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Dark Photons
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• Consider an additional U(1) hidden symmetry beyond the standard model.

• There will be kinetic mixing between the photon and the new gauge boson.

• General hypothesis to incorporate new physics in the SM: the A’ acts as a “portal” between
the SM and the new sector

acts as a “portal” between the SM and the new sector

Holdom, Phys. Lett. B166, 1986

Kinetic Mixing term.

∈ ~ 10!"# - 10!#GUT ,  string models 
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A’ Branching ratio

A’

Mixing
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• Photon mixing with A’ is equivalent to ordinary charged matter acquiring a milli-charge ee under the A’

New interaction term:𝐴$ → 𝐴$+𝜖𝐴′$

• The parameters of the theory are 𝜖 and mA’

A’ will produce pairs :
e+e-, 

,

Falkowski et al. JHEP05 (2010) 077 1002.2952

Dark Bremsstrahlung
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Putting Dark Photon Search into Perspective
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Searching for Heavy Photons at Accelerators
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If you can produce a photon you can produce a dark photon!  (Paying for a small 𝜖)

e+

e-
e+

e-

𝜖𝑒

𝜖𝑒

𝜖𝑒

e+  - fixed target
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Mass Hierarchy and Hunting Strategies
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A’ Visible decay - Exclusion Plot in 2015
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Beam dump experiments.

Precision Measurements

Rare Meson Decays

Fixed target 
experiments.

Flavor Factories
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HPS experiment detecting A’ decays
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HPS experiment at JLAB
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HPS experiment at JLAB
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“Large” signal, 
huge QED background

BUMP-HUNT

Detached Vertex
Small signal, 
very little background 

Region motivated by thermal relic targets
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HPS experiment at JLAB
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HPS detector

12



MG16 - DM6,  July 6  2021  - Annalisa D’Angelo – Dark Photon Search 13

HPS detector
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HPS detector
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HPS Silicon Vertex Tracker
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HPS Silicon Vertex Tracker
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HPS DATA TAKING
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Beam Quality

18

• HPS requires a very high quality beam, with very low halo.
σX ~ 30 -100 µm - To spread heat load.
σY ~ 15 - 50 µm - To help vertexting & tracking.

• The beam also needs to be very stable over time.  
A Fast Shut-Down stops the beam in <10 ms, if halo counters register above 
threshold counts.

2016 Beam profile
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E- CAL performances
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Timing resolution ~ 340 ps Energy resolution ~ 4%
Full energy electrons used for calibration

By Holly Szumila-Vance
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Tracker performances
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2.2 ns hit time resolution

σp/p ~ 6.7%
Tracker has good timing
and momentum resolution.

Very good vertex resolution 
for small angle tracks!

σz ~ 4,5 mm
Track vertexes are well understood and 
agree with MC.
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QED Backgrounds
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Background: WAB
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Selected track pairs
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Selection Cut

Pbeam Pbeam

Selection Cut

Ebeam = 1.05 GeV Ebeam = 2.3 GeV

Selection cut:  0.8 Pbeam < Pe+ + Pe- < 1.2Pbeam

Selects A’ signal over Bethe-Heitler background
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Bump Hunting - Pair Mass Distribution
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e+e- pair invariant mass distribution for 2015 run

1.05 GeV beam
1.05 GeV beam

2.3 GeV beam

On a linear scale, tiny fraction of the data to illustrate 
relative mass coverage of different beam energies.
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Bump Hunting - Pair Mass Distribution
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e+e- pair invariant mass distribution for 2015 run

1.05 GeV beam
Zooming in shows that even for the limited 
run, the distribution is very smooth.
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Bump Hunting – Resonance search
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2s upper limit on reach plot
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2019 data – detached vertex search 
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2019 data – projected reach
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2019 + 2021 data – projected reach
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2019 + 2021 data – projected reach
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• HPS has already taken several runs.
! Engineering runs in 2015 and 2016 were successful
! Showed the concept work and were used to have the rest of beam-time approved

• 2015 bump-hunt results at 1.06 GeV have been published 
PRD 98 (2018) n.9, 09101 

• 2016 results on bump-hunt and vertex detection at 2.3 Gev will be published soon

• 2019 data at 4.55 GeV at analysis is in progress 

• 2021 data taking at 3.7 GeV will start on August 23rd (vertex electronics upgrade)

• More data runs at 1.1 GeV and 2.3 GeV  will improve the reach at lower A’ masses.

Conclusions
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Thank you !
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