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Top-quark F-B asymmetry in the SM

® A charge asymmetry arises at NLO
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Top quarks are produced along the direction of the incoming quark

N,(y>0)- N, (v >0)
N,(y>0)+ N, (v >0)

AP = = 0.051(6)
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Timeline of top-quark Ars
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Forward-Backward Top Asymmetry, %
Reconstruction Level
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Top-quark: king of the SM

® large mass: |73 GeV

® Short lifetime:
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® “bare” quark:

spin info well kept among
its decay products




Top-quark leptonic decay

® Charged lepton: top-quark spin analyzer

(a) left-handed top (b) right-handed top
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The charged-lepton tends to follow
the top-quark spin direction.




Charged lepton distribution

® |n top-quark rest frame

1 dl’ - 1+ Ay cosbhel
[dcosbye 2
At = + right-handed
Ay = — left-handed




Charged lepton distribution

® |n the c.m. frame
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A% 5 dependence on top kinematics

® Possibility of lepton in the forward region of detector
for a top-quark ( 3, Yt ,\¢)
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It is easy to show ...

® Possibility of lepton in the forward region of detector
for a top-quark ( 5, Yt, \¢)

R%’At (67 yt)




A% 5 dependence on top kinematics

(a) ' (b)
E,=200GeV | 7| E=600GeV




Invariant mass spectrum of top quark pair

CDEF, Phys.Rev.Lett. 102 (2009) 222003
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A% 5 dependence on top kinematics

(a) ' (b)
E,=200GeV | 7| E=600GeV




A% 5 dependence on top kinematics

E,=200GeV '_ |l E=600GeV




t .
A% and A% ; correlation

® When Rp ~ constant ( R, R4)




Invariant mass spectrum of top quark pair

CDEF, Phys.Rev.Lett. 102 (2009) 222003
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It provides upper bounds on NP resonance.
The large bin (800GeV-1400GeV) is
the most sensitive to a heavy resonance



New physics models

NP models are divided into two classes

® s-channel: extra octet vector gluon (axigluon is the best)

Small couplings to the first two generations: dijet constraints at 7 TeV
Large couplings to third generation: to generate large Ars
Heavy resonances: ttbar invariant mass spectrum

Very broad width: to interfere with the SM channel

® t-channel: flavor changing interaction

color singlet: Z’-u-t (¢-u-t)

color sextet or triplet
W’*-d-t (¢p*-d-t)



Timeline of A% 5 and NP models
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Timeline of A% 5 and NP models
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FCNC Z-prime: t-channel

® produce same-sign top-quark pair at the LHC

J. Cao et al
hep-ph/0703308
hep-ph/0409334

Same-sign
top pair

tt+ et




FCNC Z-prime: t-channel

® produce same-sign top-quark pair at the LHC

Ed Berger, QHC, Chuan-Ren Chen, Chong Sheng Li, Hao Zhang,
Phys. Rev. Lett. 106 (2011) 201801, arxiv:1101.5625
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Same-sign dileptons
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FCNC Z-prime: t-channel

® Disfavored by CMS direct search of same-sign top pair

CMS, JHEP 1108 (201 1) 005, arXiv: | 106.2142
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Axigluon: s-channel

® Purely pesudo-vector coupling

L= gs (9 @V"v59 + gn QY"15Q) G,

(a)
E,=200GeV




Axigluon: s-channel

® Purely pesudo-vector coupling

L= gs (g V" v59+ gn Q' Q) G,
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Axigluon: s-channel

® Purely pesudo-vector coupling

L= gs (g V" v59+ gn Q' Q) G,

® Best-fit

A%p ~0.47 x AL 5 + 0.25%
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FC W-prime: t-channel

® Purely right-handed flavor changing interaction

e gzgRJ’yuPRtWé + h.c.

Ptr > Pty
® Best-fit

A%"B ~ 075 > A%"B e 21% ; (200GeV,400GeV)
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Conclusion

o A’ and A%B is connected by the top-quark and
charged lepton spin correlation.

A% g =~ py, Ay X (272% — 1) +ps g AR X (27225“ — 1)
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Conclusion

o A’ and A%B is connected by the top-quark and
charged lepton spin correlation.

A%B ~ IOtLA%B X (QR%
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Arp versus A%
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