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The ep/eA study at the LHC and FCC — new impactful goals for the community
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WG2 2023 ES 2024 = 2025 E input to ESPP

= typically 2-3 conveners
per theme

= annual ep/eA
workshops (WS)

general-purpose high-energy physics programme: precision physics and searches
enabling direct discoveries and measurements in EW, Higgs and top physics with high-energy DIS collisions

= final thematic
workshop with closing
reports to inform the
upcoming Strategy
process with impactful
information (TWS)

= inform the community
with regular ep/eA
Newsletters

= everybody is welcome
to join

Coordination Panel: N. Armesto, M. Boonekamp, O. Briining, D. Britzger, J. D’Hondt (spokesperson), M. D’Onofrio,
C. Gwenlan, U. Klein, P. Newman, Y. Papaphilippou, C. Schwanenberger, Y. Yamazaki



Introduction: eh-eA precision and search programme

Rich e-p physics programme developed in the past decade; highlights include:
* PDFs, strong coupling constant, low-x measurements (see previous talk)  ;3is talk
* W mass, top mass, on other precision measurements in EWK and Top sectors
* Higgs measurements — very rich programme to determine couplings at <% precision
» Searches for new physics, including prompt and long-lived new scalars from Higgs,
SUSY particles, heavy sterile neutrinos, dark photons and more
High-energy and high-density measurements of heavy ion collisions

Lot done and published, but much more can be done to exploit the e-p opportunity!

* CDR updated: https://arxiv.org/abs/2007.14491—> 300+ pages document, ~300 authors among
experimentalists and theorists, + documents submitted for the European Strategy of PP 2020 and

Snowmass 2021

The eh programmes of LHC and FCC are designed to operate synchronously with hh,
offering the best way to exploit the expensive hadron beams we (will) have (see also WP3)
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EWK Precision physics at e-p: highlights

* My, and M; will be measurable at unprecedent precision at the LHeC and FCC-eh
* very relevant, as well as the top mass, for new physics constraints
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EWK Precision physics at e-p:

highlights (2)

* LHeC/FCC-eh will contribute to sin20.¢ precision measurements directly and indirectly
* Direct measurements using higher-order loop corrections
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* Production dominated by single top processes

Top precision physics at e-p: highlights

* |n addition, photoproduction of top-pairs

* Can do precision measurements and measurements

of rare processes

ATLAS+CMS Preliminary

November 2020
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* Measurements of rare processes: FCNC

* Excellent complementarities with ee and pp
colliders, i.e. t=>qy/Z
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New physics in the Top sector at e-p: highlights
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Higgs precision physics at e-p: highlights

* Production of Higgs boson via Vector-Boson-Scattering,
considerably large cross section
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. . . . . %10° S
* Precision measurements of Higgs couplings: g B - B Vinematic ot and
GC, - loose selection (p,>15 GeV)
* Profit of clean environment (pile-up free) m o hveereres
* Characterized by low background rates N H> bb | | ilceen
* Small systematic uncertainties achievable ’ . &— | A
* For b and c (e.g. at the LHeC): 1 -
* Signal strength u constraints to 0.8% (bb) and 7.4% (cc) 0720 40 60 80100 120 140 160 180 200

before topmass cuts
Step 3 M, [GeV]
BDT in

31/10/2023 ep/eA kick-off Search Window 8




Higgs precision physics at e-p: highlights (2)

.. : ) LHeC: 1lab!, 7TeVE
* \ery promising prospects in most S/ [%] LieC: 2ab, 13 TeV B,
channels 50 FCC-eh: 2ab’, 50 TeV E,
preliminary Neutral C e
* HL-LHC and LHeC competitive with 40 SR e
ete- co”iders as We” Charged Currents: ep > vHX
30 W [HeC
* Sensitivity to charm-, W- and s  BHE LHeC
gluon-couplings could be re- l B FCCeh
evaluated with new tools i.e. 10 el I I I I | | ( I
developed at ATLAS/CMS (e.g. b/c- 0 — ik J e B -
tagging, jet-taggers etC). bb WW gg t cc ZZ vy bb WW gg t@ cc ZZ vyy
* Processes of interests with high potential include: 450113-9.(51000/)
400E  Epqo=7TeV, |Ldt=1ab”  — Signal (Br=100%) 3
* Couplings with potential DM candidates (pp+ep) 350F- e E
* Use electron-jet invariant mass and BDT techniques 300 mj E
250 —
Br(h —invisible) =6 % at 20 level 2001 oer E
- - - - 150 BDT score > 0.25 é
* di-higgs and higgs self-coupling: 100= E
. . B . 50 —
* Promising studies in the past to be updated! oE ﬂ ]

0 00 200 300 400 500 600 700 800 900 1000
31/10/2023 ep/eA kick-off Mg [GeV]



Higgs precision physics at e-p: highlights (3)

* More generally, the ESPPU studies have shown the potential of the Higgs precision
measurements at the LHeC and FCC-eh in the searches for new physics

* Employing Kappa framework (coupling strength modified parameters) to parameterise
possible deviations from SM couplings

From the ES Briefing Book: uncertainties on «;
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Searches for new physics at e-p: highlights

» ep collider is ideal to study common features of electrons
and quarks with EW / VBF production, LQ, forward

objects, long-lived particles. Aims:
* Explore new and/or challenging scenarios

* Characterize hints for new physics if some excess or deviations

from the SM are found at pp colliders

 Differences and complementarities with pp colliders
* promising aspects: small background due to absence of QCD

interaction between e and p, very low pileup

* difficult aspects: low production rate for NP processes

* Several models target in recent years, but more to be
considered = further involvement of theory community to
test their models systematically for e-p (LHeC and FCC-eh)

31/10/2023
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8 Searches for Physics Beyond the Standard Model
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Extensions of the SM Higgs Sector . . . .. ... ............
8.2.1 Modifications of the Top-Higgs interaction . . . . . . ... ...
8.2.2 Chargedscalars . . . . . ... ... ... ... ..
8.2.3 Neutralscalars . . . .. ... ... ... ... ... . ..., .
8.2.4 Modifications of Higgs self-couplings . . . . .. ... ......
8.2.5 Exotic Higgs boson decays . . . . ... ... ... ........
Searches for supersymmetry . . . ... ...
8.3.1 Search for the SUSY Electroweak Sector: prompt signatures . .
8.3.2 Search for the SUSY Electroweak Sector: long-lived particles .
8.3.3 R-parity violating signatures . . .. ... ... ... ......
Feebly Interacting Particles . . . . . ... ... ... ... .. ... ..
8.4.1 Searches for heavy neutrinos . . . . ... ... ... . ...
8.4.2 Fermion triplets in type Il seesaw . . . . ... ... ... ...
8.4.3 Dark photons . . ... ... L L Lo
8.4.4 Axion-like particles . . . . . . ... oL
Anomalous Gauge Couplings . . . .. ... ... ............
8.5.1 Radiation Amplitude Zero . . . . . . ... ... L.
Theories with heavy resonances and contact interaction . . ... ...
8.6.1 Leptoquarks. . . ... .. ... ... ... . ... ..
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+ FCC CDR: Eur. Phys. J. C 79, no. 6, 474 -
Physics Eur. Phys. J. ST 228, no. 4, 755 - FCC-
hh/eh and several dedicated publications
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Searches for new physics at e-p: highlights (2)

* Hidden, dark sectors at e-p: populated by feebly interacting (and long-lived) particles

* At LHeC and FCC-eh, one can reconstruct displaced vertlces and as such be sensitive to

non-promptly decaying, light new particles :
* Benchmarks agreed by the community
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Fermion (Sterile Neutrino, N) | yyLHN

Tracker



Searches for new physics at e-p: highlights (3)

* Hidden, dark sectors at e-p: populated by feebly interacting (and long-lived) particles

* At LHeC and FCC-eh, one can reconstruct displaced vertlces and as such be sensitive to
non-promptly decaying, light new particles

* Benchmarks agreed by the community
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Vector (Dark Vector, A,,) | — 5o 9w FAVB‘“’ e
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jet A
* E.g. dark photons |
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Searches for new physics at e-p: highlights (4)

* Hidden, dark sectors at e-p: populated by feebly interacting (and long-lived) particles

* At LHeC and FCC-eh, one can reconstruct displaced vertlces and as such be sensitive to

non-promptly decaying, light new particles :
* Benchmarks agreed by the community

Portal ‘ Coupling D

Vector (Dark Vector, A,,) mF/’WB/“’
Scalar (Dark Higgs, \S) (1S + Ags S HYH
Pseudo-scalar (Axion. a) T ¢ [ WF , (ZG% W(;'ﬁ“’ , %@7%}/51/)

Fermion (Sterile Neutrino, N) | yynLHN

Tracker

* E.g. heavy sterile neutrinos

— MEG: 0°=|6.6,| — LHeC (LFV): @°=|6,8,|
LFV ..... DELPHI: @%=|§]2  — FCC-he (LFV): ©°=|6.6,]|
o= N — ATLAS: 0%=(6,]|2 - LHeC (displaced): ©%=|6, |2
— LHCb: @%|6,|2 FCC-he (displaced): ©°=|6, |
I""‘ . .
; Different analyses depending
q j ' on m(N) and m(W) relations
+more recent results e.g. in 2201.12997 [hep-ph] 10_55 T
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eh-eA precision and search programme — Objectives and Challenges

CDR and dedicated studies have shown that the ep precision and search programme at
LHeC and FCC-eh can be complementary to that of LHC and FCC:

* High precision measurements of specific parameters (EWK, top, Higgs)
* Searches in complementary phase space regions

Concrete objectives beyond the CDR should include studies on (few examples provided):

* Precision and top measurements: EWK fundamental parameters, Vts couplings

* Higgs: use modern tools and ID techniques from ATLAS/CMS to (re-)evaluate couplings
with heavy flavour quarks, W bosons and gluons, top-Higgs couplings, exotics Higgs
couplings (e.g. invisible decays); must-do: di-higgs and higgs self-coupling re-evaluation!

* BSM: short and medium lifetime for feebly interacting particles from hidden sectors,
lepton-quark interactions, LFV processes

Most important challenges to be addressed: engage with the community to systematically
consider ep in evaluation of sensitivity for NP models, Higgs measurements etc



eh-eA precision and search programme — Methodology and Deliverables

Methodology:
* Regular meetings (once a month), topical (precision, higgs, BSM)
e Participation and discussion at main future colliders meetings, eg:
* FCC-PED, FCC-LLP groups etc (currently mostly focused on ee and bit of pp)
* Higgs and BSM workshops
* Promotion of projects for students to perform feasibility studies
* Inthis, provide initial settings, central repository with software and MC samples
Potential collaborators:

* ATLAS/CMS/LHCb/ALICE as well as Physics beyond collider experiments (could focus on
complementarities for a start — phase space, lifetime etc. -, but also get inputs on tools that
can be common — ID of b- and c-jet, tau reconstruction etc)

* Theory community

Expected deliverables:
 document for European Strategy
» Topical papers (group could help in reviews, journal paper writing etc)



eh-eA precision and search programme — Organisation and Practical aspects

Mailing list: ep-eA-WG2-precision-and-searches@cern.ch

Anyone with a CERN account or a light account can register to this email list (as well as sign out).
Subscribe/unsubscribe to the list via: https://e-groups.cern.ch/ (use the search option, and search for “ep-eA-WG” in
all e-groups).

Expected meetings: once a month, first meeting Jan-Feb 2024

Indico page: https://indico.cern.ch/category/17308/

Several opportunities for conference talks on the topics of precision, Higgs and BSM at
major conferences

Get in touch: Monica D'Onofrio, Uta Klein, Christian Schwanenberger
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