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Top physics at an 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 neutral current (FCNC) 
(may cover unexplored parameter space by LHC…)
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No fancy theory idea, just routine works

But top FCNC is important, and in any 
case we need to know the prospects



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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a=1: tuV/tull 
a=2: tcV/tcll



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
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Top FCNC: 2-fermion and 4-fermion operators
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Currently no dedicated search for 4f eetq couplings at the LHC/Tevatron


Recasting existing bound from t>qZ (->ee) suffer from the Mee mass 
window cut.


Best official bounds are from LEP2


Recast limits from LHC:

[Chala, Santiago, Spannowsky ’18]
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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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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]

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


Results for CEPC

Produced by Liaoshan Shi (who will answer all hard questions)
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CEPC scenario, 240 GeV, 5.6 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

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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1400 events at 5.6 ab-1 
95% CL limit on xsec: 0.0134 fb 

Baseline:

Exactly 1 b-tagged jet



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

�13

cfq
-H3+aL cuA

Ha3L cuZ
Ha3L clq

-H1,3+aL ceqH1,3+aL clequ
S H1,a3L clequ

T H1,a3L
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1.5 Individual limits
L=1 TeV

LHC+LEP u
LHC+LEP c
HL-LHC+LEP u
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FCC-ee u&c
CEPC baseline
CEPC template fit

FCC-ee: 4f operator limits are not available; 2f slightly better

CLIC: 380 GeV run + polarization, 3~4 times better on 4f

          Larger energy -> better limits 
LHeC: similar limits

[G. Durieux, the CLIC Potential for New Physics, CERN YR, 18]

[H. Khanpour et al. ’14]

[W. Liu, H. Sun 1906.04884]
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2f OPs: 
about same reach as  
HL-LHC, but a useful 
validation from an 
independent channel
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2f OPs: 
about same reach as  
HL-LHC, but a useful 
validation from an 
independent channel

4f OPs: 
1~2 orders 
of magnitude 
improvement
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Two ways to improve:


Charm tagging: 
for signal from eetc, the signal is b,c,l,v while the main 
background is c,s,l,v where the c fakes the b. So choose a 
c-tagged jet improves S/B.


➡  Improve sensitivity on a=2 operators.


Angular distribution: 
Signal produced by different operators with different 
Lorentz structures can be distinguished by angular 
distribution


➡  Improve the discrimination power between different 
   operators



Angular distribution
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Template fit:



Improvement from c-jet tagging
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Discriminating between operators

Using angular observable Using c-tagging

tcee

tuee

In contrast with LHC: 
No such info from top decay



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 will be 
left uncovered by the HL/HE-LHC. 

Results for the potential at CEPC is promising. We 
continue to improve.
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Thank you
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