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ABSTRACT
We analyzed anomalous top FCNC couplings via the production of single top quark in association with a photon at 100 TeV centre of mass energy. In our analysis, we consider the invariant mass
distributions of reconstructing top quark mass; one lepton and missing energy transfer reconstructing W, and one b-tagged jet for lvb𝛾 final state, and one b-tagged jet and two other jets
reconstructing W for jjb𝛾 final state for the signal and main SM background. The sensitivity to anomalous couplings tq𝛾 with an integrated luminosity of 1 ab-1 is examined with the simulation
including realistic detector effects.
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Figure 3 : Reconstructed top mass distribution for signal (λ = 0.01) on the left and (λ = 0.05) on 
the right with total backgrounds (Btot). 

mlνb
B1 B2 B5 S1 S2

Cut 0 492.493 91646.6 59064.5 1635.72 28936.7

Cut 1 2.49899 207.58 1985.36 300.024 7637.13

Cut 2 0.922704 207.58 528.71 76.4718 1870.09

Cut 3 0.19223 103.79 528.71 38.7973 907.447
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Cut Based Analysis Flow Chart of Leptonic Channel

PRODUCTION
For the FCNC tq𝛾 couplings the effectice Lagrangian can be written as 
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where ge is the electromagnetic coupling constant; are the strength of anomalous FCNC
couplings for tq𝛾, which vanish at the lowest order in SM; PL(R) denotes the left (right) handed
projection operators; σμν is the tensor defined as for the FCNC interactions[1,2].
No specific chirality is assumed for FCNC interaction vertices, i.e.
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ANALYSIS IN HADRONIC CHANNEL

Cut Based Analysis Flow Chart of Hadronic Channel

Figure 5 : Reconstructed top mass distribution for signal (λ = 0.01) on the left and (λ = 0.05) on 
the right with total backgrounds (Btot). 

Figure 2a : mlν distributions

Figure 2b : BDT output of leptonic channel

Figure 4a : mjj distributions

Figure 4b : BDT output of hadronic channel

Figure 1 : Feynman Diagrams of contributions to wb𝛾 production from FCNC vertices (on the left) 
and SM (on the right)  

Table 2 : Number of events after each cuts for signals and backgrounds

Process Cross Section (pb)

B1 p p → w+ w- b b~ a (NP = 0) 0.38447 ± 0.00014 

B2 p p → w+ w- jet a (NP = 0) 
(where jet = u d s c u~ d~ s~ c~ g~) 

1038.3 ± 0.362 

B3 p p → w+ w- jets (NP = 0) 
(where jets = u d s c b u~ d~ s~ c~ b~ g~) 

4.363x103 ± 104

B4 p p → tt tt (NP = 0) (where tt = t t~) 25235 ± 3.64

B5 p p → tt tt a (NP = 0) (where tt = t t~) 107.9 ± 0.00356

B6 p p → z a jets (NP = 0)
(where jets = u d s c b u~ d~ s~ c~ b~ g~)

330.02 ± 0.112

S1 p p → w+ w- b b~ a (NP = 1) (λ = 0.01 ) 1.2475 ± 0.000213

S2 p p → w+ w- b b~ a (NP = 1) (λ = 0.05 ) 22.08 ± 0.00241
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Table 1 : Definition and Cross Sections for signal and possible background 
processes

One Million events are generated for signals and each
backgrounds in Table 1. 

mjjb
B1 B2 B5 B6 S1 S2

Cut 0 430.634 116141 59064.5 60027 1492.13 25989.2

Cut 1 3.88305 1037.9 906.36 957 439.245 10609

Cut 2 1.46095 103.79 205.01 165 183.133 4135.4

Cut 3 0.269122 0 129.48 66 149.7 3356.01

Table 3 : Number of events after each cuts for signals and backgrounds

Figure 6 : Statistical significance versus coupling strength

The sensitivity to anomalous couplings tq𝛾 with an integrated luminosity of
1 ab-1 at 3σ (5σ) significance is

• 0.0125 (0.0185) for lνb𝛾 channel

• 0.006 (0.008) for jjb𝛾 channel

•The limits on the top quark FCNC branching ratios are BR(t→uγ) = 1.7 x 10-4 and
BR(t→cγ) = 2.2 x 10-3 at 95% C.L. [6]. 

•The projected limits on top FCNC couplings at LCH 14 TeV and HL-LHC have
been reported [7], where the expected upper limits on branching ratio t→qγ are
2.5 x 10-5 for an integrated luminosity 3000 fb-1 . 

•Our limits on BR(t→qγ) is at the order of 10-5 for an integrated luminosity 1ab-1.


