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Low Mass Freeze-Out Thermal Relics
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Thermal Dark Matter WIMPs

= Annihilation cross section from weak
m2

interaction: (ov) ~ MJQ

— For my $2GeV: (ov) too small for

thermal DM (Lee-Weinberg bound)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.165
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— For my $2GeV: (ov) too small for
thermal DM (Lee-Weinberg bound)
= Dark Sector with lighter mediator
increases cross section
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Low Mass Freeze-Out Thermal Relics
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— For my, $2GeV: (ov) too small for . B 9D
thermal DM (Lee-Weinberg bound) v Al
= Dark Sector with lighter mediator , | Kinetic mixing
increases cross section
o \/\xv\/ A
= Minimal Dark Sector: new U(1)'

— Natural extension to SM
— Heavy/Dark Photon A’ .
— Kinetic mixing with SM LD — : F' FW

7%
— small coupling: Dark Sector — SM 2cosOw

— Can reproduce correct DM abundance
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.165

HPS Search Strategy

increasing
lifetime

e

E = beam energy

A’ Mass (GeV)

= e~ beam on W target; production of A’ through Dark Bremsstrahlung

= Search for visibly decaying Dark Photons: 2me < ma < 2m,
— Depending on coupling strength: prompt or displaced decay
— Resonance and displaced vertex search
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HPS experiment at JLab

= HPS experiment in Hall B
at JLab using electron
beam from CEBAF
. Electromagnetic
= ECal for trigger Calorimeter

= SVT: silicon strip tracker
— ~ 25000 channels
— Close to beam: 500 pm,
15 mrad acceptance
= Four datasets:

— Two engineering runs:
2015 (1.05 GeV), |
2016 (2.3 GeV) S s fioon Yortex
— Two physics runs: 1 meter (SVT)
2019 (4.5 GeV),
2021 (3.74 GeV)

= Recent results published on 2016 data
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012015
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Results of the 2016 Engineering Run

= Displaced vertex search
— No sensitivity to minimal A

model yet
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Plot from HPS Collaboration, PRD108, 012015 (2023)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012015
https://link.springer.com/article/10.1140/epjc/s10052-011-1554-0

Results of the 2016 Engineering Run
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= Displaced vertex search
No sensitivity to minimal A

model yet

HPS 2016 — Strongest exclusion at
mar = 82 MeV,
2=17x107"°

— 7.9 X O A exp

— Sensitive to unique phase
space given higher luminosity
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Plot from HPS Collaboration, PRD108, 012015 (2023)
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Results of the 2016 Engineering Run

ol AL

NS

= Displaced vertex search

— No sensitivity to minimal A’
model yet
— Strongest exclusion at
mar = 82 MeV,
e =17x10""°
— 7.9 X O A exp

oa
Wi

— Sensitive to unique phase
space given higher luminosity

dN/dm [1 /0.05MeV]
3
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= Resonance search
— Using 95% CL; limit
— Trying to get better
sensitivity by improving
background model for future
analyses
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Plot from HPS Collaboration, PRD108, 012015 (2023)
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Results of the 2016 Engineering Run
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= Displaced vertex search

— No sensitivity to minimal A’
model yet

— Strongest exclusion at
mar = 82 MeV,
e =17x10"°

— 7.9 X% O A exp

— Sensitive to unique phase

space given higher luminosity

= Resonance search
— Using 95% CL; limit
— Trying to get better
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sensitivity by improving
Exclusion plot combining 2015 (HPS Collaboration, PRD98, b k d d | f f
091101 (2018)) and 2016 (HPS Collaboration, PRD108, 012015 ackground model for future

(2023)) results analyses
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.091101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012015
https://link.springer.com/article/10.1140/epjc/s10052-011-1554-0

Current Status and Plans

1074

= Looking into other DM
models that HPS is
sensitive too 107

= Analysis of 2019 and
2021 datasets is o
currently in progress,
results expected soon

107°

= Requesting running in
2025 with JLab
10°10

N
. HPS Simulation
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Thank youl!
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Questions?

NS
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Results of the 2016 Engineering Run

< 0.008 =
8 — ———— TC Moeller: Data TC: target constraint
Y 0.007 E ——— TC Moeller: MC non-smeared UC: unconstraint
0.006 = —¥— UC A' mass smeared
- ——— TC Moeller: MC smeared
0.005 = —— TC A' mass smeared
0.004 — 2
= v
0.003 — £
= H
0.002 —
0.001— * Ol s ‘2.‘4”2.‘5‘”2.‘5‘"‘“’2‘.7’ “28
— Electron Momentum [GeV]
B 1 o e b e L Ly ]
0™%0a 0.06 0.08 0.1 012 014

= 2016 mass resolution:
— Elastically scattered electrons have E ~ Epeam
— Smear MC momenta to match data resolution
— Compare Mgller pairs in data and smeared MC
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HPS SIMP Reach Estimates

= Dark Sector might have SU(3) gauge
symmetry

2-body decays, m,/f, = 4r

-2
10 HPS 2016-2021:

BaBar

-3 ] HPS
10 2016

ma [GeV]

= Start looking at 10 % data sample soon
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Expected Yield
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Zytx VS MA/ — L1L1
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Zytx VS MA/ — L1L2
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