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AXTyaJIbHOCTH TEMBIL.

B uacrosimuit MoMeHnT B CERN paGoraer Bonbmioft agpoHHbIN KoOtalinep
(LHC), KOTOpBIfi CTAJIKUBAET MEXAY COBOlt MPOTOHBI. JHEPrusi COyAAPEHHsA Ha-
CTOJIbKO BEJIMKA, 9TO B KOHEYHOM COCTOSIHHH 0OPa3yloTCs HOBbi€ YaCTHULBI, KO-
TOpBIE MO3BOJISIIOT HAM HMCCJIEOBATH MATEPHIO HAa CaMbIX MAJbIX PacCTOAHHAX H
maciurabax. IIpOTOHBI B yCKOpHUTeNe LMPKY/IUPYIOT CTyCTKaMu C Oosee MuUIH-
apnoM wactun,. Korga asa crycrka ¢hOKyCHPYIOTCA MarHHTaM# JpYT Ha Apyra B
LEHTpPE JETEKTOpOB, Takux KaK CMS u ATLAS, mpoHCXOJHUT COyZapeHue HOPAZAKa
30 npotonos. OcTalbHbIE YaCTHIBI IPOJIETAIOT JAJbIIE B yCKOPHTENbHOE KOJbIIO
JIO CJIEAYIOIIEr0 COyJapeHusl.

Bosee yacToe cobbITHE C IPOTOHAMH HeMHOro apyroe. Ecim gpa nporoHa
POJIETAIOT OJIU3KO APYr OT ApYra B Pa3/IHYHbIX HANPABJICHUAX, TO U3 KaXJOH
JaCTUIB! U3MY4aAIOTCs (POTOHBI, KOTOPbIE MOTYT CTAJIKMBATHCA MexJy cobolt u

POXKAATH HOBBIE YACTHIIBI.

Ipu 5TOM JBa EPBOHAYAILHBIX IPOTOHA OCTAIOTCA MPAKTHYECKU HEB3au-
MOJEACTBYIOIMMH, IPOZOJIKas CBOM IIyTh B YCKOPHTEILHOM Koutbie LHC. Baanmo-
jieficTBHE H3JTy4eHHON napsl (HOTOHOB OTHUMAET JIMIIb YACThb SHEPTHH IPOTOHOB,
3aCTABJIAS UX CJIETKA OTKJIOHUTBCH OT HAYAJBHOH TPaCKTOPUH. Upnenrudunupyst
OTKJIOHEHHbIE [IPOTOHBI, MOXKHO ONPE/IETHTE, GBLIO Jii TaKoe B3auMozeicTaue do-
tonoB. Jlannas cxema addekTuBHo npespamaer LHC B QoroHHbIl KOMTaR1ep.
Tak:ke BO3MOXKHO B3aMMOJEHCTBHE NPOTOHOB Yepe3 oOMeH Napoil IIOOHOB, YTO
npescrapaser uarepec jna KX busuku.

Wnes MeyeHHs: PACCESHHBIX IPOTOHOB Oblila Ipe/ioXKeHa Ha MPeSbIAYIIHX
KoJulaiizepax, a Takxke Ha craguum LHC B 2012 m 2015 rozax Ha HHSKOSHEpre-
THYHBIX MyYKaX. [IpefyioxKeHue UCCIIe[OBATh NAHHBIA THN (MH3HKU C MOMOLIBIO
skcnepuMenToB CMS u ATLAS na LHC BIepBble BBICKa3aHO MHOIO JIET Ha3a[, HO
mpoeKT noj umeHeM FP420 He 6bu pean30BaH.

Hosblit npoekT HasbiBaerca CMS-TOTEM — TO4HBIR NMPOTOHHBIR CHEKTPO-
METp (CT-PPS), [leJIb KOTOPOr'0 B HACTOAIIEe BpeMsl CAeNIaTh BO3MOXKHBIM U3y1e-
une ¢oTon-poTonHo# dbusuky Ha LHC Npn HOMHHAJIBHON CBETUMOCTH. B TO Bpems#
KaK CMS siBJIsIeTCS YHUBEPCAJILHBIM JeTeKTOpOM Ais ¢pusuku LHC, CT-PPS ncnos-
3yeT ;Ba HabOpa JETEKTODPOB, pacnoaoxeHHbx B 200 Merpax OT TOYKH B3aUMO-
nefictBus B CMS /U1 ©3MepeHHs] IPOTOHOB, PACCESTHHBIX B IPAMOM HAIpPaBJIEHHH.
TapaJteabHbit npoekT Hasbisaercs "[Ipsamas ¢usnka na ATLAS" (AFP), KoTOpSIit
paspabarbiBaerca B kostabopanuu. Oba TmpoekTa HaleNeHbl Ha PEAH3ALMIO
c6op nanHbIx B Teyenue 2017 roxa Bo BpeMs cearcos LHC a1t pOTOH-IPOTOHHBIX

coymapest HAVYHO-TEXHUYECKAS
BHEIAOTEKA
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HecMoTpst Ha 3/1eKTPUUECKYIO HeliTpaibHOCTD poTornos, CranaaprHas Mo-
nens (CM) nossosisier B3aMOIefiCTBOBATh IBYM (OTOHAM Yepes 0OMeH BUPTyallb-
HBIMH 3aPSKeHHBIMH YacTHHAMH. BO3MOXKHBI HECKOJNBKO KOHEYHBIX COCTOSHMH,
BKMoyas napy doronos. [Iponecc paccesHus cBeTa Ha CBETE XOPOIIO H3BECTEH CO
BpeMeH pa3BUTUsA KBaHTOBOH asekrposunamuky (KD/I) u KocBeHHO mpoBepsuIcs
B HECKOJBLKHMX SKCIEpUMEHTaX, HO IepBble npsMble Habmojenns O6putd 3aduk-
CHpOBaHbI B TIPOILILIOM oy B skciepuMentTe ATLAS mpu M3MEPEHHH CTOJIKHOBE-
HHsl MOHOB CBHMHIZ [IPM HM3KOIl cBeTUMOCTH. TaK KakK BEPOSTHOCTb U3Jy4eHHs
(OTOHOB HPOMOPHUOHAJIEHA KBAJPATY JIEKTPUYECKOrO 3apAAa JacTHIBI, cede-
HHE pacCeHdsl PU CTOJKHOBEHUSIX MOHOB CBHHIJA 3HAYHTEJILHO BbIIE, YeM NPH
IPOTOH-IPOTOHHBIX coyAapenusx. Usyuas cobbitus ¢ AByMs poroHaMu B OTCYT-
CTBHEC JPYTHX YACTHIl B UEHTPAJbHOK YaCTH JIeTeKTOPA, & TaKKe HCIOJb3ys KH-
HEMAaTHYeCKHe OrPAHMYEHNs IS OaBIeHusA (POHOBBIX COOBITHI, OblIa NOIyYeHa
MHBapUaHTHas Macca JABYX doroHos B ananaszone po 10 I'sB. Msmepennoe ceve-
HHe PacCesHUsi COOTBETCTBOBAIIO npenckasanuaM KS]I, pesynprar B 9KCIEpHMEH--
Te ATLAS 3HAYMMBIX OTKJIOHCHH! B HU3KODHEPreTHYHOM JHala30He Macec, KakK U
paHee OXHUJAJIOCh, He 3a(HUKCHPOBAI.

Onuaxo, B skcnepuMentax CT-PPS u AFP coynmapeHusi IPOTOHOB C BBICO-
KOl CBETHMOCTBIO IMO3BOJIFIOT HCCIIEAOBATH GONBIIYI0 0DJACTh Mace - B JHalia-
soxe Mexy 300 I'sB u 2 T3B B ciyuae CT-PPS. Meuenue nmpOTOHOB BO3MOXHO
13-3a HABGMIONEHUsT BHICOKOSHEPIETHIHBIX CHCTEM B I[EHTPAaJIbHOM 001acTH, NpH
3TOM MPOTOHBI TEPSAIOT JOCTATOYHO MHOI'O SHEPTHUH 4yT06BI OTKIOHUTHCS B CT-PPS
nerextop. M3y4enue s3anmozpeiicTeust GOTOHOB B JaHHOM 061acTH MOXKeT mpezio-
CTaBUTh KOCBEHHbIE HOBBIE JlaHHbIe 06 smexTpociabom (DC) B3ammoneicTsun, B
Y3CTHOCTH YEThIPEX-TOYEHO KOHCTAHTE B3auMoecTsus, npeackasannol 8 CM.
[Ipu manHOM B3aumMoAelicTBHM IBa (OTOHA AHHUTMIHPYIOT 4Yepe3 CoyJapeHne
poxpatorest Ba W-6030Ha, NPOM3BOAAIIMX YETHIPE YACTHIBI B TOH 2Ke TOUKe.
OTksionenne or npenckasanuit CM 6ymer yka3eBaTh Ha HOBYIO usuky. Ana-
JIOPHYHO, KaK HabJII0/ieHNe OTKJIOHEHUS B YETHIPEXYaCTHIHOM B3aUMOJAEHCTBUN B
teopun Gera-pacriasa Pepmu B 1930 rogy B nocneyomeM IPUBEIO K OTKPBITUIO
W-6030Ha, gepe3 50 ser.

HMest moTeHIHal B HCCJIEOBAHUU HOBOH (U3UKH, POTOH-POTOHHBIE KO-
Jaliiepsl ABIAIOTCA OOBEKTOM ONPEJIE/IEHHOTO HHTEPeca yXkKe B TEYEHHE HeCKOJIb-
kux necarunernit. Hanpumep, doron-GoToHHbIE COYIapeHns H3YYATUCh Ha Bosb-
ILIOM 3JIeKTPOH-TI03UTPOHHOM KoJunaitnepe LEP B CERN, B TO BpeMs KaK UCCIIEA0Ba-
Hus Ha HERA B DESY u Tevatron B Fermilab cocpeoTa4uBaJiiCh Ha B3aUMOJEii-
CTBHSIX IIPOTOHOB IyTeM OOMeHa [VIIOOHAMH AJlsl U3yYeHHs KBAHTOBOH XpOMOAH-
Hamuku KXJ| B HeneprypbaTusHoM pexxume. Ha LHC nosydeHs! HyYKH C ropaszo
Gospinell sHepruelf W cBETMMOCTbIO, YeM Ha LEP, HO nenol COyAapeHus 4Yacruu,
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He ABJIAIOUWXCA 3/ieMeHTapHbIMU. [TosToMy, efuHITYHbIe B3anMOJIeHCTBHS! MEX Y
TJIOOHAMH M KBAPKaMil He MMeIOT CTPOrO ONpEJIeIEHHYIO SHEPIHUIO, 8 MPOAYKTHI
B3aHMOJIEHCTBHSA BKIIIOYAIOT B ce0A OCTATKH OT ABYX NPOTOHOB, AEJIAS TEM CaMbIM
¢usnueckut ananus Gosee CrOKHBIM B 061LEM Ciydae.

HBa 3samMeyanus no NOpsiAKy npu paccMOTpeHuH npoekTa ILC. Bo-nepshix,
Mbl PACCMATPHUBaEM TOJBKO BEICOKOSHEPreTHYHbIE (DOTOHHBIE KOJIAAEPDI CO CBe-
THMOCTSMH, IIPEJICTAB/AIOMUMH PeAbHBIN HHTEpeC sl DUIMKM S1eMEeHTAPHDIX
4acTull. B To Bpems Kak M3BECTHBI 9KCIIEPHMEHTDI 1151 HUSKOIHEPIETHIHOTO pac-
cesiHUsA cBeTa Ha cBere. B 1928-30 rr. Basusos ncciemosan paccesiHHe BHIMMbBIX
boTOHOB OT ABYX sMaMIl. 3aTeM, POXOAUIN SKCIEPUMEHTHI C dboTonamu or na-
3€pOB, HO OHH TaKKe IPOBAJIHIINCH U3-32 OYeHb MAJIEHHKOTO CEYEHHS PACCEesTHUS
¢orona na porone npu Huskol snepruy. CylecTBOBANH HIEH HCIIONb30BATD CHH-
XPOTPOHHOE H3JIy4eHHe, TOPMOSHOE H3JlyyeHHne (POTOHOB, U JaxKe sAePHBIN B3PbIB
Ans usy4eHus: GpoTon-hoToHHOro B3auMOZeicTBUsA. DOTOHBI TOPMO3HOTO U3JIy-
HEHHA NEHCTBUTENILHO MOTYT OBITh JOCTATOYHO BBICOKOSHEPreTHHHBIMH, HO Miest
UX COYAApEHHs CII0XKHA B Peallu3aluy Ha pakTuke, Gollee BEPOSITHBI COYAPEHHUS]
BUPTYAJIBHBIX (DOTOHOB B HAKOIUTEIHLHOM KOJIBIE IIPH GOJIBIION CBETHMOCTH.

Bo-Brophix, XOpowlo H3BECTHO, WYTO NP COYHAPEHUAX B SJIEKTPOH-
NO3UTPOHHOM JIMHEHHOM KOJUIa#i/iepe SJIEKTPOHBI H NMO3UTPOHBI H3AYYaIOT JKeCT-
KHe (POTOHBI, IPUMEPHO OAMH Takol GoTOH Ha smeKTpoH. Takum obpaszoM, cos-
MECTHO C IO3UTPOH-3/IEKTPOHHOM KOJUIHIEPOM MBI GeCIIATHO MoslydaeM (pOTOH-
boTOHHBI! KOJUIAAEP C BBHICOKOH CBETHMOCTBIO U ZOBOJIBHO GONBINOI sHeprueit
(0BBIMHO HECKOIBKO NPOIIEHTOB OT SHEPIHH IIYYKa, HO MOXKET GbITh Bbie). [Ipu
oueHb GONbUION SHEPIUU Cpe/iHsis SHEPTHS TRKOTO (GOTOHA TOPMOBHOTO N3TyYeHHus
cocrapazer 25% or sHepruu snekTpona. B 1988 roxy Bnankenbexknep u Jpenn
PacCMaTpUBaJIi NPENJIOKEHHE UCIOJIb30BaTh TakoH (DOTOH-POTOHHOrO KoLTAl-
AEp B PeKAME KBAHTOBOIO TOPMO3HOro usnydenus. HexnocraTku mamnoro meroza
ClIe/lyIoNue: HeOOXOAUMO UMeTb MYJIBTHTEBHBI JIMHEHHBI Komalizep (1w Ko-
JIAHJEp C OYeHb MaJIeHbKMM pa3MepoM Imy4ka). CBETHMOCTb TaK»Ke OrpaHHyYeHa
HECTaOUJIBHOCTBIO COYNAPEHUs IyYKOB, CEKTP (POTOHOB [OCTATOYHO HIUPOK, H
B CHJIBHOM I10JI€ CTAJIKHBAIOLIErocsi Ny4ka, (HoToHE! GYAyT POXAATH 9JIEKTPOH-
no3uTponnble napbl. POTOHHBIA KoOJUIAiEp, OCHOBAHHBIA Ha obpaTHOM pacces-
Hun KomnTona, BHOCHT BKJIaJ B U3yYeHHe HU3KO-SHEPrSTHYHOM YacTH CrexKTpa,
CBETUMOCTH (OTOH-(POTOHHOTO B3AUMOLEHCTBHS U YIHTHIBAETCS BO BCEX MOJIE/TH-
DOBAHUSX. '

BosmoxnoOCTH 106aBUTL MOIB! (DOTOH-POTOH U (POTOH-3JIEKTPOHHBIX CO-
YAApeHUR JIsi BBICOKOIHEPTETHYHOIO JIEKTPOH-TIO3UTPOHHOIO JIMHERHOTO KOJI-
Naliepa yBelMYMBaeT OOIIyI0 CTOMMOCTh HPOEKTa Ha MAaJYIO JOM0. XOTS CBe-
TUMOCTb (POTOH-POTOHHOMH MOABI B BHICOKOSHEPI€THYHOH YACTH crnekTpa Oyger B
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3-5 pa3 MeHbIIE, Y€M CBETHMOCTD SJIEKTPOH-TIO3UTPOHHOM MOJbI, CEYeHHE Pacce-
SIHUSI CBETA HA CBeTe OOBIYHO NPH PABHBIX ycJoBHAX Oosbiue Ha daktop 5-10 1,
TakuM 00pa3oM, HHTEpECHbIe COOBITUS MOI'YT NOABJIATHCH Yallle, YeM B SJIEKTPOH-
HO3UTPOHHBIX COyZlapeHusix. Dolee Toro, jajbHelilllee yBeJH4YeHHE JOCTHIHYTOM
cBeTUMOCTH (POTOH-POTOHHON MOJBI MOXKET B OYIYLIEM COCTaBIATH TOT JKe 110-
PAJOK, YTO U Jyist ocHOBHON Mojsl. Tak Kak (OTOH IIpAMO B3aMMOJEHCTBYET CO
BceMU (bYHAAMEHTAJILHBIMA 3aPsKEHHBIMU HaCTHIAMH — JIENTOHAMH, KBapKaMH,
W-6030HaMH, CYIIEPCHMMETPHYHBIMA YaCTHIIAME U TaK Aajlee — OTOHHBIH KOJI-
Jlaiifiep IpefoCTaBIfeT BO3MOXKHOCTh HCCIeA0BaTh Kaxplit acekT CM u 3a Hell.
Kpowme Toro, poTOHBI MOTYT B3aUMOJEHCTBOBATD M C HEHTPAJbHBIMH YaCTHIAMH
(rmoonamu, Z-6030H0M, 6030HOM XHrrca H TaK Jlajiee) depes MeTyIeByro H0KCOB-
CKYIO JuarpaMmy ¢ 3apsKEeHHBIMH YaCTHIAMH B [IPONAraTopax.

KomnakTHblit JsuHelHb Kosutalimep (CLIC) sABisiercd NpOEKTHpYe-
MOH MYJIBTHTPBHON BBICOKOIHEPreTHYHOH JIMHEHHOH MAIIMHON U 3JICKTPOH-
NO3ATPOHHBIX coynapenuil. Jlisi ONTHMAJILHOrO UCHIOIB30BAHHA €r0 (PUIUIECKOro
norennuaa, CLIC npoekTupyercs ,H‘,JIH NOCTPOHKHU ¥ PYHKIMOHUPOBAHUSA IIOITAII-
HO C TpeMs CTa{MsIMK HapaIMBaHUs SHEPTHHU B CHCTEME LEHTPA MacC OT HECKOJIb-
kux ['sB no 3 TsB. Ilepsas cragus Gyser cocpefoTOYeHa Ha BEICOKOTOYHON IPo-
sepke CrangapTHoli Mojienu, B 4aCTHOCTH M3MepeHuil cBoitcTB 6o3oHa Xurrca u
ton KBapka. Ciefyiomasi cragus OyJeT cocpefioToueHa Ha H3MEepPEeHHAX PEeIKHX
nporeccos ¢ 6030HoM XHMITCA, TaKhe KaK MOMCK HOBOH (PM3HKH, M BBICOKOTOUY-
HBIX H3MEPEHUAX JUIS CIIEYIOmel CTaIiH 110 POBEPKE COCTOAHMI, OTKPBITBIX HA
LHC iy camom CLIC. B xoHmentyanproM muzaitn-ordere CLIC B 2012 roxy 6but
IIpeJICTaBIIeH TIOJTHOCTDIO onTHMu3ipoannbill 3 T9B komaiizep, B T0 Bpems Kak
HU3KOSHEpPreTHdHas CTaius 6bula pa3paboTana ¢ MEHBIIMM yPOBHEM Mpopabor-
ku jeTaselt. ONTHMU3HPOBAHHbIE CTAAUH CLIEHAPUS IIPEAIIONAraloT TPH OCHOBHBIX
STANa N0 SHEPTHM B CHCTEME IEeHTPa Mace, a MMEeHHO 380 I'sB, 1.5 TsB u 3 T9B,
peasu3anusi KOTOPbIX 3ajimMer 22 roga.

D usnyeckuil MOTEHIMA JMHEHHOrC KOJUIaiiepa 3HaTHTE/IbHO PacCIinpseT-
sl B CJIy4ae HCIOJIb30BAHNSA TOJISIPU3OBAHHBIX Iy IKOB. Jaunoe TpeGosanue mus
CLIC siBjisieTcsi 06a3aTENbHBIM , TAK KAK UMEIOTCA JIBa 3aPA’KEHHBIX ITy4Ka H Cpeji-
HHe TOKU B Iy4Ke MeHblle, 9eM B HU3KO9HEPTeTHIHbIX ¥ HUSKOACTOTHBIX MaIH-
HaXx.

[Ty4oK NMONAPH3OBAHHBIX SJIEKTPOHOB € 80% mnonsapu3saiuelt MOXKeT 6bITH
nony4eH ¢ nomompio dorounxkexropa SLC-runa. Xors co3zjaHue HHTEHCHUBHOTO
T0J1SIpH30BAHHOTO TTYYKa MO3UTPOHOB U Gosiee CI0XKHAsA 3a/1a11a, PaccesHue Komn-
TOHA Ha BHICOKOMOIL[HOM JIA3EPHOM JIy4e MOXET SBJISTbCH UCTOYHUKOM MOBUTPO-
HoB ¢ 60-80% nonsipusanueit. DKNepUMEHTANbHbIE Pa3PabOTKH H MPOTOTHIMPO-
BaHHE IOJISPU30BAHHOTO MO3UTPOHHOIO MCTOYHHMKA, OCHOBAHHOIO Ha DPacCessHUH

4

Komnrona, nposoguauce B KEK mis JLC npoekTa. JlaHHas CxeMa IO3BOJIAET MC-
NOJIB30BAaTh NIPEUMYIUECTBO OBICTPOpa3BHBAlOLIEHCs Ja3epHO# TexHOIoruU. [eo-
METPHUS TPRHCNOPTUPOBOYHBIX JHHUH MydKa Ha CLIC U HAKONUTEIBHOIO KOJIbIA
BBIOMPAIOTCA TaKUM 06Pa30M, YTOGBI COXPAHSANACH MOJAPH3ALMA MYYKa, AHAJIO-
ri4HO npoexTy SLC. OTcyTCTByeT 3HaYUTENbHASA ENONAPH3ALHS 10 IIyTH K TOYKE
COYIapeHUs,

IIpu coymapenuy my4koB 13-3a TOPMO3HOTO UBYyUYeHHs U 3pdeKTa CHTb-

HpIx noset pu 3 ToB okono 7% sdexTusuoit nonspusanuu Gyner norepsHo.
Oxom10 mOJNIOBUHBI AAHHBIX HOTEPH IIPOHCXOJUT M3-33 CIHHOBOM HpeLeCcCHH, BTO-
past 0JIOBUHA — H3-32 U3JIyYEHHd DU NEPEBOpOTe cinHa. Jlanee, JaHHLIA My4yok
yckopsieTcst 0 Gomnbliux SHEpruit U, TakuM o6pasoM, Ha CTaJHMIO YCKODEHHS He
ByIHsieT TpebOBaHUE BHICOKOH CBETHMOCTH NpH Nonspusanuu. [TosTomy OZIpasy-
MEBAeTCs YCTAHOBKA ABYX KOMIITOHOBCKHX IIOJIADMMETPOB C Da3HBIX HacTel je-
TexTopa. [Ismepenne ¢ Tounocteio 0.5% st Bxogsmero myuxa 6ygeT CpaBHAMO B
NoJTy4eHHBIM Ha SLC M OXKHJIaeMBIX B Au3aliHax ApYrux npoexktos. JocTum:keHue
NOJOOHOrO Pa3peIeHust I BBICOKOSHEPIeTHIHOr0 My4YKa SIBJIAETCS CBEPX3a/a-
deit. Bostee moxpo6uo o monsipusanuu myuxa npu 3 ToB B cucreme LEHTPa Macc
MOXKHO HAHTH IO IE€PBOMCTOYHMKY.

Mona doronneix coynapenuii paccMaTpHBAIACk BO BCEX NPOEKTAX JIHHEH-
HbIx yckopurese# CLIC. Jluamason suepruit or 0.5 mo 1 TsB upeansto nogxo-
JMT JJiA PacCesiHUsl CBETa HA CBETE C TEXHUYECKON TOYKM 3PEHHs: MJIMHA BOJHB
Ja3epa JO/KHA OBITh OKOMO 1 MKM, TO eCcTb B OGNACTH CAMBIX MOIIHBIX TBED-
AOTENBHBIX JIa3€pOB, U M0TOMY 3 dexTsl coyuapenuti He 6yIyT OrpaHUYNBATD
CBETHMOCTb (POTOH-(OTOHHOM MOABL. B MyanruTsBHOM 06macTi SHepruit CHTYa-
st Gotee croxkuas: 3bdeKTb coynapeHuit ¢ poXIeHHEM KOrepeHTHOM napbl IpH
paccesHHH CBeTa Ha cBeTe OYJyT 3HAYUTENbHBI, YTO MOXKET HOBJIHSAThH HA KOHEY-
HyI0 CBeTHMOCTb. ONTHMAJIBHAS JJIMHA BOJHBI J1a3ePa YBeIUUHBAETCS IPONOPLH-
OHAJIbHO BhIGpanHOl suepruu. B n06aBok, TpeGyemas SHeprusi BCHBILKH Jla3epa
YBEJIMYUBAETCA U3-32 HesuHelHoro Komnronosckoro paccesnust. Onmus GoToH-
Horo Kosunaiiiepa Ha 3 TaB ocHoBbiBaeTcs Ha sazepe ¢ AnuHON BOMHBI 4-6 MKM,
KaK TIOKa3aJI HellaBHHe MCCJIeIOBAHMUS.

[Ipeanoxennsiti npoekt MexIyHapomgHOro JHHEHHOrO yckopurenst (ILC)
XOpOIIO MOAXOAUT JIs U3ydeHus busuku 3a npegenamu CM u Tournoro npescka-
3aHus CTPYKTYpPBI AanHo# dusuku. Uccnenoanus MoryT 661Th 6otee 3ddexTus-
HBIMH DU HCTIOJIL30BAHKH TIOJIPH30BAHHBIX Y YKOB KaK 3JIEKTPOHOB, TaK M M03H-
TpoHOB. [Ipu nanHoM omuuy MOKa3aHEI IPEHMYIECTBA yTEM COOTBETCTBYIOLIEro
AHAJIN3a PEaKUHH [PH Da3IHYHBIX QU3HYECKHX CleHapusx. PesympTaT mokasbi-
BAET, YTO HCIIOJIb30BaHKe HOJIAPH30BAHHOTO IO3UTPOHHOTO MyYKa NPH COOTBET-
CTBYIOLIEH SKCNEPUMEHTAILHON cpejie B 060pynOBaHMH JIMHEHHOIO YCKODUTENS,
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[103BOJISIET YJIYHHINTh MOTEHIUAJ IONCKA HOBBIX YACTHUL] U ONPE/eJIeHus X MHA~
MHYECKUX CBOHCTB, YTO OTKphIBaeT fopory K usyuyeruio CM.

Paccesnye cBeTa Ha CBeTe SIBJISAETCA OfHUM U3 CaMbIX (bYHIAMEHTAJILHBIX
npoueccoB. OH IPOMCXOJUT Yepe3 OJHONETJIEBYIO AUarpammy THma GoKc, coxep-
KAIIyIo 3apsKeHHbie dacTuubl. Ilepsoiit pesyasrar 8 KO/ jyuist HusKosHepreTuy-
HOTO Mpejena 9Toro mponecca 6wl notyyen Ditnepom. 3arem Kapmiyc n Heit-
men nauwtd pemenns B KOJI B obiem, Ho cnoxuoM Buge. Cevenue paccesHus
1151 JAHHOTO Tpoliecca B BbIcOKOsHepreTuueckom npegene KOJI 6bu10 BEIYUCIEHO
Axwuesepom. B HacTosiiee BpeMst UMEIOTCS BHIYHCIICHHUS 7Yy — 7YY TpoLecca JyIs
9C, CM u gaxe gsyxneriesbie nonpaskn B KX/ u K9/,

SANC — KOMITBIOTEPHASA CHCTEMA ITOTYyaBTOMATHYECKHX BbIYUCIICHUH Habm0-
7AeMBIX ¥ IICEBJOHAOMIONAEMBIX BEJINYIH ISl PA3THYHBIX NPOLECCOB B3aHMOACH-
crBus snementapublx wactun, B CM "or narpamxkuana CM no pacnpeseneHus
coBBITHI"HA OHOMNEIIEBOM YPOBHE TOYHOCTH JUIs CYLICCTBYIOMHMX M OyAymux
yckopureneit wactuy, — Tevatron, LHC, ILC, CLIC, mioonHbIX dabpuk u apy-
rix. Jlist 6osee JeTAIBHOrO H3YYeHHUs JIOCTYTIHBIX K PacieTy NPOLECCOB B CHCTEME
SANC MMeeTCs! OITMCAHHE CHCTEMbI B CTAThE, & Takxke Ha HameM caiire B OUSAN.

PaGora, NMpeAcTaBIeHHAs B JMCCEPTAlUH, SaKJIOYaeTCs B CHCTEMaTH'e-
CKOM BHEZpPEHHMH 4eThipex GO30HHBIX Ipoleccos B cpely SANC Ha OJHOTIETIIEBOM
yposne Tousoctu B CM.

CrnefiyeT OTMETHTb, YTO NOJyUEeHHbIE CTPOUTENbHbIE 60K W NPONEAYPbI
npeABbLIYUCTenUil A Auarpamm THIa GOKC B Teopuy K3 u 9C (kax vy —
Y Y = YZ, Z = Yy, Y 7 Z)ABNSIOTCA NEPBbIMY 1IAraMi B CO3JAHHH
OKDYKEHU JJ1s BHE/\PEHHUs] IIOJOOHBIX JeThIpex-G030HHBIX MPOLECCoB B CM (xax
vy = ZH, 99 = v, 99 = %2, g9 = WHW™ n apyrux).

Ilesbio ganHolt paGoTs! siBisieTcs obecriedeHye TeOPETUIECKOH NOepK-
K¥ B aHaJm3e JaHHbIX U (oHOB Ha LHC 1 6ynyuux yckopurenax ILC, CLIC jus
usydenns Xurrc-603ona u HoBoit QuU3MKH B CTOJKHOBEHUAX GO30HOB TPH VY-
MoJe.

Jlns mocTHKeHHsl MOCTABJICHHON e TpefOBAJIOCH pellieHne CIIeYIOHX
3a7a4; pa3paboTKa BBIYMCIUTELHON CPEfbl s AHANUTHIECKUX M TUCIIEHHBIX
pacyeroB B pamkax cucrempl SANC qeThIpex-6030HHbIX NPOLECCOB; BBINOJIHE-
HEe pacuyeTa Ha ONHONETJIEBOM YPOBHE TOUHOCTH B DaMKax CM cnepyomux
4eThIpex-6030HHBIX IPOLECCOB: ¥y — Y, ¥Y —* NZ, Z = Yy, Y —> ZZ, a
rakxke npouecca ud — Wy u Apyrux; Co3jaHue aHaJIUTHHECKHX 1 dopTaHHbIX
MOZLyJIelf, peaIn3yIOUuX Pe3y/IbTaThl BbIYUCIeHIH ¢dopm-hakTOpOB, COMPAJILHBIX
aMIUIATYJI, Ce4eHuH, BKIIOYeHHe UX B IIAKeT JJIi BHEIIHUX HOJIL30BATENEN.

OcHoBHBIE IOJIOZKEHNd, BBIHOCUMbIC Ha 3aIUTYy.

1. Paspaborana M peasiM30BaHa BHIUKCIUTENIbHAS Cpefia HPOLEAYP B CHCTEMeE
SANC psis pacyeTa CIUPaJIbHBIX aMIUIUTY, CEUEHUH TIPOLECCOB U IUPUH pac-
13108 4eTsipex-603ouHoN ¢usuku B Cranpapraoit Mogenu.

2. HonyyeHs! aHaIUTHYECKUE BEIPAXKEHH S Ha O/[HOIIETJIEBOM YDOBHE TOYHOCTH B
MYJIBTHKAHAJILHOM MOAXOZE NSl CIHPAJbHBIX AMIUIITYH, CEYEeHHH IPOLeCCOB
M IIMPUH PaclafoB CIEAYIOIUX IIPONECCOB: YY — VY, VY —> Y&, Z — ¥¥7,
vy — ZZ.

3. Co3gaHbl aBTOHOMHBIE aHATUTUYECKHE U (DOPTpPAHHbIE MOIYJIY BBIYUCIIEHUS
ceyeHMH M UIMPHUHBI PACIAAA YeTHIPeX-0030HHBIX IIPOLECCOB I MOIYYeHUs
YHCJIEHHBIX Pe3YJIbTATOB M TINATEJIbHOTO CPAaBHEHUS C IPYTHMMU IIPOrpaMM-
HBIMU TIPOAYKTAMH U JIMTEPATypPOH.

4. PeanusoBano Bhiumucienue mpouecca ud — W™y Ha mapTOHHOM ypOBHe,
HaiifeH OOmMii MeTON BLIYMCJIEHMS] BCIIOMOTATENbHBIX (yHKuMH J TuHIla
ITaccapuno—BensrMmana.

Hayuynas HOBH3HA U HpaKTUYeCKas 3HAYMMOCTD.

Bnepsrie mnpeioXkeH emuHBIA IOAXOX K PpacyeTy dYeThIpex-0030HHBIX
npoueccos B CM Ha ofjHONeT/IeBOM ypOBHE TOYHOCTH, OCHOBAHHBIM Ha IOJy-
aBTOMATHYECKHX CHMBOJIBHBLIX BBIYMCIIEHHSX Ha sisblke FORM; BmepBble mpuMe-
HeH MYJbTHKAHAJILHLIA MOAXOM K BBIYHCIEHHAM OJHONETJEBBIX 3JIEKTPOCTaOBIX
IIONPABOK YKA3aHHBIX NPOIIECCOB; NPEJJIOKEH CHCTEMATHIECKUH IOAXOA JUIs Bbl-
qUCIIenni BCNOMOraTenbHeIX dyukiu#, Tnna D-dbyukuuu Haccapuno-Benbrmana
(TIB), ymoOHBIX IyIsi aHAJIN3a NPUPOAb! HHPPAKPACHBIX M MACCOBBIX CHHTYJISp-
HOCTEH OJHONET/IEBBIX AMILUINTY/, NPU PacyeTe OHONETIIEBbIX MOMPABOK MpOIIec-
ca ud — Wvy; pean3oBaHa KOHIENIUSA CTAHJAPTHBIX MOJYJEH, KaK OCHOBHOTO
5KCIIOPTHOTO IIPOrPAMMHOI0 TPOAYKTa cucTeMbl SANC, ¢ BHIMHC/IEHHEM CIIHPAJIb-
HBIX AMIUIMTYJ, CEYEHHI M INMPUHBI PACIaja, OATOTOBJEHBIX K HCIOIb30BAHUIO
B MonTe-Kapno reneparopax. CymecTByomuit Toaxos JaeT BO3MOKHOCTb HC-
[0JIB30BATh PE3YJILTATHI HCCIIEJOBAHUS IPH aHAJIN3E AAHHBIX IOJAPU3aLHOHHBIX

9KCIIEPHMEHTOB.

PesynbTaThl HCCIEA0BaHHUS MMEIOT aKTyaJIbHOE IPHKJIaJHOe 3HaUeH!e KaK
quist LHC, Tak u auist dusuku 6yaymux yckopurede#t ILC u CLIC. Pazpaborannbre
cranpaprasie SANC MOAy/M INpeJNOJIaraloTCa K UCIOIb30BAHUIO Kojuiaboparumelt
ATLAS /711 OIGHKH TEOPETHYECKOH HeOlpe/IeIEHHOCTH Ha OFHONETIEBOM YDOBHE
TOYHOCTH B IPSIMBIX HAOMIONEHHUAX [IPOLIECCa PACCESIHUS CBETa Ha CBeTe Ha cobpaH-
HOH CTATMCTHKe B TSDKEJOMOHHOM Moje Ha yckopurene LHC st moucka Hosoit
busukn ¢ yueroMm 3¢ddekToB monspusanuu. TakxKe BBICOKOTOYHbIE U3MEPEHHUS
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C MOJSAPM30BAHHBIMHM NMy4KaMu Ha Oyaymux JiuHedHbix ete~ komnaigepax ILC
u CLIC morpe6yioT COBpEMEHHO TEOPETUYECKON MOJIIEPKKH, KOTOpPasd HAaYWHaeT
CO371aBATHCS. “

JIoCTOBEPHOCTD HOJIYYEHHBIX PE3YJIbTATOB 0OECIeYMBAETCS BHIODAHHBIM
MOJXOAOM K BBHIYHCIIEHUIO CEYEHUI paccMaTpuBaeMbIxX IponeccoB B pamkax CraH-
jgaprHoit Mogiesim ¢ yyeToM OHONETJIEBBIX MOIPABOK [0 TEOPHH BO3MYIIEHHIH,
KOHTDOJIEM COKDAIIEHHs KaJIHOPOBOYHBIX NMAPAMETPOB H TEXHMYECKHX DPaCXOLHU-
MocTell, CpABHEHHEM C MMEIOIMMHCS B Jinteparype pacyeramu. Crenannsle npeji-
CKA3aHUsA BO BCEX CJydyasX ObUIM BECbMa KOHCEPBATUBHBI U OCTODOIKHEI.

B uacTu cpaBHEHHs NPEICKA3aHUI C PEAJbHBIMU IKCIEPHMEHTAJIbHBIMH
JIAHHBIMH HMEIOTCH OMyOIMKOBAHHbIE TIEPBhIE PE3YJIbTATH IKCIEPHMEHTa 1 00pa-
6otku na K3/ yposne kosutabopanueit ATLAS, noka3bIBalolIyie Xopouiee cornacue
¢ nmpezickazanusiMa B pamkax CrangaprHoit Mogenu. DTo 103BosA€T CYUTATD BbI-
GpaHHBI MHCTPYMEHTApHUil, B YACTHOCTH CXEMBI y4eTa HeONPEJeNeHHOCTe! IpH
BBIYUCJIEHHH CeYeHMH, BIOJIHE aJIeKBATHBIM PACCMATPUBAEMBIM 33J[a4aM.

AnpoGanua paborsl. OCHOBHBIE PE3YJIBTATHI pabOThI JOKJIABIBAIHCE
Ha MexayHaponubix koHdepenmusax: CALC-2006 (dy6ua, Poccus, uions 2006);
CALC-2009 ([y6na, Poccusi, mons 2009); CALC-2012 ([y6na, Poccns, uions
2012); NEC-2007 (Bapua, Bosrapus, cenrsibps 2007); ACAT-2007 (Amcrepaawm,
Tonanaus, uonb 2007); ACAT-2013 ([lekun, Kurait, mait 2013);

Ha 10-it MexayHapoanoil 6aiikaincKoi MIKOJIe 1O (U3HUKE 3EJIMEHTAPHBIX
gactu, 1 acrpodusuke (MUpkyrck, Pocens, uons 2011);

Ha pabodeM cosemanny 1o ¢pusuyeckoit nporpamme ATLAS ([ly6ua, des-
pausb 2016).

Juccepranuonnast paboTa Gblta BLITIONHEHA HIPH MOANEPKKe rpanTos PO-
®U 10-02-01030, 12-02-91526-CERN _a.

JIuunsbiit BKiIaa. Asrop 6bl1 Juaepom pa3paboTKH Koaa (OPTPaHHBIX
MoJLyJielt JeThIpex-GO30HHBIX [IPOLECCOB, NPHHEMAJ HENIOCPEACTBEHHOE yYacTHe B
pa3paboTKe Cpeibl aHAJIUTHYIECKNX HPONEAYP U KOJa AHAIMTHIECKUX DAacieroB
Ha s13bike FORM 151 ueTnipex-60301HOr0O cekTopa cucrembl SANC, coszan 6ubauo-
TeKy BCIIOMOTaTelbHbIX DYHKIMil JJIs YHCICHHBIX PACYETOB, IPUHUMAN yYacTHe
B CPAaBHEHHH TOJIyIEHHbBIX PE3YJIbTATOB C HMEIOIUMHUCH B JIATEpaType.

IMy6nukamuu. OCHOBHbIE Pe3yJILTATLI O TeMe JUCCEPTAIUU OMyOIuKo-
BaHbl B 6 MCYATHBIX U3IAHUAX, BXOAAUINX B CIIUCOK pekoMeHioBaHHbIX BAK.

O6beM u cTpyKTypa paGoTsl. Jluccepraius COCTOUT U3 BBEJIEHHS, Lie-
CTH IJIaB U 3aKJI0YEeHHS.

onusrit 06bem auccepranuu 107 crpanui rekcra ¢ 33 pucynkamu u 3 tab-
sunamu. CIHCOK JUTEPATypPhl COAePKHUT 44 HAUMEHOBAHMUI.

e Qe ma— e

Coaepxanne paboTbl

Bo BBezenun 060CHOBBIBAETCS aKTYAJBbHOCTh MCCICHOBAHUMN, POBOJH-
MbIX B PaMKax JAHHOI JMCCEPTALHOHHOA paboThl, MPUBOAUTCS 0030p Hay4HOH
JHTEpaTyphl O U3ydyaeMoil mpobieme, Gpopmyampyercss ueib, CTABATCA 3aJa4u
paboThl, chOpMYIHPOBAHBI HAYYHAS HOBU3HA U PAKTHYECKas 3HAYMMOCTD MpeJi-
cTaBysieMoil paboThl.

B IlepBoii riase onuchiBaeTcs IpoueAypa BHeapenus mpoueccos CM B
paBouyio cpeny cucreMbl SANC OT aHANMTHYECKOTO BBIPAXKEHHA AMIIMTYABL 1O
JHC/IEHHBIX Pe3YJAbTaTOB JUlsi HaOIIOJaeMbIX Ha IpuMepe mpomecca vy — 7YY
(K9], yacrp) uepes ¢epmuonHyo nero. [Ipn BLIMHCICRNN IIPOIECCOB yYUTHI-
BAIOTCS HEHYJIEBbIE MACCHI METJIEBBIX YaCTHIL.

B pasgnenax o6CyxKIai0TCs 0603HaIEHMs U obmie BHIPAXKEHHs JUIsl cede-
HUA, JIMArPaMMBbl TIPOLIECCA Y7y — 7YY ¥ KOBaDHAHTHbIE aMIUIMTYIBl B BUJE TEH-
30PHBIX CTPYKTYP U (OpM-(aKkTOphI, 3aTeM CIUPaJIbHbIE aMIIUTYbI U UX ABHbIE
BBIPAXKEHHs JIJIsl PACCesiHHsl CBETa Ha cBeTe B obiiem (MaccuBHOM) H MpesieNIbHOM
(6eamaccoBoM) pacuerax.

Jlaniee KpATKO ONUCHIBAETCA CTpaTerus PeABLIYHCIICHHS, II0J0KEHHE JIaH-
HOrO Ipolecca B JepeBe mpoleccoB cucreMbl SANC, BHeJpeHME aHAJIUTH1ECKUX
pesynbTaToB M KOoHUIenuus SANC mozayJeii.

* JIONOJHUTENBHO 1IPEJICTABIIEHB! BHIPAXKEHHS JUIA YACTHBIX CIY4aeB Cre-
nuanpieix 1IB dynknuit Dy, Cp, u By, KOTOpbIe HEOOXOHMMBI JUIs BBIYHCIIEHUSA
paccestHUA CBETa Ha CBeTe Yepe3 MACCHBHbIE WK 6e3MacCOBBIC [IETVIeBbIC 1aCTHIIbI.

Bo Bropoii ryaBe onucsisaercs Buenpenue nponecca CM vy — 7y uepes
depMEOHHYI0 M HO30HHYIO IIET/IM W COOTBETCTBYIOUME MOJY/IH MPe/IBbI1UCIIEHUHA
B paboueit cpene cucremsl SANC. Brrauciiennst 9T0ro nporecca yIHThIBalOT HEHy-
JIeBble MACChI IIETJIEBBIX YaCTHIL.

B pasjenax npuBOAATCS BBIPaXKEHHA JUIs CeYEHHs!, AnarpaMMbl IPONECca
vy = vy (CM), KoBapuaHTHBIE AMIUIUTY/B! B BUJIE TEH30DHBIX CTPYKTYP, 38TEM
ciupaJbible aMILIATYAb! B noaxoue Bera-Byaku.

Ypcriennsle pe3yJIbTaThl i aHaquTHdecKux Boipaxkenumit KO, cia-
Goit m mosmoii DC wuacrell, mosydeHHBE C MOMOIIBIO MojyJei SSFM B makere
sanc_4A_v1.00 ans cedeHust paccessHusi, CPaBHUBAIUCH C nurepatypoit (Puc.1).

Mapamerpsr: cosf < cosw/6 — obpesanust; My = 80.22 GeV; m; =
120 GeV; a = 1/137.036; apyrue depmuonn! GesmaccoBsle.

CyMMa 10 CIIUPAIBbHOCTAM JUIA CEUEHUs] PACCEsHUs BBIYMCIIANACH B IHa-
nasone 1o suepruu or MaB o I'sB (Puc.2) ¢ napamerpamu:



a=1/128; cosd <cosw/6; Mw =80.22 GeV;

m, = 0.51099892 MeV, m, =0.

105658369 GeV, m, = 1.77699 GeV;

m, = 0.062 GeV, m.=1.50 GeV, m; =120.0 GeV,
mq = 0.083 GeV, m, =0.215 GeV, mp=4.7 GeV.

alyy =>yy). b
w2 ++ leos{0) < cos{30%)
s» o0 SANC QED ++HA
- ew SANC EW ++HA

one SANC SM4++HA

alyy=>yy),fo
w0 - kos(0)l < cos(307)
sens SANC QED +-HA
- == SANC EW +-HA

—— SANC SM +-HA
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Puc. 2: 4y — 7 SANC nonnoe cedeHue paccesHus.
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B Tperseil rnaBe onuckiBaercs BHeapenue B cucreMy SANC npouecca
paccesaHus yy — vZ, u pacnaga Z — yyy, B CM Ha OfHOIETIIeBOM ypOBHE
TOYHOCTH B R¢-KanmbpoBke ¢ y4ueToM Bcex Macc yacTul (Z-6030Ha ¥ APYruxX BUD-
TYaJbHBIX YaCTHLL).

TIponecch! HHTEPECHBI TEM, YTO BBHIYMCIIEHHE CEYEHHS PACCEsIHHUS U IHPH-
HBI PACIajia BKIIOUAET B ¢ebsl pacyer TOJILKO IETJIEBbIX THATPAMM U HE COACPXKHUT
JIUarpaMM Ha JIDEBECHOM YDOBHE MWJIM JIHAIDAMM TOPMO3HOTO H3J1y4eHus. Borauc-
JIEHUsI PaCKPBIBAIOT MYJIbTHKAHAJIBHBIM IIOAXOM, peau3yeMblii B cucreme SANC
B CEKTOpE 4YeThIpex-6030HHOM (DUBHKHU, KOIJia BCe BHEUIHME YACTHUILI CUHTAIOTCH
BXOZSAIIMMY, U HJIET PACUeT MPOlecca aHHUTWISIUN B BaKyyM Z~yy — 0.

4+ incoming photons helicities

farmions loop Z
bosons loop Z

a Im’::'a(am bf)pumz Z
° mions t

g v E bosons loop Z 1
3 *Inferferance sum Z t
° ™

200 400 €00 800 1000 1200 1400 1600 1800 2000
Vs, GeV

Puc. 3: Ceyenne pacceanus vy — vZ npn ” + +” nosnsipusauuu HauajJbHHIX (HoTOHOB (cTan-

JapTHLH Hafop mapamerpos).

+- incoming photons helicities

T T T T T T T T

termions z itude
bosons m z mimde JE—
inlerference sum Z longitude
fermions loop Z transverse

bosons loop Z transverse
interference sum Z ransverse

800 1000 1200 1400 1600 1800 2000
s, GeV

”

Puc. 4: Ceuenne paccesnua vy — yZ upu ” + —” nonspusanuyu HadaubHEX ¢oroHos (cran-

JApTHEI! Ha6Op napaMeTpoB).
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[IpuBogATCcs KOBapUAHTHBIE AMIJIMTYZIBI OJHOIIETIEBbIX JUarpaMM B Tep-
MuHAX JIOpEHLEBBIX CTPYKTYP Ha OcHOBe 0a3uca ¥ CKaJApHLIX (HopM-PaKTOpoB
(DD F;), obcyxpaeTca BuJ, BbIpasKeHHH W JOKA3bIBAETCS HYJEBOH BKJIAJ aKCH-
aJIbHOM 4aCTH (hEPMHOHHBIX OJJHOMETIIEBBIX JUATPAMM.

Iokazanbl cnUpaibHble aMILUTETYAB! JJIsl DA3JIHYHbIX KaHAJIOB, HOPMYIIBL
ISl cedeHHil paccesiHus U UIMPHUHBL PACNaja COOTBETCTBEHHO, CPABHEHHE C HMe-
IOLIMMHCSH AAHHBIMH U3 JTUTEPATYDBI.

Prc. 5: Ulupuna pacnaga Z — 4y — mi1ato crabuIbHOCTH.

C nomompio nakera sanc_4b_v1.00, ZOCTYNHOro MAjis CKa4YUBaHUSA Ha
crpanunie SANC, MOXKHO NOJYy4aTh YHUCIEHHBIE DE3YJIBTAThl JJISl PA3MHYHOrO Ha-
6opa mapaMeTpoB.

B Yerseproii ritaBe NPHBOASATCS pe3Y/IbTaThl BBIYHCJIEHHS IIpoLecca
Yy — Z Z cornacHo NOAXOAY NpeAbIAYIIHX PACUETOB C yYeTOM NOJIAPU3ALUOHHO
¢usnxu. [Tokasanbl KOBApHAHTHbBIE U CIHPAJIbHBIE aMILTUTYARI, auddepenuyanb-
HblE CEYEeHHS paccesiHusi, CPABHEHHE Pe3yNIbTATOB C MMEIOIMMHUCH B JIUTEPAType
JaHHBIMH.

KopapuaHTHas aMIUTUTY/ia poOLEcca yy —* Z 7 paBHa:

20
Ayszz = 4e4Q} Z [FPosoms (s, t,u) + Ffemions (5 ¢, u)] Ti"‘ﬂ’“' .
i=1

Bripasxenus gist OO F; bepMuOHHOr0 ¥ 6030HHOIO BK/IaJI0B IBHHOTO [IPO-
Ilecca IpUBENEHBI B NaKeTe, ZOCTYNHOM JUIsl CKAUMBAHUA Ha JOMALIHER CTPaHULE

cucreMbl SANC.
Of61mee 41CI0 COMPAJBHBIX AMIUTATYA AJ1s1 JAHHOI'O MPOLECca PaBHO 36. 3a

CHeT MCIIONb30BAHMS COOTHOIIEHHH MEX Iy CIHpAJbHBIMY aMILTHTYAaMu 61arona-
12 .

ps yeTHOCTH U Bose cumMerpusM, a TakKe Ipeobpa3soBaHUIO YETHOCTH H COOTBET-
CTBYIOLIEMY BPAIeHHIO BOKDYT y-OCH, I0JIy4aeM COKPaIleHUe YHCIa He3aBUCUMBbIX
CHUPAJIBHBIX AMILUIUTYJ 4O BOCHMH.

KoppeKkTHOCTD aHAJIMTHYECKUX Pe3y/bTaTOB HOATBEPXKAAETCH HECKOIbKH-
My akTopamu: HezaBUCHMOCTbIO PP F; oT KaauOpOBOUHBIX MapaMeTpOB (Bce
BBIYMCJIEHHS BBITIONHEHB B ¢ KaunOpoBKe), KOBADHAHTHAS AMIUIUTY/a yAOBIE-
TBOpAET TOXAeCTBY Bapra, ynciieHHble 3HAYEHUA U PacupelleleHust Js aMIlIg-
Tyx 1 auddbepeHIualbHbIX CeYeHHH, IOy YeHHbIX B cucTeme SANC, nMeoT Xopo-
IIlee COTJIacUe C He3aBUCHMBIMY BBIMHCIEHUSIMY, TPEACTaBJICHHbIMY B JINTEPATYpeE.
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Puc. 6: Pacnpesesenne JOMHHUPYIOIIUX CIXPAJIbHBIX aMILIMTYA pouecca ¥y — ZZ 8 CM npu
#* = 30° u ¥* = 90° ¢ yuerom Bepumner Hif.

B anasiu3e HCIOJNB30BAJIMCH clepyiomue dbopMynbl A auddepeHImas-
HBIX CeYeHMIt MPOLECCOB, YYUTHIBAIONINE CIMPAIbHOCTH YaCTHI
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Puc. 8: Pacipesesnienne ceuyeHus ogy npouecca vy — ZZ.

B IaToii riase onuckiBaeTcs KOMIBIOTEpHAS 4acTh cucrembl SANC. Jla-
eTcs JoMalHaa VHTepHeT-CTpaHuIia IPOeKTa, Ha KOTOPOi PACIIONOXKEHBI TPOIYK-
TBI JUIs cKauuBanus. [IpuBOIUTCS TeXHHUECKOE ONMCcanne akerasanc_4b_v1.10,
C NOMOMpIO KOTOPOTO IOJNy4YeHbl YHCJIECHHbIE Pe3YJBTATBl JUI OINHUCAHHBIX
4eThIpex-0030HHBIX nponeccoB. KpaTko onuChBaeTcs reHepaTop ANArpaMM H aM-
ILJIATYJL HA JIPEBECHOM U OJ{HOIIETIICBOM YDPOBHE, pa3paboTaHHLIt B paMKaX peasu-
3auun KoHiennuu SANC2.

[Maxer sanc_4b_v1.10 cocrouT u3 cieayomero Habopa ¢aitios:

1. bbbb_main.F — ocuosxolt dait,
2. bbbb_ha 11 _11.F — crnupaJjbHBIE aMILTMTYAB! IIPOLIECCA 47 — 77 B SANC,
3. bbbb_ha_11_12.F — cnupaJbHble aMILIMTYAp! ITponiecca ¥y — ¥Z B SANC,

4. bbbb_ha_2_ 111.F — cnupaJbHble aMIUIMTYABI TIponiecca Z — 7y B SANC,
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5. bbbb_ha_11_22.F — cuupasnsnble amnauryzst nponeccayy — ZZ B SANC,
6. *.f — 6ubnmorexa crenuaNbHBIX BYHKUMH U AJITOPHTMOB,

7. *_input.h — Ha6op pasNUYHBIX HACTPOEK BXOMHBIX MAPAMETPOB,

8. README, INSTALL u npyrue dbaitibl HHCTPYKIUH.

B README u INSTALL ¢aitniax HaxoAfTC MHCTPYKIMH 110 HCIIOIb30Ba-
Huio nakera. OCHOBHBIE NAPaMETPBI MOXKHO H3MEHUTL B aitize bbbb _main.F —
ocHOBHOM ¢baitye BoraucIeHui. KoHeunbIM pe3ynbTaToM paboThl HaKeTa sIBISIOT-
Csl MICKOMBIE pacupesiesienys, GopMHpyeMble COMMIACHO BHIGPaHHBIM daram.

B paMkax peanusanum koHuenuuu SANC2 — nepexofa Ha aBTOMAaTHYeCKoe
BBIYUCIICHUE OJIHONETJIEBLIX NPOLIECCOB, pa3paboTaH reHepaTop AUArPaMM U aM-
winTys. enepatop peasusoBan Ha RUBY ¢ npusneyenneMm FORM misi aHasiuTu-
uecKux npeobpasosanuii, a Takke pdflatex JJis aBTOMaTHYECKOIO NOCTPOCHHUSI
BCEX AMArpaMM KaK OCHOBHOI'O Pe3YJIbTATA.

Wcnonp3oBanne resepaTopa MPOUCXOAUT IIOCPEACTBOM JIOKajbHOro Web-
unrepoeiica. Ilponece 3apaercs nepeyHeM Ha4yaJbHBIX M KOHEYHBIX YaCTHIL U3
TIpeJIaraeMoro CIIHCKa BCEX YacTHIl, & TaKXKe BbIOOPOM ypOBHSA BhIUHCIEHHH (Jpe-
BeCHblil M oHoneriesolt) u reopuu (CM, K91, 9C, KX/, pribopounas). Bel-
60p TeOpHH OrPaHHYMBAET CIMCOK YACTHL|, HCIOMb3YEMBIX B IPOLIECCE IeHepaLli
JuHarpaMM — 1ojbopa JOIYCTHMBIX IIPONAraTOPOB M BEPINMH COTJIACHO TPaBH-
nam QeltHMaHa, TeM CaMBIM COKpawiast BpeMsi renepanui. [enepanus juis mpo-
LECCOB JBa B JiBa Ha OJHONETICBOM ypoBHe TouHOCTH B CM 3aHMMaeT B cpemHeM
HECKONBKO MuHYT. CreHepupOBaHHLIC BHIPAXKEHWs! HJIsi JHArPaMM (aMIUTATYbI
NPOLECCOB) BBIJAIOTCS B CTAHJAPTHLIX 0B03HAYEHHAX CHCTEMBI SANC, nostomy ¢
HOMOIIBIO UMEIOUIMXCA Npouenyp u3 cpeabl SANC panee BO3MOXKHO HPUMEHHUTD
CTaHZAPTHYIO NOCJIEIOBATENILHOCTD BHIYHMCIIEHHUH,

B IIlecroif ryiaBe npeAcTaBieH pe3yabTaT BHEAPEHHs Hpoleccos ff —
W+ B cucremy SANC B OC Teopun. Maccel (hepMHOHOB CYHTAIOTCH JIETKMMH TaK,
4TO npeHebperaioTcs B NMpejielie PaBHbIM HYJIO BE3/E, KPOMe apryMEHTOB B JIOTa-
pudMuueckux GYyHKIUIX.

Takke ONMCAH YHUBEDCAJIbHBIN I[OAXOJ [JIsl AHAJMTHYCCKHX PACYETOB
ONpeJeNeHnoro kiaacca J-GyHKumit 1Jis mecTd TOHOJMOrHi Tuna Goke nmpouecca
ud — Wr.

B 3akaioyeHuy 1oapeeHb OCHOBHBIE HTOIM pabOThI, BLIHOCHMBIE Ha 3a-

LIUTY.

15



 Cnucok JimMTepaTypbl

[1] Bardin D., Kalinovskaya L., Uglov E. Standard Model light-by-light scattering
in SANC: analytic and numeric evaluation // fnepnas ¢dusuka. — 2010.—
Vol. 73. — P. 1878-1888.

[2] Bardin D. Yu., Kalinovskaya L. V., Uglov E. D. Zyyy — 0 processes in
SANC // Slnepuas ¢usuka. — 2013. — Vol. 76. — P. 1339-1344.

[3] Andonov A. D., Kolesnikov V. A., Uglov E. D. The SANC project status
and plans // IuceMa B xypHan ®usnka 91€MEHTaPHbIX JaCTUIL X ATOMHOTO
sgapa. — 2011. — Vol. 8. — P. 765-767.

[4] SANC system and its applications for LHC / R. Sadykov, A. Arbuzov, E. Uglov
et al. // Journal of Physics: Conference Series. — 2014. — Vol. 523. — P. 012043

(8 pp)-
[5] J functions for the process ud—WA / D. Yu. Bardin, L. V. Kalinovskaya,

E. D. Uglov, W. von Schlippe // Slxepuas dusuka. — 2016. — Vol. 79, no. 1. —
P. 95-107.

[6] SANC: the process AA — ZZ / D. Yu. Bardin, S. Bondarenko, E. D. Uglov
et al. // Tlucbma B xypHat QUMK 3JEMEHTAPHBIX YACTHIL U aTOMHOTO siji-
pa. — 2017. — Vol. 14, no. 6.

Honyueno 12 mons 2017 1.



