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Motivation - ALPs

> The QCD axion provides a solution to the Strong CP problem

(Peccei & Quinn 1977, Wilczek 1978, Weinberg 1978)

> Axion-like particles (ALPs) pop up in many theories
o Spontaneous approximate global symmetry breaking — light pseudo-Nambu
Goldstone boson (pNGB)

> ALPs are the subject of many ongoing searches
o Collider searches at ATLAS/CMS at CERN plus many others
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Motivation - EIC

> Future Electron-lon Collider (EIC) in the works at Brookhaven National Lab (BNL)

o High luminosity, relatively clean environment

> Past EIC ALP studies

o flavor violating ALPs (Davoudiasl, Marcarelli & Neil 2023)

o photon coupled ALPs produced in coherent nuclear scattering
(Oliveira, Hadjimichef & Machado 2021, Balkin et al. 2021)

> Qur searches focus on higher mass, promptly decaying photon coupled ALPs

produced through both elastic/coherent and inelastic scattering
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Theoretical Background

> Photon-coupled ALP benchmark model: 10—
1 1 99 o N
AL — § Na 8“& o §maa’ T ga')")’ a’F,U/l/FHV 10° ;\(:T(, [nm] .,

o Conventionally swap coupling gayy for

energy scale 1/4/\

> ALP decay width: T'(a = vy) = —g5+-

> Focus only on short-lived, narrow width
(ma >> Fa) ALPs m, [GeV]
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Phenomenology - Signal

> Focus on electron-lead ion collisions

> Main ALP production through photon

fusion (s-channel dominates)

> Narrow diphoton resonance (myy ~ Ma) y

> Both elastic/coherent and inelastic

processes possible
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Phenomenology - Signal

> Focus only on electron-lead ion coherent scattering

_ 31(QRy) (Q8)2]

> Form factor approach to ion: F(Q2) OR exp[_ ;
1

o Additional Z? factor due to nuclear charge/coherent enhancement

> Separate signal process into 2-3 ALP production and subsequent decay to

iInclude ALP recoil kinematics
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Phenomenology - Background
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Phenomenology - Beams and Detector

> Beam Energies:

E. =18 GeV, E4/A =110 GeV, L.4/A =10 fb~!
> Photon Fiducial Coverage:

ny| < 3.5 Ey>1GeV

o Can only analyze photons that intersect the detector
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Phenomenology - Beams and Detector

> |nvariant mass resolution
o Varying projections in the literature

o Most optimistic taken from previous work (Balkin et al. 2021)

m.,[GeV] [03]05[07[09[20[40] 7.0 [15.0
Amy/my (%) |35 ]33 [31]28]1.7|12]097]0.72

m Resolution given for 90% reconstruction

o Other choices currently under study
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Simulation

> Events generated using MadGraph and SuperChic

(Alwall et al. 2014, Harland-Lang 2021)
> Applied fiducial and invariant mass cuts to photons

> Analyzed resulting cross sections/kinematics to optimize sensitivity
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Simulation

Cross Sections after Invariant Mass and Fiducial Photon Cuts
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Compton-like
(MadGraph)
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Simulation

Cross Sections after Exclusionary Electron Eta Cut
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Analysis

> Plot sensitivity in parameter space of the model (ma - 1/A plane)
> Cross section decomposition: (Mg, Gayy) = ggwa(ma)

> Sensitivity: S == 2

o S =2 equivalent to 20 confidence level
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Analysis

Sensitivity to ALPs at the EIC
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Analysis

> Details to finalize
o Apply more realistic invariant mass resolution
o Take into account systematic uncertainty of the detector

o Incorporate inelastic study into final analysis

m dominates at larger ALP masses
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Outlook

> ALPs are well motivated extension of the SM

> EIC can probe uncharted parameter space for photon-coupled ALPs in the

0.1 - 50 GeV mass range

> Future work to search for other ALP signals at the EIC
o Other SM-ALP couplings
o Long lived/displaced vertex

o Invisible ALP decays/missing energy
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