I­

HOro rrpe.n.ena 9Toro rrpori;ecca 6hm rrony'leH 9itnepoM. 3aTeM Kaprrnyc 11 Heit­

MeH HaIIIJIU perneHIIH B K9,ll. B o6rri;eM, HO CJIO)KHOM BU)].e. Ce'IeHIIe pacce.HHIIH 

)].JIH .n.aHHOrO rrpori;ecca B BbIC0K09HepreTII'leCK0M rrpe.n.ene K9,ll. 6bIJIO Bbl'llICJieH0 

Axue3epoM. B HacToHrri;ee BpeMH IIMeIOTCH BhI'IIICJieHIIH 'Y'Y ➔ ,, rrpori;ecca )].JIH 

9C, CM u .n.a)Ke )].ByxrrerneBbre rrorrpaBKII B KX,ll. 11 K9,ll.. 

SANC - K0MIIbIOTepHa.H ClICTeMa IIOJiyaBT0MaTU'leCKUX Bbl'IIICJieHnit Ha6mo­

.n.aeMbIX Ii rrceB)].OHa6JIIO)].aeMhIX BeJIII'llIH )].JIH pa3JIII'IHbIX rrpori;eccoB B3aIIM0)].eit­

CTBIIH 9JieMeHTapHhIX -qacTIIIJ; B CM 11 oT narpaH)KIIaHa CM .n.o pacrrpe.n.eneHnH 

co6bITIIit 11 Ha 0)].H0IIeTJieB0M ypoBHe T0'IH0CTII )].JIH cyrri;ecTBYIOIIJ;lIX 11 6y.n.yrri;ux 

ycKopuTeneit -qacTuri; - Tevatron, LHC, ILC, CLIC, MIOOHHhIX cpa6p11K u .n.py­

r11x. ,ll.JIH 6onee .n.eTa.JibH0rO u3y'leHIIH )].0CTYIIHhIX K pac'leTy rrpori;ecc0B B ClICTeMe 

SANC IIMeeTCH 0IIIICaHne ClICTeMbl B CTaThe, a TaK)Ke Ha HaIIIeM caitTe B OI151I1. 

Pa6oTa, rrpe)].CTaBJieHHaH B )].lICCepTari;u11, 3aKJIIO'laeTCH B CIICTeMaTII'le­

CKOM BHe.n.peHIIII 'leTbipex 6o30HHblX rrpori;ecC0B B cpe.n.y SANC Ha 0)].HOIIeTJieBOM 

ypoBHe TO'IH0CTII B CM. 

Cne.n.yeT OTMeTIITh, 'ITO II0JIY'leIIHbie CTpOIITeJibHb!e 6JIOKII 11 rrpori;e.n.ypbl 

rrpe)].BhI'IUCJieHIIit )].JIH .n.11arpaMM TIIrra 6oKc B Teop1111 K9,ll. 11 9C (KaK ,, ➔ 
,'Y, ,, ➔ ,z, Z ➔ 'Y'Y'Y, ,, ➔ ZZ)HBJIHIOTCH rrepBbIMII rnaraMII B co3)].aHIIII 

0Kpy)KeHIIH )].JIH BHe.n.peHIIH II0)].06HblX 'leThrpex-6030HHblX rrpori;ecc0B B CM (KaK 

'Y'Y ➔ ZH, gg ➔ 'Y'Y, gg ➔ zz, gg ➔ w+w- II .n.pymx). 

II.eJiblO )].aHHOit pa6oTbl HBJIHeTCH o6ecrre'leHIIe TeopeTII'leCKOit II0)].)].ep)K­

Kll B aHa.JIII3e .n.aHHhIX 11 q>OHOB Ha LHC 11 6y.n.yrri;11x ycKop11TeJIHX ILC, CLIC )].JIH 

113y'leHIIH X11rrc-603oHa 11 HoBoit q>II3IIKII B CT0JIKH0BeHIIHX 6o30HOB rrp11 11-

M0)].e. 

,ll.JIH )].0CTII)KeHIIH IIOCTaBJieHHOit ri;eJIII Tpe6oBa.JIOCb perneHIIe cne.n.yrorri;11x 

3ap;aq: pa3pa60TKa Bbl'IIICJIIITeJihHOit cpe)].hl )].JIH aHa.JIIITil'IeCKUX II 'llICJieHHbIX 

pac'leT0B B paMKax CIICTeMhl SANC 'leTbipex-6030HHbIX rrpori;eccoB; BhlIIOJIHe­

HIIe pac'leTa Ha O)].H0IIeTJieB0M ypOBHe TO'IHOCTII B paMKax CM CJie)].YIOIIJ;IIX 

'leThrpex-6o3oHHhIX rrpori;eccoB: ,'Y ➔ ,,, ,, ➔ ,z, Z ➔ 'Y'Y'Y, 'Y'Y ➔ ZZ, a 

TaK)Ke rrpori;ecca ud ➔ w+, II .n.pymx; co3)].aHIIe aHa.JIIITII'lecKnx 11 cpopTaHHhrx 

MO)].YJieit, pea.JIII3YIOIIJ;IIX Pe3YJibTaThl Bbl'IIICJieHIIll cpopM-cpaKTOpOB, CIIIIpa.JibHblX 

aMIIJIIITY)]., ce'leHIIit, BKJIIO'leHIIe IIX B naKeT )].JIH BHeIIIHIIX IIOJib30BaTeJieit. 
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OCHOBHble Il0JI0:>KeHJUI, BblH0CHMble Ha 3a~HTy. 

1. Pa3pa6oTaHa II pea.JIII30BaHa Bbl'llICJIIITeJihHaH cpe.n.a rrpori;e.n.yp B CIICTeMe 

SANC )].JIH pac'leTa crr11pa.JihHhrx aMIIJIIITY,ll., ce'leH11t!: rrpori;eccoB 11 rn11p11H pac­

na.n.oB 'leTbrpex-6030HHOt!: q>II3IIKII B CTaH.n.apTHOit Mo.n.en11. 

2. Ilony'leHbl aHa.JIIITII'leCKIIe Bblpa)KeHIIH Ha 0)].H0IIeTJieB0M ypoBHe TO'IH0CTII B 

MYJihTIIKaHa.JibH0M II0)].X0)].e )].JIH crrupa.JibHblX aMIIJIIITY)]., Ce'leHIIt!: rrpori;eccoB 

II IIIIIpIIH pacrra)].0B CJie)].YIOIIJ;lIX rrpori;eccoB: 'Y'Y ➔ 'Y'Y, 'Y'Y ➔ ,z, z ➔ 'Y'Y'Y, 

'Y'Y ➔ zz. 
3. Co3)].aHhl aBT0H0MHbie aHa.JIIITII'leCKIIe II q>OpTpaHHb!e M0)].YJIII Bbl'llICJieHIIH 

ce'leH11t!: 11 rirnpIIHhI pacna.n.a 'leTbrpex-6030HHhIX rrpori;eccoB )].JIH rroJiy'leHIIH 

'llICJieHHbIX pe3yJibTaT0B II TIIJ;aTeJibH0ro cpaBHeHIIH C .n.pyrIIMII rrporpaMM­

HblMII rrp0)].YKTaMII II JIIITepaTypot!:. 

4. Pea.JIII30BaHo BhI'IIICJieH11e rrpori;ecca ud ➔ w+, Ha rrapTOHH0M 

Hait)].eH 06rri;11it MeT0)]. Bbl'llICJieHIIH BCII0M0raTeJihHbIX cpyHKIJ;lltl: 

Ilaccap11Ho--BeJibTMaHa. 

Hay<JHaH H0BH3Ha H npaKTHqecKaH 3HaqHM0CTb. 

yp0BHe, 

J TIIIIa 

BrrepBbie rrpe)].JIO:>IWH e)].IIHbltl: II0)].X0)]. K pac'leTy 'leTblpex-6o30HHhIX 

rrpori;eccoB B CM Ha O)].H0IIeTJieBOM ypoBHe T0'IH0CTII, 0CH0BaHHhit!: Ha II0Jiy­

aBT0MaTII'leCKIIX CIIMB0JibHbIX BbI'llICJieHIIHX Ha H3bIKe FORM; BrrepBbie rrpIIMe­

HeH MYJihTUKaHa.JibHbitl: II0)].X0)]. K Bbl'IIICJieHIIHM 0)].H0IIeTJieBbIX 9JieKTpOCJia6hIX 

rrorrpaB0K YKa3aHHbIX rrpori;eccoB; rrpe)].JI0)KeH ClICTeMaTU'leCKIIt!: IIO)].X0)]. )].JIH BbI­

'llICJieHIIt!: BCII0M0raTeJibHhIX cpyHKIJ;IIt!:, TIIrra D-cpyHKIJ;IIII IlaccapIIHo-BeJibTMaHa 

(IlB), y.n.o6HhIX )].JIH aHa.JIII3a rrp11p0)].bI UHcppaKpaCHbIX II MaCCOBbIX CIIHryJIHp­

H0CTeit 0)].H0IIeTJieBbIX aMIIJIIITY,ll. rrpII pac'leTe 0)].H0IIeTJieBbIX rrorrpaB0K rrpori;ec­

ca ud -+ W 'Yi pea.JIU30BaHa K0Hri;errri;IIH CTaH.n.apTHbIX Mo.n.y.riett, KaK OCH0BH0ro 

9KCIIOpTHoro rrporpaMMH0ro rrp0)].YKTa CIICTeMbI SANC, C Bbl'llICJieHIIeM CIIIIpa.Jib­

HbIX aMIIJIIITY)]., ce'leHnt!: II IIIIIpIIHbI pacrra.n.a, II0)].r0T0BJieHbIX K lICII0Jib30BaHIIIO 

B MoHTe-KapJio reHepaTopax. Cyrri;ecTByrorri;11t!: rro.n.xo.n. .n.aeT B03M0)KH0CTh 11c­

II0Jih30BaTb pe3yJibTaTbI lICCJie)].OBaHIIH rrpII aHaJIII3e .n.aHHbIX II0JIHpII3aIJ;II0HHhIX 

9KCIIepIIMeHT0B. 

Pe3yJibTaTbI lICCJie)].0BaHIIH IIMeIOT aKTYaJihH0e rrpIIKJia)].H0e 3Ha'leHIIe KaK 

)].JIH LHC, TaK 11 )].JIH q>II3IIKII 6y.n.yrri;ux ycKop11Tenet!: ILC 11 CLIC. Pa3pa6oTaHHhre 

CTaH.n.apTHbie SANC MO)].YJIII rrpe)].II0JiaraIOTCH K lICII0Jib30BaHIIIO KOJIJia6opari;11et!: 

ATLAS )].JIH ori;eHKU TeopeTII'leCK0t!: Heorrpe.n.eJieHH0CTII Ha 0)].H0IIeTJieB0M yp0BHe 

T0'IH0CTU B rrpHMbIX Ha6JIIO)].eHIIHX rrpori;ecca pacce.HHIIH CBeTa Ha CBeTe Ha co6paH­

HOt!: CTaTIICTIIKe B T.H)KeJI0II0HH0t!: M0)].e Ha ycK0pIITeJie LHC )].JIH II0IICKa HoBot!: 

q>H3UKII C Y'leT0M 9cpcpeKTOB II0JIHpII3aIJ;IIII. TaK)Ke BbICOKOTO'IHhie ll3Mepemrn 
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C ITOJrn:pH30BaHHhIMH ITY'!KaMH Ha 6y,uy~HX JIHHefiHhIX e+e- KOJIJiafiAepax ILC 

H CLIC ITOTpe6y10T COBpeMeHHOfi TeopeTH'!eCKOfi IlOMep)KKH, KOTOpa.H Ha'IHHaeT 

C03AaBaTbC51. 

,n:ocTOBepHOCTh noJiy'leHHhIX pe3yJihTaTOB o6ecITe'!HBaeTC.H BbI6paHHhIM 

ITOAXOAOM K Bhl'IHCJieHHIO Ce'!eHHfi paccMaTpHBaeMbIX npou,eccoB B paMKax CTaH­

AapTHOfi MoAeJIH C yqeTOM OAHOITeTJieBhIX nonpaBOK no TeOpHH B03My~eHHfi, 

KOHTpOJieM COKpa~eHH.H KaJIH6pOBO'!HhIX ITapaMeTpOB rr TeXHH'!eCKHX paCXOAH­

MOCTefi, cpaBHeHHeM C HMeIO~HMHC.H B JIHTepaType pacqeTaMH. CAeJiaHHhie npeA­

CKa3aHH51 BO BCex cnyqa51x 6hIJIH BeCbMa KOHCepBaTHBHhI H OCTOpO)KHbI. 

B qaCTH cpaBHeHH51 ITpeACKa3aHHfi C peaJibHhIMH 3KCITepHMeHTaJihHb!MH 

AaHHh!MH HMeIOTC.H ony6JIHKOBaHHbre ITepBbie Pe3YJihTaTbI 3KCITeprrMeHTa H o6pa-

60TKH Ha K9,ll; ypoBHe KOJIJia6opau,rrefi ATLAS, ITOKa3hIBaIO~He xopoUiee cornaCHe 

c ITPeACKa3aHH.HMH B paMKax CTaHAapTHOfi MoAeJIH. 9To IT03BOJI51eT C'IHTaTh BhI-

6paHHhifi HHCTpyMeHTapHfi, B 'laCTHOCTH cxeMbI yqeTa HeOITpeAeJieHHOCTefi ITPH 

BhI'IHCJieHHH ce'leHHfi, BITOJIHe aAeKBaTHhIM paCCMaTpHBaeMbIM 3aAa'!aM. 

Anpo6a:u;1rn: pa60ThI. OcHOBHhre pe3yJihTaThI pa6oThI AOKJiaAhIBaJIHCh 

Ha Me)K,uyHapOAHhrx KOHcpepeHu,H.ax: CALC-2006 (,ll;y6Ha, PoccHR, HIOJih 2006); 

CALC-2009 (,ll;y6Ha, PoccH.a, HIOJih 2009); CALC-2012 (,ll;y6Ha, PoccHR, HIOJih 

2012); NEC-2007 (BapHa, BonrapH.H, ceHrn6pb 2007); ACAT-2007 (AMcTepAaM, 

ronaHAH.H, HIOJih 2007); ACAT-2013 (ITeKHH, KHmfi, Mafi 2013); 

Ha 10-fi Me)K,uyHapOAHOfi 6aiiKaJihCKOfi llIKOJie ITO <pH3HKe seJIMeHTapHbIX 

qaCTHI.J, rr acTpo<pH3HKe (HpKyTcK, PoccHR, HIOJih 2011); 

Ha pa6oqeM coBe~aHHH ITO <pH3H'!ecKofi ITporpaMMe ATLAS (,ll;y6Ha,· cpeB­

panh 2016). 

,ll;rrccepTaU,HOHHa51 pa6oTa 6bIJia BhIIIOJIHeHa ITPH ITOMep)KKe rpaHTOB P<l>­

<l> 11 10-02-01030, 12-02-91526-CERN _ a. 

JlH"<JHhiii BKJia,n;. ABTOp 6brn JIHAepoM pa3pa6oTKH KOAa cpopTpaHHhIX 

MO,uynefi qeTbipex-6o30HHhIX ITpou,eccoB, ITpHHHMaJI HeITocpeACTBeHHOe yqaCTHe B 

pa3pa6oTKe cpeAhI aHaJIHTH'!eCKHX ITpou,e,uyp H KOAa aHaJIHTH'!eCKHX pacqeTOB 

Ha 513brKe FORM AJI.H qeThipex-6o3oHHoro ceKTopa CHCTeMhI SANC, C03AaJI 6H6JIHO­

TeKy BCITOMOraTeJibHhlX cpyHKI.J,Hfi AJI.H '!HCJieHHhIX paC'leTOB, ITPHHHMaJI yqacTHe 

B cpaBHeHHH ITOJiy'leHHhlX pe3yJihTaTOB C HMeIO~HMHC.H B JIHTepaType. 

Ily6JI11Ka:u;1111. OcHOBHhie pe3yJihTaThI ITO TeMe AHCcepTaI.J,HH oITy6JIHKO­

BaHhI B 6 ITe'!aTHhIX H3AaHH.HX, BXOA.H~HX B CITHCOK peKoMeHAOBaHHhIX BAK. 

06'beM II CTPYKTypa pa60Tbl. ,ll;HccepTaI.J,H51 COCTOHT H3 BBeAeHH.H, Uie­

CTH rJiaB H 3aKJIIO'!eHH51. 

IloJIHhlfi o6'beM AHCcepTaU,HH 107 CTpaHHI.J, TeKCTa c 33 PHCYHKaMH rr 3 Ta6-

JIHI.J,aMH. CITHCOK JIHTepaTyphl COAep)KHT 44 HaHMeHOBaHHfi. 
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Co,z:i;ep2KaHHe pa60ThI 

Bo Bae,n;eHHH o6ocHOBbIBaeTC.H aKTYaJihHOCTb HCCJieAOBaHHfi, ITpOBOAH­

MhIX B paMKaX AaHHOfi AHCCepTaI.J,HOHHOfi pa60ThI, ITpHBOAHTC.H ofoop Hay'!HOfi 

JIHTepaTyphI ITO rr3yqaeMofi ITpo6neMe, cpopMyJIHpyeTC.H u,enh, CTaB51TC.H 3aAa'!H 

pa60ThI, ccpopMyJrnpoBaHbl HayqHa51 HOBH3Ha H ITpaKTH'!eCKa.H 3Ha'!HMOCTh ITpek 

CTaBJI51eMOfi pa60TbI. 

B Ilepaoii: rJiaBe OITHCbrnaeTC.H ITpou,e,uypa BHeApeHH.H ITpou,eccoB CM B 

pa6oqy10 cpe,uy CHCTeMhI SANC OT aHaJIHTH'!eCKoro Bb1pa)KeHH.H aMITJIHTYAhI AO 

'IHCJieHHhIX pe3yJihTaTOB AJI.H Ha6JIIOAaeMbIX Ha ITpHMepe ITpou,ecca 'Y'Y -+ 'Y'Y 

(K9,ll; qaCTb) qepe3 cpepMHOHHYIO ITeTJIIO. IlpH BhI'IHCJieHHH ITpou,eccoB Y'IHThI­

BaIOTC51 HeHyJieBhie MaCChl ITeTJieBbIX qacTHI.J,. 

B Pa3Aenax o6cy)KAaIOTC.H o6o3Ha'!eHH51 H o6~He Bhipa)KeHH51 AJI.H ceqe­

HH.H, AHarpaMMhl ITpou,ecca 'Y'Y -+ 'Y'Y H KOBapHaHTHhre aMITJIHTYAhI B BHAe TeH-

30pHbIX CTpyKTYP H cpopM-<paKTOphI, 3aTeM CITHpaJibHbie aMITJIHTYAhl H HX 51BHhie 

Bbipa)KeHH.H AJI51 pacce51HH.H CBeTa Ha CBeTe B p6~eM (MaCCHBHOM) H ITpeAeJibHOM 

(6e3MaccoBoM) pacqemx. 

,ll;anee KpaTKO OITHCbIBaeTC.H CTpaTern:51 ITpeABhl'!HCJieHH.H, ITOJIO)KeHHe AaH­

Horo ITpou,ecca B AepeBe ITpou,eccoB CHCTeMhI SANC, BHeApeHHe aHaJIHTH'!eCKHX 

pe3yJihTaTOB H KOHI.J,eITI.J,H.H SANC Mo,uynefi. 

,ll;OITOJIHHTeJihHO ITpeACTaBJieHbl Bbipa)KeHH.H AJI.H qaCTHhlX cnyqaeB CITe­

I.J,HaJihHhIX ITB cpyHKI.J,Hfi Do, Co, H Bo, KOTOphre Heo6xoAHMhI AJI.H BhI'IHCJieHH.H 

pacce.HHH.H CBeTa Ha CBeTe qepe3 MaCCHBHbie HJIH 6e3MacCOBhie ITeTJieBbie qacTHI.J,hI. 

Bo BTopoii: rJiaBe OITHChrnaeTC.H BHeApeHHe ITpou,ecca CM 'Y'Y -+ "f'Y qepe3 

cpepMHOHHyIO H 6o30HHYIO ITeTJIH H COOTBeTCTBYIO~He MOAYJIH ITpeABhl'IHCJieHHfi 

B pa6oqefi cpeAe crrcTeMhI SANC. BhI'IHCJieHH.H sToro ITpou,ecca y'IHTbIBaIOT HeHy­

neBhre MaCChl ITeTJieBbIX qacTHI.J,. 

B Pa3AeJiax ITpHBOARTC.H Bhipa)KeHH.H AJI.H ce'leHH.H, AHarpaMMhI ITpou,ecca 

'Y'Y-+ 'Y'Y (CM), KOBapHaHTHhre aMITJIHTYAhI B BHAe TeH30pHhIX CTPYKTYP, 3aTeM 

CITHPaJihHhre aMITJIHTYAhI B ITOAXOAe Bera-ByAKH. 

l..facJieHHhie pe3yJihTaTbl AJI51 aHaJIHTH'!eCKHX Bbipa)KeHHfi K9,ll;, cna-

6ofi H ITOJIHOfi 9C qacTefi, ITonyqeHHhre c ITOMO~hIO Mo,uynefi SSFM B ITaKeTe 

sane_ 4A_ vl.00 AJI.H ce'leHH.H pacce.HHH.H, cpaBHHBaJIHCh c JIHTepaTypofi (PHc.l). 

ITapaMeTphI: cos0 < cos1r/6 - o6pe3aHH5I; Mw = 80.22 GeV; mt = 

120 GeV; a= 1/137.036; Apyrne cpepMHOHhI 6e3MaccoBbie. 

CyMMa ITO CITHpaJibHOCT.HM AJI.H ceqeHH.H pacce.HHH.H Bhl'IHCJI51JiaCb B AHa­

ITa30He ITO sHeprnH OT MsB AO rsB (Prrc.2) c ITapaMeTpaMH: 
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.., 

, .. 

a= 1/128; cos0 < cos1r/6; Mw = 80.22 GeV; 

me= 0.51099892 MeV, mµ = 0.105658369 GeV, mT = 1.77699 GeV; 

mu = 0.062 GeV, 

md = 0.083 GeV, 

me= 1.50 GeV, mt= 120.0 GeV; 

m 8 = 0.215 GeV, mb = 4.7 GeV. 

a(yy➔77),Jb a(yy➔yy),Jb 

102L ++ lcos(0)1 < cos(3O'} 1021- +- lcos(0)I < cos(30') 
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..... 
,... ----- w ..... 

.......... .......... _ 
200 400 600 800 1000 120014001600 18002000 
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.... SANCQED+•HA 

-- SANCEW+·HA 
- SANCSM+·HA 

\ ------------------
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: ',, ----· w 

I ~---
fermion 

200 400 600 800 100012001400160018002000 
✓,(n),GeV 

Pnc. 1: Ce'!eHne pacce.HHH.H )J.JI.H TY ➔ TY SANC (" + +" n" + -"). 

"' E•• 'o·• v/ 
.r,(n),GeV 

• • • • SA.NC QED Iota~ 

- - SAftC ~Vtcta1 
- SANC'SflllfuUtu,..,I 

,----- -· . .,-;' -.. ~ ... 
,·. 

I •• 
I •• 
I • •• 
I ·• 
I •,. , · .. 
' ~ I ••, 

I •~ 
I •• ' ··. I •· ••• 

,., 
w' "' ✓111'.n),GeV 

Pnc. 2: TY ➔ 11 SANC rroJIHoe ceqeHne pacce.HHH.H. 

10 

B TpeTbe:ii rJiane orm:cbrnaeTc.H BHe,n;pemi:e B CIICTeMy SANC npou;ecca 

pacce.HHII.H 'Y'Y ➔ 'YZ, II pacna.n;a Z ➔ 'Y'Y'Y, B CM Ha o,n;HoneTJieBoM yponHe 

TO'IHOCTII B R(-KaJIII6poBKe C J'I8TOM Bcex Mace '!aCTIIu; (Z-6o30Ha II .n;pymx BIIp­

TJaJibHhIX '!aCTIIu;). 

Ilpou;ecChl IIHTepeCHbl TeM, 'ITO Bhl'IIICJieHIIe CC'ICHII.H pacce.HHII.H II IIIIIpII­

Hhl pacna.n;a BKJIIO'laeT n ce6.H pac'!eT TOJibKO neTJieBbIX ,D;IIarpaMM II He co.n;ep:lKIIT 

,D;IIarpaMM Ha .n;peBeCHOM ypoBHe IIJIII ,D;IIarpaMM TOpM03HOro II3JIJ'l8HII.H. BbI'IIIC­

JI8HII.H pacKpbIBaIOT MJJibTIIKaHaJihHhlt!. no.n;xo.n;, peaJIII3J8Mbit!. B CIICTeMe SANC 

B ceKTOpe '!8Tbipex-6o30HHOt!. q>II3IIKII, Kor.n;a Bee BHeIIIHIIe 'laCTIIu;hr C'IIITaIOTC.H 

BXO,D;.Hiu;IIMII, II II,D;eT pac'!eT rrpou;ecca aHHIIrIIJI.Hu;IIII n BaKyyM z'Y'Y'Y ➔ 0. 

102 

10' 

e ,oo 

J . 
10·• r: 

10·2 

''\ 
') 

" 10·3 L..........&... 
200 400 600 

+-+ Incoming photons helicilies 

fennions loop Z longitude -
bosons loop Z longitude -···­

lnterferance sum Z longitude -­
fermions loop Z transverce -----­
bosons loop Z transverce -·-----· 

.. lnlerlerance sum Z transvert9 --

800 1000 1200 1400 1600 1800 2000 

✓s.GeV 

Pnc. 3: Ce'leHne pacce.HHll.H II ➔ 1Z rrpn,, + +" II0JI.HpH3aD;llll Ha'laJibHbIX <pOTOHOB (cTaH­

,n:apTHb!H Ha6op rrapaMeTpOB). 

1o' 

10' 

~,oo 
~ 
j 

,;.?"' 

10·1 t/f\ 

i' 

10'' ~ 

+- Incoming pholons hellcltles 

lermlonsloopZlongltude -
bosons loop Z longilude ---­

lnlerference sum Z longilUde -­
fermions loop Z transverse •••••••• 

bosons loop Z transverse -·-­
Interference sum Z transverse --

10·3 '" ~~~~···' 
200 400 600 800 1000 1200 1400 1600 1800 2000 

✓s,GeV 

Pnc. 4: CeqeHne pacce.HHH.H 11 ➔ 1Z rrpn " + -" rroJI.11pn3au;nn Ha'laJibHhIX <pOTOHOB (craH­

,n:apTHhili Ha6op rrapaMeTpoB). 
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IlpllBO,lVITC.H KOBapHaHTHbre aMilJillTY,D;bI O)];HOileTJieBbIX ,n;HarpaMM B Tep­

MllHax Jiopemi;eBbIX CTPYKTYP Ha OCHOBe 6a3HCa H CKaJIRpHbIX cpopM-q:>aKTOpOB 

( <I><I> ~), o6cy)K,n;aeTCR Bll,ll; Bbipa)KeHllli H ,ll;OKa3bIBaeTCR HyJieBoil: BKJia,n; aKCll­

aJibHOli qacTll cpepMllOHHbIX O,ll;HOileTJieBbIX ,n;HarpaMM. 

IloKa3aHbI CilllpaJibHbie aMilJillTY,D;bI )];JIR pa3Jill'IHbIX KaHaJIOB, cpopMyJihI 

)];JIR ce11eHllli pacceRHllR ll urnpllHbI pacna,n;a COOTBeTCTBeHHO, cpaBHeHlle C llMe­

IOIIJ;llMllCR ,n;aHHbIMll ll3 JillTepaTypbI. 

2.5 

1.5 
rz,eV 

0.5 

PHc. 5: lllHp:irna pacna,n;a Z -t 'YTY - TIJiaTO cra6HJihHOCTH. 

C noMOIIJ;hIO naKeTa sane_ 4b_ v1. 00, ,n;ocTynHoro ,D;JIR CKa'IHBamrn· Ha 

CTpaHmi;e SANC, MO)KHO IlOJiy'IaTb 'IllCJieHHbie pesyJibTaTbI )];JIR pa3Jill'IHOro Ha-

6opa napaMeTpon. 

B qeTBepTo:ii rJiaae npHBO,D;RTCR pesyJihTaThI BhI'IHCJieHHR npori;ecca 

'Y'Y ➔ Z Z cornaCHO no,n;xo,n;y npe,n;hI,D;yIIJ;llX pac11eTOB C y11eTOM IlOJIRpll3aIJ;llOHHOil: 

q:>ll3llKll. IloKa3aHbI KOBapllaHTHbie ll CilllpaJibHbie aMilJillTY,D;hI, ,D;llq:>q:>epeHIJ;llaJib­

Hbie ce11eHllR pacce.HHllR, cpanHeHHe pesyJibTaTOB C llMeIOIIJ;llMllC.H B JillTepaType 

,n;aHHbIMll. 

KonapHaHTHaR aMnJIHTy,n;a npori;ecca TY ➔ Z Z panHa: 

20 
A _ 4e4Q4 ""' [ Tbosons (s t u) + permions (s t u)] To:{Jµv 

.,r,,y7➔ZZ - f ~ J""i , , i , , i · 

i=l 

Bbrpa)KeHllR )];JI.H <I><I> ~ cpepMllOHHOro ll 6030HHOro BKJia,D;OB ,n;aHHOro npo­

ri;ecca npHBe,n;eHhI B naKeTe, )];OCTYilHOM )];JIR CKa'IHBaHllR Ha ,ll;OMarrmeil: CTpaHHIJ;e 

cHcTeMhI SANC. 
O6rri;ee 'IllCJIO CilllpaJibHbIX aMilJillTY,D; )];JIR ,n;aHHOrO npori;ecca paBHO 36. 3a 

cqeT llCilOJib30BaHll.H COOTHOUieHllli Me)K,n;y CilllpaJibHbIMll aMilJillTy,n;aMll 6Jiaro,n;a-

12 

PR '!eTHOCTll ll Bose CllMMeTpllRM, a TaK)Ke npeo6pa30BaHllIO '!eTHOCTll ll COOTBeT­

CTByrorri;eMy Bparri;eHllIO BOKpyr y-OCll, no;ryqaeM COKparri;ettlle 'IllCJia uesaBllCllMbIX 

CilllpaJibHbIX aMilJillTY,D; ,n;o BOCbMll. 

KoppeKTHOCTb aHaJillTll'!eCKllX pesyJibTaTOB IlO,ll;TBep)K,n;aeTCR ueCKOJibKll­

Mll cpaKTOpaMll: uesaBHCllMOCTbIO <I><I> ~ OT KaJIH6pOBO'IHbIX napaMeTpOB (nee 

BbI'IllCJieHllR BbIIlOJIHeHbI n R~ KaJill6ponKe), KOBapllaHTHaR aMilJIHTy,n;a y,n;OBJie­

TBOpReT TO)K)];eCTBY Bap,n;a, 'IllCJieHHbie 3Ha'!eHllR ll pacnpe,n;eJieHllR )];JIR aMilJill­

TY,D; ll ,D;llq:>q:>epeuri;llaJibHbIX ce11eHllli, IlOJiyqeuuhIX B CllCTeMe SANC, llMeIOT xopo­

rnee corJiaCHe C uesaBllCllMbIMll BbI'IllCJieHllRMll, npe,n;cTaBJieHHbIMll B JillTepaType. 

(b) 

SM (ti'=90°), 
.l:t. F+++• 
O F•-+­
□ F ... -oo 
o F♦too 
., F .. -•o 

~ .-------
Lo~-~--.. ~::,. 

.JmJ<L•~~'--'~~~~~~~~~'-'~~~ 

PHc. 6: Pacrrpe,n;eJJeHHe ,n;oMHHHpyrorn;Hx crrHpaJJbHbIX aMIIJJHTy,n; rrpou;ecca 'Y'Y -t ZZ B CM rrpH 

,0* = 3QO H ,0* = 9QO C y<IeTOM BepIIIHHbl Hff. 

B aHaJill3e llCI10Jib30BaJillCb CJie,n;yIOIIJ;lle q:>OpMyJihI )];JIR ,D;llq:>q:>epenri;llaJib­

HbIX ce11eHllli npori;eccon, Y'IllTbIBaIOIIJ;lle CilllpaJibHOCTll qaCTllIJ;: 

dao ( J3z ) 
dcosiJ* = 64-rrs L [IH++,\3,\l + IH+-,\3,\41

2
], 

,\3,\4 

da22 ( J3z ) 
dcosiJ* = 64-rrs L [IH++,\3,\41

2 
- IH+-,\3,\41

2
], 

,\3,\4 

da33 ( J3z ) 
dcosiJ* = 64-rrs LRe [1l+-,\3,\41l~+,\3,\J, 

,\3,\4 

da3 (-J3z) d cos,(}* = 32-rr s L Re [ 1l++,\3,\41l~+,\3,\J , 
,\3,\4 

r,n;e 
M2 

J3z = l - __E_, 
s 
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Puc. 7: Pacrrpe,n;eJieHue ce'!eHUH ao rrpon;ecca 'Y'Y-+ ZZ. 
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Puc. 8: Pacrrpe,n;eJieHue ce'!eHUH o-22 rrpon;ecca 'Y'Y-+ zz. 

B II.sTo:ii: rnaBe onIIchrnaeTC.H K0MIIhIOTepua.H '!aCTh cIIcTeMhI SANC. ,LI;a­

eTC.H ,n;oMaIIIH.H.H llHTepueT-CTpaum:i;a npoeKTa, ua K0TOpoil: pacII0JI0)KeUbl npo,rr.yK­

Thl ,D;JI.H CKa'IIIBaHII.H. IlpIIBO,D;IITC.H TeXHII'IeCK0e 0IIIICaHIIe naKeTa sane_ 4b_ v1 .10, 
C II0M0IIJ;hIO K0TOporo II0JIJ'IeHhl 'IIICJieHHhie pe3JJibTaTbl ,D;JI.H 0IIIICaHHhIX 

'!eThipex-6o30HHhIX npou;eccoB. KpaTKO 0IIIICbIBaeTC.H reuepaTop ,n;IIarpaMM II aM­

IIJIIITY,ll; ua ,n;peBeCH0M II o,n;uoneTJieB0M ypoBne, paspa6oTaHHhiil: B paMKax peaJIII­

sau;IIII Kouu;enu;IIII SANC2. 
IlaKeT sane_ 4b_ v1 .10 cocT0IIT II3 cne,rr.yrorn;ero ua6opa cpail:JIOB: 

1. bbbb main.F - ocuoBnoil: cpail:JI, 

2. bbbb_ha_ll_ll.F - cnIIpaJihHhie aMIIJIIITJ,D;hI npou;ecca,, ➔ 'Y'Y B SANC, 

3. bbbb_ha_ll_l2.F - cnIIpaJihHhie aMIIJIIITJ,D;hI npou;ecca,, ➔ ,z B SANC, 

4. bbbb_ha_2_111.F - cnIIpaJihHhie aMIIJIIITJ,D;hI npou;ecca Z ➔ 'Y'Y'Y B SANC, 
14 

5. bbbb_ha_l1_22.F - cnIIpaJihHhie aMIIJIIITJ,D;hI npou;ecca,, ➔ ZZ B SANC, 

6. * .f - 6II6JIIIOTeKa cneu;IIaJihHhIX cpyHKIJ;IIil: II anropIITM0B, 

7. * _input.h - ua6op pa3JIII'IHhIX uacTp0eK BX0,D;Hh!X napaMeTp0B, 

8. README, INSTALL II ,n;pyme cpail:JihI IIHCTpyKIJ;IIII. 

B README II INSTALL cpail:nax uaxo,n;.HTC.H IIHCTPYKIJ;IIII no IICII0Jih30Ba­

HIIIO naKeTa. OcnoBHhie napaMeTph1 M0)KH0 II3MeHIITh B cpail:ne bbbb_main.F -

0CH0BH0M cpail:Jie Bhl'IIICJieHIIil:. Kone'!Hh!M pe3JJibTaT0M pa60Thl naKeTa .HBJI.HIOT­

C.H IICK0Mhie pacnpe,n;eneHII.H, cpopMIIpyeMhie cornacuo Bh16pannh1M cpnaraM. 

B paMKax peanIIsau;IIII Kouu;enu;IIII SANC2 - nepexo,n;a ua aBT0MaTII'IeCKoe 

BhI'IIICJieuIIe o,n;uoneTJieBhIX npou;eccoB, paspa6oTau reuepaTop ,n;IIarpaMM II aM­

IIJIHTy,n;. reuepaTop peanHs_oBau ua RUBY c npIIBJieqeuIIeM FORM ,D;JI.H auaJIHTH­

'IeCKHX npeo6pasoBaHHil:, a TaK)Ke pdflatex ,D;JI.H aBT0MaTH'IeCK0r0 II0CTpoeumi: 

Bcex ,n;HarpaMM KaK OCH0BH0ro pe3JJibTaTa. 

McnOJih30BanHe reuepaTopa npoHcxo,n;HT nocpe,n;CTB0M JI0KaJihnoro Web­

HHTepcpeil:ca. Ilpou;ecc sa,n;aeTC.H nepe'IHeM Ua'IaJihHhlX H K0He'!HhlX qacTHIJ; H3 

npe,n;naraeMoro CIIHCKa BCex 'IaCTHIJ;, a TaK)Ke Bb16opoM yp0BH.H Bhl'IHCJieHHil: (,n;pe­

BeCHbiil: HJIH o,n;uoneTJieBoil:) H TeopHH (CM, K9,LI;, 9C, KX,LI;, Bh16opO'IHa.H). Bhl-
6op TeopHH orpaHH'IHBaeT CIIHC0K '!aCTHIJ;, HCII0Jih3JeMbIX B npou;ecce reuepau;HH 

,n;HarpaMM - no,n;6opa ,lJ;0IIJCTHMhIX nponaraTopoB H BepIIIHH corJiaCH0 npaBH­

JiaM <l>eil:uMaua, TeM caMhIM coKparn;a.H BpeM.H reuepau;HH. reuepau;mi: ,D;JI.H npo­

u;eccoB ,n;Ba B ,n;Ba ua O,ll;H0IIeTJieB0M yp0BHe T0'IH0CTH B CM 3aHHMaeT B cpe,n;ueM 

ueCK0JihK0 MHHJT. CreuepHpOBaHHhie Bbipa)KeHH.H ,n;mi: ,n;HarpaMM ( aMIIJIHTJ,lJ;bl 

npou;ecCOB) BhI,D;aIOTC.H B CTau,n;apTHbIX o6osuaqeHH.HX CHCTeMbl SANC, II03T0MY C 

II0M0IIJ;bIO HMeIOrn;HXC.H npou;e,rr.yp H3 cpe,D;bl SANC ,n;anee B03M0)KH0 npHMeHHTb 

CTau,n;apTuyro II0CJie,n;oBaTeJibH0CTb Bbl'IHCJieHHil:. 

B IIIecTo:ii: rnaBe npe,n;CTaBneu pesyJihTaT Bne,n;peHH.H npou;eccoB ff ➔ 
W, B cHcTeMy SANC B 9C TeopHH. Macchi cpepMHOHOB C'IHTaIOTC.H nerKHMH TaK, 

'ITO npeue6peraIOTC.H B npe,n;eJie paBHbIM HJJIIO Be3,D;e, Kp0Me apryMeHT0B B JI0ra­

pHq>MH'leCKHX q>JHKIJ;H.HX. 

TaK)Ke OIIHCaH yHHBepcaJibHhlll no,n;xo,n; ,D;JI.H aHaJIHTH'IeCKHX paC'IeT0B 

onpe,n;eneuuoro KJiacca J-cpyuKu;Hil: ,D;JI.H I1IeCTH Tononornii THIIa 6oKc npou;ecca 

ud ➔ W,. 

B 3aKJIIOqeHHH II0,D;Be,n;eHhl 0CH0BHhie HT0rH pa60ThI, BbIH0CHMhie ua 3a-

IIJ;HTJ. 
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