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Status of Zbb couplings
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Status of Zbb couplings
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Status of Zbb couplings

A. How to break the degeneracy of the right-handed
Zbb coupling? ,

New experiments: CEPC (e+e- collider), etc. "-‘f

B. How to explain the LEP data?
New Physics? Many new physics models

e.g. Custodial symmetry O(3) + heavy quark
K. Agashe, R. Contino, L. Rold, A. pomarol, 2006’

Statistical Fluctuation or Systematic error?

New experiments: e.g. CEPC



/bb couplings@ future e+e- colliders
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the energy at the e+e- colliders

S. Gori, J. Gu, L. T. Wang, JHEP04(2016)062
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So...

Should we just wait for the next
generation lepton colliders?

Any possibility from LHC and ep colliders
(HERA and EIC)?
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Zbb couplings@ LHC and ep colliders

A. LHC

qgw b SM b _SM
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axial-vector component of Zbb coupling

A
B. HERA and EIC
Polarized lepton beam %’ Single-Spin Asymmetry (SSA) Complementary
e—
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p 2 \ » vector component of Zbb coupling
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A. Zbb couplings @LHC
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yp =0
charge conjugation invariance + isospin asymmetry:

(1) Only axial-vector components contribute to the cross section;
(2) Only top and bottom quarks contribute to the scattering;

(3) Bottom quark’s contribution is comparable to the top quark, i.e. o(b)/o(t) ~ 1.1
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L = . by (kv — Kaa, 75)0Z,



Break the Zbb coupling degeneracy

Current Zh data could break the degeneracy
ATLAS: 2008.02508
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Their central values are smaller than SM predictions

Including all Zh data the two high P% dataplay an importantrole 9



Break the Zbb coupling degeneracy

Current Zh data could break the degeneracy
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Break the Zbb coupling degeneracy
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B. Zbb couplings@HERA and EIC

Single-Spin Asymmetry (SSA):

Polarized lepton beam k'
k
& - tot  _tot
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ql e T got | gbob
b,+ b,
p \ >
P

+ /—: right/left-handedlepton

1. Photon-onlydiagrams will cancel in SSA
2. Leading contribution:y-Z interference
3. Only sensitive to the vector component of the Zbb coupling
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/bb couplings @HERA
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2. ky,A < 0 couldbe excluded by
HERA data

3. It could be used to crosscheck the
off-Z-pole data 13



/bb couplings @EIC b
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LHC vs. EIC
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Summary

A. We proposed two new methods to probe the Zbb coupling at the LHC and ep colliders
B. The Zh data at the 13 TeV LHC can resolve the apparent degeneracy of the Zbb coupling;

C. Zh cross section depends on the axial-vector Zbb coupling, while the SSA in HERA or EIC s
sensitive to the vector Zbb coupling ;

D. It is hopeful to verify or exclude the LEP measurement by those new methods.
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Backup
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Sensitivity@HL-LHC

The expected limit is sensitive to the The conclusion is not sensitive to the
central value of the signal strength other top quark couplings
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Sensitivity@HL-LHC
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DIS cross section

Polarized cross section

do 2 1 —y y?
=P (-9’ +1) +F Fad (y— L
oodxdy (1) L=y 7T 3—6<y 2)
Ao = £ 1: lepton helicity
DIS variables:
2
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Simplified-ACOT-y scheme@NNLO M. Guzzi et al, PRD86,053005(2012)

M. A. G. Aivazis, Fl. Olness, W-K. Tung, 94’
M. A. G. Aivazis, J.C. Collins, El. Olness, W--K. Tung, 94’
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Dependence on Zbb coupling

/
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> * Photon-onlychannelcancels.
27 Z{g * YZ channel dominates.

)  ZZ channelissuppressed for

; T v Tu 02 € [10%,10%] GeV?

Zee coupling =~ axial-vector coupling:
g5 =-0.5, g7 =—0.038

e b
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The combination of gy, gz is further suppressed by PDFs and high orders since

F; =C,® (q—79)
 AtLOandNLO,g=bandb—b=0=F3; =0
* At NNLO, g canbe other flavors and b — b+0= F3; # 0, but suppressed by Ozg

* SSA is sensitive to the vector component of the Zbb coupling.
* The dependence on axial part is suppressed by
(i) Z propagator, (ii) small gy, (iii) PDFs (NNLO effect).21



SSA@HERA and EIC

SSA definition:
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