Top quark Physics
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Outline

I Future projects of ep colliders: LHeC & FCC-he

B Top quark Physics at ep colliders
o Neutral Current(NC) Top quark production
e Charged Current(CC) Top quark production
e Top & Higgs production

Bl Summary



Future projects of ep colliders: LHeC & FCC-he

Both plan to create new electron facility

LHeC FCC-he
/ 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)



Future projects of ep colliders: LHeC & FCC-he
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Top quark Physics at ep colliders
IS excepted to be sensitive to BSM physics
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The ep future colliders offers excellent prospects for top physics



Neutral Current (NC) Top quark Production



Neutral Current Top guark Production
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Neutral Current Top guark Production
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Neutral Current Top guark Production
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Neutral Current Top guark Production
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Neutral Current Top guark Production
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Neutral Current Top guark Production

b-tagging:
» 60% efficiency
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Neutral Current Top guark Production
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Charged Current (CC) Top quark Production
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Charged Current Top quark Production
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Charged Current Top guark Production




Charged Current Top guark Production

AB: luminosity uncertainty
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Charged Current Top quark Production

Vud Vus
VCKM - Vcd Vcs
Vie  Vis

the CKM matrix element Vib

CMS Preliminary

August 2014

CMS W, 7 Tev, 4.9 f', PRL110 (2013) 02203
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1.010 am(exp} alm(th}

CMStW, 8 Tev, 12.2 1", PRL 112 (2014) 231802
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can be measured with a precision of 0.5%



Charged Current Top quark Production
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Charged Current Top quark Production

\ V. [fy=1,fr,fLfr=0 — SM case

W fyu(V@ +f&gP_)b
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S. Dutta, A. Goyal, M. Kumar, B. Mellado, Eur. Phys. J. C (2015) 75:577
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Charged Current Top guark Production
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Charged Current Top guark Production
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Charged Current Top quark Production
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Charged Current Top quark Production
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Charged Current Top quark Production

make it possible to consider
quark density for the top quark

cfns
massless

0= 1 54pb @FCC-ep
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LHeC offers new field of research ~ S'X-Mavor-variable-numner stheme

for top quark pdfs for top quark can be proposed
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Charged Current Top & Higgs Production



Charged Current FCNC Top-Higgs Production

L=« tuH+«¢  tcH:h.c.

Irreducible backgrounds:
e-p—v.(H—bb)j
e-p—>v.(Z—bb)]
e-p—>v.(g—>bb)j

¢ parametrised assumed resolutions for

elecrons/photons, muons, jets and redUCible backgr()undS:

unclustered energy using ATLAS values

e b-tag rate of 60%, c-jet fake rate of 10%, e_p_>VeJ_J_J -
light-jet fake rate of 1% e-p—>ver b/b
e selections optimized for LHeC and FCC-ep ep—v,t

scenarios (s/V(S+B))
¢ cut-based and MVA-based analyses

e-p—e-(g—bb)j

H.Sun, [arXiv:1602.04670]



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

I °

TMVA-Based Analysis

60GeV® 7TeV@LHeC
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Charged Current Top-Higgs associated Production
CP nature of the ttH coupling

L :-i%chosZ;ﬁinsinq_t_ tH

ttH

(=0,x=1  — SMcase

(=0or{=n — pure scalar state

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

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



Charged Current Top-Higgs associated Production
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Charged Current Top-Higgs associated Production

% systematic uncertainty-

TP | 1 10 100 1000
' ’/ . Luminosity 7] f
LHeC provi des e- beam 60 GeV, proton beam 7 TeV
a better environment 100 fbt: 7/5<¢ <n (20) and 3n/10<¢ <n(30) EXC.
to test the CP nature 400 fbt n/6<{ <n (4c) and  7/4<( <n(50) ExC.

of ttH couplings
HL-LHC 3ab-1 probe up to {=n/6

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



Summary

I In this talk we present a short overview of the top physics
at the ep collider.
B Selected topics include, but not limited to:
---- top structure funciton
---- top PDFs, top spin polarization
|th|, Q, measurement

---- anomalous tty, ttZ, tbW couplings
---- FCNC tqy, tgH couplings
---- CP nature of ttH couplings
B Some of these topics are being studied with the updated
LHeC(FCC-eh) Delphes detector simulation.






