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FRONTIER CONFLUENCE

Experiments which use high intensity beams 
to uncover the nature of light dark matter 
using LHC detector technologies by 
suppressing extremely rare SM processes

2

You can find much more material on these types of experiments at 
New Ideas in Dark Matter workshop, working group 3

https://indico.fnal.gov/conferenceDisplay.py?confId=13702

https://indico.fnal.gov/conferenceDisplay.py?confId=13702


WHERE ARE WE NOW? 
`

Thermal Equilibrium
Advantage #2: Narrows Mass Range
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< MeV

UV insensitive, Predictive, Minimum SM interaction

Neff  / BBN
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Thermal Equilibrium
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Applies to nearly all models with couplings large enough 
for detection (rare counterexample: QCD axion DM) 
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Thermal Equilibrium: Generic, Easily Realized



Dark Matter: Freeze Out of Equilibrium

Griest et. al. 1992

Observed density requires

Asymmetric Thermal DM:
Just need to deplete antiparticles

 Rate can be bigger, but not smaller

Symmetric Thermal DM 

�vasym > 3⇥ 10�26cm3s�1

�vsym ⇠ 3⇥ 10�26cm3s�1

⌦� ⇠ h�vi�1
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n(eq.)
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gi

eE/T ± 1
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DM in Eq. is  overproduced, need to annihilate it away!

Freeze out

Either way, there’s a target!



< GeV  DM Model Building
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DM overproduced unless there are light new “mediators”

DM must be a SM singlet 
Else would have been discovered (LEP…)

Even if it weren’t, freeze out still  needs new forces

Simplicty: can’t use higher dimension operators

�v ⇠
↵2m2

�

m4
Z

⇠ 10�29cm3s�1
⇣ m�

GeV

⌘2

Lee/Weinberg ‘79

Requires renormalizable interactions
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REPRESENTATIVE MODEL: DARK QED
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DM charged under new force: 

eeD

✏

eD ⇠ e

DM SM↵D ⌘ e2D
4⇡

Allowed small A’-photon mixing: ✏ ⌧ 1

SM acquires small charge under A’: e✏

Not the only model, but qualitatively similar to all viable choices
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Classify Viable Models by DD Scattering?
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FIG. 3: a) ��̄ pair production in electron-nucleus collisions
via the Cabibbo-Parisi radiative process (with A0 on- or o↵-
shell) and b) � scattering o↵ a detector nucleus and liberating
a constituent nucleon. For the momentum transfers of inter-
est, the incoming � resolves the nuclear substructure, so the
typical reaction is quasi-elastic and nucleons will be ejected.

Scalar DM Majorana DM Pseudo-Dirac DM
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a constituent nucleon. For the momentum transfers of inter-
est, the incoming � resolves the nuclear substructure, so the
typical reaction is quasi-elastic and nucleons will be ejected.
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DARK MATTER TARGETS AT ACCELERATORS
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Goal: Test all Thermal DM Scenarios in MeV-GeV Range

1010~1020

direct detection targets
current 

constraints

Pseu
do-D

irac
Ferm

ion R
elic T

arge
t

Majo
rana

Relic
Targ

et

Elas
tic &

Inela
stic S

calar
Relic

Targ
ets

Pseu
do-D

irac
Ferm

ion R
elic T

arge
t

Majo
rana

Relic
Targ

et

Elas
tic &

Inela
stic S

calar
Relic

Targ
ets

1 10 102 103
10-16.

10-14.

10-12.

10-10.

10-8.

10-6.

10-4.

mc @MeVD
y
=
e2
a
D
Hm c
êm A

'L4

Thermal Relic Targets & Current Constraints

Accelerator experiments are uniquely positioned 
to test thermal targets because high q2 makes 
them insensitive to DM spin & mass matrix
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DARK MATTER AT ACCELERATORS

BEAM DUMP:

proton/electron/muon beam dumps: MiniBoone


MISSING MASS/MOMENTUM/ENERGY: 

LHC, monojet

B-factories, monophoton

electron/positron fixed target
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DUMP DETECTORDIRT

χ

χ
BEAM

BEAM DUMP

https://indico.fnal.gov/getFile.py/access?contribId=135&sessionId=9&resId=0&materialId=slides&confId=13702
https://indico.fnal.gov/getFile.py/access?contribId=138&sessionId=9&resId=0&materialId=slides&confId=13702
https://indico.fnal.gov/getFile.py/access?contribId=119&sessionId=9&resId=0&materialId=slides&confId=13702
https://indico.fnal.gov/getFile.py/access?contribId=121&sessionId=9&resId=0&materialId=slides&confId=13702


DARK MATTER AT ACCELERATORS

BEAM DUMP:

proton/electron/muon beam dumps: MiniBoone


MISSING MASS/MOMENTUM/ENERGY: 

LHC, monojet

B-factories, monophoton

electron/positron fixed target
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DARK MATTER AT ACCELERATORS

BEAM DUMP:

proton/electron/muon beam dumps: MiniBoone


MISSING MASS/MOMENTUM/ENERGY: 

LHC, monojet

B-factories, monophoton

electron/positron fixed target
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ACCELERATOR TECHNIQUE COMPARISON
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Summary	

Robust	exploraCon	of	thermal	targets	
Big	discovery	space!	
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Missing Mass/Momentum Experiments (Kinetic Mixing)
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All Beam Dump Experiments (Kinetic Mixing)

SOURCE

ELECTRON FIXED TARGET (LDMX) A STRONG CANDIDATE FOR 

ACHIEVING LIGHT THERMAL DARK MATTER TARGETS

Beam requirements: low current (~single electron), high repetition rate

Phase 1/2: 4x1014/1016 EoT, O(5-25ns) 

Energy: several GeV ~ 10s GeV proposed beam, DASEL, at 

LCLS-II, to meet specs

https://indico.fnal.gov/getFile.py/access?contribId=87&sessionId=6&resId=0&materialId=slides&confId=13702


COMPLEMENTARITY
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Scalar Elastic DM (Kinetic Mixing)
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Majorana Elastic DM (Kinetic Mixing)
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LIGHT DARK MATTER EXPERIMENT
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TRACKERS BASED ON HPS EXPERIMENT

TAGGING TRACKER MAKES SURE WE HAVE 4 GEV ELECTRONS COMING IN

17

FIG. 7: A cutaway overview of the LDMX detector showing, from left to right, the trackers and target inside
a vacuum chamber in the spectrometer dipole, the forward ECAL, and the HCAL. Although not yet studied,
the HCAL may be extended forward (transparent region surrounding the ECAL) to provide better coverage
for wide-angle bremsstrahlung and neutral hadrons originating from photo-nuclear reactions in the target
and the front of the ECAL.

A. Beamline

The LDMX beamline is relatively simple, consisting only of an analyzing magnet and a vac-
uum chamber into which the tagging and recoil trackers are installed, as shown in Figure 7. The
analyzing magnet is a common 18D36 dipole magnet with a 14-inch vertical gap and operated
at a central field of 1.5 T. A stainless-steel vacuum chamber with 1/2” thick walls fits just inside
the magnet bore supporting the tracking detectors and their readout electronics. As with HPS,
the upstream end of the vacuum chamber is closed by an additional vacuum box to accommodate
feedthroughs for power, readout, and cooling, and the upstream end of this vacuum box is closed
by a plate with a 6” conflat flange for connection to the DASEL beampipe. The downstream end
of the vacuum chamber is closed by a thin vacuum window in front of the ECAL face, which sits
20 cm downstream from the target at roughly the same z position as the outer face of the magnet
coils. The magnet is rotated by approximately 100 mrad about the vertical axis with respect to the
upstream beamline so that the incoming 4 GeV beam follows the desired trajectory to the target,
with the incoming beam arriving at normal incidence to, and centered on, the target, which is lat-
erally centered in the vacuum chamber at z = 40 cm relative to the center of the magnet. Although
the specific dimensions differ, this arrangement (aside from the vacuum window) is very similar
to the magnet and vacuum chamber employed by the HPS experiment at JLab.

A number of 18D36 magnets, not currently in use, are in hand at SLAC, along with the steel
required to adjust the magnet gap, if required to suit our purposes. These include a magnet that
is already assembled with the 14-inch gap planned for LDMX. This magnet was tested to 1.0 T
in 1978, at which point 199 kW of power was dissipated. Based on the current capacity of the
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HIGH SAMPLING FRACTION IS GOOD FOR HIGH EFFICIENCY NEUTRON DETECTION


SYNERGY WITH LHC CALORIMETER READOUT ELECTRONICS
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SUMMARY

Light thermal dark matter: simple, predictive, accessible


A new class of experiments aimed at definitively exploring the 
light thermal dark matter phase space with accelerators


Complementary to direct detection experiments like Sensei


Fixed target, neutrino, beam-dumps, colliders

Broad program of production/scattering/decay searches

Fixed target electron beam experiment, LDMX, is a promising 
approach
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BACKGROUND REDUCTION
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LDMX

25

What’s Left? Nothing.
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