71

Determining V;;, at e e~ Colliders

Bin Yan
Peking University

Aug. 08, 2015
@10th TeV Physics Workshop

In collaboration with Qing-Hong Cao, arXiv: 1507.06204




Y

Y

b

[Vep |2
R = = |th|2

[Veql?
@ ZCI:d,S,b q

1.Three generation of quarks

2.Unitarity of CKM matrix
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Fourth-generation of quarks
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How can we measure top quark gauge couplings with

a model-independent method?
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Effective field theory: L=L%+ Y —0,

W. Buchmuller and D. Wyler, Nucl. Phys. B268, 621(1986) 7
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EFT (Tree-level dim-6 operators)
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The deviations of the Wtb and Ztt couplings:

NP 9 s (3) 12
Iwep = (AVyp + FL)—% t;y*b; + h.c. F, = CpqV

] 2 AZ
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The coefficients of the left-handed neutral and charged currents
are related as
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How can we measure top
quark gauge couplings?

11



b { 7

t:-+.|

-0.06 < AV, + F;, < 0.03 @ 95% C.L. 8 TeV LHC
Q.-H. Cao, B. Yan, J.-H. Yu, C. Zhang, arxiv:1504.03785

-0.99 < F, < 0.57| @ 95 % C.L. 13 TeV LHC with 300 fh™"
R. Rontsch and M. Schulze, JHEP 1407 (2014) 091

(tht L = 2F, =2 ((thb Ath)
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Vip @ unpolarized ¢
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Top quark width in SM at NNLO in QCD and NLO EW:

[0 = [VNVLO = 0.8926 x [}1°
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[;:LO __ HJFT | tbl (1__W> (1+ W>

~ 8V2x Br(t » Wb)

J. Gao, C. S. Liand H. X. Zhu, PRL. 119,042001 (2013)

Deviations of g, m; and V;, from the SM values modify the
top quark width:
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Parameter Top quark mass Top quark width

TLEP 10 MeV 11 MeV

ILC 31 MeV 34 MeV
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Top quark pair production
@ unpolarized eTe ™ collider
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Top quark pair production
unpolarized e e~ collider
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V., @ unpolarized e™e™ collider
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Implications on
New Physics Models
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A. 4t generation of quarks

Vaxa = R34(034)R24(024)R14(014)V3x3 V2 ~1>»> V5,V
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tb — "tb th 347th 3% Nucl. Phys. B169,384 (1980)
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B. Ztt and New Physics

g g
9zt = 2F; Z_Z tLyht, + Fg Z_Z tryHtg

Cw Cw
0.10F T - -
| a)| [ Extra dimensional models
| @F
oosf ™4 g
| ® ‘ Composite models
g C
< 0.00] A SM
® Vs = 500 GeV
~0.05|
Lum = 500fb~1
—0.10t ST - S —J  Richard, Francois, arXiv:1403.2893
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Tr AArp/Afg
FI1G. 7: The predictions of several NP models on the deviations of left-handed and right-handed

Ztt coupling from the SM predictions (a) and the deviations of the cross section and asymmetry
(b) [38]. The red rectangles denote the extra dimensional models: A (Gherghetta et al [39]), B
(Carena et al [40]), C (Hostanoi et al [{1]), the black disks denote the composite models: D
(Grojean et al [42]), E (Little Higgs [43]), F (Pomarol et al [{4]). The light-blue and light-red

contours indicate the precision that can be expected for the ete™ collider at \/s = 500 GeV with

luminosity £ = 1000fb=1.
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Composite models
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- A. top quark compositeness

Partial compositeness mechanism

Elementary sector Composite sector

A. Pomarol and J. Serra \/

arxiv:0806.3247 Mass-mixing terms

Low-energy effective lagrangian for a composite top quark
(Left-handed): (F)

ci N 897bp _ (ci +c1)é ,
sz D HQL)/ qr gébb 1_2/35‘%/ v

§ = f_z’f ~ 0(TeV)

3 5gétt _ (CL - CL)E

ci L
—=H*e'D,Hg v o'q gzee 1—4/3sy
‘27 S 35




B.Littlest Higgs Model (E)

Gauge the
subgroup
SU(5) [SU(2) X U(1)]) X [SU(2) X U(1)]
Gauge
Global (2) New Gauge () symmetry
symmetry o0 boson breaking
breaking ey

sO(5) Ly®30D 212D 311 | [SUQ) x U(1)]sp

Electroweak

Higgs as a
Nambu-Goldstone bosons(NGBs) psiido- symmetry breaking,
arise when a continuous global Goldstone Coleman-Weinberg
symmetry spontaneously broken potential
[UD)]em
The number of NGBs:
N(N-1) N :
2 4 _ ew Complex triplet Scalar
N 1 2 =14 N.Arkani-Hamed et al.
JHEP 0207:034,2002 |36




