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FCC-ee, FCC-eh and FCC-hh
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Linear Colliders
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* needed as isospin partner of
bottom quark

*» discovered in 1995 by CDF and D@:

m__ ~ gold nucleus

p

* large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

> short lifetime: T~ 5 -10%s £ A‘IQCD:

decays before fragmenting
- observe “naked” quark

Is the top quark the particle as predicted by the SM?
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Top Quark Production at FCC-ee, FCC-eh and FCC-hh
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— precision measurements of top quark properties
— complementary information
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Top Quark Measurements at Threshold
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— properly defined 1S mass!
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Top Quark Measurements at Threshold

Preliminary
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Top Quark Measurements at Threshold

EPJC 79 (2019) 474
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Top Quark Yukawa Coupling

ILC-NOTE-2015-068
e Indirect probe of at FCC-ee at threshold with "

~10% uncertainty - but involves additional <4
assumptions and uncertainties

e High energy reach of linear lepton colliders -
(> 500 GeV) provides direct access d
o Possible to reach =3-4% precision at |LC/ e

CLIC (improvement by factor 2.5 at 550 GeV1
o expected uncertainty of = 1.5% at MuC FCC—ee‘
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Top Quark Yukawa Coupling

b .
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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)

continuum background subtraction

Top Quark Physics at Future Colliders - Christian Schwanenberger - FH DESY Future Collider Day 10



Top Quark Yukawa Coupling and CP Nature
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New tt Threshold Fit Strategy

= Performed a study of WW and WbWb production around the ttbar threshold for JHEP 02 (2018) 125

Preliminary (410 fb™1)
- I ] l I 1 |l 1 1 l L 1 1 | ] 1 1 T |l I Ll 1 L] L=
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= Targeted events in semi-hadronic and hadronic categories

)Y 1.01}-
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= BDT classifier used for signal and background discrimination ‘ FCC-ee ‘ Mt 0.99} QQbar_Threshold N3LO+ISR -

[JHEP 02 (2018) 125] °
+ FCC-ee BES _

WDbWhb total cross section ratio

= Performed a simultaneous binned maximum likelihood fit to b-tagged jet
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= Simultaneous fit of N3LO theory prediction to measured cross section 340 341 342 343

= 8 MeV (stat.) uncertainty in top mass -
. considering 10 scan points (stat only!)
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T

L
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= 11 MeV (stat.) uncertainty in top width

= Measurement of mass and width limited by QCD scale variations = Additional high-statistic point (2.65/ab) at 365

)
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QQbar_Threshold N3LO+ISR
Eer b Yuk b diod R oa GeV allows to measure top Yukawa coupling to
- t of theory uncertainti nt wat tudi Z ihad : _— : :
ect ortheory incertalnties on top Tukawa to be studie sof o~ 1.7% statistical uncertainty (assuming only
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Renormalisation scale p [GeV] Yukawa corrections to Ztt vertex)
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Electroweak Constraints for top vs. W mass

[Gfitter, 1803.01853]
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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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Electroweak Constraints for top mass vs. W mass

‘ FCC-ee ‘

N " | ~ No'theory uncertainties
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— very high precision in testing self-consistency of SM
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Electroweak Constraints for top mass vs. W mass
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ttZ and ﬁy Vertex and Dipole Moments

Janot, JHEP 1504 b
ot (2015) 182 \Y)

v, 4 ff*

! b
e q
pox _ |FCC-ee| [ILC 500 &

. O s
—1€ {% (Ff‘(/ + ’y5F1)f4) + 2—;:%(1% + Dz) (ZFz)\(/ + ’Y5F2)f4)}
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ttZ and tEY Vertex and Dipole Moments

b

Janot, JHEP 1504

.+ (2015) 182 Vv

t /%ZZ//% ////’
’)', Z r ////////////////////%//// ////////////// /////

t b

e q

|FCC-ee| [ILC 500] .
FttX L qi
y —

—ZG{W(F +’Y5F1),(4)+§_;;(pt+pt) (F + V5 F5h )}

- use lepton energy and angular
distributions in top decay to
distinguish tty and ttZ

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

— no beam polarisation needed,
use top polarisation instead

UH
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ttZ and tEY Vertex and Dipole Moments
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ttZ and tEY Vertex and Dipole Moments

Janot, JHEP 1504 b
.+ (2015) 182 Vv
t
v, 4 j‘t‘
t b
e q
.« |FCC-ee| [ILC 500] ..
7 = q

O v e
Y =~ (p¢ + pr) (ZFz)x(/ - ’Y5F2)54)}
Ty

—1e {’yﬂ (Ff‘cf + %Fﬁ) +

2.4ab~ 1 365 GeV.

| llllllll

| IIIIIIII

s
2y

LS
14

> -

= i 300fb~ ! 14 TeV. [} LHC ‘

IS I P =408
-1 ILC

§ 500 b1 500 GeV |l P =03

)

[1LC 500]

RS with Z-Z’ Mixing [27]

097 /97

4

Light top partners Alternative
o

20% +

[L.C Precision

10%+ —

SM

—— - T
-330% -20%

Light top partners

A VA

% - % ! >
-10% 10%  20% 097/ IR
e4D Composite Higgs Models

Alternative 1 [75] ® -10%4 Light top partners [35]

5D Emergent
o

78] ¢ Little Higgs [76]
-20%¢ RS with Custodial SU(2) [28]

® Composite Top |77

A" Ltr and £t RUR couplings

L OLHE [ o
‘|‘ Y v —=20%
l1LC 500

. | |
B v | I

L 10% s 20%  30%
-ee .

0% % Aglgu(%)

>

- Christian Schwanenberger -

FH DESY Future Collider Day



ttZ and tiy Vertex and Dipole Moments

Janot, JHEP 1504 b Y
o+ (2015) 182 v
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ttZ and tiy Vertex and Dipole Moments

Janot, JHEP 1504 b
ot (2015) 182 \Y)
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— expected precision of order 10-1 to 10-2
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ttZ and tiy Vertex and Dipole Moments
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ttZ and tEY Vertex and Dipole Moments

Janot, JHEP 1504 b
.+ (2015) 182 Vv
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ttZ and tEY Vertex and Dipole Moments
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ttZ and tEY Vertex and Dipole Moments
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ttZ and tiy Vertex and Dipole Moments
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ttZ and tiy Vertex and Dipole Moments
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Global Search for EFT Couplings in Top Production and Decay

103
arXiv:2205.02140 [hep-ph] | MM HL-LHC W HL-LHC+ILC ‘mf\
102; B HLLHC+CEPC  WEE HL-LHC+CLIC ,, ;lt
‘FCC—eeH ILC H CLIC ‘ | W99 HLLHC+FCCee NEEM HL-LHC+FCCeet+uC 3 TeV | Jj P
10" -

Ranges 95% (TeV~?)
2

N 9 ¢ B ¢ \\\ G{\) CBP C)/ 'QQ' ¢ b G Oy G ¢ W ¢ & e 0 C)/ &

o Significant improvement for two-fermion electroweak operators at FCC-ee
o Vast improvements for various two-fermion operators at higher energies at ILC/CLIC
o crucial input for ee—+ZH at NLO (needs accuracy of highest energy operation+polarisation!)
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: Big Questions and Great Reach

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 (1s the Higgs responsible for quark and lepton masses, Yukawa propto

mass? New Physics search. — Higgs talk

The specificities of the SM flavor sector with .

. . . 7. w 2107

its suppressions and systematics (GIM, CKM, igﬁ & s? 3 i B . 5136

. L - X <

approx symmetries e.g. LFC) implies 5105 - £ H - i R ] : 10°

sensitivity and invites dedicated tests. < 104 - ! ‘X S % 510"

4. Where does the SM fail and is New 102 - = ¥ 3 > ) § R 102

Physics flavorful? SMEFT, and model, rare 10t SIS SIS II IR II 10
100 X NS NS 10°

decays, searches, null tests SRISISIS SIS I ﬂ H H H

5. nature of dark matter (pI' Obing for Observable

invisibles/dark sector w. rare mid-term pros pects
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: Topics at Future Colliders

o Z-flavor factory: Giga-Z@LC: 109Z7’s with polarized beams, Tera-Z = 1012 Z’s needed to
improve flavor-physics precision tests, e.g. B,y = T+T— and B = K(+)t+1— decays

* lepton universality can be performed at a Z-factory: 1.7x10 T+1— pairs (precision level
10—> with Tera-Z samples, statistics is important, longitudinal polarisation not so much)
and ~10'°Z - bb" and Z = cc” decays (B(Z = b b) = 0.15, B(Z —»cc) = 0.12) [FCCee| [CepC]

] B(T - 3u) i B(Tt-/LvV)
o charm: e.g. charm-Yukawa coupling .. e |
» T lepton universality and presision ™ 5" # o | E &
measurements as EW precision e, | R o 0.02%
studies, at Z-pole best conditions P @ |
e Flavor violating Z couplings
e Flavor violating Higgs decays: one or . i . T
two orders of magnitude T “
improvements e.g. for h—=Tp . T g | T
£ % e 2 & 5
e top couplings and FCNC decays '

2o O ° 2 200 20° 2o° O S0 2o 10 2°
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=1 in SM

\/ 0.06 1 SM top+bckg.

changing charged current Wtb couplings

8 T , -
L=_ b‘yu‘/tb@L R)th Dutta, Goyal, Kumar, Mellado,
v arXiv:1307.1688
A BRGA
-—=b g 2 JIW  + h.c.
2 M, )W,

Kumar, Ruan, to be publ.
ion 0.07

Ve R . frt=+0.5

| LHeC |

0.05

|
ol

<I
(I/0) do/dog
O
IS
[l

0.03

- 0.02

! including top-quark mass uncertainty
2 O yeo: NLO (CPC 191 (2015) 74) w. CT10nlo, MSTW2008nlo, NNPDF2.3nlo (arXiv:1101.0536)

f including beam energy uncertainty
|Vw| and |Vl o not fixed, unitarity enforced

: G oot NNLO (JHEP 02 (2021) 040) w. PDF4LHC21 (J. Phys. G 49 (2022) 080501) O O 1
G,,.... NLO+NNLL (PPN 45 (2014) 71) w. MSTW2008 NNLO (EPJC 63 (2009) 189) .

n8 w4  3m8 w2 Sw8 34 Tu8  m
Aq)El'misl
+ other variables sensitive on W helicity

(Vud vus Vub
VCKM - Vcd Vcs Vcb
\vtd vts \/tb
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Expected measurements of Wtb couplings
L=--b V“V,b@z, R)tWJ
j_ 1o uqu@’ tW, +hec.

1in SM

I 2" " includi ing top-quark mass

—_— ‘]Vland|V|noned uni

2
2
<I
(1/0) dcs/dq)Ermlsl

uncertainty

neo: NLO (CPC 191 (2015) 74) w. CT1 Onlo, MSTW2008nlo, NNPDF2.3nlo (arXiv:1101.0536)
9 nclud ing beam energy uncertainty

itarity enforced

: L .- NNLO (JHEP 02 (2021) 040) w. PDF4LHC21 (J. Phys. G 49 (2022) 080501)
G,.... NLO+NNLL (PPN 45 (2014) 71) w. MSTW2008 NNLO (EPJC 63 (2009) 189)
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JHEP 05 (2019) 088
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Unprecedented

precision < 1%

Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688
Kumar, Ruan, to be publ.
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=1 in SM

DI rodu

Expected measurements of Wtb couplings

L= Ebr GG

hadronic channel:

0.25
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Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688
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=1 in SM

Expected measurements of Wtq couplings
_b_yu‘/tb@L R tW,
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hadronic channel:
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Kumar, Ruan, to be publ.
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: z G neo: NNLO (JHEP 02 (2021) 040) w. PDFALHC21 (J. Phys. G 49 (2022) 080501)
H G eo: NLO+NNLL (PPN 45 (2014) 71) w. MSTW2008 NNLO (EPJC 63 (2009) 189)

1 1 1 I 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1

IfLVv'lb|

m
n
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Unprecedented
precision < 1%
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|‘/t117|‘

167 (2018)

arXiv:1709.07887
<+— |LHC

— |Vts|<0.037

Probing SM prediction directly for the first time
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Expected measurements of Wts couplings

strange tagging arXiv:2003.09517 [hep-ph]

Ks— Ks -
NSB - NSB -
chg)snﬁt Leptc(:)é\g ,
FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019) H. Sun PoS DIS 2018, 167 (2018)
T sama Pe=0.8
Momentum fraction [ | — mé FCC-eh| 20 5% sys.
Strange pr = 15 GeV Down pr = 45GeV ‘ FCC-ee ‘ h ——y WIS
. : : Xiv:1709.07887
- Higher fraction of momentum carried by kaons Y
current direct 20 limit — LHC
Not to scale _
>.‘3
- Neutral kaons and s-baryons =
are long-lived
* AS B(thS) oc ‘Vts‘z ' SM arxiv:1501.05013 Y lvts|<0-037
expect o(|Visl) ~ 10%

Tracker

10° 10
L[fb ]

e RN " +more work to be done
S - Probing SM prediction directly for the first time
s-baryons A, 2, Zhave ct ~ 1 — 10 cm on pheno ImpaCS g p y
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Changing Neutral Current Couplings

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

‘ FCC—ee‘ b

| ILC/CLIC |

Y,Z W+

e+

10ab-! MVA
J/s=240 GeV and +/s=350 GeV

Br(t—qy), Br(t—/qZ)<0(10-6-10-5)
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Flavor Changing Neutral Current Couplings

. Khanpou
. Khatibi
. Khatiri

. M. Najafabadi

‘ FCC—ee‘ b

= 2 0@

| ILC/CLIC |

e+

10ab~! MVA
Js=240 GeV and +/s=350 GeV

Br(t—qy), Br(t—/qZ)<0(10-6-10-5)
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Flavor Changing Neutral Current Couplings

. Khanpou
. Khatibi
. Khatiri

. M. Najafabadi

Turk Cakir, Yilmaz,
Denizli, Senol,

Karadeniz, 0. Cakir,
Adv. High Energy Phys. Y

Y,Z A 2017, 1572053 (2017)
’ %4

‘ FCC-ee ‘ b . ‘ FCC—ep‘

= 2 0@

| ILC/CLIC |

StBwrze A= A=0.03

BwHzt
S+Bw
Bw
— Bz
7 Bm
——— Bt

pdevents

Cross sections:

ow=8.611 pb
300

.
0u=0.074 pb
_|_+ + oz=0.617 pb
+ G=0.415 pb

200

400 [

100

e+

10 ab—l MVA 18
Js=240 GeV and +/s=350 GeV

00 50 100 1520 200 250 300 350 400 “m_S.()O
Br(t—qy), Br(t—/qZ)<0(10-6-10-5) mdGeV]

5

S+B/B
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Flavor Changing Neutral Current Couplings

H. Khanpou
[FCC-ee| b 5 et . |FCC-ep| .
M. Khatiri
et M. M. Najafabadi
‘ ILC/CLIC ‘ Turk Cakir, Yilmaz,
Denizli, Senol,

Karadeniz, 0. Cakir,
Adv. High Energy Phys. Y

Y,Z A 2017, 1572053 (2017)
’ %4

4x10”

S teqy —— |
20 02 |
Lint= 1ab-? _

3.5x107° |
3x10° |
25x107° |

2x107° |

Branching Ratio

1.5x107° |

e” 1x10™

10ab~' MVA | — Eﬂ
J/s=240 GeV and v/s=350 GeV HeC | SEEScesEimmssssssoost

Br(t—qy), Br(t—2/qZ)<0(10-6-10-5) HE-LHC | *. )" 3 35
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Flavor Changing Neutral Current Couplings

H. Khanpou
‘ FCC-ee ‘ b S. Khatibi
M. Khatiri
et M. M. Najafabadi
‘ ILC/CLIC ‘ Turk Cakir, Yilmaz,
Denizli, Senol,

'Y,ZZ ‘%]+

Karadeniz, 0. Cakir,

Adv. High Energy Phys. ‘!’
2017, 1572053 (2017)

‘FCC—ep‘ e

d=uc tl, C L¢/4— ;:: LA)QV
7, q
"
Vs=350 GeV P
4x10™ | T o —
| —qy —— |
3.5x10 | 20 t—>qZ |
3X10.5 _ Lint= 1ab-? _
§ 25107
E 2x10° |
g 1.5x10™ | ‘10_5
et 1x107 | € ---
10ab~! MVA <
X ; : .
v/s=240 GeV and +/s=350 GeV Hec Ly . & v 5
2 25 3 3.5
Br(t—qy), Br(t—qZ)<0(10-6-10-5) HE-LHC | "¢ oy

‘FCC—pp‘ "
-
g

q
g > b

g t
W- I~

\Y%

Br(t—4qZ)<10-~
(rescaling of the LHC expectations)
10 ab™!
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Flavor Changing Neutral Current Couplings

H. Khanpou
‘FCC—ee‘ b 5 knatibi " ‘FCC—ep‘ . ‘ FCC-pp ‘
M. Khatiri
et M. M. Najafabadi
‘ ILC/CLIC ‘ Turk Cakir, Yilmaz,
Denizli, Senol,

Karadeniz, 0. Cakir,
Adv. High Energy Phys. Y

Y,Z A 2017, 1572053 (2017)
’ %4

o

Y
g t
b % /& ;
g=uc u, C W Y‘\\y, q o g -

W- I~

4107 | e o — Br(t—qy)<10-7
t—qZ ]
Linn= 1ab? _

3.5x10° |
| (rescaling of the LHC expectations)

10 ab~!

3x107° |
25x10° |

2x10™ |

Branching Ratio

1.5x107° |

e’ 1x10™

10ab~' MVA | — Eﬁ
J/s=240 GeV and v/s=350 GeV HeC | EEEssE=simoossEas :

Br(t—qy), Br(t—2/qZ)<0(10-6-10-5) HE-LHC | *. )" 3 35
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Flavor Changing Neutral Current Couplings

Mangano et al., arXiv:1607.01831

H. Khanpou
FCC-ee bS.Khatfi.)bi FCC—ep L 1 L L B B L L S Y BN
M. Khatiri € € i
et M. M. Najafabadi 1L F
‘ ILC/CLIC ‘ Turk Cakir, Yilmaz, 10 s
Denizli, Senol, =
Karadeniz, O. Cakir, |
% Adv. High Energy Phys. Y b S (a2l
Y’Z W+ 2017, 1572053 (2017) _% 10
o i
g "
qg=uc u, C w Yi\\y’ 7 ‘8’10-35_
g+ q © i
’ u
o 10'4;— ‘ -
| FCC-pp |
v/s=350 GeV p—> - o 100 Tev
- '5 1 | | I | | 1 ! I | | | 1 I l | | 1 I | | | | I | | | |
4x10° | T ey —— = 107 500 1000 1500 2000 2500 3000
| - : m., (GeV
3.5x107° | £ t=qZ — - 2 (&Y
int= 1 b-1
3x107° | ot . q Z
° . | :
T 25107 | §
c t :
2 5 | :
= 2x10 |
: 5 | |
= 1.5x10 110_5
- -5
" 10ab MVA o
X ' ' : : "
v/s=240 GeV and +/s=350 GeV HeC v i i 5 t
2 2.5 3 3.5
Br(t—qy), Br(t2qZ)<0(10-6-10-5)  [HE-LHC| . o, g
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FCNC Branching Ratios at Colliders

FCC CDR, Eur. Phys. J. C 79,

95% CL limit
no. 6, 474 (2019), updated by upperlimits  <-@  ATLAS <® CMS
- [1] EPJC 84 (2024) 757 |
K. Skovpen, 10/2024 Each limit assumes that (3] PLB 842 (2023) 137379 [2] arXiv:2407.15172
all other processes are zero 5] EPJC 82 (2022) 334 [4] PRD 109 (2024) 072004
6] JHEP 02 (2017) 028
TOp FCNC Pengl"n Theory predictions [7] CMS-PAS-TOP-17-017 {8} RO 108(2023) 032019 ‘ |LC/CL|C ‘ ‘ FCC-ee ‘
from arXiv:1311.2028 [9] JHEP 07 (2017) 003 ( )
1 2HDM(FV) = SHDM(FC) ] MSSM
RPV [[1RS s HL-LHC
mem FCC-ee snmi FCC-eh wm FCC-hh
== |LC/CLIC
ne L i
2 Al e YT 2] |

t—hu

t—=ycC

t—yu
t—-gc PR O RNNNY 0 |
___________________________ ™
t—qgu Z -
// SR I
[FCC-eh ] = B H NI T
. t—Zu M @ [10] g © ’ t i
— test SUSY, little bl Lt o
: : 107 10° 10° 10* 10° 102 10 »
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: Searches

» heavy dark sector searches at Z pole | FCC-ee |
» heavy neutral leptons e.g. coupling mostly to taus

Tau coupling dominance: U%:U;:U; = 0:0:1

N e 10_2
=

DELPHI

SHiP,2x10” pot arXiv:2411.02485

1 " -solid: without B,
. 4+ ~-dotted: with B, (upper limit)

o o B oo » what can be gained in SMEFT and
- dotted: from W,Z ™., . .
. concrete BSM particles from running
e moce N above the Z pole
r 1133
| oy l l l 1 1 l _ 20 | —-I ! - | . -:lj,P-ll -'_1LHC 17- HL-LHC 1770 FCC-ee: Z,W-pole 1701 FCC-ee: R4, Rt above Z-pole
1 2 = . i | : i i E--. | E : i-. "3 i R
: mN(Ge\AO SRR R R ] T
» FCC-hh configuration: best studied with =l (i il i il i . H , I i
a dedicated experiment a la LHCb A N Aa o A Aa o Ae Awe D A
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Summary

e future ee, ep, pp colliders have a rich and complementary analysis
programme for top quark and flavor physics

e analyse top quark properties with high precision: =C
mass, width, polarisation, charge, asymmetry, PDFs of tops, ... ( hh e he )
e top quark couplings: (Wtb, tty, ttZ, ttg, ttH, ...)

e many stringent searches for new physics: anomalous couplings, EFT, FCNC,
composite Higgs, ...

e heavy-flavour physics is expected to remain an integral part future colliders

e experiments at a future high-luminosity e-e-collider would perform unique
heavy-flavour studies in specific channels

e 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 TH.O [ ."P
— more exciting studies to come ” - "no
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Top Quark Measurements at Threshold

‘ FCC-ee ‘

3 1 - | | : : : | : : : : lNovembler201: 7
Q — tt threshold - QQbar_Threshold NNNLO thS 1715 GeV =
- 0.9 - ISR + FCCee Luminosity Spectrum .
O - default - u = 80 GeV E
= 0.8 F = -
- scale variations, u = 50 ... 350 GeV .
% 0.7 & ----low scale - u = 50 GeV —
) - ---- high scale - u = 350 GeV a
2 06 [ —

@) s
> [ B LT L b -
0.4 -
0.3F -
0.2 - -
- preliminary -
01F based on EPJ C73, 2530 (2013) _-
: I | | | | I | | | | | | :

340 345 350
/s [GeV]

— mass only: 8.8 MeV (stat), 5.4 MeV (as [2 x 1074]), 44 MeV (theo)
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Top Quark Width

EPJC 79 (2019) 474

February 2018
1

= = LI L o
0 1-99F FCCee, flexible, 200.0 fb” ":"PV t 1 1.8 %) @*
O - mPS=171.5 GeV PSsnai- O
1.5 r,=137Gev —2ocontour 1 4 6 10
- 2D template fit § 8
©1.45 14142 -
+ . — - o
— B _ X
1.4 — 1.2 O ~
: 13 e
el o082
1.3 :_ —: 0.6 g ‘ FCC—ee ‘
1.25 :_ - _: 0.4 -'? .
3 | preliminary ! DS e Top width strongly depends on the top quark
1 2 :_ based on EPJ C73, 2530 (2013) _: 02 8 3
B TR PO mass ( ~ my;)
171.3  171.4 1715 1716 1717 Q . .
fitted m, [GeV] * * Most precise indirect measurement of 1.36 + 0.14
GeV
Extension of 1o contour: :
e N.B.: parton shower models treat top quarks in a
mass: +16.6 MeV, -18.8 MeV narro& width approximation .
width: +45 MeV, -50 MeV PP
Theory uncertainty (symm.): e Towards a simultaneous measurement of top
mass: 45 MeV; width: 36 MeV quark mass and width

e Expect the measurement of the width at = 50 MeV

* mPs=171.5 GeV 2 mole=173.3 GeV (WA) precision at F((-ee
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Top Quark Yukawa Coupling

0.16:9%

+0.034

+0.028
+0.01

+0.038

+0.031
+0.01

LHC

HL-LHC

ILC-500

ILC-1000 -
CLIC-1400 ——

FCC-ee —eo—

FCC-hh o

MuC-3 i °
MuC-10 -o-

+0.06
0—0.09
+0.015
0—0.013

02 00

0.4

EPJC 79 (2019) 474
1_6|||u||||||||||||||Fe?rua2018

> L MPV 142 s
> - FCCee, flexible, 200.0 fb” e contour S
RPIR U e R
| 2D template fit 1 = 1_6%)
R . Q)
1.2 - 71 1.4 0
i i o
- 1120
1L _ o
i 1 =
el 108
a 062
i | fe)
0.6 — preliminary ] 0.4 8
- based on EPJ C73, 2530 (2013) 1| XS
- T a
04 ———— -l B
171.3 1714 1715 171.6 171.7

fitted m, [GeV]

Extension of 1o contour:

mass: +29 MeV, - 26 MeV

yt: +0.12, -0.11

Theory uncertainty (symm.):
mass: 36 MeV; yi: 0.11

Qs parametric uncertainty (0.0002)
mass: 3 MeV, yi: 0.02
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Chromoelectric and Chromomagnetic Dipole Moments

Mangano et al., arXiv:1607.01831

0-02 | | | | I I: | | |
. LHC 14 TeV
i m:>2 TeV -7
0.011—

-0.011

™
—_—
“
ﬁ‘
—
. — —
_~-~~-_

_ N NN NN SR AN s TN TN N NN SO SN SN S AN T R S
O'O-%.O1 -0.005 0 0.005 0.01
— expected precision of order 10-2 d,

FCC—pp‘
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Chromoelectric and Chromomagnetic Dipole Moments

Mangano et al., arXiv:1607.01831

O-12||l|IIIIIIIIIlIIIIIIIIIlIIII

Tevatron + LHC8

-

0.08

0.04

T

LHC14
FCC 100 fb—1

10 ab—!

g { 004

dA
-
|IIII|IIII|IIII|IIII|

-0.08

I B

_.1 llll|llll|llll|llll|llll|llll
0 -8. -0.02 0 0.02 0.04 0.06 0.08

— expected precision of order 10-2 d,

)
1N

FCC—pp‘
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Electroweak Couplings

|| L ‘\ o)
59L /97 W ‘AgR/ gr(%)
} Light top partners Alternative ' A ,
@] ) EHC ‘\ ‘
20% 4+ ‘| ZQ%
ILC Precision )
10% + > 10%
\
| |
RS with Z-Z’ Mixing [27] SM g%/ C \
0% 0% 0% 1 10% 2% IR —
Lisht fo0 pertaes ®4D Composite H1oos Models 30% -20% -‘| OO/‘]:C ‘ |O% 20% 30%
Alternatlve 1 [75] ® -10%e Light top partners [35] ® -|e0‘7 y Jo1 (%
¢ Little Higgs [76] . Y ' Agl- gl-( °)
5D Emergent 78] ' . Y )
-20%¢ RS with Custodial SU(2) [28] 1 - 1 )
® Composite Top [77] ® “‘ "2‘0/" ‘ 1
S 9 \‘ “
arXiv:1702.05333 JHEP 08 (2015) 127
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Global Search for EFT Couplings in Top Production and Decay

95% Interval (TeV~—2)

101.

[
o
o

(-
o
s

1072

1073

B [HC Run 2 + Tevatron 4+ LEP B +HL-LHC S2

. |

. +1LC250

|

e +ILC500

s +ILC1000

-
[HEPITY

| | ]

Cop  Cep Ceg
Operator Coefficients

Cw Cot C3) Cpo Cu

Cib

o
Cio

Cet Cit C}a

95% Interval (TeV~2)

101.

=
o
o

101

1072

103

B HL-LHC

HL-LHC + CC W HL-LHC + ILC

B HL-LHC + CEPC

L L

@ HL-LHC + CLIC

|

I
[HEPIT

i

th)

Ctw

C¢t

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!

Top Quark Physics at Future Colliders
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Cz Cop Cep Ceo Cn Cp

Operator Coefficients

nl
B Co

Cet

C[t Cla

arXiv:2205.02140 [hep-ph]
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Global fit with NLO eett for Triple Higgs coupling

=i == e HEPTT (iv) first look at the global fit with NLO eett for AAHHH
-ernnmby:Yong Du, Jiayin Gu, JT]

W HL-LHC+FCCee  HEEM HL-LHC+FCCeet+uC 3 TeV =T
—&— FCC

- N * based on a fitting program for last ESU: 23
1025- \ -e-+ CEPC (50 MW) E (Higgs + WW + EWPO) + 5 (eett) operators

~~— ILC-Baseline (Snowmass 2021) E

—4— CLIC-Baseline (Snowmass 2021)] | © take directly Coyariange matrix as eett
bounds (from Victor Miralles)

—

e reproduced (almost) the NLO calculation
about eett in ZH

—L
FTTTT]

extra uncertainty induced by eett on ozH

" e . Sozn ~ 0.3% (1.5%) for 240 (365) GeV
10° 10°
s [GeV] a test fit for 5000 fb-1 (240) + 1500 fb-1 (365)

OAnHH Mildly degraded from 57% to 77%

[warning: this is very preliminary, many things to be done, e.g. include NLO eett in
other observables as well. ] 16

Junping Tian (U.Tokyo)
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Luminosity / IP [ 10%* cm2s]

2

F 83 1111]

and
-

5 08 IIII'

Top Quark Physics at Future Colliders

Luminosity Future Colliders

T T 1 IITII

1

T

I

|

|

LI |

1 1|

| | I | L ¥ .8 | T

|

|

—&— FCC

~a— CEPC (30 MW)

--®-- CEPC (50 MW)

~— |LC-Baseline (Snowmass 2021)
4 CLIC-Baseline (Snowmass 2021)

1 llllll

-
| | lllllll

| lllllll

1 1 L L £ & & |0 | 1 1

10°

10°
/s [GeV]
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More Backup
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Major current & future colliders @ CERN

J. d’Hondt

essential enabler for the physics
at a new hadron collider

FCC-eh/hh@CERN [3 5/100 TeV]
[ o W TERLAND

LHE

'\ ir-"‘ —

ultimate upgrade of
the LHC physics reach

(Ya-224 40f auo Ajuo) iapijjod ysna
10f sd| ¢ dwnssp siaqunu

0 Mz (1508b'1)
@ 2xMy (10ab™)
D 240 GeV (5ab™)

25y @ hh 100 TeV (30ab-1)
@ eh 3.5 TeV (2ab1?)
fast-track to new and impactful fast-track to the optimal
I.e. SRF@LHeC as prototype series

opportunities at colliders for SRF performance of a H-factory & ond training for SRE@FCC.ce
attractive SM & BSM physics cost/risk reduction for SRF at FCC-ee

>16T magnets’

L 2

5
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Linac-Ring Collider, LHeC and FCC-eh

FCC-eh (60 GeV electron beams)

LHeC (>50 GeV electron beams) E .. = 3.5 TeV, described in CDR of the FCC
Ecms =02-1.3 TEV, ( QZ,X) range far beyond HERA run ep/pp together: FCC-hh + FCC-eh
run ep/pp together with the HL-LHC (= Run5) R W \-

S Expersmental points
T Access points

-
et Line ‘j:i' :!Il.-

S— Service caverns -
s Connection tunnels

Lint = 1-2 ab-1 (1000xHERA!) e

W FCCoh ring
e LMC

FCC-eh
8 point FCC: point D °

Energy Recovering Linac

dJ. Osborne, W. Bromiley, A. Navascues

The principle of Energy Recovery

other beam for collisions

e gt e @I FCC CDR:
Technology is proven in o . particles the injector Eur. Phys. J. C 79, no. 6,
op.eratlonal faC|I|t.|es 474 (2019) _ Physics
with lower energies
and lower beam power multiple turns towards higher energies earm s Eur. Phys. J. ST 228, no.
, 7 A = phase-shift ®at low energy 4 ’ 755 (2019) - FCC-hh/eh
180°
ACCELERATE DECELERATE
LHeC CDRs: energy in cavities is given energy of particle beam
arXiv:1206.2913, J. Phys. G 39 075001 (2012) to the particle beam goes back to cavities
arXiv:2007.14491, J. Phys. G 48, 11, 110501 | () Cnerey recovered to accelerate
the next particle beam

28
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LHeC Parameters

Recirculating
Energy-Recovery Linac, - Potentially ‘affordable’
colliding with LHC hadrons - Technically realisable
- Exploring sustainable acceleration Awaiting lab directors’ report.
Final upgrade to LHC DeveloWIi:\h E":';va;‘:tzsf;:‘e"ctl“ilo .. Environmental cost of construction: Small tunnel length &
Continuity of collisions in Ping g Annual environmental cost of operation: ERL / SRF technologies
2040s - Enabling HL-LHC precision - relatively modest impact
- Complementing HL-LHC H programme
Bridging towards next major - Extending energy frontier sensitivity Baseline costed estimated in 2018 at CHF1.4B for
collider at CERN Financial cost: 50 GeV electrons (1/5 of LHC circumference)

[O. Bruning, CERN-ACC-2018-0061]

Dedicated submission planned to ESPPU: Yes

Centre-of-Mass Energy: 1.2 TeV for baseline 50 GeV electron option

Integrated Luminosity: A few x 100 fb-" in concurrent operation with HL-LHC
Of order 1 ab™' for a few years standalone operation

Number of Interaction Points: 1 (by design)

Time running: A few years

Wall power: 100 MW (by design) ~ LHC now.

Accelerator length: 5.4km for baseline 50 GeV electron option

Estimated year of 15t collisions: Late 2030s or beyond

Future upgrade paths: Very similar design for FCC-eh
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The FCC-eh Complex

centre-of-mass energy: 3.5 TeV (assuming 60 GeV electron beam, 50 TeV proton beam)

integrated luminosity: 1 or 2 /ab
number of interaction points: 1

time running at stage: 10-20 years (as many as FCC-hh)

wall power: 100 MW for ERL?

accelerator length: same as FCC-hh for proton beam, ERL: 2 km arc, 1 km straight-length, 3 turns

estimated year for first collisions: 2050+
future upgrade paths: none at the moment

FCC-eh (60 GeV electron beams)

E...s = 3.5 TeV, described in COR of the FCC
run ep/pp together: FCC-hh + FCC-eh

FUTURE CIRCIUAAR COLLIDER 7CC)

ERL development in progress

nuclear

power plant

10°

10°

Encrgy in McV

~

® Completed Ok, ;
. m (Cou’ 0,\\(« u: ’of,‘.
® Ongoing (warm) o(’rg o 0
@ In progress y*(}/ e e
.
(2] l’mpmcd /00’ o
"

’ "‘

10°
109

- Christian Schwanenberger -

101
Average current in mA

10-2
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FCC-eh Detector and Operation

FCC-eh Detector

R=6.2 m
L=19.3 m, about CMS size e~

Asymmetric, reflecting the beam energy asymmetry

*Could be built based on established technologies from ATLAS and CMS but
highly benefit from advance in detector tech (e.g. FCC-ee)

*Must be highly hermetic

*Must have fine segmentation and good resolution for EM calo

*Must have good tracking capabilities (e.g. for b-tagging) also in forward
region

- Environmental cost of construction (in units of tonnes of CO2 equivalent)
-  Beam:
- Construction:
- Environmental cost of operation per year (in units of tonnes of CO2 equivalent)
- Uses FCC-hh proton beam (no additional cost) Does your project plan dedicated
- ERL submission(s) for the ESPPU (if so, give
- Detector :
details)

-  Estimate of financial costs (provide separate numbers for R+D phase, . Yes, a FCC-eh submission

construction phase and operations phase) _ _ _
- 27 will be made (white paper in

preparation)
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Signal and Backgrounds

Dutta, Goyal, Kumar, Mellado, Eur.

Signal ET Z 25 GeV Phys. J. €75 (2015) no.12, 577 background
e Ve A®g ; > 0.4

\/ A(I)E’b > 0.4 € v Ve

W <’ 'mj i, —mw| < 22GeV
. o J

b t \E ij,b > 20 GeV
~ b-tag  Inil <5m[ <25
P AR;, b/5 = 0.4 >

Nt—220k S/b 1. 2

e beam: 60 GeV
-1
1000 b Er >25GeV A%y, >04

Ve Adg; > 0.4

W W < ij,b,l > 20 GeV
m;] <5, M| < 2.5
b'tag AR;p/; > 0.4

Ni=110k, s/b=11

e

b t

——
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Search for Anomalous Wtbh Couplings

Dutta, Goyal, Kumar,
Mellado, arXiv:1307.1688

€ € \/ Ve
\ |-
\ , L W- w-.<
\ | “ t \ Y
b ‘ b Line=100 fb-1 b ‘ b
P P
0.18 ! ! ! 0_07 r T T T T T T
016 | frRz | ke SM top+bckg. EEEEEE B = frt=+0.5
I 0.06 | :
0.14 r +0.5 = frl=-0.5 - SM top+bckg. :
af’ 0.12 | . :; 005 F
S o1F [ i <
S s 004
% 008t S
© 006} 2 003 ] —
0.04 | 00
0.02 ‘
0 0.01
-1 0.5 0 0.5 1 w8 w4 3mw/8 w2 Sn/8 3m4 Tn/8 0w
COS ijl Aq)Ff[mjsl

+ other variables sensitive on W helicity
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary November 2017
LHCtopWG
BR’[ H Each limit assumes that all other processes are zero BRt -
Top FCNC PenQUin ’[\IS ‘E""'g ﬁ" 'L:'Z“" 'IF'I:I'EhK""' T % "!'“"FI) LRRLLL BLLERLL BRLELRRLL "'(”"'I_>'/X':'J"N5 ‘ Im prove
N ' LBp . Y\ + |limits on
= O F . ' ™~ =
. TEVATON : \ & |BR(t—vyu),
1073k T ; BR(t—Hu)
ok — considerably
10°°F
- TATIIAS :
- :
S 104 . : -~ — test SUSY,
T2 Ch 1 little Higgs,
B TR SR 5 technicolor...
107 102 %0~ 40* 107 1 ®MO” 10 107 107 107
BR(t—> Hu) ! L BR(t— yu)
E.=60 GeV v -
LHeC |' | FCC- ' | LH cut-based
1000 fb-! MVA [ LHeC |} [Fccep i | LheC |
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Search for Anomalous ttG Couplings

J-A Aguilar-Saavedra, Fuks, etal, arXiv:1412.6654

A gs — , A
Etgz—gstv“ft G+ ==to" (dy+idavys) -t G,
s 2
_ vy N7 a V2um, V2um,
0%, = (ALsra0™tr)CG%, =  dy = 22 ReC%,,, dy= az ] c..
072 e -
: Tevatron + LHC8 -
At 100 TeV, constraints from f }
event rate at M. > 10 TeV: aats -
X :
—0.0022 < dv < 0.003 1| » :
o0f LHC14 :
‘dA‘ < 0.0026 i FCC )
-0.08 - .
= N\ =z|7TeV o -

,0.181”“_11“‘1““1U“
0.04 -0.02 0 0602 0.04 006 008
v
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Direct Measurement of |Vl

Vud Vus Vub
VCKM - Vcd Vcs Vcb
th Vts th
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Direct Measurement of |Vl

Vud Vus vub
VCKM - Vcd Vcs Vcb
th Vts th

1 including top-quark mass uncertainty
Giheo- NLO PDF4LHC11

NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

‘signal ‘

s/b=11
.

s Top Quark Physics at Future Colliders
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‘ background ‘

- Christian Schwanenberger -

. c
ATLAS+CMS Preliminary If Ve = \/% from single top quark production
eo

LHCtopWG
0. . NLO+NNLL MSTW2008nnlo

theo,
PRD 81 (2010) 054028
Ac, .. scale ® PDF
Myp = 172.5 GeV

t-channel:

ATLAS 7 TeV' —-—]
PRD 90 (2014) 112006 (4.59 fb™") :

éIIJIE:A7S7 ?2(;97}/531 (20.2 o) I ? H
CMS 7 TeV o
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PRL 112 (2014) 231802 (12.2fb™")
LHC combination 8 TeV iHctopwa —+——

ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019

PRD 83 %2011; 091503, PRD 82 (2010) 054018,

November 2017

—tt—

total theo

If V! £ (Meas) £ (theo)
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1.028 £ 0.042 £ 0.024
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0.979 + 0.045 £ 0.016
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1.01 -0.13 - 0.04

1.01£0.10 £ 0.03
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1.02 + 0.08 £ 0.04

ATLAS 13 TeV? 1 | - |  1.14+0.24 £ 0.04
arXiv:1612.07231 (3.2fb ")
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ATLAS 8 TeV’ : - | 0.93*07° +0.04

PLB 756 (2016) 228 (20.3fb™")

[HeC|100 fb-1

] ] | | ] ] i ] ] ] | | ]

1.000+0.01
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|fLVvtbl
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Search for Anomalous Wtbh Couplings

0.07 [ T T T T T T
B =1 frt=+0.5
006 F gy top+bckg. . |
e Ve — _ :L
T~ E 005}
- 7 |
W ws < 5 004} al
.’ v o :
T ‘\ Y
b t p = 0987
_ 0.02
P
- 0.01

8 w4  3m8 w2 Sn/8 3w4  Tm8  m
‘ signal ‘ A Okl
+ other variables sensitive on W helicity
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Search for Anomalous Wtbh Couplings

| DELPHES |

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

Kumar, Ruan, to be publ.
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Search for Anomalous Wtbh Couplings

| DELPHES |

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

Kumar, Ruan, to be publ.
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Search for Anomalous tty Couplings

tty —
q 6% (Qt’}/’uAu

/

1

Uz

o Fu (K + i’%%)) t

electric dipole moment: K

2 B | | | | | | | I |
D % h\\\“~\\\\/ Ee=6OGeV

| LHeC |

10% and 18% accuracy assumed

\ """"" LHC with "

(0)
27% accuracy o\, 9% acquracy
(4.59fb-1, 7 TeV) - -

Bouzas, Larios, magnetic dipole moment: k

Physical Review D 88, 094007 (2013)
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Search for Anomalous tty Couplings

tty —
_ 1 .~
q et (Q{Y“Au | p U“VFW(K—I—ZR%))t
q ~
electric dipole moment: k
; o
K
0.5
4
‘LHeC‘ ' \
oF | |
8% and 16% accuracy \
10% 18% Y
— systematically limited ;| |
LHC with
27% accuracy - 3% accuracy---- -
) 2 (4.59fb-1, 7 TeV) 0.5 0 05 1 K
Bouzas, Larios, magnetic dipole moment: K

Physical Review D 88, 094007 (2013)
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SM Top Quark Production

CC DIS top production NC top photoproduction

~

\/Ve

Y
\\“ W- . t
) t
b L
P g — 1

0=1.73pb @ | LHeC | 0=0.05pb @ | LHeC |
0=15.3pb @ [Fcc-ep| E.=60 GeV 0=1.14pb @ |FCC-ep

— future ep collider is ideal to study EWK interactions of
the top quark
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Measurement of |[Vcs]

Vud | % S Vub
V= Vg Veb
Via Vis Vi

Top Quark Physics at Future Colliders

ATLAS
0D —=Klv

s D, —=lv

I I I ! I 1 I I I 1 I I

]
CKM fit

> NNPDF1.2
» ATLAS-epWZ16

inner uncertainty: exp only
outer uncertamty total

1 l 1 1 1 1

08 085 09 09 1 105

HERA+ATLAS D V.

AU
CS

Expect LHeC+HL LHC to be 10 x better

from +2-3% to surely 0.5% or below
(work in progress)

— heavy flavour factory

- Christian Schwanenberger -
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Measurement of |Vid]

V'LLd V’LLS Vub 24;—~,,’.’:’T9V@:°:’:@LH°C ‘ LHeC ‘ _53: — LHC
V=1V Ves Vo 4 T
™~ similar 2
VM| = 857510009 x 1073 >
] — |Vid]| <0.05
10_— 50TeV@:(::‘|:\;@FCCeh ‘ FCC ~ e p‘ -'3:
° 20
s
w'c
DELPHES 5
Hao Sun to be publ. g
— |Vwd| <0.02
- 1(132 | T
v at 20 C.L.
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Measurement of |Vid]

261 LHC. 3000 fb~'@14TeV
Vu d V'U,S Vub LHC _z— 7TeV©60GeV@LHeC ‘ LHeC ‘ "o
22; Pe=08 ™ H L_ LHC
V=1 Veg Ves Vi
; e, arXiv:1709.07887

|&— 50

Vid) Vis Vb
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«—— 30
+— 20

VgV |

2077, |Vl <0.05
L[fb ]
r — +-— 20-
10; e Pe::.a e ‘Fcc_ep‘ =30
S
U)_c 7_
DELPHES Nl
Hao Sun to be publ. éf j‘
1 — |V <0.02
— extend HL-LHC limits =~ .5 |

Top Quark Physics at Future Colliders - Christian Schwanenberger - FH DESY Future Collider Day 79



Top Quark Polarisation

Atag, Sahin,
PRD 73, 074001 (2006)

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

1 dI' 1 Ny — N
I'r dcos@ 2( +Apacosd) Ay Nt + N
P —
05t | LHeC | SM
using simply e-beam axis: | Ee=60 GeV
- m 0.7 +
polarisation: Py = 96% 5 |
TESLA +HERAp: f ol fR=02
Vs=1.6 TeV =
Line=20 fb-1 03 | e
.l accuracy of order 10-2
19.7 fb-1: ATl = 0.26+0.11 , [ . assuming 10% systematic uncertainty

-0.8 -0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8
JHEP 04 (2016) 073 cosf
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Top Quark Parton Density Function

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

parton momentum fraction

six-flavour '\ —
variable number b
- /scheme for top
101 —cfns , quark t
...... . massless

logQ?%/GeV?

® in 6 flavour number scheme, top receives at Q2~mi2 certain fraction of the proton's momentum
® need to understand what a “top PDF” is in the framework of parton model

— LHeC offers new field of research for top quark PDF
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Top Quark Structure Function

100

Boroun, Phys. Lett. B744, 142 (2015) )
N v Q*=100
- -1 _ 10 s ‘ LHeC ‘ e Q°=1000
Lint=10 fb variable flavour S A 82_10000
Ec=60 GeV number scheme 1 . s
for top quark ° A
/y 0.1 o A
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2 2 v
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g t ;
2 2
— (1 - Amy 1\ Q7 ZB
=14+ —3) 5(—)
@ Qo L0
Am?
t
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— LHeC/FCC-ep opens up a new field of top quark PDFs
and to unveil the complete flavour structure of the proton
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Analysis of the tty Vertex

background

2

— not unambiguous at
the LHC
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Search for Anomalous ttZ Couplings

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

q
. |__property | precision |
q EDM: K / Kz | 0.20-0.28/0.6-0.8
MDM: Kk / Kz | 0.05-0.09/0.9-1.3
%
| LHeC| E.=60 GeV
¢
10% and 18% accuracy assumed
tt Kz | -
DIS ' ’ ’
05 + _
0L i
-05 ! -
MDM e : - EDM i
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Search for Anomalous FCNC tuy Coupling

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

€ ’ € — —Je jjg:: ‘g?q (It(TP“y ,fé _F']qux5)(lf41ty'_F'lZ.CL

q=u,cC

b-tagging
b

u,c V*\\

€+,q 50<M;j<100 GeV

Top Quark Physics at Future Colliders - Christian Schwanenberger - FH DESY Future Collider Day 85



Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,

Signal Karadeniz, O. Cakir, Adv. High Energy Phys. 2 B
. 2017, 1572053 (2017) . I — — e Z quqta_uv(fq 4 hq’75)qu,u + h.c.
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Search for Anomalous FCNC tuy Coupling

Signal  Kiredesis, o. Cakis, adv. High Energy Phys. Jae o
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LHeC and FCC-eh Detector Layout

‘FCC—ep‘

%er Central

magneticTracker Biwd

Uor;
or 'mefgacker

\ | Central Tracker
circular-elliptical beam pipe

4 layers Si-pixel
5 layers Si-strixel

Le olenoid ~12m

(see Table of Detector Dimensions/
Parameters in backup)
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