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Future projects of ep colliders: LHeC & FCC-eh

Both plan to create new electron facilities

LHeC FCC-eh
/ TeV proton of LHC 50 TeV proton of FCC

and 60 GeV electron and 60 GeV electron
(\'5~1.3 TeV) (\5~3.5 TeV)



Top quark Physics at ep colliders

IS excepted to be sensitive to BSM physics

=173.07 GeV/c?

mass - =2.3 MeV/c? =1.275 GeV/c? 0 =126 GeVic?

charge — 213 u 213 C 2/3 t 0 0 I I
spin = 1/2 12 12 1 9 0 o r
ST
Higgs olb " F
up charm gluon bodan = [ m=m vec s
OIO 6/ [ LHec
=4.8 MeVic? =95 MeVic? =4.18 GeWic2 0 E [] HERA
.F E=2 NmMc
113 -1/3 -1/3 0 5
d S b » 10°F ) mcoms
1/2 1/2 112 1 " [ srac
4
down strange bottom photon I
i3 :_ Precision
0.511 MeVice? 105.7 MeV/c? 1.777 GeVie? 91.2 GeVic? , QcD,a
r ; PDFs
- -1 -1 0
e "[ 10 2L (P,V,IP..)
1/2 1/2 1/2 1 : !
electron muon tau Z boson 10 3 Non-linear QCD = ;jfij;}} ——
<2.2 eVc? <0.17 MeW/e? <15.5 MeV/e2 80.4 GeVic? 1 = g o
0 'I) 0 0 1)'[ +1 B £ T SR
BE vl vl
12 € 12 D}l 12 1 W 10 3 ;) -6 s 4 3 2 1
10 10 10 10 10 10 10 10 1
X
electron muon tau W boson

neutrino neutrino neutrino

Ep collider offers nice prospects to study the top quark,
especially to study the EW interactions of the top quarks



Top quark production at the ep colliders
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Top Structure Function
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As 1s know, the DIS ff production 1s found

sensi<x to the gluon density in the proton.
Similarly, but using DIS tt production in,
for example, photon-gluon fusion mode,
it is usefull to

= study rt(x,Q2): the top component of

Varlable-flavor number scheme
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NC

tty vertex and top electric charge
% Background

The p]%oto—induced top pair production 7
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measure top quark electric charge

The out going photon could come
| * tfrom other charge sources like the
q top decay products

5
thus make such measurement challenge at the LHC




Anomalous tty couplings NC

Follow the same idea
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Anomalous ttZ couplings NC

Similarly, but through DIS top pair production
from gluon-Z fusion, one can study -
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Anomalous FCNC tgy couplings NC

The effective L involving ano. tqr interaction is given:

Lig,=Ge > Qo %fﬁ“v(fq+hqy5)qAW+h.C.

g=u,c

It was found that ep based rp collider can provide a
nice prospect to probe it: =) A%\ <
\w/
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Anomalous FCNC tqy and tqZ couplings NC

Through the DIS production, one can set
constraints to both the tqr and tqZ couplings

Cuts Definitions

Cut-0 Preselection cuts with number of jets > 3
and one electron with p% > 20 GeV

Cut-1 One jet with b-tagging

Cut-2 ph > 40 GeV and p7”* > 30 GeV,

Cut-3 -5 <pPi2is <0 and -2.5 <y <2.5

Cut-4 60 GeV < M1 (ja. j3) < 90 GeV

Cut-5 130 GeV < MTC(j,,. ja. j3) < 200 GeV

at the same level at the FCC-eh
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Anomalous FCNC tqy couplings NC

ATLAS+CMS Preliminary LHCITOpPWG November 2016
BR(‘[% HL.I) Each limit assumes that all other processes are zero BR(t% ’Yu)
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It was found that by performing the detector level study, the branching ratio of t-> qr
and t ->qZ can be measured down to order of ~10-6 at the FCC-eh with 2ab-1.



Charged Current Top quark Production ~ Nowler s sce some

CC top productions
through W-boson exc
in both decay modes: -




top quark spin polarisation CC

S ) A% \,{g,
7
Such prediction can be used,
for example, to measure the

top quark spin polarization.

=2(1+A, acosb)
) 1‘ _N.-N,

Here, 0 is angle between the charged lepton and AT ! N +N

the spin quantisation axis in the top rest frame

spin asymmetry

S.Atag,B.D.Sahin, PRD 69, 034016 (2004)
S.Atag,B.D.Sahin, PRD 70, 037503 (2004)



Anomalous Wtb couplings CC

The CC single top production is also a good way
to test the anomalous tbW couplings.

The Lagrangian is given by this formula

W tyu(V®3 +fgP_)b

vvtb:( 2&1 W tow(fLP +frP )b

L

The fact that the left-handed vector current is one to a good approximation,
and the vanishing of the other parameters correspond to the SM case
as within the SM the tbW vertex is purely left-handed.

|V, |[fr=1,18,fLfr=0

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



Anomalous Wtb couplings

Studies were performe
in both the leptonic an
hadronic decay modes.
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Anomalous Wtb couplings CC

By including the detector level simulation,
the parameter sensitivity are obtained.

;i: E * | DfllL | flIRl .
W Epn(V fLP +fRP )b Eoef Fladronic o o
. ! b (VufyP TGP +the i | 95% C.L. Joo fon
Wb~ ( LW ’[GW(fLPL+fT P.)b Z03f Be=60 GeV oa
‘ M 2.k LHeC
) 4\ (& ) | <0.14
= S \ o009
The analysis show that the tbW vertex can A I ERAEAEA
be probed at the LHeC, already to a very high N e \ 001
accuracy, compate to the existing limits from £\ N N
the LHC. of o the sensitivity f..

102 103
Integrated Luminosity [fb1]

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



Charged Current Top quark Production CC

Ve Another charged current top production
makes it possible to consider quark density

for the top.
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Thus the ep projects offers new field of research

for the top quark parton distribution functions. L HeC TDR J.Phys.G39,075001(2012)



CP nature of top-Higgs couplings CC

Considering the top and Higgs associated
production, we can study the CP nature of
the ttH coupling.

The CP-phase dependent lagrangian can be written here:
_ M ; i
L, ="\t KCOSC +|y53|ng_]tH

e

(=0,x=1  — SMcase

(=0or{=n — pure scalar state

(=n/2 — pure pseudo scalar state
0<C <n/2 or n/2<(<n—>mixture CP-states

B. Coleppa, M. Kumar, S. Kumar, B. Mellado, Phys.Lett.B770(2017)335



CP nature of top-Higgs couplings CC
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CP nature of top-Higgs couplings CC

e- beam 60 GeV, proton beam 7 TeV
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It was found that a non-zero phase . Luminosity (1]
can be observed/excluded better 100 bt n/5<C <m (20) and 3n/10<( <n(3c) EXC.

than 4 sigma confidence level. 400 fbot: n/6<C <m (40) and  w/4<{ <n(5c) EXC.

HL-LHC 3ab- probe up to {=n/6
The work is preparing to be update at the FCC-eh.

~We can conclude that the ep colliders provide a better
\/ environment to test the CP nature of the ttH couplings.

B. Coleppa, M. Kumar, S. Kumar, B. Mellado, Phys.Lett.B770(2017)335



e ep colliders and top prouction
e selected topics In top sector

e selected progress In top sector

e FCNC tgH
* CKM element V,,

e summary



. CC
Anomalous FCNC tgH couplings

signal.l: ep—>vit—vhj—vbbg

signal.ll: e-p—vhb—v bbb
|// P

7.97 fb at the LHeC
64.27 fb at the FCC-eh, 0.64 fb at the LHeC

3.084 fb at the FCC-eh

L. =K, tuH+K,, tcHh.c. ,
K., =0.1 /

k | <
pr? 220GeV, n0i<10, k;=J.b.f W.Liu, H.Sun, etc, Phys.Rev.D92(2015)7,074015
AR(k,,k,)>0.01, kKk,=]j,J¢,jb,bb,bl H.Sun, etc, Eur.Phys.J.C(2018)4,281



. CC
Anomalous FCNC tgH couplings

signal.l: ep—>vit—vhj—vbbg | _
signal.ll: e-p—vhb—vbbb
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e-p—>v.]lJ ' Detector level study
e-p—v,jjb/b .
ep—>vt W.Liu, H.Sun, etc, Phys.Rev.D92(2015)7,074015

e-p—e-(g—>bb)j H.Sun, etc, Eur.Phys.J.C(2018)4,281



BR(t — uh)

Anomalous FCNC tgH couplings L€ (ab-1) 015 X 10-2

FCC-eh (1ab-1) 0.22 X 10-3

ATLAS+CMS Preliminary LHCToOopWG November 2016
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Therefore we conclude that the potential to proble the FCNC tqH couplings can be much
improved than the LHC experiments and even better than some theorantical sensitivities

That obtained at the HL-LHC. W.Liu, H.Sun, etc, Phys.Rev.D92(2015)7,074015
H.Sun, etc, Eur.Phys.J.C(2018)4,281
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Current progress inV_/V_measurement

]
The conventional labeling for the flavor mixing matrix is
(Vud Vus Vub
- Ved Ves Vb
Vid Vis Vib

The standard model itself doeswot predict the elements of V,
thus they should be evaluated experagntally.

On the other hand, few direct
Currently, the first two rows of V are already measurement exit on the third row
being probed with improving precision. of V

A global CKM fit
Vip| = 1 —8.815553 x 1077
Vis| = 41.0872Y x 1077,

Via| = 857570008 x 1077,




V. measurement

The current way to precisely measure Vtb
is in single top productions at the LHC.

ATLAS+CMS Preliminary LHCIopWG May 2017
o
fuVwl = || from single top quark production
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While at the ep projects, the CC single top LHE combined s Tov™ e

CMS-PAS-TOP-15-019

production can be used to measure Vtb precisely & eze ’ — A
ATLAS 8 TeV*® I P i 0.93 212 +0.04

PLB 756 (2016) 228 (20.3 fo ')

" including top-quark mass uncertainty
oo’ NLO PDF4LHC11

5 NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty
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It was found that at the LHeC, with Luminosity of LHeC, 100 fb-1
100 fb-1, the CKM Vtb element can be measured 1.000 = 0.01
with a precision of 1%. (expected)

»
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Current progress inV_/V_measurement

]
The remaining third row
_ Vid Vis Vit Element Vtd and Vts are
V— Ved Ves Veb very small.
(&td Vis Vi

At the LHC, difficult to measure
t to d and t to s transitions.

At the ep colliders, the situation is much better:
1. the suppression of the top-pair background
2. the dominant CC single top sighal production

We suggest to extract Vtd and Vts elements through single top
related production at the ep colliders



Current progress inV _/\V_measurement
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Lagrangian
% g1 Hetre is our simulation chain.
FeynRules
> <
MadGtraph
> < For LHeC and FCC-he
Pythia
-

Delphes
: s
ROQT-analysis



_ We study the
Current progress inV, /V, measurement CKM vertex

in four channels.
| o
Signal.l:
pe- VetV Wh -V v b

Signal.ll:
pe-—>V,W-b—v,/-v b

Signal.lll:
pe- Vet VW5V, [V ]

In this case we have twolVtx vertex-contrib

Signal.lV:
pe- >V W2V [V



Current progress inV_/V_measurement
I

B1: pe- -Vt >V, W-h—-v, /v b
B2: pe-— (-Ensb/b

See last talk this morning,

B3: pe-— (-Ems]
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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 polarization
- [Vl IVl [V, electric charge Q, measurement

---- anomalous tty, ttZ, toW couplings
---- FCNC tqgy, tgZ, tqH couplings
---- CP nature of ttH couplings

3. More studies In top sector are welcomed.






