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Linac-Ring Collider, LHeC and FCC-eh

s F SIS Y Energy Recovering Linac
871 2 iy o N e* beam: 60 GeV

studied here:
Lincup to 1 ab!

.......
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Civil Engineering .
4 Different Options

operated synchronously
- with HL-LHC:
p beam: 7 TeV, v/s=1.3 TeV
- with HE-LHC:
p beam: 13.5 TeV, +/s=1.8 TeV

- or later with FCC-hh:
p beam: 50 TeV, +/s=3.5 TeV
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SM Top Quark Production

CC DIS top production NC top photoproduction
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— future ep collider is ideal to study EWK interactions of
the top quark
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Dutta, Goyal, Kumar, Mellado, Eur.
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— top quark factory (with low backgrounds)
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Limits on Anomalous Wtb Couplings
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Limits on Anomalous Wtb Couplings
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Limits on Anhomalous Wtb Couplings

g — Dutta, Goyal, Kumar,

L=——/_by“th@L R)th_ Mellado, Eur. Phys. J.
22— C75 (2015) no.12, 577

Kumar, Ruan, to be publ.
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Direct Measurement of |Vip|

Vekm =

! including top-quark mass uncertainty
? Gipeo: NLO PDF4LHC11
NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

- Christian Schwanenberger -
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ATLAS+CMS Preliminary 1 v, |- \|2"2 from single top quark production November 2017
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Measurement of |Vcs|
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Expect LHeC+HL LHC to be 10 x better

from +2-3% to surely 0.5% or below
(work in progress)
— heavy flavour factory
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Measurement of |Vid]
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Measurement of |Vid]
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Top Quark Polarisation

Atag, Sahin,
PRD 73, 074001 (2006)

cos0O: angle between charged
lepton and spin quantisation
axis in top rest frame
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CP Nature of Top-Higgs Coupling
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CP Nature of Top-Higgs Coupling
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Exclusion Contours (fiducial cross section)
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Top Quark Parton Density Function

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

parton momentum fraction

e-\/ Ve
six-flavour W- —
variable number — b

scheme for top
quark

____cfns
massless

logQ?/GeV?

® in 6 flavour number scheme, top receives at Q2~m¢? 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
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Analysis of the tty Vertex

signal y ; background
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@ Top Physics in ep Scattering - Christian Schwanenberger -  2nd FCC Physics Workshop 22 [IBIRe;



Search for Anomalous tty Couplings
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Search for Anomalous ttZ Couplings

Bouzas, Larios,
ZZ b Physical Review D 88, 094007 (2013)
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Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,

Signal Karadeniz, 0. Cakir, Adv. High Energy }‘q
hys. 2017, 1572053 (2017 _ E LW
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Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,

Signal Karadeniz, O. Cakir, Adv. High Energy lq
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Search for Anomalous FCNC tuy Coupling

I. Cakir, Yilmaz, Denizli, Senol,

Signal Karadeniz, O. Cakir, Adv. High Energy lq
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Search for Anomalous FCNC tHu Coupling

Sun, Wang,
arXiv:1602.04670 [hep-ph]

ol

e”p — Vet — vehd — vebbd, q=u,c

L = Kiantuh + Keentch + h.c.
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Search for Anomalous FCNC tHu Coupling

Sun, Wang,

arXiv:1602.04670 [hep-ph] bac kg rou nd
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Search for Anomalous FCNC tHu Coupling

Sun, Wang,

arXiv:1602.04670 [hep-ph] bac kg rou nd
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m, [GeV]
e parametrised assumed resolutions for electrons/photons, muons, jets and
unclustered energy using ATLAS values
e b-tag rate of 60%, c-jet fake rate of 10%, light-jet fake rate of 1%
e selections optimized for LHeC and FCC-ep scenarios (s/+/(5+B))

e cut-based and MVA-based analyses

0
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Limit on Br(t—=uH) in MVA analysis

107 Sun, Wang,

LHeC TMVA-Based Analysis arXiv:1602.04670 [hep-ph] LEVEE ISR
60GeV® 7TeV
1
o
: HL-LHC
&

LHC, 3000 fb~'@14TeV

Br(t—hu)=0.183%

1078 |-
[ Br(t—hu)=0.093%
| L L N | N L L | L N L | N L N | L L L |
0 200 400 600 800 1000
L[fb™]
107"
TMVA-Based Analysis
FCC-ep
60GeV® 50TeV

;‘.5;10-2 HL_LHC
< LHC, 3000 fb—1@14TeV

—_
S
w

ot Seran < --- observation

[ Br(t>hu)=0.044%

- Brii—hu)=0.022%

0 200 400 I-I6(|)0I — 80 7000 — impl"OVES SenSitiVity Of HL_LHC

@ Top Physics in ep Scattering - Christian Schwanenberger -  2nd FCC Physics Workshop 32 [iB2Re



FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary November 2017
LHCtopWG
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary November 2017
LHCtopWG
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary November 2017
LHCtopWG
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FCNC Branching Ratios at Colliders

ATLAS+CMS Preliminary November 2017
LHCtopWG
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e future ep collider has a rich analysis programme
for top quark physics

e single top quark factory: |Vib| (~1%)

e top quark couplings to electroweak bosons
(Wtb, tty, ttZ, ttH, ...)

e analyse top quark properties with high precision:
polarisation, charge, PDFs of tops, ..
e many stringent searches for new physics:

anomalous couplings, FCNC, CP violation in top-Yukawa,
heavy top, SUSY stops...

— further exciting studies/updates to come for

LH-C -
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Backup
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CC Single Top Quark Cross Section

cross section (pb)
cross section (pb)
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20 4:0 6:3 80 100 120 140 160 180 200 220 240 260 280 300 20
1 1
[] 1

Fe (GeV)

40 GeV 60 GeV .- S*° " 40 GeV 60 GeV

— strong rise of cross section with electron beam energy
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Status: Top Quark SM+BSM

€ \/ Ve
Ruan W-
Kumar E
b
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=1inSM A
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L=ge Y Qu 10" (fq+hqrs)adum + hc.

q=u,c

.05 T LI e T 1 T 1 T171T1]05
4 N
g r d . IflL flR
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2
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lého.3 03
3
G
=]
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— to be published
— ask for SM cross sections

DELPHES

LHeC+FCC

10°

Yy, p—
A=A=A 1§ =003 ——
§ A=001 ——
o ‘ | 2=0.007
10° 10" 152 10°
Lin(f™") )
observation

— published: arxiv:1705.05419
— ask for BR(t—qy)

Upper Limit of Br(t—hu)

L= K,tuhfuh + K,tchfch + h.c.

parametrisation| |LHeC+FCC
10-‘:
F TMVA-Based Analysis
60GeV® 50TeV
1072 [

brvation

<*---

| Br(t—>hu)=0.044%

L Br(t—>hu)=0.|022%
0 200

@ Top Physics in ep Scattering

- Christian Schwanenberger -



LHeC and FCC-eh Detector Layout

80/ () hH oid

Fwd
M‘éﬁ: Central
agnetic-gaCker de

alop;
‘or Imgfgacker

mn.

\ | Central Tracker
circular-elliptical beam pipe
4 layers Si-pixel
5 layers Si-strixel

olenoid ~12m

(see Table of Detector Dimensions/
Parameters in backup)
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CC Single Top Quark Cross Section

O. Behnke,
Madgraph

o

D T

cross section (pb)

400 (5: \VAS f:i: | |
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Ee (GeV)
— LHeC offers excellent prospects for top quark physics

— strong rise of cross section with electron beam energy
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado, 100 fb_l:
arXiv:1307.1688 [hep-ph] \js (TeV) 2 i 105 eventS

3-10° events

100 L8 167 205 237 265 290

10 ¢

80% PoL. s
Unpol. =——

0.1 f

0.01 — ' ' ' ' ‘
50 100 150 200 250 300

— LHeC offers excellent prospects for top quark physics

@ Top Physics in ep Scattering - Christian Schwanenberger -  2nd FCC Physics Workshop 44 [iBERe



FCC-eh: tracker, calorimeters and steps

Tracker FST,.. | FST.,,.. | CFT,.. | CPT, CST.,... | CBT,,. | BST,,,.. | BST,..
#Wheels 2 - - 2

#Rings/Wheel 2. 3t 3/4 — - 3/4 Bouter 2;ner
#Layers - — - 4 5 -~ - -

O min/maz [°] 0.5 3.8 3.6 5.1 24 /155 176.4 173.1 179.3
Nmaz /min 5.4 3.4 3.5 +3.1 +1.4 -3.5 -2.8 -5.2

) [m?] 9.7 13.3 2.8 5.4 33.7 2.8 9.7 6.9
Sum-Si [Tn2 84.3 double layers taken into account

Calo FHC;,w | FECs,w EMCScin/LAr HAC;, .. BECs,p, | BHCq, .
Omin/maz | | 0.3 0.4 5.6/173.4 8.6/167 179.4 | 179.6
Nmaz/min 6.0 5.6 3.0/-2.7 2.5/-2.2 -5.3 -5.6
Volume  [m” 13.2 3.1 28.8 407 1.98 7.0
Sum-Si  [m?] 461

Input to detector design: HERA, ATLAS/CMS+their upgrades, CALICE, LHeC (CDR and update)

At FCC-eh unlike LHeC we think muon momentum measurement is vital (H-pp)

Next steps: final choice of CDR technology, IR integration, joint eh-hh consideration, software

@
DESY
/’\l
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado, 100 fb_l:

arXiv:1307.1688 [hep-ph] Vs (TeV) 2-6-10° events
3-10-10° events

100 L8 167 205 237 265 290

| 10pb :
10 ¢ 3 pb ............................................................... ‘5
~ S 4 6 pb .
g X 2pb _
; 1 N P : 80% Pol.

: : Unpol. —

.60 GeV :140 GeV
0.01 —- - ' . | |
50 100 150 200 250 300
E, (GeV)

— LHeC offers excellent prospects for top quark physics
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado,

\/ |
arXiv:1307.1688 [hep-ph] L W- -
Vs (TeV) oy <_;
b t b
100 A8 167 205 237 265 290 -
: e-\‘/ Ve j
10 ¢ T %
i ] v b
2 -—8
b ----------- e Ve
.... “,.,\—-""' Unpol. =——— | \/ -
e Hadronic 252 ++--vevveeee ' Wowe
0.1 — Hadronic 2—53 === === - Iy T 5
Leptonic 2—2  =========== p
[ Leptonic 2—3 ====m=
0.01 1 1 1 1 1 1 o v
50 100 150 200 250 300 T~
E, (GeV) T S~

. b
g s
r—
e ’\l
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Backgrounds: Hadronic Channel

No. Background pr;, >20GeV  Adg; >04 |m;,;, —mw| <22GeV Oeft.
Process ;| < 5,|m| <25 Ady,>04
AR, >04
Er > 25

1 e p— v.W b 7.5 x 107° 6.8 x 10°° 4.5 % 107° 2.7 x 107°

without anti-top line

2 e p— vejji 4.2 x 10° 3.6 x 10" 2.4 x 10° 7.2 x 1072

3 e p — VeCjj 1.5 x 10" 1.2 x 10Y 8.6 x 107! 8.6 x 10°

& e p— v.Cjj

4 e P — VeCCj 5.8 x 1072 5.0 x 1072 3.2 x 1072 6.7 x 107°

5 e p — vebbj 2.5 x 1077 2.2 x 1077 5.6 x 102 1.3x 107

6 e p— e 2.5 x 1072 2.2 x 1072 1.5 x 1072 1.5x 1074

(c—= W73
Event Selection | pr;, > 20 GeV = Ady; > 0.4 |m;,;, —mw|<22GeV  Fiducial S/VS+B
In;| < 5,|m| <25 Adg,>04 Efficiency
AR;p/5 2 0.4
Br > 25
SM 3.2 x 10* 2.3 x 10* 2.2 x 10* 66.7 % -

SM+3>". Bkg; 6.5 x 10* 5.0 x 10* 4.0 x 10* 61.5 %

V| Aff =5 7.3 x 10* 5.0 x 10* 5.0 x 10* 68.0 % 1.92
fit=15 4.6 x 10* 3.2 x 10* 3.2 x 10* 69.7 % 1.43
fr=.5 4.9 x 10* 3.6 x 10* 3.6 x 10* 73.2 % 1.55

ff=-5 3.4 x 10* 2.3 x 10* 2.3 x 10* 69.6 % 1.40
=25 5.7 x 10* 4.1 x 10* 4.1 x 10* 72.3 % 1.69

- Christian Schwanenberger -
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Backgrounds: Leptonic Channel

No. | Background prjp. = 20 GeV, AR, ,,; > 0.4, Br > 25 Ady,; > 04 Oeff.
Process In;il = 5, |nea| = 2.5 Adg, > 04
Adg; > 0.4
1 e p—= 1l ] 1.5 x 1071 1.4x 107! 1.4 x 107°
e p— e 6.6 x 10 6.1 x 1073 6.1 x 1074
& e p—l et
3 | ep—=l b 3.6 x 10°° 3.2x 107 1.9x 107
& e p— 1l b
Without top line
4 | epael e 1.5 x 102 6.9 x 10~° 6.9 x 104
5 | ep—ael g 1.2 x 107! 5.5 x 1072 5.5 x 10~*
Event Selection pr;, > 20 GeV Adg ; > 0.4 Fiducial S//S+ B
In;| < 5,|m| <2.5 Ady, > 0.4 Efficiency
AR;,;; > 04 Adg; > 0.4
Er > 25
SM 1.2 x 10* 1.1 x 10* 92.0 % -
SM+3", Bkg, 1.3 x 10* 1.2 x 10* 92.0 % -
|Vis| Aff = .5 4.5 x 10* 2.5 x 10* 92.6 % 1.55
=25 2.8 x 10* 1.6 x 10* 94.1 % 1.23
y =.5 3.1 x 10* 1.7 x 10* 89.5 % 1.27
L =_5 1.8 x 104 1.0 x 104 90.9 % 0.95
fR=5 3.6 x 10* 2.0 x 10* 90.9 % 1.38
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Direct Measurement of |Vip|

Dutta, Goyal, Kumar, Mellado, Alvtbl . 1000 AB: luminosity uncertainty
arXiv:1307.1688 [hep-ph]
50.2 B | - .AB'-'I(') l Leptonic ======== i
Ee=60 GEV Sl = Hadronic s+e=ese+=
~~~~~~ Leptonic + Hadronic s
50.1 Froen, e }
50 N o .' """"""" s .'---‘-.--.-...‘:..:'--.I""'---_p-....T ______ . P ‘
> | _ 'Llfm'in'o?ity in fb™! | _
X P - i
e 254 e AB =.05
e
S 252 P, e T
= S
° e e
u‘g: 25 " SRR
Luminosity in fb!
7 — : —r
P ......... AB =.01 LHeC
6 b e .

., Y
......
.....
..........
................
................
e,
..........
R P T T TP PP
......

"
...............
-
-------
-
-------

10° 10 10
VCKM = Vcd Vcs Vcb Luminosity in fb™! /

M Vis Vi 100 fb~1: A|Vws|=0.005
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Gluon Parton Density Function

— measure gluon density at high x
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Search for Anomalous Wtbh Couplings

= 1in SM T
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Search for Anomalous Wtbh Couplings

Ly @ @D
_uv
£ 5 e

=1 in SM
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Search for Anomalous Wtbh Couplings

g - u i _ Dutta, Goyal, Kumar,
L= ——qb}/ V., ) R)tWM Mellado, arXiv:1307.1688
=11in SM o Wi
) g 710 ¢, . - . Ve
e \/Ve - b L R)th +h.c' © \/
| ] \/E MW \‘ I-
\‘ W- W- \ W W-,'< —
j g Vi
t T A - t T
b ¢ b Line=100 fb 1 b b
P P
0.18 1 , 0.07 -
0.16 | fR= SM top+bckg. B2 | B
- 0.06
014 r 405 L —+—= fL=-0.5 | SM top+bckg.
s 012} : : . ] 005
g | =)
S o0l <]
% B 0.04
L 0.08 + == ot
g 0.06 i RS Eb/ 0.03 B _—
0.04
0.02 r
0.02 N 3
""""" g 2 P33 .:::' % X E E: SRR
0 = 0.01 . S
-1 -0.5 0 0.5 1 o8 w4 3n/8 w2 5m/8 3m/4 Tn/8 T
cos ijl A 1

'mis

+ other variables sensitive on W helicity
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Search for Anomalous Wtbh Couplings

g - u i B Dutta, Goyal, Kumar,
L=——/;b}/ th f’ R)tW,u Mellado, arXiv:1307.1688

=1 in SM v

Y
. Ve _ 8l 4 b VW~ + hc
\/ . \/5 M L R u e
Y we 2 W 68% C.L.
T [ property | precision |
" ful 0.001-0.01
fuR, f1L, frR 0.01-0.1
syst. error syst. error syst. error
2 ' Bgye =01 5 ' ' Bgy=0.1 2
15t Bgys =05 vmin Bgys =05 LXXIR

y: i
8gys =01 R

- Christian Schwanenberger -
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Search for Anomalous Wtbh Couplings

L=--3by"v e JIW, 68% C.L
/; tb L R u (o] ] n
=11inSM M
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Search for Anomalous Wtbh Couplings

* SM

; —
= 11in SM o
8§ 710 g ‘
Y
\/5 M, ) [Z
1_
fR ot
0.8 S
0-6:— LHC combination preliminary VL=1,VR=0
[ \s=7TeV, L =35pb’-2.2fb"
04 " B ss cL
0.2 95% CL
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Search for Anomalous Wtbh Couplings

b/ b fR |
p 081 B
0-6:— LHC combination preliminary V=1,V _=0
- \s=7TeV, L =35pb*-22fb"
0.4r- o B s cL
92" | HeC (sys. err. 1%), 100 fb-1 .95% CL
o:— * SM

-0.2(
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Top Quark Structure Function

Boroun, Phys. Lett. B744, 142 (2015)
~tt t
variable flavour (Tt) aFQ (Tt) 1 — R (Tt)]
number scheme /
for top quark
100 -
3 N v Q’=100 v Q'=100GeV’, ® Q°=1000GeV’, & Q'=10000 GeV’
10.; 4 A d Q2=1000 — A A A A A A A A A A A A
: A 4 Q’=10000 ‘o 021
14 A -
° A ks ]
] ° A 0.00 - ¢ * 3 % T 3T O'T OST OS OS5
0.1 2 ] A
3 [ ] h
3 ) A 1E-3 1E4 1E-5 1E-6 1E-7 1E-8 1E-9 1E-10 1E-11 1E-12 1E-13 1E-14 1E-15 1E-16
—> 0.01 < v [ ] A x
~, v [ J A
g ] v L4 A
1E-3 3 'v * . 0037 A A A A A A A A A A A a
E v ° 0.02 4
1E-4 v v 0,01..
? 2 2 v = o00- B A I B
= Q < 4mt @ ] xEs
i ~ ] aboveQ
1E'6 T T rrrrrrg T T T 'l"'l T L ""'] T LA LR AR | v LA '0.02 T T rrrrreT T T Trrrery T T rrrreT T T T rvyvrrg
10 100 1000 10000 100000 10 100 1000 10000 100000
Tt Tt
— approximately: 1/1¢ — independent of x and T¢

— longitudinal top structure function component could be
good to probe top quark density in proton at Q?=4m:?2
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Search for Anomalous tty Couplings

tt’y

Q (Qw“A + %0“”1’“”(% + i%%)) t
t
K,

electrlc dipole moment: K

g S .
B ]7 _ B — X37 """"""""""
K
0.5r
14
LHeC
8% and 16% accuracy — ‘.
10%  18% B N
— systematically limited ;|
LHC with
4 27% accuracy - 5% accurgcy--l---——"l’ o
4 (4.59fb"1, 7 TeV) 0.5 0 0.5 1 K
Bouzas, Larios, magnetic dipole moment: k

Physical Review D 88, 094007 (2013)
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Top Quark Dimension 6 Operators

A2£4f = Cl(DL'YMtLEL'YueL + h-c-) + [C2DL€R5RtL + C3BL€R77LtR + C4I7L6RBLtR + h.c.]

SM

e'L\/ Ve Cy 0.50-0.85
LW .. | Co' 2.2-5.0
\ ] :
b t 5 Cs 1.4-2.9
b C4' 2.2-4.9
°L,R experimental error
Sarmiento-Alvarado, o
B , Larios, T . 15% . . 68% C.L.
e e b))\ 7 At gy O8%
P — 0 G| (a) | o5 Lol ©
Pe — 0.4 2.7 L 2 |
P.=0.7 o 0f 0.f
.| el 2|
2.}
4.} 4.}
cross section 1. os o o5 O T 5 0 o0s 1. Oy T 05 0. 05 1. Oy
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NC Top Quark Production

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

top pair production

single top
production

DIS photoproduction photoproduction

> g%Z % t 8 t
t» t t) % [i /
g ml g fmzrl . A ./l/l/l,

W-

A
|

e-beam 60 GeV, 1000 fb-!:

0.023 pb 0.70 pb 0.031 pb
N«i=23,000 N&=700,000 N:=31,000
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FCNC tuy and tuH Couplings

(& (& b
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Karadeniz Y??q
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Reconstructed Higgs mass

1/6do/dm
o
o

IIIIIIIIIIIIIIIIII

/

B cp-v t-v hg-v bbg,g=uc
- - - = ep-v,(t—>(w-j)b)
—ms e p—v,(z—bb)j
e’ p—v,(h—bb)j
mmeme e p-ejj
............. e'p_)vejjj
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Reconstructed top quark

0.25

B cp-v.t-v.hg—y, bbgg=u.c
-- == ep-ov(toWw
-~ ep-V,(z—bb

IIIIIIIIIIIII
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FCNC Top Couplings at Colliders

: 95% C.L.
— F
3 o
2 .
0.8~ H1
0.6
\— ZEUS
B
0 _""""'""""-‘ ................ L3
:CDF ....... .............. DO
0.2 — .
0-| Lo | |:E| %///////
0 0.1 0.2 0.3 0.4 0.5
I, |

dimensionless coupling (A=m;) tuy
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FCNC Top Couplings at Colliders

cortamoration, | 95%C.L.
arXiv:1311.2028 [hep-ph] _N E ZEUS
>3 s L3
- D ’.‘:‘,...'.'.'.'.'.D.,Q
107 = % 21 fb1, 7 TeV _%////
= 5 fb1, 7 TeV +
- 20 fb1, 8 TeV /
102 = %
- 1 1 1 1 111 II 1 1 1 1 111 II i /%
107
10° 10° 10°
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FCNC Top Couplings at Colliders

Top Quark Working Group )
Collaboration, 1 95 /O C-L-

arXiv:1311.2028 [hep-ph]

10" % 2.1 fb1, 7 TeV

5fb1,7 TeV +
20 fb1, 8 TeV

W

- 1 1 | I | IIIII 1 ] 1 IIIII
1073
107 1072 10"
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FCNC Top Couplings at Colliders

Top Quark Working Group
Collaboration,
arXiv:1311.2028 [hep-ph]

Top Physics in ep Scattering

@
DESY
)

95% C.L.

- ZEUS
e | L3
D N PO
1()1|§_ s 2.1 fb', 7 TeV
C 5 fb-1, 7 TeV +
_ 20 fb-1, 8 TeV
Y ATLAS: 300 fbi’
107 - Vs=14 TeV
= e
- 1o
i 500 fb!
Vs= 250 GeV :
- 1 1 1 1 111 II 1 1 1 111 II :
107
103 1072 10"
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FCNC Top Couplings at Colliders

3 95% C.L.
TN - ZEUS
>3 e SO L3
- 7 2 TR S [
; %
10" | @ 2.1 fb-1, 7 TeV _W////
; 5 fb1, 7 TeV + /
B -W 20 fb1, 8 TeV
2 ATLAS: 300 fbi1 /
10° - Vs=14TeV :
- il /
- 1A :
i 500 fb-! /
Vs= 250 GeV : %
- I | 1 1 111 II .
10 3 1 L 1L 111l
10° 10° 10"

— test SUSY, little Higgs, technicolor... IK*"Y

@ Top Physics in ep Scattering - Christian Schwanenberger -  2nd FCC Physics Workshop



FCNC Top Couplings at Colliders

10° @ b.1fb1, 7 TeV

s STl /

ATLAS: 300 fbi!
LHO Vs=14TeV :

10° 10° 10" I
""" e Tr v - K
— test SUSY, little Higgs, technicolor... " tw

@ Top Physics in ep Scattering - Christian Schwanenberger -  2nd FCC Physics Workshop



FCNC Top Couplings at Colliders

1 95% C.L.
_rsj - jEUS )
2 Bl 13
2 Fgpg Do

107 @ 2.1 b1, 7 TeV _M////

E
3 5 fb1, 7 TeV +
) T 20 b4, 8 Tev /
: ATLAS: 300 fb;1 /
102 | FCC-he Vs=14 TeV i /
- gle /
- 115 :
|1 ab y 500 fbt %
s= 250 GeV :
10-3 | | ||||||| | ||||||| : %
10° 10° 10°

— test SUSY, little Higgs, technicolor... Ftuy
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Ut

Observation/Exclusion Contours

(=0 or{=n — pure scalar state LHeC
C=m/2 — pure pseudo scalar state

0<C<n/2 or n/2<{ <n—>mixture CP-states

(=0, x=1 — SM case

25 T T
E, = 60 GeV
E, =120 GeV «reeemseens 97/10
20 1 4n/5
e 72/10
15 | ] 35
’ )
215
10 +
37/10
/5
5 L
210
0
0 ' ' ' : 1 10 100
0 /5 21/5 3n/5 4rt/5 I Luminosity [fb™]

bed

Observe/Exclude non-zero phase to better than 40 = With Zero Phase: Measure
coupling with 17% accuracy =2 work ongoing on FCC-eh prospects
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Top Quark SM+BSM

10—2 -

e Ve e e b
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° o *---
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::::0:«:0’0‘0’0‘0 SRR —01 I k=001 T T ———
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— to be published — published: arxiv:1705.05419 — published: arxiv:1602.04670
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Signal and Backgrounds
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