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» Gauge boson self couplings in SM and the
new physics
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boson self couplings

» NLO calculations of Z'Z"Z" production at
ILC

»  etem — WHW—Z" process research with
NLO corrections at ILC

» Summary




Gauge boson self-coupling

» In the SM, su@). xU(1)y gauge invariance
provides stringent constraints on the
strengthes of triple and quartic gauge
couplings

Lwwv/gwwv = igi (WLWH*VY — WIV,WH) + iy WIW,V*
Ay

Wi Wy,
+ m%y Ap't v

where V' = Z or 7y and Wpy = 3'pr - apr Vw = 3;,1":; - 3;,1’;,. gww~ = —e€,and
gwwz = —e cot By . In the standard model, g = Ky = 1 and Ay = 0.




Gauge boson self-coupling
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Lo = ﬂItr(DpUJ‘D“U) — VW) = Str(B,, B*).

where U(z) = exp (i'r:w“)
We o Tws,
Wi — 8,V — 0, W, +iga[Wi W],
5 _ ”n,
B, _ 0.,B,—-0.,8,
DU _ 8,U+igoW,U — igyUB,.

We By o : N
p and “# are SU(Z); and U(1) gauge fields, respectively.




Gauge boson self-coupling
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£ = o (VD) (VET) + angatr (W UB,U")

+ daagytr (U [V, VJUB*) + iasgatr ([V,, V] W™)
+ agtr(V, V) er(VEVY) + astr(V,VF)tr(V, V")

+ agtr(V,V e (TVERe(TVY) + arte(V,VE)er(T'V, )er(TVY)

. .
+ zﬂsggtr(mpu Yer(TWH) + %ﬂsgﬂtf(Twpv)tr(T V¥, V)
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where V,, = DU - ut. T =U7UT,



Gauge boson self-coupling
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Triple gauge couplings

» The triple gauge couplings (TGCs) have
been well measured at the LEP?2

The LEP Collaborations, A combination of preliminary electroweak measurements and

constraints on the standard model, CERN-PH-EP /2004-069, arXiv: hep-ex/0412015v2.

Parameter 68% C.L. 95% C.L.

g% 0.99170057 | [0.949, 1.034]
Fiy 0.98470052 | [0.895, 1.069]
Ay —0.01679055 | [<0.059, 0.026]




Triple gauge couplings

» The CDF and DO collaborations also
performed some experiments about the
diboson production and presented the
limitations on anomalous TGCs

Mark S. Neubauer, FERMILAB-CONF-06-115-E, arXiv: hep-ex/0605066v2; Junjie
Zhu, arXiv: 0907.3239v1; The DO Collaboration, V. Abazov, et al., Combined measure-
ments of anomalous charged trilinear gauge-boson couplings from diboson production wn
pp collisions at /s = 1.96 TeV, FERMILAB-PUB-09-380-E, arXiv: 0907.4952v1.
D0:—0.12 < Ag < 0.19, —0.44 < Aky < 0.55 and —0.10 < Azy < 0.11

CDF—0.20 < Agf < 0.29. —1.01 < AKkzy < 1.27and —0.16 < Az, < 0.17




Quartic gauge couplings

» Triple massive gauge boson production
processes can be used to probe the quartic
gauge couplings (QGCs)

» The precise predictions for the vvv
production at hadron colliders were
provided. NLO QCD corrections increase the
cross sections about 70% for w+w-z°
production and 50% for z:zz production.

A. Lazopoulos, IX. Melnikov and F. Petriello, Phys. Rev. D76 (2007) 014001; V. Han-
kele and D. Zeppenfeld, Phys. Lett. B661 (2008) 103; T. Binoth, G. Ossola, C. G.




Gauge coupling at ILC

» The efem — Wt~ processes is the most
sensitive process for triple gauge boson
couplings test at ILC

» Complete NLO calculations for ete— — 47
(include etes — WW — 4f )has been
presented by A. Denner and etc. The NLO
corrections is about 5%~10%.

A. Denner, S, Dittmaier, M. Roth and L. H. Wieders, Phys. Lett. B612 (2005) 223;
Nucl. Phys. B724 (2005) 247,




Gauge coupling at ILC

» ILC is also sensitive to the quartic couplings.
Two processes are important in this context:

(1) triple gauge boson production:
ctem — VVV

(2) vector boson scattering: (W2 — WZ and ZZ — ZZ)

ete™ — (16LVV!

with 19 = e,y and V.V’ = W, Z.




797070 productions at ILC

PHYSICAL REVIEW D 78, 016007 (2008)
Complete one-loop electroweak corrections to ZZZ production at the ILC

Su Ji-Juan, Ma Wen-Gan, Zhang Ren-You, Wang Shao-Ming, and Guo Lei
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707070 productions at ILC

me = 0.51099892 MeV. m, = 105.658369 MeV. m, = 1776.99 MeV.
m, = 66 MeV, m., = 1.25 GeV, my = 174.2 GeV.,
mg = 66 MeV, ms = 95 MeV. my = 4.7 GeV,
mw = 80.403 GeV, my = 91.1876 GeV.
Vs =500 GeV and my = 115 GeV, 150 GeV, 170 GeV
mp(GeV') | oro(fb) | ow(fb) | Acgrep(fb) —\t’ftoffﬂ?) 0QED(0) | Otet(0)
115 1.(](]55[2:] (] Qlogf?] -0.0451(7) G(T] ——l -19(7) -8. 91(7]
150 1.0975(2) 0194(8) -0.0444(8) 780(8) 04(7) | -7.11(7)
170 1.2564[2:] 1 1989(9 -0.0393(8) )5T75H ( ] —3 12(7) -4. 08(’7]
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roductions at ILC
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707070 productions at ILC
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7070z0 productions at ILC
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w+w-z° productions at ILC

Physics Letters B 680 (2009) 321-327

Contents lists available at ScienceDirect

&5 Physics Letters B
g f

[;:[ SEVIER www.elsevier.com/locate/physleth

Full electroweak one-loop corrections to W+W —Z9? production at the ILC
Sun Wei, Ma Wen-Gan, Zhang Ren-You*, Guo Lei, Song Mao

Erratum Physics Letters B 684 (2010) 281




w+w-z° productions at ILC

my = 91.1876 GeV, mw = 80.398 GV, sin? fy = 1 — 23 = 0.222646.

Z

m, = myg = 66 MeV, mg, = 104 MeV, m, = 1.27 GeV.
my, = 4.2 GeV, my = 171.2 GeV. m, = 0.510998910 keV.
m,, = 105.658389 MeV, m, = 1776.84 MeV.

Vs (GeV) | mp(GeV) | owree(fb) | 0tot(fb) | Agtor(fb) | Gew(%)
300 120 2.9457(2) | 2.427(2) | -0.519(2) | -17.62(7)
300 150 3.1605(2) | 2.633(2) | -0.527(2) | -16.67(6)
500 120 35.810(4) | 33.51(5) | -2.30(5) -6.4(1)
500 150 36.035(4) | 33.85(5) | -2.19(5) -6.1(1)
800 120 52.34(1) | 49.70(6) | -2.64(6) -5.0(1)
300 150 52.46(1) | 50.10(8) | -2.36(8) -4.5(1)
1000 120 53.21(1) | 50.37(8) | -2.84(8) -5.3(1)
1000 150 53.28(1) | 50.68(7) | -2.60(7) -4.9(1)




w+w-z° productions at ILC
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ww-z'productions at ILC
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w+w-z° productions at ILC

T L} T i _Fﬂ T T T

1204 I i -
| B L ER
g ol b NLO | ~ || b
¢ s =z 5=500GeV
o Vs=500GeV % 04! Vs=500Ge |
5 604 m. =120GeV - ] m,=120GeV
-E H o+ __-'n__ |
© 1 =

1.0

cosf,,




do/dMyyy(fb/GeV)

w+w-z° productions at ILC
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Other works for the processes

» Comparison of cte- — w+w-z

My =120 GeV My = 150 GeV
Vs [ TeV] oBorn|[fb]  Aonro[fb]  oBom[fb]  Aonro[ib]
03 Ourwork  2.9457(2) -0510(2)  3.1605(2) -0.527(2)
Ref. [1] 2.04576(4) -0.5240(3)  3.16043(4) -0.5322(3)
05 Ourwork  35810(4)  2.30(5) _ 36.035(4)  -2.19(5)
Ref. [I]  358076(8) -2.350(3)  36.033(1)  -2.239(3)
08  Ourwork  5234(1)  -2.64(6)  5246(1)  -2.36(8)
Ref. [I]  52.337(3)  -2631(7)  52.452(4)  -2.468(8)
10 Ourwork  5321(1)  -284(3)  5328(1)  -2.60(7)
Ref. [I]  53.196(4)  -2771(8)  53.235(4)  -2.612(8)

[1] NLO corrections to e*e™

— WW Zand ¢'e — ZZZ

F. Boudjema, L. D. Ninh, S. Hao, and M. M. Weber, arXiv:0912.4234.




Other works for the

» Comparison of ¢7¢~ — 227

Processes

My = 120 GeV

My =150GeV

Vs [GeV] 0Born[tb]  Srun [%]  ogorn[fb]  dgun [%]
350 Our work  0.58696 15.79 0.68422 13.01
Ref. [1] 0.586055(2) -15.850(1) 0.684200(2) -13.970(1)
370 Our work  0.70531 13.79 0.80821 12.00
Ref. [1] 0.705303(2) -13.822(1) 0.808196(3) -11.986(1)
100 Our work  0.83409 1175 0.9375 29,98
Ref. [1] 0.834083(4) -11.765(2) 0.037484(4)  -9.973(1)
50 Our work  0.95792 079 1.05294 “R.06
Ref. [1] 0.057004(5)  -0.763(3) 1.052017(5)  -8.044(2)
500 Our work  1.01384 870 1.09754 7.09
Ref. [1] 1.013%06(6)  -8.682(4) 1.007440(7)  -7.064(4)
600 Our work  1.03052 777 1.09370 76.36
Ref. [1] 1.030489(9)  -7.714(6) 1.003668(9)  -6.280(6)
700 Our work  0.99611 747 1.04437 76.20
Ref. [1] 0.00607(1)  -7.438(9) 1.04437(1)  -6.164(9)
800  Our work  0.04567 750 0.98647 26.61
Ref. [1] 0.04563(1)  -7.46(1) 0.98343(1)  -6.30(1)
900  Our work  0.80168 7.1 0.92196 26.65
Ref. [1] 0.80164(1)  -7.62(1) 0.92191(1)  -6.55(1)
1000  Our work  0.83802 7.4 0.86366 26.80
Ref. [1] 0.83887(2)  -7.86(2) 0.86362(2)  -6.86(2)




Summary

» At present, The TGCs experiment results
(LEP, Tevatron) agree with the SM prediction.

» NLO correction for gauge-self couplings
process can not be neglected, which is
about 50%-70% at LHC and 5%-10% at ILC.

» Future tasks for gauge-self couplings at ILC:

(1) Precise calculations for gauge boson scatting processes;
(2) gauge-self couplings processes calculations of new physic effects.
(3) Simulations, etc.




Thanks!




