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Landscape —————————

- Extensions to the Standard Model propose to account for dark matter and thermal relic

abundance with new gauge symmetries and dark sectors with indirect coupling to the SM

- The simplest is a U(1)p giving rise to a massive spin-1 vector gauge boson, the "dark

ohoton" A

- Kinematic mixing with the SM photon enables "bremsstrahlung" A" electro-production on

nuclear targets

- Through a massive charged fermion loop, often represented by a simplified coupling
strength, ¢

Experimental signatures of the A decay depend on the dark sector's structure

- Assuming it's the lightest dark state, all A" decay back to SM leptons (the proposed
HPS experiment)
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- Other models include Strongly Interacting Massive Particles (SIMPs) in the dark sector

. Y. Hochberg, et.al, Phys. Rev. Lett. 113, 171301 (2014) and Phys. Rev. Lett. 115,
021301 (2015).

displaced
N VD 71'

5 mlssmg energy
Y




mpwM
nonthermal nonthermal
~ 100M

A Parameter space

< MeV eV GeV Mz > 100 TeV

Neff / BBN w too much
\ Light DM “"WIMPs"” )
Y
) 2 Hidden Sector
mx mx
Mediator Mass TIl A /
DM annihilation “secluded” “direct”
in early universe: ov X azD o oV X €D
X—» A’ €
! A’ Y
X - A’ _
X et
Interpretation: no clear target for ¢ “Thermal Target” - lower limit on ¢ for thermal relics
A ce — [~ A'JA™ gD X
ANNNN~Z
-~ l i )‘(
Experimental Search: mediator decays to SM (AKA “visible mediator decays”) for !:" oduction of DM”
(searches are often mediator specific) (AKA “invisible searches®)

(searches largely agnostic to type of mediator)

searches measure/constrain €2 as a function of Ma-



The

Proposed

Po BEXperiment

- CEBAF electron beam on Tungsten target

- 6-layer Silicon Vertex Tracker in uniform dipole field, acceptance

from 15 mrad

- Downstream PbWO4 Electromagnetic Calorimeter for triggering

and timing coinci

dence

- Symmetric top/bottom, with dipole sheet of flame in vacuum

- Bump Hunt and Displaced Vertex searches for visible A= ete

decays

FIG. 3. Radiative (left) and Bethe-Heitler tridents (right) have
the same final state particles as the e™ e~ production from a dark
vector decay shown in Fig. 1.
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The

Status

PO

~Xperiment

- 180 PAC days approved, ~half remain

- Two engineering runs in 2015 and 2016 (1.1 and 2.3 GeV electrons)

- Training ground for understanding background, detector,
analysis techniques

- Physics runs in 2019 and 2021 (4.6 and 3.8 GeV), with upgrades!

1. Additional LO tracking layer nearest the target

2. Single-arm "positron" trigger with new hodoscope

- HPS's proposed A' searches were published from the short
engineering runs, with the later, larger data sets coming soon with

combined analys

1S

« Meanwhile, HPS can do invisible searches too ...
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FIG. 3. Radiative (left) and Bethe-Heitler tridents (right) have

the same final state particles as the e™ e~ production from a dark
vector decay shown in Fig. 1.

- Data analysis is very similar to HPS's visible
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Radiative Fraction and Mass Resolution

- With the irreducible Bethe-Heitler background, radiative fraction is always a key A" ingredient,
and larger for a SIMP analysis

- And mass resolution, which we model with simulation and benchmark with Moller scattering
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-xclusion Result
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Summary
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- This work to be extended to later data sets

. Also, visible A" searches for HPS's
coming soon, in & compbinec
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Systematic Value

Radiative fraction 7%
Preselection cuts Neglected
Final selection cuts Neglected
Radiative acceptance

From preselection Neglected

From target uncertainty ~5%
Signal yield

From target uncertainty 2%

From mass resolution 0.5%

Beamspot Neglected
Psum Shape ~3%

Total ~10%
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