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Hccnenoan mporecc ABYX(OTOHHOTO POXKACHHS Mapsl /-0030HOB B SKCHIEPHMEHTAX Ha apOHHBIX U AJIEKTPOH-TIO3H-
TPOHHBIX YCKOPUTEISIX B JIMAUPYIOLIEM MOPSIKES TCOPUH BO3MYIICHHHA U OHOIICTIEBOM MPpHOMKeHnn. [laHHBII mporece
MOYKHO HCIIONB30BATh JJIS MPEIIM3HOHHOTO U3Y4YeHHs TapaMeTpoB CTaHAapTHON MOeNH (Tpex- 1 YeTHIPEXO030HHBIX KOHC-
TaHT B3aUMOJICHCTBUH), TorcKa d(h(HEKTOB «HOBOH (UMK (HAIpUMeEp, aHOMAITLHBIX KOHCTAHT B3aMMOJIEHCTBUI). DTOT
MEXaHHU3M POXICHUS W-0030HOB NMEET Majoe KOJTHYECTBO (DOHOBBIX ITPOLIECCOB, MMOITOMY €r0 MOKHO HCCIE0BATh Ha
YCKOPHUTEIISAX € BBICOKOH TOUHOCTEIO. [Iporpamma LoopTools mpuMeHsIach U YACICHHBIX BRIYUCICHUH OHOMETICBBIX
HMHTETpajoB, mporpamMmma Mathematica v naketsl FeynArts u FeynCalc — s ony4deHns AuarpaMm U aMiuiatyn OeifH-
MaHa, HaXOXICHUs KBaJpara MOAYJS MaTPHYHOTO 3JIeMeHTa. PaccunTansl noiHble U qudQepeHInaIbHble CEICHUS I
AIPOHHBIX M AIICKTPOH-MO3UTPOHHBIX YCKOPUTEICH C MCIIONB30BAHNUEM MPHOIMKEHHUS SKBUBAJICHTHBIX (DOTOHOB (IIpH-
ommkerne Baiiizekkepa — BunpsmMca). B aToM mpuOmmkeHHH paccesHHBIC TMOA MajbIMHU YIIAMH 9acTHIIBI PETHCTPH-
pytorcst B (¢opBapA-ICTEKTOPax, a POXKICHHBIC YaCTHIEI — B OCHOBHOM JIeTeKTope. Pacuer mpousBoamics Ha MoHTe-
Kapino reneparope TwoPhotonGen, HanucanHOM Ha si3bike C++. TlokazaHo, 4To mosHbie U nuddepeHanbHbIe CedeHHs
Iporiecca pacTyT C yBEIUYEHHUEM YHEPTUN CTATIKUBAIOIINXCS HAYaIbHBIX YaCTHII.

Knioueswte cnosa: nByx(pOTOHHBI MEXaHU3M POXKICHUS; PUOIIKEHHE IKBUBAJICHTHBIX (POTOHOB; JIMIUPYIOLIHUH T10-
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In this paper the process of two-photon production of W-bosons pair was studied at hadron and electron-positron
colliders in the leading and the next-to-leading order approximation. The process can be used for investigation precision
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parameters of Standard Model (tri-linear and quartic couplings) and search effects of «new physics» (for example
anomalous couplings). This process of production W-bosons has a small background therefore it can be studied at col-
liders with high precision. The program LoopTools was used to numerical calculate one-loop integrals, the program
Mathematica and the packages FeynArts and FeynCalc were used to obtain the Feynman diagrams and amplitudes,
the square of module of matrix element. The total and differential cross sections for hadron and electron-positron
colliders were calculated using the approximation of equivalent of photons (Weizsdcker — Williams approximation).
In this approximation, the scattering particles are detected in the forward-detectors at small angles and the production
particles are detected in the main detector. The Monte-Carlo generator TwoPhotonGen written in C++ was used for
simulation. It is shown, the total and differential cross section are increasing with increasing of the total energy of
colliding particles.

Keywords: the two-photon production mechanism; the approximation of equivalent photons; the leading and the one-
loop correction; one-loop integrals; W-boson.

BBenenune

Crangapraas moxeib (CM) asnekrpocnadoro [1; 2] u cunbHOro [3—5] B3auMoaeiicTBHiA Obljla YCIIEIIHO
poBEpeHa BO MHOTHX dKcriepuMenTax. HecmoTps Ha 910, B CM HMeroTCst mpo0OaeMbl: 00IbIIOE KOIUYECTBO
napameTpoB (0xoJio 30), MOKoJIeHNs KBAPKOB M JIEHITOHOB, Pa3IMYUe Macc YacTHUII 110 OKoxeHus M. J{ist pere-
HUSI 9THX MPO0OJIeM OBLTH MPEUIOKEHBI pa3HooOpa3Hble pacimperns CM — «HoBas (prsnkay, Hanmpumep cymnep-
cumMeTpust [6] 1 1p. UToOBI HaliTH HaHHBIC 2P PEKTH, HEOOXOAMMO C BHICOKOH TOUHOCTBHIO H3MEPSTH ITOJTHBIC
CedeHUs1, KOHCTAHTHI B3anMoielcTBIi CM 1 KanmnOpoBaTh CBETUMOCTH yCKopuTems. OTHUMHA U3 BaXKHEHIIINX
KOHCTaHT B3aumojieicTBuil CM ABISIOTCS TpeX- U 4eTbIpex0030HHbIe. OHM MOTYT IPUMEHSTHCS s TIOMCKA
3 PEKTOB «HOBOH (PU3UKNY, B YACTHOCTH aHOMAJIBHBIX KOHCTAaHT B3aumozaencTeuid. [Iponece nByxdoronHoro
poxnenus W-6030H0B [7—11] MoxeT OBITH MCIOJIB30BAH LIS KAJIMOPOBKH CBETUMOCTH YCKOPHTEIS, TOUCKA
AHOMAJTBHBIX KOHCTAHT B3aMMOJICHCTBUH U APYTUX dPPEKTOB «HOBOU (DMK, a TAKKE JUIS TPEIU3HOHHOTO
m3ydeHus mapamerpo CM [12; 13]. B paborax [7-10; 14-21] aToT mporecc mMpuMEHSIICS I UCCIEI0Ba-
HUS TPEX- U YETHIPEXO030HHBIX KOHCTAHT B3aUMOJIEHCTBUN ¢ MCIoNMb30BaHneM MonTe-Kapio renepartopoB
PYTHIA [22], MadGraph [23], HERWIG [24], CalcHEP [25] u Forward Physics Monte Carlo (FPMC) [26],
B CTaThsX [27-29] — uist u3yueHus JENTOHOB, a B padbote [30] — cynepcuMMeTpUdHbIX J1enToHOB. [ToaTomy
nByx{oToHHOE poxaeHne W-0030H0B HEOOXOAUMO € BEICOKOH TOUHOCTBIO M3yuuTh B CM. [l 9TOTO €ro Hy>KHO
paccunTarh B OHOIICTIICBOM MPUOIMKEHUHN TEOPUH BO3MYIIIEHHN. B HacTosimei pabore paccMOTpeH Iporiece
IBYX()OTOHHOTO POXKACHUS TTaphl W-0030HOB B aIpOHHBIX [7; 8] M 3IIEKTPOH-TIO3UTPOHHBIX CTOMKHOBEHUSX [11]
B JINJMPYIOIIEM TOPSAIKE TEOPUU BO3MYIIEHUH U OHOMETIIEBOM NMpUOIMKeHnH. BBuy Manoro koamaecTsa
(hOHOBBIX TPOLIECCOB TAKOH MEXaHM3M POXKICHUST W-0030HOB MOKHO MCCIIEOBATh Ha YCKOPUTEISIX C BBICO-
Ko TouHOCTBIO [7; 8]. IIpoueccsl ¢ ABYX(OTOHHBIM POKAEHUEM Mapbl W-0030HOB UMEIOT MOJHOE CEYCHUE,
IIPONOPLUOHAIILHOE o (o0 = 1/137 — mocTosiHHAS! TOHKOM CTPYKTYpHl). B nanHoli crarbe u3yuancs ynpyrau
ciy4ail B mpuOmmkeHun Baiiizekkepa — Bumbsmca [31; 32] i aqpoHHBIX U 3JEKTPOH-TIO3UTPOHHBIX YCKO-
puTenen.

AMH.]I]/ITy[[a H KBaJIpaT MOAYJISI MATPUYIHOTO 3JIEMEHTA

AMHJ’II/ITYZ[I:I U AuarpaMMebl rmponecca

Y(p)Y(p) = W (k)W (k,) (1)

TTOJTY9ICHBI C TIOMOIIBIO TakeTa FeynArts [33] u mporpammel Mathematica. JInst BEIMUCICHHSI KBaIpaTa MOIYJIS
MaTPUYHOTO JIEMEHTA UCIONb30BauCch nakeT FeynCalc [34] n mporpamma Mathematica. lnarpamMmma mpo-
1ecca IByX()OTOHHOTO POXK/AEHHs /W-0030HOB B YIPYIoM ciydae Ipe/icTaBieHa Ha puc. 1, rae A u P, — 4-um-
y/bChl HAYAJILHBIX YacTHl, F” U P/ — 4-UMIyJIbChl PACCESHHBIX YacTUIl B (OpBapI-AETEKTOPAxX, p; U p, —
4-UMIyNBCHI Y-KBAHTOB, k| U k, — 4-UMITynbChbl W-0030HOB.

Juarpammel iporiecca (1) B muanpyromneM Nopsijike TeOpUr BO3MYIIIEHUH PUBEACHHI Ha puc. 2, tine G —
TOJICTYHOBCKHUI 0030H B KamnOpoBKe 'T XoodTa — Deitnmana [35].

Ha puc. 3 npencrapnena oana u3 144 coOCTBEHHO SHEPIeTHUCCKUX AUArpamMm, Ha puc. 4 — oaHa u3 137 6ok-
COBBIX JHMarpaMM, a Ha puc. 5 — onHa u3 402 BepuMHHBIX Auarpamm. s ycrpaneHus uH(pakpacHo# pac-
XOJIMMOCTH YYHMTBIBAJICS BKJIA]] TOPMO3HOTO M3iydeHusi. OnHa u3 30 auarpaMm ®KeCTKOTO TOPMO3HOTO U3ITY-
YeHHs ITPUBEJICHA Ha puUC. 0.
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Puc. 1. lnarpamma mporecca IByX(OTOHHOTO POKICHUS
JW-6030HOB B yIIpyroMm ciryuae

Fig. 1. The diagram of the process two-photon production
W-bosons at elastic case
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Puc. 2. lnarpammsi nponecea Y(p,)v(p,y) = W' (k)W (k)
B JIMAUPYIOLIEM HOPSJIKE TEOPUH BO3MYILCHUH
Fig. 2. The diagrams of the process y( pl)y( pz) - W+(k] )W’(kz) in the leading order

u
Y w
Puc. 3. CoOcTBEHHO SHEpreTHYecKas uarpaMmma Puc. 4. boxcoBas 1uarpaMmma mporecca
npouecca ¥(p,)v(p,) = W (k)W (k,) Y(2)¥(p2) = W (k)W (k,)
B OJIHOTICTIICBOM NPUOIIMIKEHUH B OJIHOTICTIICBOM MPUOIIIKEHUH
Fig. 3. The self-energy diagram Fig. 4. The boxes diagram of the process
of the process y(pl)y(pz) - W+(kl)W_(k2) y(pl)y(pz) - W+(k1)W_(k2)
in the one-loop correction in the one-loop correction
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Puc. 5. BepmmHHas quarpamma npotuecca Puc. 6. [lnarpaMma *ecTKOro TOpMO3HOTO
Y(p, )y(pz) - W+(kl ) Wf(kz) B O/IHONETJICBOM MPUOIMKSHUH npolrecca y(p, )y(pz) - W+(kI )Wf(kz)y(lg)
Fig. 5. The vertex diagram of the process Fig. 6. The diagram of the hard bremsstrahlung

Y(pl)y(pz) - W+(k1)W’(k2) in the one-loop correction process y(p,)y(pz) - W+(k,)W’(k2)y(k3)

Moanbie u pudPepeHuaIbHbIC CCYCHUA

[pu uccnenoBanum npornecca (1) UCMOIB30BATOCH MPUOIIKEHNE SKBUBAICHTHBIX (POTOHOB (TpUOIHKE-
Hue Baiiizexkepa — BumbsimMca). B aTom npuOnmkeHny 3apshkeHHAs YacTHIA MPEICTABISETCS OKPYKEHHOM
BUPTYAJIbHBIMU KBa3upCaJlbHbBIMHA (bOTOHaMI/I C 3aJaHHBIMU PACHPCACICHUSAMU IO UMITYJILCY. I[J'IH mpoTo-
Ha (DYHKIMS pacTpeneieHus sl yY-KBAaHTOB B MPUOIVDKCHUN SKBUBAJICHTHBIX (JOTOHOB MMEET CIIeIYIOIINit

Bu [36]:
1 rznax Iznin

(GyHKUUA @ 331a€TCsI BEIpA)KEHUEM

wtoof st S )

1+E,

2.2
16 o L2 2 2 _ 2.2_'”px._x2
rnea=7,16;b=-3,96;c=0,028; g; =0,7113B"; q;... =2 I3B"; g1, = I Y= " ; m,—Macca aipoHa.
_x —

Jlnst anekTpoHa (mo3uTpoHa) (GyHKIIMIO pacipeesiCHus ISl Y-KBAHTa MOYKHO BBIYUCIHTH IO CIIEAYOIEH
hopmye [36]:
2 2 2
fi(x)== [1 +x- X_ng(qmaxJ ~(1- x)[l - —qr;ax} :
xT 2 min Dmin

. m, — Macca 1eKTpoHa (103uTpona). CedeHne B yIpyroM clydae 3a1aercs GopMyIoi
s)=[dx [dx, (%) L) (%) 8 (51,9).

CeueHne U1 21eKTPOH-TIO3HTPOHHBIX YCKOPUTEEH HMEET BHI

)= [ s dy £1(3) £ o) (52)8 (29).

~ 2
3neck 6 — ceuenne mporecca (1); s = (H + Pz) , tne P, u P, — 4-uMnynbchl HadalpHBIX YacTull. Monenu-

pOBaHME TONHBIX U AU PepeHTHAIBHBIX CEYeHNH TPOBOAMIOCs MeTogoM Monte-Kapmo [37; 38], mnst gero
Obu1 co3nan reneparop TwoPhotonGen, nanncanublii Ha s3bike C++. Ilaker LoopTools [39] ucnons3oBaincs
JUISL YUCIICHHBIX PacyeTOB OJHOINETIICBBIX MHTErpasIoB. J{JIsl BBIMOIHEHUS! YCIOBUN MPUMEHUMOCTH TPUOIH-
JKCHUS HKBUBAJICHTHBIX (DOTOHOB HEOOXOIUMO, YTOOBI YaCTHULIBI, PETUCTPUPYEMBIE B (hOpBapA-IETEKTOPAX,
YAOBJIETBOPSUIA OTPEACICHHBIM yCIOBHsIM. JlaHHBIE ycnoBHs (OrpaHUYEHUsS IS CEBIOOBICTPOT 1)) AJS
yckoputenet LHC (ATLAS) u ILC (CLIC) npencrasieHs! B Ta0. 1. Pe3ynmbraTsl MoIeTHpOBaHUS ITOTHBIX
ceuennii 1t LHC (ATLAS) npusenens! B Ta6mn. 2, mis ILC (CLIC) — B Tabm. 3.
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Tabnuma 1

OrpanuyeHus 1/ ICeBIOOLICTPOT
paccessHHBIX YacTul B popBapa-feTeKTopax

Table 1

The cuts for pseudorapidity
of scattered particles in the forward-detectors

Yckopurens OrpaHuyeHus
LHC (ATLAS) 4,3<n<4,9
ILC (CLIC) 4,048 < |n| < 4,741
Tabnuna 2

Moansie cevenns npouecca Y(p,)y(p,) = W' (k)W (k,)
a1 LHC (ATLAS) B inaupyomeM nopsjike TeOpHH BO3MYIICHHIT
H OIHONETJICBOM NPHOJIMKEHUH B YIIPYTOM ciIydae

Table 2

The total cross sections of process
Y(p)v(py) = W (k)W (k,) for LHC (ATLAS)
for the leading order and the one-loop correction at the elastic case

Ceuenus G, 10
Vs, ToB LO NLO
7 0,0401 0,0475
8 0,0495 0,0543
13 0,1020 0,1490
14 0,1130 0,1710
Tab6nuna 3

ITonHble ceyeHus npouecca
Y(p)Y(p2) = W (k)W (k,) ans ILC (CLIC)
B JINIHUPYIOLIEM HOPsIKe TEOPHH BO3MYILICHHIT
H OJHOIICTJICBOM le](IG.]IPDKeHP[Pl

Table 3
The total cross sections
of process Y(p,)v(p,) = W' (k)W (k,)
for ILC (CLIC) for the leading order
and the one-loop correction
Ceuenus o, 110
Vs, ToB LO NLO
250 0,0208 0,0241
500 0,0472 0,0570
750 0,1130 0,1540
1000 0,7770 0,9740

Pesynbrarel MojenupoBanus auddepeHnaibHbIX CCUYSHUN B 3aBUCUMOCTH OT WHBAPUAHTHOW MacChl
W-6030n0B st LHC (ATLAS) npencrasnens! Ha puc. 7, misa ILC (CLIC) — na puc. 8.
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Puc. 7. TuddepennmansHoe cedeHue mpoiecca y( pl)y( pz) - W+(k1)W_(k2)
B 3aBHCHMOCTH OT HHBApHAHTHOU Macchl mapsl W-6030n08B mst LHC (ATLAS):
a—npu [s =7 ToB; 6 — upu /s =8 ToB; 6 — nput /s =13 TsB; 2 — niput /s =14 THB.
CrutoliHast JIMHUS — JTUANPYIOMINI HOPSI0K TEOPHH BO3MYILCHUH, yHKTHPHAS! JIMHHS — OHOIETIICBOE NPHOIIMIKEHUE
Fig. 7. The differential cross sections of process "{(p] )Y(pz) — W+(k,)W7(k2)
depending of invariant mass of -boson pair at LHC (ATLAS):
a—at\/—=7TeV;b—at\/—=8TeV;c—at\/E=13TeV;d—at\/§=14TeV.
The solid line — the leading order, the dashed line — the one-loop correction
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Puc. 8. Anddepenmmansroe cevenne npouecca y(p,)y(p,) = W (k)W (k,)
B 3aBUCHMOCTH OT MHBapHaHTHOH Macchl mapsl W-6030n08B mist ILC (CLIC):
a—1pu Js =250 IB; 6 — npu Js =500 B (oxoHYaHUE cM. Ha ¢. 52)
Fig. 8. The differential cross sections of process y(p,)Y(p,) = W' (k)W (k,)
depending of invariant mass of W-boson pair at ILC (CLIC):
a—at s =250 GeV; b—at Js =500 GeV (ending see p. 52)
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Puc. 8. Oxonuanue (Hayano cM. Ha ¢. 51): 6 — mpu Js =750 I=B; 2 — npu Js =1 TaB.
CrutomHast JMHUS — TUIUPYIOUIMH OPAA0K TEOPUH BO3MYILEHUHN, TyHKTUPHAs! TMHUS —
OJTHOTICTIIEBOE TIPHOIIIDKEHHUE
Fig. 8. Ending (beginning see p. 51): ¢ —at Js =750 GeV; d — at Js =1 TeV.

The solid line — the leading order, the dashed line — the one-loop correction

3aKjaoueHue

B pabote nccnenoBan nporecc poxaeHus: W-6030H0B yepe3 AByX(OTOHHBIN MEXaHU3M B MPHUOIMKEHUN
9KBHUBAJICHTHBIX ()0TOHOB (MpubmmKkenne Baiizekkepa — Bunbsamca). Paccmorpen ynpyruii cryvaid. JlaHHbIN
Tporecc pokAeHNs W-06030HOB MOXET OBITh MICTIONB30BaH IS MoucKa 3(h(eKkToB «HOBOH Qu3ukm». [lomy-
YCHBI ITIOJIHBIC U )II/I(I)(i)epeHHI/IaHBHLIe CCUCHUA B JIMIUPYIOMIEM IMOPAAKE TCOPUU BO3MYHICHI/II\/’I N OAHOIICTIIC-
BoM mipubmmxennu s yckopureneit LHC (ATLAS) u ILC (CLIC) ¢ momormmpio MonTe-Kapmno reneparopa
TwoPhotonGen, HantncaHHOTO Ha si3bIke C++. YCTaHOBIICHO, YTO 3HAYCHUSI CEUCHUS ISl OJJHOTICTIICBOTO MPHU-
OrKeHus OOJTbIIe, YeM IS ITUpyromiero nopsiaka. [Tokazano, 4to momHble U U QepeHInalbHbIe CeUeHUS
Mporecca pacTyT C YBEJIMYEHUEM DHEPIUU CTAIIKUBAIOIIUXCA HaYaJIbHbIX YaCTHII.
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