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FCC-ee, FCC-eh and FCC-hh
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e± beam: 50-60 GeV
Energy Recovering Linac

operated synchronously
- with HL-LHC
- or later with FCC-hh:

FCC-ep

LHeC

FCC-ee FCC-pp

√s=100 TeV√s=90-365 GeV

2 ab-1

20-30 ab-13-200 ab-1 each 91 km

√s=1.2-1.3 TeV

√s=3.5 TeV

bridge project
- fast track to optimal SRF performance of a Higgs 
factory & cost/risk reduction for SRF@FCC-ee
- re-use of modules
- use as injector

0.25-1 ab-1

CepC
√s=90-240 GeV
35.6-16 ab-1 each
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Linear Colliders
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ILC

CLIC

√s=250-1000 GeV

2-5.4 ab-1 each

√s=380-3000 GeV

1.5-5 ab-1 each

C3
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The Top Quark
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nucleus
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Top Quark Production at FCC-ee, FCC-eh and FCC-hh
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FCC-ee FCC-ep FCC-pp

➞ precision measurements of top quark properties
➞ complementary information

ILC

CLIC
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➞ properly defined 1S mass!

Top Quark Measurements at Threshold

ILC
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Top Quark Measurements at Threshold

➞ threshold scan

FCC-ee

arXiv:2404.08049

toponium and quantum effects 
(such as quantum entanglement)
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* mtPS=171.5 GeV ≙ mtpole=173.3 GeV (WA)

*

Top Quark Measurements at Threshold

FCC-ee

➞ threshold scan

EPJC 79 (2019) 474
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Top Quark Yukawa Coupling

FCC-ee

PRD 109 (2024) 035021 (FCC-ee number adapted)

• Indirect probe of at FCC-ee at threshold with 
≈10% uncertainty - but involves additional 
assumptions and uncertainties

• High energy reach of linear lepton colliders
(> 500 GeV) provides direct access
• Possible to reach ≈3-4% precision at ILC/

CLIC (improvement by factor 2.5 at 550 GeV)
• expected uncertainty of ≈ 1.5% at MuC

}

ILC/CLIC

0+0.12-0.11

ILC-NOTE-2015-068

• higher energy is also essential for CP analysis of the ttH vertex
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Top Quark Yukawa Coupling
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• lepton

• fat jet

• fat jet

 continuum background subtraction

reconstructed mbb

reduce systematic and theoretical uncertainties
• from side bands 
• from ttH/ttZ ratios
➞ expected uncertainty of 1% 
(one order of magnitude better than LHC, but resolutions are crucial to understand here)

FCC-pp
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Top Quark Yukawa Coupling and CP Nature
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• LC: analysis of 
CP nature profits 
from direct 
production at 
high energies
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New tt Threshold Fit Strategy

FCC-ee

- Additional high-statistic point (2.65/ab) at 365 
GeV allows to measure top Yukawa coupling to 
1.7% statistical uncertainty (assuming only 
Yukawa corrections to Ztt vertex)

_

considering 10 scan points (stat only!)

JHEP 02 (2018) 125- Performed a study of WW and WbWb production around the ttbar threshold for 
different values of center-of-mass energy points 

- Targeted events in semi-hadronic and hadronic categories 

- High lepton acceptance at all center-of-mass energy points 
 (after a minimal cut on momentum) and 100% for jets  
(no event selection) 

- BDT classifier used for signal and background discrimination 

- Performed a simultaneous binned maximum likelihood fit to b-tagged jet 
distributions in the signal and background control regions to extract cross section 

- WW background well under control  
(per-mille level impact on WbWb cross section) 

- Simultaneous fit of N3LO theory prediction to measured cross section 

- 8 MeV (stat.) uncertainty in top mass 

- 11 MeV (stat.) uncertainty in top width 

- Measurement of mass and width limited by QCD scale variations 

- Effect of theory uncertainties on top Yukawa to be studied
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Electroweak Constraints for top vs. W mass
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Electroweak Constraints for top vs. W mass
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Gfitter group, Oct 24

FCC-ee
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Electroweak Constraints for top mass vs. W mass
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FCC-ee

➞ very high precision in testing self-consistency of SM

SM with
 m H

 = 125 GeV 

No theory uncertainties 

LEP + m H @
 LHC 
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Electroweak Constraints for top mass vs. W mass
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➞ very high precision in testing self-consistency of SM

Sensitivity for new phenomena 
scale extended up to 10-100 TeV!

w/o theory uncertainties 

with current  
theory uncertainties 

SM with
 m H

 = 125 GeV 

No theory uncertainties 

LEP + m H @
 LHC 

FCC
FCC-ee
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Janot, JHEP 1504 
(2015) 182

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee
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➞ no beam polarisation needed,    
    use top polarisation instead

SM

Janot, JHEP 1504 
(2015) 182

ttZ and ttγ Vertex and Dipole Moments
- -

• use lepton energy and angular 
distributions in top decay to 
distinguish ttγ and ttZ


• use optimal observable analysis 
(confirmed by full simulation 
analysis)

ILC 500FCC-ee
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➞ exclude composite Higgs models 
up to mZ’~3 TeV 

ttZ
_

➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

ttZ and ttγ Vertex and Dipole Moments
- -

FCC-ee
FCC-ee

ILC 500

ILC 500

4-Dimensional Composite Higgs Model (4DCHM) FCC-ee: study angular and energy 
distribution of leptons (b-quarks))
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➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee

ILC 500

ILC 500
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➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee
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LHC with
5% accuracy

1 ab-110%      
18%
accuracy
(syst.
limited)

➞ expected precision of order 10-1 to 10-2➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

Bouzas, Larios, 
Physical Review D 
88, 094007 (2013)

LHeC

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee
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LHC with
5% accuracy

1 ab-110%      
18%
accuracy
(syst.
limited)

➞ expected precision of order 10-1 to 10-2➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

Bouzas, Larios, 
Physical Review D 
88, 094007 (2013)

LHeC FCC-pp

Röntsch, 
Schulze, 
JHEP 1508 
(2015) 044

ttZ and ttγ Vertex and Dipole Moments
- -

investigate angular 
correlations of Z leptons

ILC 500FCC-ee
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LHC with
5% accuracy

1 ab-110%      
18%
accuracy
(syst.
limited)

➞ expected precision of order 10-1 to 10-2➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

Bouzas, Larios, 
Physical Review D 
88, 094007 (2013)

LHeC FCC-pp

Mangano et al., 
arXiv:1607.01831

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee
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LHC with
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ttZ and ttγ Vertex and Dipole Moments
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-

LHC with
5% accuracy

1 ab-110%      
18%
accuracy
(syst.
limited)

➞ expected precision of order 10-1 to 10-2➞ expected precision of order 10-2 to 10-3

{

-

Janot, JHEP 1504 
(2015) 182

Bouzas, Larios, 
Physical Review D 
88, 094007 (2013)

LHeC FCC-pp

Mangano et al., 
arXiv:1607.01831

ILC 500FCC-ee



- Christian Schwanenberger -Top Quark Physics at Future Colliders FH DESY Future Collider Day 29

LHC with
5% accuracy

1 ab-110%      
18%
accuracy
(syst.
limited)

➞ expected precision of order 10-1 to 10-2➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

Bouzas, Larios, 
Physical Review D 
88, 094007 (2013)

LHeC FCC-pp

Mangano et al., 
arXiv:1607.01831

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee



- Christian Schwanenberger -Top Quark Physics at Future Colliders FH DESY Future Collider Day 30

LHC with
5% accuracy

1 ab-110%      
18%
accuracy
(syst.
limited)

➞ expected precision of order 10-1 to 10-2 ➞ expected precision of order 10-2➞ expected precision of order 10-2 to 10-3

{

Janot, JHEP 1504 
(2015) 182

Bouzas, Larios, 
Physical Review D 
88, 094007 (2013)

LHeC FCC-pp

Mangano et al., 
arXiv:1607.01831

ttZ and ttγ Vertex and Dipole Moments
- -

ILC 500FCC-ee
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• Significant improvement for two-fermion electroweak operators at FCC-ee
• Vast improvements for various two-fermion operators at higher energies at ILC/CLIC
• crucial input for ee→ZH at NLO (needs accuracy of highest energy operation+polarisation!) 

Global Search for EFT Couplings in Top Production and Decay

31

FCC-ee ILC CLIC

arXiv:2205.02140 [hep-ph]
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Flavor Physics: Big Questions and Great Reach

32

1. origin of matter (matter-antimatter asymmetry, CP violation, needs New Physics)
2. origin of flavor (patterns, hierarchies, needs New Physics) 
3. origin of mass (is the Higgs responsible for quark and lepton masses, Yukawa propto 
mass? New Physics search. → Higgs talk
The specificities of the SM flavor sector with 
its suppressions and systematics (GIM, CKM, 
approx symmetries e.g. LFC) implies 
sensitivity and invites dedicated tests.
4. Where does the SM fail and is New 
Physics flavorful? SMEFT, and model, rare 
decays, searches, null tests
5. nature of dark matter (probing for 
invisibles/dark sector w. rare present data mid-term prospects 
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Flavor Physics: Topics at Future Colliders

33

• Z-flavor factory: Giga-Z@LC: 109 Z’s with polarized beams, Tera-Z ≥ 1012 Z’s needed to 
improve flavor-physics precision tests, e.g. Bs,d → τ+τ− and B → K(∗)τ+τ− decays

• lepton universality can be performed at a Z-factory: 1.7×1011 τ+τ− pairs (precision level 
10−5 with Tera-Z samples, statistics is important, longitudinal polarisation not so much) 
and ~1012 Z → bb  ̄and Z → cc  ̄decays (B(Z → b b̄) = 0.15, B(Z →cc )̄ = 0.12)

• charm: e.g. charm-Yukawa coupling
• τ lepton universality and presision τ 

measurements as EW precision 
studies, at Z-pole best conditions

• Flavor violating Z couplings
• Flavor violating Higgs decays: one or 

two orders of magnitude 
improvements e.g. for h→τμ

• top couplings and FCNC decays

0.02%

FCC-ee CepC
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Flavor changing charged current Wtb couplings

34

Dutta, Goyal, Kumar, Mellado, 
arXiv:1307.1688
Kumar, Ruan, to be publ.

LHeC
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Expected measurements of Wtb couplings

35

Unprecedented 
precision < 1%

Dutta, Goyal, Kumar, Mellado, 
arXiv:1307.1688
Kumar, Ruan, to be publ.

LHeC 100 fb-1 1.00 ± 0.01
(expected)

LHeC



- Christian Schwanenberger -Top Quark Physics at Future Colliders FH DESY Future Collider Day

Expected measurements of Wtb couplings

36

Unprecedented 
precision < 1%

Dutta, Goyal, Kumar, Mellado, 
arXiv:1307.1688
Kumar, Ruan, to be publ.

LHeC 100 fb-1 1.00 ± 0.01
(expected)
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Expected measurements of Wtq couplings

37

Unprecedented 
precision < 1%

Dutta, Goyal, Kumar, Mellado, 
arXiv:1307.1688
Kumar, Ruan, to be publ.

LHeC 100 fb-1 1.00 ± 0.01
(expected) Probing SM prediction directly for the first time

FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019) H. Sun PoS DIS 2018, 167 (2018)
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Expected measurements of Wts couplings

38

Probing SM prediction directly for the first time

FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019) H. Sun PoS DIS 2018, 167 (2018)

•Higher fraction of momentum carried by kaons

•Neutral kaons and s-baryons 
are long-lived

•As B(t→Ws) ∝ |Vts|2 
  expect σ(|Vts|) ~ 10%

•more work to be done 
on pheno impacs

FCC-ee

strange tagging arXiv:2003.09517 [hep-ph]
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Flavor Changing Neutral Current Couplings

39
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√s=350 GeV

√s=240 GeV and √s=350 GeV

FCC-ee

Br(t→qγ), Br(t→qZ)<O(10-6-10-5)

H. Khanpou
S. Khatibi
M. Khatiri 
M. M. Najafabadi 

MVA

ILC/CLIC
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Flavor Changing Neutral Current Couplings
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FCC-ep

-e

+e

,Z  γ
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√s=350 GeV

√s=240 GeV and √s=350 GeV

FCC-ee

Br(t→qγ), Br(t→qZ)<O(10-6-10-5)

H. Khanpou
S. Khatibi
M. Khatiri 
M. M. Najafabadi 

MVA

ILC/CLIC
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Flavor Changing Neutral Current Couplings

41

N
ev

en
ts

mt[GeV]

FCC-ep

-e

+e

,Z  γ

c,u=q

t

b

Z

t

+W

√s=350 GeV

√s=240 GeV and √s=350 GeV
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H. Khanpou
S. Khatibi
M. Khatiri 
M. M. Najafabadi 

Turk Cakir, Yilmaz, 
Denizli, Senol, 
Karadeniz, O. Cakir, 
Adv. High Energy Phys. 
2017, 1572053 (2017) 

MVA

ILC/CLIC
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Flavor Changing Neutral Current Couplings
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FCC-ep
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S. Khatibi
M. Khatiri 
M. M. Najafabadi 

Turk Cakir, Yilmaz, 
Denizli, Senol, 
Karadeniz, O. Cakir, 
Adv. High Energy Phys. 
2017, 1572053 (2017) 

MVA
10-5

ILC/CLIC
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10-5

Flavor Changing Neutral Current Couplings

43

Br(t→qZ)<10-7

FCC-ep FCC-pp

(rescaling of the LHC expectations)
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Br(t→qγ), Br(t→qZ)<O(10-6-10-5)

H. Khanpou
S. Khatibi
M. Khatiri 
M. M. Najafabadi 

Turk Cakir, Yilmaz, 
Denizli, Senol, 
Karadeniz, O. Cakir, 
Adv. High Energy Phys. 
2017, 1572053 (2017) 

MVA

ILC/CLIC
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10-5

Flavor Changing Neutral Current Couplings

44

γ

Br(t→qγ)<10-7

FCC-ep FCC-pp

(rescaling of the LHC expectations)
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M. Khatiri 
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Turk Cakir, Yilmaz, 
Denizli, Senol, 
Karadeniz, O. Cakir, 
Adv. High Energy Phys. 
2017, 1572053 (2017) 

MVA

ILC/CLIC
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Flavor Changing Neutral Current Couplings

45

Mangano et al., arXiv:1607.01831
FCC-ep

FCC-pp
-e

+e

,Z  γ

c,u=q

t

b

Z

t

+W

√s=350 GeV

√s=240 GeV and √s=350 GeV

FCC-ee H. Khanpou
S. Khatibi
M. Khatiri 
M. M. Najafabadi 

Turk Cakir, Yilmaz, 
Denizli, Senol, 
Karadeniz, O. Cakir, 
Adv. High Energy Phys. 
2017, 1572053 (2017) 

MVA
10-5

Br(t→qγ), Br(t→qZ)<O(10-6-10-5)

ILC/CLIC

“SM”

FCNC
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  7−10 6−10 5−10 4−10 3−10 2−10 1−10
Branching fraction

Zu→t

Zc→t

gu→t

gc→t

uγ→t

cγ→t

hu→t

hc→t

2HDM(FV) 2HDM(FC) MSSM
RPV RS HL-LHC
FCC-ee FCC-eh FCC-hh
LHeC ILC/CLIC

-17 10×7 [10]
-17 10×7 

[9]

-14 10×1 [8]
-14 10×1 

[9]

-14 10×4 [7]
-14 10×4 

[6]

-12 10×5 [7]
-12 10×5 

[6]

-16 10×4 [5]
-16 10×4 

[4]

-14 10×5 [5]
-14 10×5 

[4]

-17 10×2 [3]
-17 10×2 

[2]

-15 10×3 [1]
-15 10×3 

[2]

SM

  ATLAS   CMS95% CL upper limits
[1] EPJC 84 (2024) 757

[2] arXiv:2407.15172[3] PLB 842 (2023) 137379
[4] PRD 109 (2024) 072004

[5] EPJC 82 (2022) 334 [6] JHEP 02 (2017) 028
[7] CMS-PAS-TOP-17-017

[8] PRD 108 (2023) 032019[9] JHEP 07 (2017) 003

all other processes are zero
Each limit assumes that

from arXiv:1311.2028
Theory predictions

FCNC Branching Ratios at Colliders

46

➞ test SUSY, little 
Higgs, technicolor...

2 ab-1

FCC-pp

FCC CDR, Eur. Phys. J. C 79, 
no. 6, 474 (2019), updated by 
K. Skovpen, 10/2024

FCC-ee

FCC-eh

ILC/CLIC
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Flavor Physics: Searches

47

• heavy dark sector searches at Z pole
• heavy neutral leptons e.g. coupling mostly to taus

• what can be gained in SMEFT and 
concrete BSM particles from running 
above the Z pole

FCC-ee

• FCC-hh configuration: best studied with 
a dedicated experiment à la LHCb

•

arXiv:2411.02485
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• future ee, ep, pp colliders have a rich and complementary analysis 
programme for top quark and flavor physics
• analyse top quark properties with high precision:                  
   mass, width, polarisation, charge, asymmetry, PDFs of tops, ... 
• top quark couplings: (Wtb, ttγ, ttZ, ttg, ttH, …)
• many stringent searches for new physics: anomalous couplings, EFT, FCNC, 
composite Higgs, …
• heavy-flavour physics is expected to remain an integral part future colliders 
• experiments at a future high-luminosity e+e− collider would perform unique 
heavy-flavour studies in specific channels

• Colliders operating at the Z pole can strongly contribute to develop searches for 
the charm Yukawa coupling and flavour-violating Higgs and Z couplings, lepton 
flavour violation and precision tau physics, and dark sector searches
➞ more exciting studies exist
➞ more exciting studies to come

Summary

48
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mt

Γt

yt

αs

➞ mass only: 8.8 MeV (stat), 5.4 MeV (αs [2 x 10-4]), 44 MeV (theo) 

Top Quark Measurements at Threshold

FCC-ee
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mt

Γt

yt

αs

* mtPS=171.5 GeV ≙ mtpole=173.3 GeV (WA)

*

Top Quark Width

FCC-ee

EPJC 79 (2019) 474
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mt

Γt

yt

αs

Top Quark Yukawa Coupling

FCC-ee

EPJC 79 (2019) 474
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Chromoelectric and Chromomagnetic Dipole Moments

53

➞ expected precision of order 10-2

Mangano et al., arXiv:1607.01831

FCC-pp
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Chromoelectric and Chromomagnetic Dipole Moments

54

➞ expected precision of order 10-2

Mangano et al., arXiv:1607.01831

FCC-pp
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Electroweak Couplings

55
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• Improve constraints x2-4 on many operators at HL-LHC
• Significant improvement for two-fermion electroweak operators at FCC-ee
• Further improvements for various two-fermion operators at higher energies at ILC/CLIC
• Entering a high energy regime at FCC-hh with an order of magnitude improvement for qqtt 

with respect to HL-LHC!

Global Search for EFT Couplings in Top Production and Decay

56

arXiv:2205.02140 [hep-ph]

_ _
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Global fit with NLO eett for Triple Higgs coupling

57

Junping Tian (U.Tokyo)
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Luminosity Future Colliders

58

arXiv:2312.14363
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Major current & future colliders @ CERN

60

J. d’Hondt
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Linac-Ring Collider, LHeC and FCC-eh

61

Energy Recovering Linac
LHeC

LHeC CDRs: 
arXiv:1206.2913, J. Phys. G 39 075001 (2012) 
arXiv:2007.14491, J. Phys. G 48, 11, 110501 (2011)

FCC CDR:
Eur. Phys. J. C 79, no. 6, 
474 (2019) - Physics
Eur. Phys. J. ST 228, no. 
4, 755 (2019) - FCC-hh/eh

Lint = 1-2 ab-1 (1000×HERA!)
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LHeC Parameters
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The FCC-eh Complex
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FCC-eh Detector and Operation
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Signal and Backgrounds

65

signal background

Nt=220k, s/b=1.2

Nt=110k, s/b=11

e beam: 60 GeV
1000 fb-1

b-tag

b-tag

Dutta, Goyal, Kumar, Mellado, Eur. 
Phys. J. C75 (2015) no.12, 577

LHeC

W-

W-

W

W-

l

ν
_
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Search for Anomalous Wtb Couplings

= 1 in SM

fVR=+0.5

fTR=
+0.5 fTL=-0.5

fTL=+0.5

+ other variables sensitive on W helicity

SM top+bckg.

SM top+bckg.

Dutta, Goyal, Kumar, 
Mellado, arXiv:1307.1688

66

Lint=100 fb-1
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FCNC Branching Ratios at Colliders

• improve 
limits on 
BR(t→γu), 
BR(t→Hu) 
considerably

LHeCMVA FCC-ep cut-based

95% CL
➞ test SUSY, 
little Higgs, 
technicolor...

67

Ee=60 GeV
1000 fb-1 LHeC
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Search for Anomalous ttG Couplings

68

-
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Direct Measurement of |Vtb|

69
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Direct Measurement of |Vtb|

70

LHeC, 100 fb-1 1.000±0.01 
(expected)LHeC

s/b=11

W-

W-

l

ν
_

signal background
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signal

fVR=+0.5

fTL=+0.5

+ other variables sensitive on W helicity

SM top+bckg.

Search for Anomalous Wtb Couplings
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signal

fVR=+0.5

fTL=+0.5

+ other variables sensitive on W helicity

SM top+bckg.

<0.01
<0.04
<0.09
<0.14

LHeC

DELPHES
Dutta, Goyal, Kumar, Mellado, 
Eur. Phys. J. C75 (2015) 
no.12, 577
Kumar, Ruan, to be publ.

Search for Anomalous Wtb Couplings
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signal

fVR=+0.5

fTL=+0.5

+ other variables sensitive on W helicity

SM top+bckg.

<0.01
<0.04
<0.09
<0.14

LHeC

DELPHES
Dutta, Goyal, Kumar, Mellado, 
Eur. Phys. J. C75 (2015) 
no.12, 577
Kumar, Ruan, to be publ.

Search for Anomalous Wtb Couplings
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Search for Anomalous ttγ Couplings

74

κ, κ~
electric dipole moment: κ~

magnetic dipole moment: κ

LHC with
5% accuracy

10% and 18% accuracy assumed

Bouzas, Larios, 
Physical Review D 88, 094007 (2013)

-

27% accuracy
(4.59fb-1, 7 TeV)

LHeC
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Search for Anomalous ttγ Couplings

75

κ, κ~
electric dipole moment: κ~

magnetic dipole moment: κ

LHC with
5% accuracy

8% and 16% accuracy
10%      18%

Bouzas, Larios, 
Physical Review D 88, 094007 (2013)

-

27% accuracy
(4.59fb-1, 7 TeV)

1 ab-1

→ systematically limited

LHeC
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SM Top Quark Production

76

➞ future ep collider is ideal to study EWK interactions of 
the top quark

CC DIS top production NC top photoproduction

LHeC

FCC-ep

σ=1.73pb @ 
σ=15.3pb @ 

σ=0.05pb @ LHeC

Ee=60 GeV σ=1.14pb @ FCC-ep
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Measurement of |Vcs|

77

(work in progress)
➞ heavy flavour factory
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Measurement of |Vtd|

78

FCC-ep

LHeC

➞ |Vtd|<0.05 2σ

2σ ➞ |Vtd|<0.02

at 2σ C.L.

similar

DELPHES

LHC

Hao Sun to be publ.
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Measurement of |Vtd|

79

FCC-ep

LHeC HL-LHC

5σ
3σ
2σ

2σ

arXiv:1709.07887

➞ |Vtd|<0.05 2σ

2σ ➞ |Vtd|<0.02

at 2σ C.L.

similar

➞ extend HL-LHC limits

DELPHES

LHC

Hao Sun to be publ.
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Top Quark Polarisation

80

cosθ: angle between charged 
lepton and spin quantisation 

axis in top rest frame

e-beam a

is
using simply e-beam axis: 

polarisation: Pt = 96%

SM

fTR=0.2

19.7 fb-1: A   = 0.26±0.11

V-A

accuracy of order 10-2

assuming 10% systematic uncertainty

Atag, Sahin, 
PRD 73, 074001 (2006)

JHEP 04 (2016) 073

TESLA+HERAp:
√s=1.6 TeV
Lint=20 fb-1 

LHeC

Ee=60 GeV
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Top Quark Parton Density Function

81

➞ LHeC offers new field of research for top quark PDF

six-flavour 
variable number 
scheme for top 
quark

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

t
t

parton momentum fraction

• in 6 flavour number scheme, top receives at Q2~mt2 certain fraction of the proton's momentum
• need to understand what a “top PDF” is in the framework of parton model
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Top Quark Structure Function

82

Boroun, Phys. Lett. B744, 142 (2015)

variable flavour 
number scheme 
for top quark

➞ LHeC/FCC-ep opens up a new field of top quark PDFs 
and to unveil the complete flavour structure of the proton

Lint=10 fb-1 LHeC

Ee=60 GeV
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Analysis of the ttγ Vertex

83

signal background

iQteγμ

➞ measure top quark charge

➞ not unambiguous at 
the LHC

LHCγ γ

OR ?

-
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Search for Anomalous ttZ Couplings

84

κZ, κZ
~

Bouzas, Larios, 
Physical Review D 88, 094007 (2013)Z

tt photoproduction

tt 
DIS

-

-

EDMMDM

-

property precision

EDM: κ / κZ 0.20-0.28/0.6-0.8

MDM: κ / κZ 0.05-0.09/0.9-1.3

~ ~

LHeC Ee=60 GeV

10% and 18% accuracy assumed
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λu,c

γ

u, c

Search for Anomalous FCNC tuγ Coupling

85

b-tagging

} 50<Mjj<100 GeV

background

signal λ
I. Cakir, Yilmaz, Denizli, Senol, 
Karadeniz, O. Cakir, Adv. High Energy Phys. 
2017, 1572053 (2017)
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λu,c

γ

u, c

86

b-tagging

}
} 50<Mjj<100 GeV

signal

mt[GeV]

N
ev

en
ts

DELPHES

130<MWb<190 GeV

λ
I. Cakir, Yilmaz, Denizli, Senol, 
Karadeniz, O. Cakir, Adv. High Energy Phys. 
2017, 1572053 (2017)

Search for Anomalous FCNC tuγ Coupling
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λu,c

γ

u, c

5σ observation

b-tagging

}130<MWb<190 GeV

} 50<Mjj<100 GeV

signal

mt[GeV]

N
ev

en
ts

DELPHES

300 fb-1, √s= 14 TeV:
λ<0.022 @ 95% C.L.

500 fb-1 , √s= 250 GeV:
λ<0.02 @ 95% C.L.

I. Cakir, Yilmaz, Denizli, Senol, 
Karadeniz, O. Cakir, Adv. High Energy Phys. 
2017, 1572053 (2017)

FCC-ep

λ

Search for Anomalous FCNC tuγ Coupling
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 LHeC and FCC-eh Detector Layout

88

FCC-ep

LHeC


