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LHeC
7 TeV proton of LHC 
and 60 GeV electron
( s 1.3 TeV)

Future projects of ep colliders: LHeC & FCC-he

FCC-he
50 TeV proton of FCC 
and 60 GeV electron
( s 3.5 TeV)

Both plan to create new electron facility



 

O. Bruning, E. Nissen, D. Pellegrini, D. Schulte, A. Valloni, F. Zimmermann, 

           A. Bogacz, E. C. Alaniz, M. Klein, PoS EPS-HEP2015 2015  520

Future projects of ep colliders: LHeC & FCC-he



Top quark Physics at ep colliders

The ep future colliders offers excellent prospects for top physics

is excepted to be sensitive to BSM physics



Neutral Current (NC) Top quark Production



e e

t

g
P

γ,Z

γ

DIS

γ,z

photoproduction

Top pair production

Single Top production

t
t

t
t t

b

b
t

W

g

:-1-e  beam 60 GeV, proton beam 7 TeV, 100 fb

t t

0.023pb
N =2300

t t

0.70pb
N =70,000

t

0.031pb
N =3,100

Neutral Current Top quark Production
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DIS Photon-Gluon-Fusion-model

Top Structure Function at LHeC
 G.R. Boroun   Phys.Lett. B744 2015  142-145

 G.R. Boroun   Phys.Lett. B741 2015  197-201

Variable-flavor-number scheme
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Neutral Current Top quark Production
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t 2Fstudy (x,Q ) at small x

sensitive to the gluon density in the proton



measure top quark electric charge

Neutral Current Top quark Production
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difficult at the LHC



Neutral Current Top quark Production
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 A. O. Bouzas and F. Larios,   PRD 88, 094007 2013

sB γX

1100 fb

electric dipole moment(EDM): κ

magnetic dipole moment(MDM): κ

LHC with
5% accuracy

LHeC with
8% 10% 
16% 18% accuracy
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Neutral Current Top quark Production
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 A. O. Bouzas and F. Larios,   PRD 88, 094007 2013

DIS

LHeC with
10% and 18% accuracy

MDM 

EDM 

property precision 

EDM:  0.20-0.28/0.6-0.8 

MDM: 0.05-0.09/0.9-1.3 
zκ/κ

zκ/κ



Neutral Current Top quark Production

q

q=u,c

  
μν

qe q q μtq 5

κ
L =-g Q tσ (f +h γ )qA +h.c.  

I.T.Cakir, O.Cakir, S.Sultansoy Phys.Lett.B685:170-173,(A , 2010)

final state jets



γp collider
e-beam 70GeV

b-tagging:
60% efficiency

LHeC TDR J.Phys.G39,075001(2012)



5σ 

LHeC TDR J.Phys.G39,075001(2012)
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Neutral Current Top quark Production
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the tq  coupling can be 
probed up to order of 10





Charged Current (CC) Top quark Production



Charged Current Top quark Production

e

P

W
e

t

b

σ=1.73pb @LHeC
σ=15.3pb @FCC-eh

g

b
b

W
t

σ=1.11pb @LHeC
σ=13.3pb @FCC-ep

2
t b2

2 21 1
s

b/g g/pm / x

α (μ ) μ dz xσ̂(eb tν)[ ln( ) p (z)f ( ,μ)]dxz zm2π
 s

σ(eb tν) + σ(eg tbν) - σ(g bb*eb tν)   

σ=0.16pb @LHeC
σ=3pb @FCC-eh



e

P

W
e

t

b

T

E,j

E,b

E,

j,b,
T

j b,

,b/j

E 25GeV

ΔΦ 0.4

ΔΦ 0.4

ΔΦ 0.4

p 20GeV

|η | 5,|η | 2.5,
ΔR 0.4







 









 


Nt=11000, 
S/B=11 

j

1 2

T

E,j

E,b

wj j

j,b
T

j b

j,b/j

E 25GeV

ΔΦ 0.4

ΔΦ 0.4

|m -m | 22GeV

p 20GeV

|η | 5,|η | 2.5,
ΔR 0.4





 









 


Nt=22000,  
S/B=1.2 

j
b

W

-



Charged Current Top quark Production



Δβ: luminosity uncertainty 

100 fb-1: Δ|Vtb|=0.005 
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Charged Current Top quark Production



LHeC, 100 fb-1 
1.000 ± 0.005 (expected) 
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Charged Current Top quark Production

the CKM matrix element Vtb
can be measured with a precision of 0.5%



t

d 11 (1+A αcosθ)
Γ 2dcosθ 

 

 N - N
A =

N +N
 



 

cosθ: angle between charged 
lepton and spin quantisation 
axis in top rest frame 

Top quark Spin Polarization

S.Atag,B.D.Sahin, PRD 69, 034016 (2004)
S.Atag,B.D.Sahin, PRD 70, 037503 (2004)
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Charged Current Top quark Production

spin asymmetry



μ L R
μ V L V Rtb

μνWtb L R
μν T L T R

W

       W tγ (V f P +f P )b
gL = +h.c.1- W tσ (f P +f P )b2 2m

 
 
 
 
 
 
 
 
 
 
 
 

L R L R
V V T Ttb

|V |f 1,f ,f ,f =0  SM case

S. Dutta, A. Goyal, M. Kumar, B. Mellado, Eur. Phys. J. C (2015) 75:577
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Charged Current Top quark Production



S. Dutta, A. Goyal, M. Kumar, B. Mellado, Eur. Phys. J. C (2015) 75:577
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Charged Current Top quark Production
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S. Dutta, A. Goyal, M. Kumar, B. Mellado, Eur. Phys. J. C (2015) 75:577

1100 fb

property precision 

  0.001-0.01 

0.01-0.1 

syst.error
68.3%

95% C.L.
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Charged Current Top quark Production

the sensitivity



-1LHeC (sys.err.1%),100 fb

S. Dutta, A. Goyal, M. Kumar, B. Mellado, Eur. Phys. J. C (2015) 75:577

The analysis show that tbW vertex can be 

probed at the LHeC to a very high accuracy 

and one can obtain much more stringent 

upper limits on it, in comparison to existing 

limits from the LHC
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Charged Current Top quark Production
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S.Atag,B.D.Sahin, PRD 73, 074001 (2006)

SM 
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Charged Current Top quark Production
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LHeC offers new field of research 
for top quark pdfs
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at very high scale the top may be

                         considered 'light'

six-flavor-variable-number scheme 
for top quark can be proposed

LHeC TDR J.Phys.G39,075001(2012)

σ=0.08pb @LHeC
σ=1.54pb @FCC-ep

Charged Current Top quark Production

make it possible to consider 

quark density for the top quark



Charged Current Top & Higgs Production



Charged Current FCNC Top-Higgs Production
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H.Sun, [arXiv:1602.04670]

irreducible backgrounds:

reducible backgrounds:
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• parametrised assumed resolutions for 
elecrons/photons, muons, jets and 
unclustered energy using ATLAS values 
• b-tag rate of 60%, c-jet fake rate of 10%, 
light-jet fake rate of 1% 
• selections optimized for LHeC and FCC-ep 
scenarios (s/√(S+B)) 
• cut-based and MVA-based analyses 
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H.Sun, [arXiv:1602.04670]

reconstruct Higgs

challenge

Charged Current FCNC Top-Higgs Production
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H.Sun, [arXiv:1602.04670]

reconstruct Top

challenge

Charged Current FCNC Top-Higgs Production
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Charged Current FCNC Top-Higgs Production

H.Sun, [arXiv:1602.04670]

-1ATLAS, 4.7(20.3) fb @7(8) TeV

-1CMS, 19.5 fb @8 TeV
-1LHC, 3000 fb @8 TeV

-1ATLAS, 4.7(20.3) fb @7(8) TeV

-1CMS, 19.5 fb @8 TeV
-1LHC, 3000 fb @8 TeV

the potential to probe the tqH coupling
can be very much improved compare to
the ATLAS and CMS experiments  and 
even improve the theoretical sensitivity
of HL-LHC.

，



ttH 5
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mL =-i t κcosζ +iγ sinζ tHν
 
 
 
 
 

B. Coleppa, M. Kumar, S. Kumar, B. Mellado, [arXiv:1702.03426]

t

t t

t

t t

ζ =0, κ=1         SM case

ζ =0 or ζ =π     pure scalar state

ζ =π/2              pure pseudo scalar state

0<ζ <π/2 or π/2<ζ <π mixture CP-states
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Charged Current Top-Higgs associated Production

CP nature of the ttH couplingt



B. Coleppa, M. Kumar, S. Kumar, B. Mellado, [arXiv:1702.03426]

b

b

W

-


b

σ

Top pol.R(H,t)

bθ
A

e

P

W
e

b

H

t

Charged Current Top-Higgs associated Production
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B. Coleppa, M. Kumar, S. Kumar, B. Mellado, [arXiv:1702.03426]
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100 fb : π/5<ζ <π (2σ) and 3π/10<ζ <π(3σ) Exc. 

400 fb : π/6<ζ <π (4σ) and     π/4<ζ <π(5σ) Exc. 
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HL-LHC 3ab  probe up to ζ =π/6

10% systematic uncertainty

LHeC provides 
a better environment 
to test the CP nature 
of ttH couplings
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Summary

1.  In this talk we present a short overview of the top physics 
      at the ep collider.
2. Selected topics include, but not limited to:
    ---- top structure funciton
    ---- top PDFs, top spin polar

ttb

ization
    ---- |V |, Q  measurement

    ---- anomalous tt , ttZ, tbW couplings
    ---- FCNC tqγ, tqH couplings
    ---- CP nature of ttH couplings
3. Some of these topics are being studied with the upd



ated 
      LHeC(FCC-eh) Delphes detector simulation.




