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• Single top at CEPC via top FCNC 

• Plan for Snowmass LOI



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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[Aguilar-Saavedra et al. ’18]



Top FCNC
Warsaw basis operators

28 DoFs relevant for ee->tj

Left-handed q

Right-handed q

CP even

CP odd
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[B. Grzadkowski et al. 10]
Relevant D.o.F for tops

[Aguilar-Saavedra et al. ’18]

[Aguilar-Saavedra et al. ’18]
[G. Durieux, the CLIC Potential for New Physics, Sec. 3.1.2, ’18]

a=1: tuV/tull 
a=2: tcV/tcll

No interference between 
rows, sufficient to focus 
on 7 parameters at a time



Top FCNC: 2-fermion operators
28 DoFs relevant for ee

2-fermion FCNC
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FCC-ee: [H. Khanpour et al. 1408.2090]

ILC 500: [Aguilar–Saavedra & Riemann ’01]
CLIC: [G. Durieux, the CLIC Potential for 
            New Physics, Sec.3.1.2, 18]

Goal 1: have similar results for CEPC



Top FCNC: 4-fermion operators
28 DoFs relevant for ee

[Bar-Shalom, Wudka ’99]

UV EFT

4-fermion FCNC
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[DELPHI, CERN–PH–EP/2010–056]

Best bounds still from LEP2!

CLIC: [G. Durieux, the CLIC Potential for 
            New Physics, Sec.3.1.2, ’18]

Currently no results for FCC-ee and ILC

No dedicated search (t>qll) at the LHC

(Recast from t>qZ is possible 
  [Chala, Santiago, Spannowsky ’18])

Goal 2: study 4-f operators at CEPC



Top FCNC: current/future limits
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4-fermion

2-fermion

LEP2

LHC HL-LHC

LEP2

Future ee?

Goal 3: confirm the same complementarity between HL-LHC and CEPC

[HL/HE YR, 1812.07638]



The analysis
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CEPC scenario, 240 GeV, 5.6 ab-1


Expect similar results for FCC-ee 
240 GeV 5 ab-1.


LO+PS, with MadGraph5 and Pythia8

FCNC implementation: dim6top  

Detector effects: Delphes with CEPC card

Signal:
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Background: Wjj dominant
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+ Zjj

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

https://feynrules.irmp.ucl.ac.be/wiki/dim6top
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Baseline scenario: use simple cuts
exactly 1 b-tagged jet

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

Needs to be translated to operators coefs…



EFT parameter space

�signal =
X

1ij7

CiCj

⇤4
�ij

<latexit sha1_base64="8D50O7McORriOL+ug2E5Gw6jqNg="></latexit>

28 DoFs relevant for ee->tj

       : 7×8÷2=28 independent terms.


They are determined by simulating the signal at 28 sampling points in the 
7-D parameter space and fitting to a polynomial.


With these, the limit on xsec is converted to 95% 7-D bound in the dim-6 
parameter space.

�ij
<latexit sha1_base64="e2A9Hz3o6HT72//noIog5an0orU=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Bj04jGCecBmCbOT2WTMPJaZXiEs+QwvHhTx6td482+cJHvQxIKGoqqb7q44FdyC7397K6tr6xubpa3y9s7u3n7l4LBldWYoa1IttOnExDLBFWsCB8E6qWFExoK149Ht1G8/MWO5Vg8wTlkkyUDxhFMCTgq7lg8k6eX8cdKrVP2aPwNeJkFBqqhAo1f56vY1zSRTQAWxNgz8FKKcGOBUsEm5m1mWEjoiAxY6qohkNspnJ0/wqVP6ONHGlQI8U39P5ERaO5ax65QEhnbRm4r/eWEGyXWUc5VmwBSdL0oygUHj6f+4zw2jIMaOEGq4uxXTITGEgkup7EIIFl9eJq3zWnBR8+8vq/WbIo4SOkYn6AwF6ArV0R1qoCaiSKNn9IrePPBevHfvY9664hUzR+gPvM8frfGRgQ==</latexit>
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Bounds on individual operators

cfq
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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]

[H. Khanpour et al. ’14]
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Bounds on individual operators

2f OPs: 
about same reach as  
HL-LHC, but a useful 
validation from an 
independent channel

4f OPs: 
1~2 orders 
of magnitude 
improvement

cfq
-H3+aL cuA

Ha3L cuZ
Ha3L clq

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

T H1,a3L
0.0

0.5

1.0

1.5 Individual limits
L=1 TeV

LHC+LEP u
LHC+LEP c
HL-LHC+LEP u
HL-LHC+LEP c
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 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[G. Durieux, the CLIC Potential for New Physics, CERN YR, 18]

[H. Khanpour et al. ’14]

[W. Liu, H. Sun 1906.04884]

[H. Khanpour et al. ’14]
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Bounds on 2f vs 4f operators: HL-LHC + CEPC

HL-LHC
LEP2
CEPC B
CEPC T
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Complementarity between 
HL-LHC and CEPC

Probe parameter space 
that will be left uncovered 
by the HL-LHC



Improving with a “template fit”

To further improve, we also consider:


Angular distribution:


Signal produced by different operators with different Lorentz 
structures can be distinguished by production angle


➡  This will improve the discrimination power between 
different operators


Charm tagging: (has been mentioned in [H. Khanpour et al. 1408.2090])


For tcV/tcee operators, the signal is b,c,l,v while the main 
background is c,s,l,v where the c fakes the b. So choosing a 
c-tagged jet improves S/B.


➡  This will improve sensitivity on a=2 operators. (i.e. tcV/tcee)
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Angular distribution
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Template fit: divide the signal region into 8 bins,

Parton level Reconstructed
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Improvement from c-jet tagging
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Discriminating between different operators, when 
an excess is observed

tcee

tuee

In contrast to LHC:

No such info from top decay

Using angular observable Using c-tagging
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Future plan: physics side

Comprehensive and model-independent studies based on the SMEFT framework 
and including realistic collider analyses. With a focus on 4-fermion operators. 

Incorporate other ee colliders, FCC-ee, ILC, CLIC


Explore additional channels: ttbar with FCNC decay


Improve the simulation.


SMEFT@NLO exists but is restricted by flavor symmetry assumptions.


NLO QCD for FCNC operators, consistent with LHC TOP WG. Based on 
[Degrande, Maltoni, Wang, CZ ’14], automated with MadGraph5_aMC@NLO.


Four-fermion operators are now added.
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With Gauthier Durieux, Benjamin Fuks, Hua-Sheng Shao, Liaoshan Shi



Future plan: code side
Test case for automatic framework that allows for general BSM to be studied at future e+e- 
colliders, with more reliable theory predictions, not only for the SM, but also for signals.


ISR and beamstrahlung will be taken care of by a new MG branch. WIP.


Different BS scenarios will be made available and are stored as grids.


Difficulty is that ISR is peaked/divergent at x->1.


LO + NLO QCD ok, also in the presence of (narrow) resonances with m <~ s


NLL ISR by Frixione et al. will be included. NLO EW is in progress. 
[1909.03886 S. Frixione], [1911.12040 Bertone, Cacciari, Frixione, Stagnitto]


Version in development: 
https://code.launchpad.net/~maddevelopers/mg5amcnlo/2.7.3-lepcoll


Set lpp1=lpp2=4 in the run_card


Set pdlabel to a value corresponding to one of the folders inside Source/PDF/
lep_densities (cepc240ll  fcce240ll  fcce365ll  ilc500ll  isronlyll)
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by Stefano Frixione, Marco Zaro, Xiaoran Zhao

https://code.launchpad.net/~maddevelopers/mg5amcnlo/2.7.3-lepcoll


Thank you
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[Durieux, Kitahara, CZ ’18]

[HL/HE-LHC yellow report]

Top FCNC: current limits
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Top FCNC: 4-fermion operators from LHC
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Recast t>qZ (->ee) at LHC is possible (though this suffers from the Mee 
mass window cut.)


Recast limits from LHC:

[Chala, Santiago, Spannowsky ’18]
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