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Accelerators: A powerful and essential probe of dark sectors
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Dark Sectors

SM-neutral forces 

with small couplings 

Probe sub-GeV 
DM production

Accelerators

Particle beams 


with high intensity

Explore different 
portals

Search for rich 
structure
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Thermal dark matter production: clear milestones in mass and coupling

Thermal 
targets in 
accelerators

Lighter DM: 
weaker coupling

Current exclusion
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Complementary accelerator approaches for detecting dark matter production
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arXiv:2207.00597

https://arxiv.org/pdf/2207.00597.pdf


Cristina Mantilla Suarez (Fermilab)

Complementary accelerator approaches for detecting dark matter production
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arXiv:2207.00597

LMDX: Missing X kinematics experiment

➤ Cross section scales as  (instead of )

➤ Uses missing momentum technique: handle to reject backgrounds

➤ Can FULLY explore all thermal targets @ MeV-GeV

ϵ2 ϵ4

https://arxiv.org/pdf/2207.00597.pdf
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Detecting dark matter with missing momentum
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Detecting dark matter with missing momentum
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Detecting dark matter with missing momentum
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Detecting dark matter with missing momentum
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Detecting dark matter with missing momentum
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4 GeV Electron 
Beam 

Target 

Detector

Electron loses 
momentum 

Dark Matter escapes
Magnetic Field

Identify individual 
electrons (+ momenta)

Need low current beam (+ 
tracker)

Operate with a LOT 
of electrons (1014)

Radiation-hardness

Select on missing 
energy (fast)

Trigger every ~25 ns: 
LHC-like readout

Characterize rare 
backgrounds

Calorimeters with fast 
readout
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High precision electron source: LDMX beamline @ FY2025
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4 GeV Electron beam @ SLAC

27 ns bunches w/ ⟨ne⟩ ~ 1

Parasitic use of LCLS-II:

~60% of unused low-charge 

bunches

(To End-Station-A)

Beamspot: ~ 20cm2, Rate: 108 EOT/s

4 x 1014 Electrons on Target (EOT) in 1-2 years

After upgrade: 8 GeV beam (Total 1016 EOT)
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Tagging individual electrons
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Recoil 
tracker

Tagger 
tracker

Target 
(0.1-0.4 X0)

Trigger 
Scintillator

1.5T dipole

�
�

e�
e�

~B

y

z

~1.1 meters

✦ Precise electron tagging: 

σp~50 MeV @ E = 4 GeV 


7 double-strip layers              

✦ Measure recoil pT: 

σpTp~1-4 MeV @ pT < 1.2 GeV 


4 double-strip layers + 2 axial-only

✦ Tag filled bunches:

missing energy trigger < 1 kHz 


arrays of 48 scintillator bars
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Fast calorimeter for signal and background characterization
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�
�

e�

Electromagnetic
Calorimeter

Hadronic 
Calorimeter

y

z

~5 meters
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Fast calorimeter for signal and background characterization
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✦ Fully contain EM showers:

Trigger on missing energy

Veto Brem. photons / e+e-


32 Si/W Layers ~ 40 X0 absorber depth

�
�

e�

Electromagnetic
Calorimeter

Hadronic 
Calorimeter

y

z

~5 meters
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Fast calorimeter for signal and background characterization

8

✦ Fully contain EM showers:

Trigger on missing energy

Veto Brem. photons / e+e-


32 Si/W Layers ~ 40 X0 absorber depth

e�

Electromagnetic
Calorimeter

Hadronic 
Calorimeter

y

z

~5 meters

✦ Veto photo-nuclear (PN) production 
hadrons / muons


Rate: 1 in 105 - 106 incident electrons

High Granularity with large dynamic range



Cristina Mantilla Suarez (Fermilab)

Fast calorimeter for signal and background characterization
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✦ Fully contain EM showers:

Trigger on missing energy

Veto Brem. photons / e+e-


32 Si/W Layers ~ 40 X0 absorber depth

e�

Electromagnetic
Calorimeter

Hadronic 
Calorimeter

y

z

~5 meters

✦ Veto photo-nuclear (PN) production 
hadrons / muons


Rate: 1 in 105 - 106 incident electrons

High Granularity with large dynamic range

✦ Veto rare showers: escape Ecal and/or 
anomalous energy deposits


Rate: 1 in 108 - 1011 incident electrons

Ecal Shower Features + Hcal depth


 Neutron ID: 0.1 - 10 GeV
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The LDMX experimental design and status
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R&D funding 
from DOE DMNI

Magnet @ SLAC 
to be refurbished

Synergy from existent technologies:

➤ Tracker modules (HPS Silicon Tracker)

➤ Hcal scintillators (Mu2e Cosmic Ray Veto)

➤ ECal (CMS HGCAL)

➤ ECal + HCal readout (CMS HGROC)
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Sub-detector prototypes beam test
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LDMX Beam Test @ CERN First beam test data with 2 sub-detector prototypes

Energy calibration 
for Hadronic 
Calorimeter

➤ HCal response to MIP / noise validated with data

➤ TS response well modeled by Geant4 MC simulation

More results to come…
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(1) Missing energy trigger: electron loses 62.5% of its energy
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Trigger

Leading PN contribution 
with E > 2.8 GeV

+ requiring single recoil 
track p < 1.2 GeV 

(reduces bkg. by 1/10)
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(2) Discriminating EM showers: signal vs photo-nuclear production
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Global features of 
energy deposits

Granularity allows to 
look into energy 

containment regions

Reject 99.9% PN events with 85-99% signal efficiency
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(3) Veto on rare processes: near zero-background
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Bremsstrahlung + 
energy fluctuations

Rare reactions

Irreducible 
missing energy
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(3) Veto on rare processes: near zero-background
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Background-free with 30-50% signal efficiency@ 4x1014 EOT
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(4) Sensitivity to dark matter mass scale
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Final handle: e- pT measurement 


➤ Used for extra background 
discrimination


➤ OR, to set DM mass scale within 
a factor of 2 at 95% CL.
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LDMX is uniquely sensitive to MeV-GeV DM production

16Sensitivity assuming: 0.5 background events

Early Run: 10 days 

(1 e-/25 ns)

1014 EOT: 135 days 

(1 e-/25 ns)

1016 EOT: 500 days 

(8 GeV 2e-/25 ns)

Thermal Targets 
for heavy mediator

arXiv:2203.08192

https://arxiv.org/abs/2203.08192
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LDMX is uniquely sensitive to MeV-GeV DM production
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2027

>2028

Timeline

2025

2023 Construction ?

Sensitivity assuming: 0.5 background events

Early Run: 10 days 

(1 e-/25 ns)

1014 EOT: 135 days 

(1 e-/25 ns)

1016 EOT: 500 days 

(8 GeV 2e-/25 ns)

Thermal Targets 
for heavy mediator

arXiv:2203.08192

https://arxiv.org/abs/2203.08192
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LDMX physics reach to other dark sectors
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Berlin et. al. PRD 99, 075001 (2019)

Short baseline for 
visible displaced decays 

of dark photons 
(requires new trigger)

https://arxiv.org/pdf/1807.01730.pdf
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LDMX physics reach to other dark sectors
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Berlin et. al. PRD 99, 075001 (2019)

Long lived decay of 
dark mesons benefits 
from similar missing 
momentum strategy 
(+ visible decays)

https://arxiv.org/pdf/1807.01730.pdf
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LDMX physics reach beyond dark sectors
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LDMX physics reach beyond dark sectors
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 Simulated LAr  
events (DUNE)

νN
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LDMX physics reach beyond dark sectors
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 Simulated LAr  
events (DUNE)

νN

LDMX recoil e- pT 
and polar angle θZ
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Conclusions
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➤ LDMX is a neat and simple idea: electron recoils against dark matter, measure 
electron pT.


✓ clean and intense electron beam: LESA construction underway at SLAC


✓ detector technologies proven by other HEP experiments


➤ LDMX will deliver world-leading sensitivity to sub-GeV DM.


➤ The experiment is ready to build!


➤ LDMX could be taking data in 2-3 years after establishing the funding profile.
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Thanks!
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Backup
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10^14 sensitivity
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Accelerators can access all thermal targets

beams to investigate the muon g-2 anomaly and search generically for light dark matter 83	
physics preferentially coupling to muons. 84	

	85	
Figure	1:	Thermal	relic	dark	matter	targets	for	direct	detection	(left)	and	accelerator-based	experiments	(right)	86	

Figure 2 (left) illustrates the comprehensive capability of LDMX to confront the low- 87	
mass thermal relic hypothesis. LDMX employs a low current 4 to 12 GeV high-88	
repetition-rate electron beam, from, for example, the JLab CEBAF or proposed SLAC 89	
DASEL beamlines. The dark force carrier is produced via dark bremsstrahlung in the 90	
interaction of the electron beam with a thin target. The experimental signature is a soft 91	
wide-angle scattered electron and missing momentum. The detector shown in Fig. 2 92	
(right) is composed of a tracker surrounding the target, to measure each incoming and 93	
outgoing electron individually, and a fast hermetic calorimeter system capable of 94	
sustaining an O(100) MHz rate while vetoing low-multiplicity Standard Model 95	
backgrounds. LDMX leverages mature and developing detector technologies and 96	
expertise from the HPS (Heavy Photon Search) and CMS experiments to achieve the 97	
required detector performance to discover light dark matter.  This proposal focuses on the 98	
LDMX HCal, or hadronic veto system, which plans to leverage Fermilab and CMS 99	
investments in fast electronics and scintillator production. 100	

						 	101	
Figure	2:	Left,	reach	of	the	LDMX	compared	against	current	constraints	and	thermal	relic	targets.	Right,	LDMX	102	

detector	concept	103	
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LDMX Sensitivity and Thermal Targets

18D36 Dipole

vacuum chamber

ECal HCal

target

recoil

trackertagging tracker

~B

e-

LDMX Experimental Concept

~1 m

Good news! 
Explored 
very soon

Strong velocity or 
spin dependence

O(1010-1020)

Compact range 
for exploring 
relativistic DM 
production!

O(102)


