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Top physics at a ee collider below 350 GeV

At future Higgs factories, Ecm is optimized for Higgs. e.g. CEPC @ 240 
GeV.  What about top physics?


Instead of producing pairs of on-shell tops, we might:


Study virtual tops 
 

Produce single top 
i.e. through flavor changing interactions 
(may cover unexplored parameter space by LHC…)
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At future Higgs factories, Ecm is optimized for Higgs. e.g. CEPC @ 240 
GeV.  What about top physics?


Instead of producing pairs of on-shell tops, we might:


Study virtual tops 
 

Produce single top 
i.e. through flavor changing interactions 
(may cover unexplored parameter space by LHC…)

This talk
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Top flavor changing interactions (Top FCNC)
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Top FCNC

Neutral couplings that involve one top quark and one light 
quark.


Forbidden in the SM (by GIM mechanism) 
Definite sign of BSM. 

A complete and systematic description of FCNC interactions 
based on Standard Model Effective Field theory: 
 
 
 
Leading dim-6 FCNC operators are classified in the TOP WG 
EFT notes.
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Top FCNC
Warsaw basis operators
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Top FCNC
Warsaw basis operators

28 DoFs relevant for ee

Left-handed q

Right-handed q

CP even

CP odd
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Top FCNC
Warsaw basis operators

28 DoFs relevant for ee

Left-handed q

Right-handed q

CP even

CP odd

Sufficient to focus 
on 7 parameters
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Top FCNC: 2-fermion and 4-fermion operators
28 DoFs relevant for ee
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Top FCNC: 2-fermion and 4-fermion operators
28 DoFs relevant for ee

2-fermion FCNC

[DELPHI, CERN–PH–EP/2010–056]

[Bar-Shalom, Wudka ’99]

4-fermion

FCNC

See also [Chala, Santiago, Spannowsky ’18] for LHC
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[HL/HE-LHC yellow report]

Top FCNC: current limits
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[HL/HE-LHC yellow report]

Top FCNC: current limits

4-fermion 4-fermion

2-fermion 2-fermion

LEP2

LHC
HL-LHC

LEP2
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LHC ee collider

2-fermion OP

4-fermion OP

E4/mz4 scaling 
enhancement

Phase space 
suppression
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Top FCNC: MC tool

Leading order, MadGraph+UFO


One model for all top operators: dim6top  
https://feynrules.irmp.ucl.ac.be/wiki/dim6top
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Top FCNC: MC tool

Leading order, MadGraph+UFO


One model for all top operators: dim6top  

QCD corrections: FCNC specific UFO.  Need 4f implementation

https://feynrules.irmp.ucl.ac.be/wiki/dim6top
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http://feynrules.irmp.ucl.ac.be/wiki/TopFCNC

MG5_aMC>import model TopFCNC 
MG5_aMC>generate e- e+ > t j NP=2 [QCD] 
MG5_aMC>output 
MG5_aMC>launch

[Degrande, Maltoni, Wang, CZ ’14]

[Durieux, CZ ’19]
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Some very preliminary results for CEPC

Produced by Liaoshan Shi
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CEPC scenario, 240 GeV, 5 ab-1


Signal and Backgrounds both 
simulated at LO+PS, with 
MadGraph5 and Pythia8


FCNC implementation: dim6top


Detector effects: Delphes with CEPC 
card


Signal:

m
top,rec

⇡ 172.5 GeV

E
j,rec

⇡ s�m2
t

2
p
s

⇡ 58 GeV
<latexit sha1_base64="thfkn1duf5SFI2n7JpQ5dzkkodc="></latexit>

Background: Wjj dominant

b

e+

u,c

e+

c

s

mjj ⇡ 80.4 GeV
<latexit sha1_base64="kog/CdW8vgaijtHXKxWSneCk6OM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwFRIt2GXRhS4r2Ac0IUym03bamSTMTMQSsnXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv994TxIxKZdvfRmlldW19o7xZ2dre2d0z9w/aMkoEJi0csUh0AyQJoyFpKaoY6caCIB4w0gkmV7nfuSdC0ii8U9OYeBwNQzqgGCkt+SbkfjoeZy6KYxE9wLpt1VzocqRGgqfXpJ35ZtW27BngMnEKUgUFmr755fYjnHASKsyQlD3HjpWXIqEoZiSruIkkMcITNCQ9TUPEifTS2ScZPNFKHw4ioStUcKb+nkgRl3LKA92Z3ygXvVz8z+slalD3UhrGiSIhni8aJAyqCOaxwD4VBCs21QRhQfWtEI+QQFjp8Co6BGfx5WXSPrOcc8u+rVUbl0UcZXAEjsEpcMAFaIAb0AQtgMEjeAav4M14Ml6Md+Nj3loyiplD8AfG5w/NC5nA</latexit>
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Signal selection: 
 
 
 
 
 

Stat.~3%.  Ignore systematics
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95% CL upper limit on fiducial xsec: 0.0144 fb

Xsec dependence from simulation of 28 sampling points in the space of C’s

Convert into 95% 7-D bound in the dim-6 parameter space
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4f OPs: 
1~2 orders 
of magnitude 
improvement
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For future:

Improve the sensitivity:
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For future:

Improve the sensitivity:

Better signal/background simulation, e.g. NLO for 4f etc.

Understand the signal of OP with different Lorentz structures.

Template fit, MVA, etc.
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Statistically optimal observable to obtain the best 
sensitivity in theory.
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For future:

Improve the sensitivity:

Better signal/background simulation, e.g. NLO for 4f etc.

Understand the signal of OP with different Lorentz structures.

Template fit, MVA, etc.

Statistically optimal observable to obtain the best 
sensitivity in theory.

Higher CoM energies, improvements from top pair 
production with FCNC decays, etc…
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Conclusion

Future ee colliders are ideal for testing top-quark flavor-
changing interactions. 

In particular it explores the parameter space that cannot 
be probed by the HL/HE-LHC. 

Preliminary results for the reach of CEPC seems 
promising. We continue to improve.
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Thank you
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