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LHeC and FCC-eh (Linac-Ring Collider )
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Clean and high resolution QCD factory

LH eC/FCC-eh kinematics with ep/eA at energy frontier
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Rich physics at all scales, precision and
discovery

Strengthen LHC/FCC program while
keeping energy cost low with ERL
technology

Top and EW and Higgs physics:
require high Q2 and high luminosity

See talks:
IR and Detectors (Paul Newman, Tues )
Overview, and Higgs and BSM physics (Nestor Armesto,
Wed 11.50)
Proton structure/precision QCD (Francesco Giuli, Thurs
17.10)
Diffraction/forward physics (Anna Stasto, Thurs 17.30)
High energy QCD and eA (Claire Gwenlan, Thurs 17.50)



Top production in ep

Charged Current (CC)
DIS single top-quark production
e Ve
L
b <
t

« 0 =1.89pb (LHeC)
o = 15.3pb (FCC-eh) with E.=60 GeV
« CKM matrix (V,); Wtb couplings, V4, Vi

Sookhyun Lee, DIS 2023

Neutral Current (NC)
top-quark pair photoproduction

~
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« 0 =0.05pb (LHeC)
o = 1.14pb (FCC-eh) with E.=60 GeV
* Top charge and anomalous form factors
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Wtb couplings

Lwiy = % {Wuﬁ“(‘/}b fLPL+ f1RPR/)b
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2mW

SM: V,,fL =1,
fi=fr=f=0

» Wtb couplings via single top production at LHeC
» Direct access to anomalous couplings

» Clean measurements and suppressed background
from strong interaction initiated processes

Sookhyun Lee, DIS 2023




» Wib couplings via single top production at LHeC

 Hadronic and leptonic decays studied using 1 ' ' ' ' '
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W1ib couplings via single top production at LHeC

« Hadronic and leptonic decays studied using
DELPHE and analysis cuts with E,= 60 GeV

Sookhyun Lee, DIS 2023
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- j1: hardest pr jet
- Distributions normalized to unity 0



Anomalous Wtb Couplings
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Even smaller than 1% with 1 ab1!



Sookhyun Lee, DIS 2023

PoS DIS 2018 (2018) 167, H. Sun

Vi and V,

* Direct measurements of V,y and Vi
« Top-pair production background suppressed
* Probing SM predictions directly for the first time
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Top-quark form factors

* Photoproduction of top-quark pairs

 Clean measurements thanks to absence of
final state radiation

Sookhyun Lee, DIS 2023
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» Semi-leptonic weak decay mode, most sensitive

» Realistic analysis with SMEFT + full QED + parton
shower + hadronization + fast detector simulation

» Pseudo-data with experimental uncertainties of
12% (dark green), 15% (light green), and
(yellow)

» Corona thickness increase from 0.1 (parton-level)
to 0.15 (detector-level) for 18% uncertainty

Sookhyun Lee, DIS 2023
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Electroweak physics in DIS

» Electron/positron beam
polarizations of +80%

* Precision determination of
parameters in NC+CC

« Weak-mixing angle

« Gauge boson masses

« NC/CC couplings of the

gauge bosons

Sookhyun Lee, DIS 2023
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Neutral Current inclusive DIS

d?oNC(etp)  2ma?
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Scale dependence of weak mixing angle

Britzger, Klein, Spiesberger
MS scheme arXiv:2203.06237
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W-boson mass

Credit: LHCb
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W-boson mass
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W-boson mass

W-boson mass

Direct measurements
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Neutral Current DIS
Electroweak light-quark couplings

§ d * Precision per mille level —
largely inaccessible in e+e-
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Anomalous form factors
in Charged Current DIS

« EW theory provides precise predictions for charged currents, but they are poorly measured in

other processes
— neutrino escapes undetected
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 In DIS, the kinematics of charged currents are completely measured from final state and incoming electron

— Weak couplings of the W-boson measured at a couple per mille level- even their scale dependence

Sookhyun Lee, DIS 2023
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Direct W and Z productions

ep—v,+V+X ep—e+V+X

W~/Z W=/W*/Z

* Through 5 production channels

 Total cross sections: o (e™p - W X) ~15pb
o(e"p->W'X)~14pb
o(e"p—>ZX) ~5pb

Sookhyun Lee, DIS 2023



Anomalous Triple Gauge Couplings

« 5 anomalous TGCs [Ag,, Aky, Ay]

« 3 are independent

» Above Vector Boson Fusion process sensitive to WWy
couplings; WWZ suppressed due to Z mass (no interference)

 LHeC-60 significantly improves constraints on Ak,

Sookhyun Lee, DIS 2023
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Summary
* LHeC and FCC-eh

* Energy frontier electron hadron collider
with E, =50 GeV (LHeC) and 60 (FCC-eh) GeV
synchronously run with HL-LHC (LHeC) and FCC-hh (FCC-eh)

* Top physics
e Rich top-physics with single top production, photoproduction of top-quark pairs and
FCNC

e CKM third-row, MDM, EDM, electric charge, polarization, PDFs ...

e Electroweak physics
* Precision measurements of fundamental EW parameters
* Weak mixing angle, W mass, anomalous couplings to light quarks and TGC
* Unprecedented precise determination of PDFs using LHeC data needed at HL-LHC
 Complementary to Z-pole and (planned) low energy data

Sookhyun Lee, DIS 2023



Thank you!



