
Dark Matter Searches at  
LDMX
With a little commentary on HPS 
Lauren Tompkins, Stanford University  
Accelerating the Search for Light Dark Matter Community Workshop



Thermal Relic Dark Matter Beyond WIMPs

2



Thermal Relic Dark Matter Beyond WIMPs

2

Thermal relic dark matter is a  compelling 
explanation for the DM abundance



Thermal Relic Dark Matter Beyond WIMPs

2

Thermal relic dark matter is a  compelling 
explanation for the DM abundance

★ Simple



Thermal Relic Dark Matter Beyond WIMPs

2

Thermal relic dark matter is a  compelling 
explanation for the DM abundance

★ Simple

★ Generic



Thermal Relic Dark Matter Beyond WIMPs

2

Thermal relic dark matter is a  compelling 
explanation for the DM abundance

★ Simple

★ Generic

★ Predictive



Thermal Relic Dark Matter Beyond WIMPs

2

Thermal relic dark matter is a  compelling 
explanation for the DM abundance

★ Simple

★ Generic

★ Consistent

★ Predictive



Dark photons as mediators
• New U(1) dark sector  ⇒ dark photon can 

kinetically mix with photon: 
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DM SM

• Then can produce dark photons with production rate ∝ 𝟄2
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We present a new determination of the parity of the neutral pion via the double Dalitz decay
⇡0 ! e+e�e+e�. Our sample, which consists of 30 511 candidate decays, was collected from KL !
⇡0⇡0⇡0 decays in flight at the KTeV-E799 experiment at Fermi National Accelerator Laboratory.
We confirm the negative ⇡0 parity, and place a limit on scalar contributions to the ⇡0 ! e+e�e+e�

decay amplitude of less than 3.3% assuming CPT conservation. The ⇡0�⇤�⇤ form factor is well
described by a momentum-dependent model with a slope parameter fit to the final state phase
space distribution. Additionally, we have measured the branching ratio of this mode to be B(⇡0 !
e+e�e+e�) = (3.26± 0.18)⇥ 10�5.

PACS numbers: 14.40.Aq, 13.40.Gp

The parity of the neutral pion has been determined
indirectly by studying negative pions captured on deu-
terium [1, 2]. The observed reactions imply that the ⇡�

is a pseudoscalar and that the parities of the ⇡� and
the ⇡0 are the same. It has long been known that the
decay ⇡0

! �� in principle o↵ers a direct means of de-
termining the ⇡0 parity through the polarizations of the
photons [3, 4]. Given that there are no available meth-
ods for measuring the polarization of a high-energy pho-
ton, this measurement has never been performed. How-
ever, it was soon noted that the double Dalitz decay
⇡0
! e+e�e+e�, which proceeds through an interme-

diate state with two virtual photons (see Fig. 1), is sen-
sitive to the parity of the pion since the plane of a Dalitz
pair is correlated with the polarization of the virtual pho-
ton [5, 6]. This process was studied in a 1962 hydro-
gen bubble chamber experiment using stopping negative
pion capture (⇡�p ! n⇡0). That group observed 206
⇡0
! e+e�e+e� events and reported that the observed

distribution of the e+e� planes was consistent with a
pseudoscalar pion and disfavored a scalar pion at the
level of 3.6 standard deviations [7]; this experiment also

FIG. 1: Lowest order Feynman diagram for ⇡0 ! e+e�e+e�.
The direct contribution is shown; a second diagram exists
with e+

1 and e+
2 exchanged.

produced a measurement of the branching ratio of this
decay, which remains the most precise result to date.

Using a sample of more than 30 000 ⇡0
! e+e�e+e�

decays, we report new precise measurements of the prop-
erties of this decay. Our modeling of the decay includes
for the first time a proper treatment of the exchange
contribution to the matrix element, and consideration
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Dark Photon Parameter Space
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“direct”DM annihilation
in early universe:
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no clear target for 𝜖
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“Thermal Target” - lower limit on 𝜖 for thermal relics

“secluded”

Interpretation:

Mediator Mass
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Experimental Search: mediator decays to SM (AKA “visible mediator decays”) for production of DM 
(AKA “invisible searches”)(searches are often mediator specific)

(searches largely agnostic to type of mediator)

Graphic from T. Nelson



The missing momentum concept

5

𝛘𝛘 or A’ not detected!

Calorimeter

e-
e-

Eout << E in 

pT > 0 GeV 

Target

Rate ∝𝜺2

⊙ • Advantages of the missing momentum approach: 

• A’ only needs to interact once 

• Precise recoil electron reconstruction is a powerful discriminant 
against backgrounds 

• Disadvantage: thin target means lower cross-section 

• OK if you can still meet benchmark sensitivities 



• Compact detector at SLAC’s End Station 
A utilizing electron beam from LCLS-II 

• Detector technology adapted from 
existing experiments (HPS, CMS, Mu2E) 

• Designed for 24-7 operation, 1016 EOT, 1-4 e at 
~40 MHz 

• Thin W, Ti, Al target: .1 -.4 X0

6

Light Dark Matter eXperiment



Projected Power of the Approach
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LDMX Design
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Signal cartoon 
LK Bryngemark 

target

tagging tracker

beam 
electron


(track)

recoil 
tracker

electromagnetic 
shower

electromagnetic 
calorimeter

hadronic 
calorimeter

trigger 
scintillators

escaping dark 
matter

dipole magnet
1.5T

Design (arXiv:2508.11833)

https://arxiv.org/abs/2508.11833


The challenge: background reduction
JHEP 12 (2023) 092
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Experimental Setup
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First step: Electron counting (real-time & offline)
LESA beamline short bunches every 27 ns  w/ ⟨ne⟩ ~ 1, via spoiled laser driven dark current 
between FEL pulses.

11

3.5 Trigger Scintillator

3.5.1 Introduction and Overview
The TS consists of three arrays of scintillator bars that are used to estimate the number of beam electrons
within each beam pulse. One array of 48 bars will be placed directly upstream of the target while two other
identical arrays will be upstream of the tagger tracker. Requiring a coincidence of hits consistent with an
electron track provides an accurate determination of the number of electrons in each beam pulse.

Each scintillator bar will be connected to a light pipe of the same dimension and read out with an
independent Silicon Photomultiplier (SiPM). The SiPM signals will be digitized by deadtimeless readout
electronics developed for the CMS HCal high luminosity LHC upgrades. These boards produce low noise
charge integrating amplitude measurements and pulse arrival time measurements with 0.5 ns precision. The
front-end electronics will be controlled via a Kria1-based interface that will deliver both fast and slow control
signals to the front end electronics and SiPM boards. Data will be continuously streamed to ATCA trigger
boards over 5 GHz fiber optics, where trigger primitives for the TS are computed and data pipelines are
managed.

Figure 3.27: Model of the tracker, trigger scintillator and target system. The TS modules are shown in cyan,
their front end electronics are in light gray and magenta.

The TS trigger primitives determine the number of electrons incident on the target with high fidelity
and low latency. This is a primary input to online missing energy triggers. The missing energy will be
computed by subtracting the measured energy in the ECal from the nEbeam, where n is the number of
incoming electrons the TS has inferred and Ebeam is the typical energy of a beam electron.

Emiss = nEbeam → EECal (3.1)

In cases where the TS measures more than the true number of electrons, the online missing energy will be
large, having a significantly higher chance of being triggered. These events appear to have “fake” missing
energy and will cause background events to pass the missing energy trigger at an increased rate. In cases
where the TS measures less than the true number of electrons, the online missing energy will be smaller,
making such events fail the trigger thresholds. These events contribute to a signal ine!ciency.

1https://www.amd.com/en/products/system-on-modules/kria.html

65

Si tracker counts/measures electrons

BSY dump

ESA / LDMX

Soft X-Ray FEL

Hard X-Ray FEL

Beam Kickers

LCLS-II SCRF Linac

S30XL
FEL and S30XL 
bunches from RF gun



Next: Calorimetry 
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Next: Calorimetry 
• Electromagnetic calorimeter: 40X0 Si-W  

• High granularity (.5cm hexagonal 
cells), can reconstruct MIPs, 
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Analysis Strategy
• Trigger on ECAL energy less 

than expected  

• Require soft track 

• Input high granularity ECAL 

features in BDT 

• Veto on HCAL activity 

• Veto on MIP tracks in ECAL

13

Design Report

https://arxiv.org/abs/2508.11833
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Analysis Strategy
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• Trigger on ECAL energy less 

than expected  

• Require soft track 

• Input high granularity ECAL 

features in BDT 

• Veto on HCAL activity 

• Veto on MIP tracks in ECAL

Design Report

pN events A’ events

https://arxiv.org/abs/2508.11833


Projected Sensitivities

16

Design Report

https://arxiv.org/abs/2508.11833


Mass determination
• If events are found, joint fit to recoil e pT and ECAL energy can constrain A’ mass.

17

JHEP 12 (2023) 092

Design Report

https://arxiv.org/pdf/2308.15173.pdf
https://arxiv.org/abs/2508.11833


Prototyping & Prospects
• Installed one plane of Trigger Scintillators at 

in beamline. 

• Measured dark current of LCLS-II beam is 
~1.6pA (but varies). Published in NIM-A 

• LDMX will operate with a laser driven cathode

18

(a) (b)

Figure 4: TS module installed in the S30XL beam line, with S30XL beam pipe, readout elec-

tronics housing, and the S30XL dump indicated. A closer view of the TS and electronics housing

is shown on the right, with the backplane labeled.

Figure 5: Distributions of charge integrated over 10 samples for two TS bars, during a period

with no active dark current. Distinguishable peaks corresponding to individual photoelectrons

are identified by red points.

at a bias voltage of 53 V (corresponding to a 3 V over-voltage). The red points denote
peaks corresponding to individual numbers of photoelectrons. Peaks are found by selecting
the largest sample (relative to neighboring samples) within a moving seven sample window.
This window size was informed by expectations for single PE resolution. We note that the
TS module is a!ected by a light leak, causing a broadening of the noise distribution. Despite
this, the noise distribution remains well-separated from signal, expected to appear at →16000
fC.

Figure 6 shows linear fits to the positions of the first five peaks in Figure 5, where the
slope and y-intercept of the fit represent the gain and pedestal (over the number of integrated
samples), respectively. The SiPMs are found to have gains of 180-200 fC/PE, or 1.2 ↑
106 e→/PE , with pedestals of →20 fC. This measured gain is consistent with expectations
for these SiPMs.

5

https://www.sciencedirect.com/science/article/pii/S0168900226004353
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Dec 2025 End Station A Tests
Prototypes of all 
subdetectors integrated  

4 GeV LCLS-II beam in dark 
current & “spoiled” mode 
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LDMX

LDMX: Vertical Slice Test

Getting money flowing so work can begin
• Funding arrived 8/22: thank you!
• Accounts created, approved 9/5
• Budgets and SOW collected, so can submit 

subcontract updates to purchasing this week.

Pushing hard to free up resources to 
accelerate the work plan
The bottleneck in squeezing 6 months of 
work down to 2 months remaining is DAQ 
development and integration
Aiming to have a much as possible ready for 
beam on December 1.

Vertical Slice Project Plan (March 2025)

FY25 
commitment 

needed by

Total 
(K$)

S30XL TS (no HCal) August 1 319
S30XL TS and TS trigger + HCal readout July 1 554

S30XL TS and TS trigger + HCal readout and trigger June 1 643
Full TS and TS trigger (no HCal) July 1 397

Full TS and TS trigger + HCal readout July 1 616
Full TS and TS trigger + HCal readout and trigger June 1 705

     add Tracker April 1 119
     add ECal, readout April 1 122

     add ECal, readout and trigger April 1 162

Everything April 1 987

e-

Vertical Slice Project Plan (March 2025)

LDMX Vertical Slice
HCalECal

Tracker

Trigger
Scintillator

from LESA/LDMX call in September:

3

Managing Expectations with HEP

The opportunities and challenges 
have been clearly communicated.

If we deploy an apparatus in ESA 
that detects electrons and reads 
out data, we can declare success.

In many ways, our most important 
goals have already been achieved.

It would be great to exceed 
expectations, so we should 
definitely strive for that.

My advice? Have fun.

Figure 3.1: Overview of the LDMX detector solid model.

are a silicon tagging tracker (STT) inside a dipole magnet and a silicon recoil tracker (SRT) in the fringe
field of the magnet, with a thin tungsten target interposed between them. Behind the SRT is a compact and
highly segmented Si-W electromagnetic calorimeter (ECal) with excellent MIP sensitivity that is surrounded
by a large scintillator-based hadronic veto system (HCal) with low energy thresholds. Two important details
follow from this picture. First, because the beam passes directly through the trackers and into the ECal,
these detectors must contend with high radiation doses corresponding to 10

16 EoT. To mitigate this issue,
and also reduce the peak occupancies in these devices, a large, rectangular beamspot with an area of 16 cm2

is used. As a result, only the ECal has challenging requirements for radiation tolerance. Second, the rates
in the detector prohibit streaming readout: a fast trigger is required. Because signal events have unusually
large missing energy in the ECal, and such events are very rare, the simplest strategy is to trigger on low
energy in the ECal. To set an appropriate energy threshold for this trigger, the number of incoming electrons
in each beam bunch must be known. This can be accomplished with an array of small scintillator bars – a
Trigger Scintillator (TS) system – placed in the path of the beam to count the number of incoming electrons
in each bunch.

These detector subsystems – Beamline and Magnet, Trigger Scintillator, Tracking, ECal and HCal –
along with the trigger and data acquisition electronics (TDAQ) and the software and computing environment
required for simulation and analysis of the data define the scope of the technical systems for the experiment
that have been developed under the DMNI project in preparation for construction. The following provides
an overview of the technical details of these systems.

31

<latexit sha1_base64="LOcL3swiXeFGhsyeFV1/nPLT1L4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU2L+Mt6MVjRBMDyRpmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXFwmuNMYfVmZpeWV1Lbue29jc2t7J7+61VBhLypo0FKFse0QxwQPW1FwL1o4kI74n2K03vkj923smFQ+DGz2JmOuTYcAHnBJtpGt2d9LLF7B9houVkoOwjQ3KOCWVUrFcQ85MwbgACzR6+fduP6SxzwJNBVGq4+BIuwmRmlPBprlurFhE6JgMWcfQgPhMucns1Ck6MkofDUJpKtBopn6fSIiv1MT3TKdP9Ej99lLxL68T60HNTXgQxZoFdL5oEAukQ5T+jfpcMqrFxBBCJTe3IjoiklBt0smZEL4+Rf+TVtF2qnb1qlyony/iyMIBHMIxOHAKdbiEBjSBwhAe4AmeLWE9Wi/W67w1Yy1m9uEHrLdPLTKNwQ==</latexit>

e→



Constructing the ‘vertical slice’
Integrated 3 TS planes + 1 LYSO plane, 4 tracker modules, 
several ECAL planes and HCAL quad-bars (no absorbers) 

DAQ and Trigger was integrated with beamline, 
demonstrated electron track finding triggers

20

The Test Beam

4

Downstream of the beam

Nov. 25

Trigger Scintillator / Tracker
(Backside)

The Test Beam BC (Before Charles)

2

ECAL

Nov. 22

The Test Beam

6

HCAL in the Alcove

Nov. 29

HCAL Assembly

The Test Beam

3

Server Components

Nov. 25

Server Rack Installed Server

HCAL

Tracker + Trigger Scintillator

ECAL

TDAQ



First data with ‘vertical slice’ of LDMX
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The Light Dark Matter eXperiment at SLAC
Elizabeth Berzin, on behalf of the LDMX Collaboration

Stanford University

While the allowed dark matter mass range is vast, the natural scenario where dark matter originates 
from thermal contact with the standard model in the early Universe requires the DM mass to lie 
within about an MeV to 100 TeV. As searches for WIMPs approach fundamental sensitivity limits, 
interest in the more general class of thermal relics has emerged, where these dark matter 
candidates give rise to clear and testable predictions in small, accelerator-based experiments. 

Introduction and Motivation

[1] Akesson at al. “LDMX—The Light Dark Matter Experiment.” arXiv:2508.11833
[2] Akesson et al. “Expected Sensitivity of the Light Dark Matter eXperiment to Long-Lived Dark Photons and Axion-Like Particles.” arXiv:2604.14359
[3] Berlin et al. “Dark Matter, Millicharges, Axion and Scalar Particles, Gauge Bosons, and Other New Physics with LDMX.” Phys. Rev. D 99, 075001 (2019). 
arXiv:1807.01730
[4] Berzin et al. “Measurement of the LCLS-II dark current using the LDMX trigger scintillator prototype.” NIM A 1091,171709 (2026).  arXiv:2601.08090

References

The simplest benchmark scenario includes a dark photon (!ʹ) that couples to dark matter and 
kinetically mixes with the Standard Model photon.

Light Dark Matter < ~1 GeV in mass 
implies a new mediator particle and is 

relatively unexplored.

Heavier candidates (> 1 GeV) have been 
probed extensively in direct detection 

and accelerator experiments.

Dark photons can be 
produced in fixed-target 

experiments through ”dark 
bremsstrahlung,” and can 

decay invisibly.

The Light Dark Matter eXperiment (LDMX), proposed to operate in End Station A at SLAC, is an 
electron-beam fixed-target missing-momentum experiment that has unique sensitivity to light 
DM in the sub-GeV mass range.

Experiment Design

Trigger Scintillator: 
Arrays of scintillator bars 

provide fast count of 
incoming electrons for 
missing energy trigger.

The missing momentum approach requires unambiguous association of each incoming electron and 
its reaction products. To probe thermal targets, LDMX therefore requires a precise, high rate, low 
current beam, and a hermetic detector [1].

Tagging/Recoil Trackers:
Measure 

incoming/outgoing electron 
momentum and charged 

particle multiplicity.

Electromagnetic Calorimeter:
Draws on design of CMS Si-W 
High-Granularity Calorimeter. 
Fast, radiation hard, dense, 

with high granularity for MIP 
tracking.

Hadronic Calorimeter:
Plastic scintillator

with steel absorber,
optimized to veto 

neutral
hadrons.

Beam: 8 GeV, 37 MHz, ! = 1 "! per bunch

LDMX will probe all thermal targets with 1016 electrons on target. 

Projected Sensitivity

While the minimal A’ model serves as a common benchmark, LDMX is sensitive to a broad range of 
dark sector physics, including invisible signatures from different mediators, millicharged particles, 
inelastic dark matter, SIMPs, and visible signatures from dark photon or ALP models [2, 3] . 

The expected sensitivity of LDMX at full luminosity (blue), a  4 · 1014 EoT 
pilot run (red), and an early running EaT analysis in 3 · 1013 EoT (green), 
compared with existing constraints (gray) and thermal targets (black). 

Milestones for thermal relic freeze-out  
compared to LDMX sensitivity, mapped to 

electron-recoil direct detection parameter space. 

In the event of a signal excess, the missing transverse momentum at the target ("!) can be 
used to infer model parameters. The background veto is deliberately designed to minimize "!  
bias. 

Signal Characterization

Different mediator masses 
will have distinct missing 

momentum spectra.

"! spectra for DM radiation process, at various dark 
matter masses.

Reconstructed mediator parameters at 4 · 1014 EoT.

Subsystem Beam Tests

LDMX detector subsystem prototypes have been installed in End Station A (ESA) at SLAC. Beam tests 
have validated trigger algorithms, integrated multiple detector subsystems, and assisted in re-
commissioning of Linac to ESA (LESA) beamline [4].

ESA beam test event display. Red lines show electron 
tracks, yellow bars show TS energy deposits. 

Trigger Scintillator

Tracker

ECal

HCal

Distribution of charge measured by a TS scintillator 
bar in ESA, showing integer electron peaks.

ECal

HCal

e- Beam

χχ

Erecoil < ¼ Ebeam

…

Target

Tracker

_

Background Processes

In signal events, the incoming beam electron loses 
most of its energy and experiences a hard transverse 

kick, producing a soft, high-angle recoil.

Example of difficult background: A hard bremsstrahlung 
photon produced in the target undergoes muon conversion 

or photo-nuclear reactions in the detector material. 

Signal events consist of a low energy recoil electron and no other final state particles. Standard 
model processes can mimic this signature if not properly tagged.  

ECal

HCal

e- Beam

μ+μ-

Erecoil < ¼ Ebeam

…

Target

Tracker

n,nnn,…

Primary background modes and rates. Veto handles show which 
subsystems can detect and reject the corresponding background 

process.

Key backgrounds 
drive design 

requirements for 
each experimental 

subsystem.

End Station A

Day 2
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Dec. 4

Everything Installed
(Tracker Included)

Cardboard Removed
(This was a mistake!)

Combined track reconstruction with 
scintillating trigger bars and silicon 
planes.

An early highlight:

Builds on CERN testbeam in 2022



LDMX Status & Plans
• Design report published 

this summer 

• Building cosmic ray test 
stand for operation this fall 

• Producing plans for “mini-
LDMX”  when LCLS-II 
operations resume  

• Ready to begin construction 
when funding available 
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Heavy Photon Search Experiment
• Experiment to search for visible decays of dark photons produced by dark brem 

in thin tungsten target

23

mA’ < 2m𝜒

e+

e-



Continuous Electron Beam Accelerator Facility (CEBAF) @ JLab

• High intensity, multi-GeV beam with tunable energy 

• Deliver continuous ~500nA electron beam to HPS 

• HPS has had 4 runs so far, ~100 days left in program

24



Physics Scope of HPS

• HPS sensitive to prompt and displaced 
resonant events 

• Exploring sensitivity to non-resonant 
events, but very challenging likely 
impossible

25



HPS Expected Signal Yield

26

● Proportional rates of dark and regular bremsstrahlung 

● A’ rate estimated by radiative trident rate 
○ At HPS: MC-derived “radiative fraction” relates overall event rate to radiative trident rate 
■ Need for accurate MC simulations 

○ Expected event rate modified for complex dark sectors

Slides from S. Gaiser



Expected Signal Yield

27

● SIMP model depends on multiple parameters – can give much higher 
signal yield 

● At 100% lumi: A’ has max. 10^4 events, SIMP has max. 10^5 events

1% luminosity 100% luminosity

Slides from S. Gaiser



Background-free Search?
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● Two scenarios: 
○ Piecewise linear zero-background 

signal region (dashed-dotted) 
○ Signal region defined by tail fit of 

background distribution (dashed)

Slides from S. Gaiser



Background-free Search?
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● Two scenarios: 
○ Piecewise linear zero-background 

signal region (dashed-dotted) 
○ Signal region defined by tail fit of 

background distribution (dashed) 

● Problem: always some 
background in signal region 

○ Harsher cuts reduce signal rate too 
much!

Slides from S. Gaiser



Background-free Search?
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● Two scenarios: 
○ Piecewise linear zero-background 

signal region (dashed-dotted) 
○ Signal region defined by tail fit of 

background distribution (dashed) 

● Problem: always some 
background in signal region 

○ Harsher cuts reduce signal rate too 
much! 

● For SIMP search: higher 
expected yield 

○ Possible to compare data to background 
and signal estimates

Slides from S. Gaiser



Expected SIMP yield for HPS 
• Studies on going to complete 

the SIMPS search with 2021 
data. 

• Exploring ML techniques  

• Expect publication in early 
2027, with nominal displaced 
A’ to follow 
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Conclusions
• LDMX design is mature and prototypes have performed well in beam tests 

• HPS has shown us that zero background searches with accelerators are hard!
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Back-up



Conclusions & Outlook
• Broad set of experiments looking for direct 

production of dark matter with accelerators 

• Thin target experiments: 

• HPS has data to analyze & more to be taken 

• LDMX is ready to build  

• Let’s hope for a DM party in the next ~decade 
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HPS Detector Design
• 7-layer silicon strip detector with ~60μm 

strip pitch 

• Innermost layers are slim-edge for 
acceptance 

• Edges 0.5mm from beam center 

• Vertex resolution:  

• Fast PbWO4 ECal for triggering and electron/
positron ID  

• Added positron hodoscope in front of ECal 
for positron-only trigger
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1e14 LDMX Cutflow (from design report)
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Design report Tracking Performance
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Background modeling
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HPS Prompt Search 2016 data

• “Bump hunt” looks for gaussian peak on Legendre polynomial background in varying mass windows 

• Fitting method limits overall sensitivity, work is on-going to develop global background model

40

Phys. Rev. D 108, 012015

https://arxiv.org/abs/2212.10629


• HPS beam parameter requirements



Displaced Search 2016 data

• Displaced search is very similar to SIMPs, just at higher Psum 

• No new sensitivity to A’ in 2016 dataset but should have sensitivity in 2019/2021
42

Phys. Rev. D 108, 012015

https://arxiv.org/abs/2212.10629


A’ Future Constraints
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SIMPS: an alternative thermal 
relic dark matter model

3 ➛2 & 2 ➛2 annihilation mechanism for 
dark matter freeze-out

Equilibrium with SM through kinetic mixing
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The SIMP Miracle arXiv:1402.5143

Yonit Hochberg, Eric Kuflik, Tomer Volansky, Jay G. Wacker

https://arxiv.org/search/hep-ph?searchtype=author&query=Hochberg,+Y
https://arxiv.org/search/hep-ph?searchtype=author&query=Kuflik,+E
https://arxiv.org/search/hep-ph?searchtype=author&query=Volansky,+T
https://arxiv.org/search/hep-ph?searchtype=author&query=Wacker,+J+G


SIMPS  
signatures

1 accessible to HPS: 

Intermediate momentum, 
displaced resonance 45

Missing Energy

Displaced vertex



SIMPS 
 signatures

3 possible final states
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Selection Efficiency L1L1 and L1L2 have 
complementary acceptance
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L1L1 L1L2



Mass Resolution



Prospects



HPS SIMP Projections
Exclusions calculated using the Optimum Interval Method 

Majority of the exclusion coming from L1L1 events

Statistics limited analysis! Will see more from 2019/2021 
data. 
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HPS minimal A’ sensitivity
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