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- Standard Model extensions account for dark matter and the thermal relic abundance, by
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assuming 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 "oremsstrahlung" 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

' Kinetic mixing
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A'-strahlung

HPS experiment)

- Other models include Strongly Interacting Massive Particles (SIMPs) in the dark
sector
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- Y. Hochberg, et.al, Phys. Rev. Lett. 113, 171301 (2014) and Phys. Rev. Lett. 115,
021301 (2015).
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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-
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Proposed

Calorimeter

Positioners

Few-GeV CEBAF electron beam ("low energy") on a high-Z target, Tungsten

Symmetric top/bottom/up/down detector, with analyzing dipole magnet and
sheet-of-flame constrained by vacuum and magnet chicane c

o-layer Silicon Vertex Tracker in uniform field, acceptance from 15 mrad, with
front layer £0.5 mm from the beam!

Silicon Vertex

W Tracker

Downstream PbWO4 Electromagnetic Calorimeter for the e*e- pair trigger (SVT)

Search for visible A'=e*e- decays in the SM background
- Bump Hunt the invariant mass spectrum for prompt, large e coupling 1077

| PHENIX

\ - NA48/2 '
'W

< )

|
Ab64
HPS 20192021 |

- Displaced Vertex searches for small coupling 106
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FIG. 3. Radiative (left) and Bethe-Heitler tridents (right) have 1010
the same final state particles as the e™ e~ production from a dark HPS Simulation
vector decay shown in Fig. 1. 10-2 1'0'_1 T T '1'(')0
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The HPS Experiment
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- PAC Days: 180 approved, ~half remain
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2015 Engineering Run (1.1 GeV, 2 days)

X, [mm)

2016 Engineering Run (2.3 GeV, 5 days)

. , Detector Upgrades for 2019+
- Training ground for understanding background, detector performance,

analysis techniques - Additional LO tracking layer nearest the target

- Single-arm "positron" trigger with new hodoscope
2019 Physics Run (4.6 GeV, 130 pb)

2021 Physics Run (3.8 GeV, 170 pb)

- HPS's proposed A' searches were published from the short engineering run

- The 10x larger 2021 data set is coming soon with combined analysis

« Meanwhile, HPS can also do A' SIMP searches too ...

- No bump hunting due to missing (SIMP) energy, only detached vertexing



Event Selection

HPS's low-coupling, visible A'—=[*-searches and SIMP
searches are very similar

All the same background sources, using everything we
learned from previous analyses

Except ... SIMPs push the missing energy to lower e+e-
energy-sum, while for visible A" we select high P(e+e-) for
signal purity

Data analyzed in separate L1L1, L1L2, L2L2 topologies,

denoting the first hit layer in each track 5
L1L1 L1 | re”
.. . T e
Cut description Requirement L1L2 / 1
Trigger Pairl . I
Track time relative to trigger |t | < 6 ns -
Cluster time difference A(toue s tuet) < 1.45 ns
Track-cluster time difference A(ty, taw) < 4.0 ns
Track quality 2% /n.d.f. <200
Beam electron cut P~ < 1.75 GeV
Minimum hits on track Nyjis =7
Unconstrained vertex quality 2k £20.0

eTe” momentum sum Pam < 2.4 GeV
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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.

MC Backgrounds

L] l LA l l l l l LI l L '

X
[
15
lo

20
18
16
14
12
10

lIllllIIIllllllllllllll]lllllllIllllllllll.l

L1l lllllll]lllllll]lllllllllll]lllllllllr‘

8
6
4
2
068 1 12 14 16 18 2 22 24
P(e'e) [GeV]
SIMP MC Signal

Vertices

10°

10°

10

0.5




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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Truly Displaced
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A'-strahlung

Visiple A e

2021 Bump Hunt

- Gaussian Process Regression technique adopted for bump hunts, with
Gaussian-profiled background nuisances, more robust and minimizing
systematics

- Review of blinded analysis is finishing, unblinding is next, preparation for
oublication

HPS GPR Bump-Hunt Analysis and Closure Validation

The closure branch validates the same background refit, signal template, extraction window, and covariance convention used by the limit branch.

shared per-mass setup

1. Spectrum 2. Hypothesis 3. Regions 4. GP refit 5. Extract

o= N(m) my. Cmimg) W: |m, = mg| < KkeOm Fit sidebands T: In Wit

with bin variance — template 5,(mg) —_ T: by =mg| > keOm — o(m) ~ CMu. Ks) — n=b+As,

a scale Ay . 1(my). Kk Is scanned. a=(C.0. with covariance Viy.

nominal data limit path functional-form closure path
~ ™ ~ =
6A. Fit observed data 6B. Matched B-only reference
Unblind the data spectrum at myg. Refit the B-only fixed histogram before injection.
Profile Ain m =b, +As,. OF oot = (SHVia'sw) 2.
Use the closure-v dW.T.Vwc jon. This sets A, independently of closure performance.
o S \— —
v v
e N s ~
7A. CL, scan 7B. Inject and refit
Scan hypothes zed yield A, Any = ZoOa oot
Evaluate g, or §, and CL,(A,). ™ =nf + A s (myg).
Solve CLy(Ass) = 0.05, Refit with the same GP/training prescription,
. J - —
v v
(~ — ~ =~
8A. Physics output 8B. Closure diagnostics
Convert yleld to reach: Ay, p=(A=AL)08
€5 (mo) = AggfAct . 1 (m). , ;
Report observed and expected bands. OZ=Z=Zey. OulON et
firwn AN €], = ApJA ).
\— — —4 - —
” ~
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Decision rule
Use the smallest predeclared k; that passes injected Z.‘ = 3,5 closure with the full signal template
Do not choose from zero-injection pulls alone; kemel lockstail penalties remain diagnostics unless separately validated.
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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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