
TOP QUARK FCNC IN 𝛾P COLLISIONS AT LHEC AND FCC-EP

TopFCNC Study Group 

O.Cakir (AU), H.Denizli (AIBU), A.Senol (AIBU), 
H.Karadeniz (GU), I.Turk Cakir (GU), A.Yilmaz (GU) 

AU: Ankara University, AIBU: Abant Izzet Baysal University, GU: Giresun 
University

Prepared for LHeC Higgs & Top Meeting, 26 September 2016
1



PROCESSES AND DIAGRAMS
Signal	diagrams	related	to	the	process	“a	p	>	w+	j”	within	MG5
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CROSS SECTIONS

3OCakir

Cross sections 
for process  
γp —>W+j in 
the LHeC and 
FCC-ep based 
γp collisions.

We find that 
cross section 
for laser option 
is about an 
order of 
magnitude 
larger than epa 
option.



ANALYSIS
➤ Top quark invariant mass plots after cuts for LHeC(epa)
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λ = 0.01

Cuts



ANALYSIS

➤ Top quark invariant mass plots after cuts for LHeC(laser)
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λ = 0.001



ANALYSIS
➤ Signal and background number of events 500k. Cut efficiency plots for 

three jets originating from W+jet in the final state at LHeC with epa/
laser options 
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ANALYSIS

➤ Statistical significance
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DISTRIBUTIONS FCC-EP (LASER)
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invariant mass with cut5 (M➤ FCC-ep based gamma-p collision, 
signal+background, λ = 0.05, 
top mass reconstruction after b-
tagging.



ANALYSIS FOR FCC-EP(LASER)

➤ Top mass reconstruction, Cut 
effi c i e n c y a n d S t a t i s t i c a l 
significance, simulation with 
Delphes FCC detector card.

9

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

Cut-1 Cut-2 Cut-3 Cut-4 Cut-5

Ef
fic

ie
nc

y 
(%

)

B
S+B, λ=0.05
S+B, λ=0.01

S+B, λ=0.1

OCakir

10-1

100

101

102

103

104

100 101 102 103

2σ
3σ
5σ

FCC-ep (laser)

SS

Lint(fb
-1)

λ=0.1
λ=0.05
λ=0.02
λ=0.01

➤ FCC-ep based gamma-p 
collision



SUMMARY
We use topFCNC_UFO model 
within MG5 

➤ signal+background for W
+j (where j=u,d,s,c,b) 

➤ for detector simulation we 
use Delphes detector card  

ATLAS card for LHeC  
FCC card for FCC-ep 

Top mass reconstruction  
p r e s e l e c t i o n c u t s + 
cuts-1 / 2 / 3 / 4 / 5 

➤ c u t e ffi c i e n c i e s p l o t , 
significance plot 

➤ started gamma-p luminosity 
discussion

10

For next meeting 
luminosity discussions for 
different options of photon-
proton collisions
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PHOTON-PROTON LUMINOSITY (RR)

The luminosity of photon-proton collisions* (ring-ring type) 

Lγp=nγnpke/seffTe  

where nγ(≈ne), np are the numbers of particles in the bunches, ke is the 
number of electron bunches in the ring, seff is the transverse area of 
bunches (σp ≫ σγ), Te=Tec+Tef is the sum of accelerating time per cycle 

and filling time. Using the circumference of electron ring (2πR) and 
speed of light (c), the luminosity of photon-proton collisions can be 
compared with the electron-proton collisions through 

Lγp=Lep(2πR/Tec) 

Taking design parameters, Lγ*p < Lep for LHeC (RR). 

12*NIMA365/317 



PHOTON-PROTON LUMINOSITY (LR)

The luminosity of photon-proton collisions* (linac-ring type) 

Lγp=nγnpfγ/(2πσp
2)  

where nγ(=ne), np are the numbers of particles in the bunches, fγ=nbfrep being the 
number of bunches per pulses nb, and repetition rate frep. Note that above equation 
neglects the effects of distance between the conversion region and collision point.  

Taking into account the distance effects, the expression for differential luminosity can be 
written as  

dLγp/d⍵=f(⍵)nγnpfγ/[2π(σe
2+σp

2)] exp(-z2θ2
γ(⍵)/2(σe

2+σp
2)) 

where ⍵ is the energy of high energy photon (high energy photon ), z is the distance 
between the conversion region and collision point, θγ is the angle between high energy 
photon and  electron beam direction, f(⍵) is the normalised differential cross section  

f(⍵)=2πα2/(Eb σc x me
2) [1/(1-y)+1-y-4r(1-r)+λeλ0rx(1-2r)(2-y)] 

where y=⍵/Ee  and r=y/[x(1-y)], with x=4Ee⍵0/me
2 and ⍵0 being laser photon energy, λe 

and λ0 are the helicities of electron and laser photon. High energy photon has maximal 
energy with the condition ⍵max=Eex/(x+1)=0.83Ee. Photon-proton invariant mass is 
defined as Wγp=2√⍵Ep . 13*NIMA365/317 



PHOTON-PROTON LUMINOSITY (LASER)

➤ In case of a pulsed linac without energy recovery the laser photon can 
be backscattered from electron beam to produce high energy photon 
beam, the rms spot size σ~10µm, and a distance z=600 cm, reduces 
luminosity by a factor of 40%, a simulated example of photon 
spectrum after the conversion point and gamma-p differential 
luminosity spectrum

14
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