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Non-gravitational DM detection

• Direct detection from astrophysical sources 

• nuclear recoil from DM interactions 

• Indirect astrophysical detection 

• search for products of WIMP annihilations 

• DM production at hadron collider 

• model-dependent signature typically involving missing-
energy
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Detection methods
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INTRO BACKGROUND EFT’S DETECTION MONOJET MONOPHOTON MONO-W/Z MONO-b SUMMARY

DETECTION METHODS
Collider Direct detection Indirect detection

Experiments:
I ATLAS
I CMS
I D0
I CDF

Experiments:
I XENON100
I CDMS
I SIMPLE
I CoGent
I IceCube
I Picasso
I COUPP

Experiments:
I Fermi-LAT
I PAMELA
I AMS-02
I WMAP
I Planck

...and many more
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mono-X searches 

• Searches with large missing energy plus X 

• mono-jet, mono-photon, mono-WZ 

• WIMP escape the detector undetected and events are identified by ISR 

• mono-bjet 

• interesting because D1 operator of EFT is proportional to the initial quark mass 

• in general clean final states plus well-understood backgrounds 

• new ideas under discussion in ATLAS: assuming the capability to trigger on X, what is the 
minimal extra activity that can be added on the opposite side of X to increase sensitivity? 
(soft dileptons, displaced vertex, exotics tracks) 

• LLP can become part of the mono-X search campaign
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other DM-related exotics searches 

• extra dimensions 

• searches for microscopic black holes 

• dark sector searches with DM candidate
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dark sector with dark photon 
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Introduction

Useful references

Several BSM models predict final states containing Lepton Jets  

Hidden particles decay back to SM: ex. 
dark-photons (γd) → collimated pair of 
leptons (lepton-jets)

Portal to hidden sector: ex. higgs 
or supersymmetric particles

kinetic mixing 

Dark photon lifetime depends on the size of 
kinetic mixing ε: small ε → displaced decays

LeptonJets can be prompt or displaced
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• dark photon lifetime depends on the size of the kinetic mixing 

• displaced decays within the detector geometrical acceptance 
can easily arise



lepton-jets from DM 
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• dark photon decays to bundle of tightly collimated 
leptons 

• unique signature that can be easily missed if not 
searched for with dedicated strategies 

• wide ATLAS lepton-jet search program 

• prompt/displaced 

• electron/muon/pion decay (tau?) 

• Higgs/SUSY intepretation 



7 TeV result 
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• 8 TeV analysis in progress  

• effort to include all the information needed for recasting



exclusion plot
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• effort to present the exclusion limit in the 2D contour plot (kinetic mixing versus dark photon mass)  

• easy way to combine results with regions excluded by anomalous magnetic moments, fixed-target 
experiment and supernovae observations
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FIG. 1: Left: Existing constraints on an A

0. Shown are constraints from electron and muon anomalous magnetic moment
measurements, ae and aµ, the BaBar search for ⌥(3S) ! �µ

+
µ

�, three beam dump experiments, E137, E141, and E774,
and supernova cooling (SN). These constraints are discussed further in Section III. Right: Existing constraints are shown in
gray, while the various lines — light green (upper) solid, red short-dashed, purple dotted, blue long-dashed, and dark green
(lower) solid — show estimates of the regions that can be explored with the experimental scenarios discussed in Section IVA–
IVE, respectively. The discussion in IV focuses on the five points labeled “A” through “E”. The orange stripe denotes the
“D-term” region introduced in section IIA, in which simple models of dark matter interacting with the A

0 can explain the
annual modulation signal reported by DAMA/LIBRA. Along the thin black line, the A

0 proper lifetime c⌧ = 80µm, which is
approximately the ⌧ proper lifetime.
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� colliders are a powerful laboratory for the
study of an A

0 with ✏ & 10�4 and mass above ⇠ 200
MeV, particularly in sectors with multiple light states
[32, 33, 34, 35, 36]. Their reach in ✏ is limited by lu-
minosity and irreducible backgrounds. However, an A

0

can also be produced through bremsstrahlung o↵ an elec-
tron beam incident on a fixed target [34]. This approach
has several virtues over colliding-beam searches: much
larger luminosities, of O(1 ab�1

/day) can be achieved,
scattering cross-sections are enhanced by nuclear charge
coherence, and the resulting boosted final states can be
observed with compact special-purpose detectors.

Past electron “beam-dump” experiments, in which a
detector looks for decay products of rare penetrating par-
ticles behind a stopped electron beam, constrain & 10
cm vertex displacements and ✏ & 10�7. The thick shield
needed to stop beam products limits these experiments to
long decay lengths, so thinner targets are needed to probe
shorter displacements (larger ✏ and m

A

0). However, beam
products easily escape thin targets and constitute a chal-
lenging background in downstream detectors.

The five benchmark points labeled “A” through “E”
in Figure 1 (right) require di↵erent approaches to these
challenges, discussed in Section IV. We have estimated
the reach of each scenario, summarized in Figure 1
(right), in the context of electron beams with 1–6 GeV
energies, nA–µA average beam currents, and run times
⇠ 106 s. Such beams can be found for example at the

Thomas Je↵erson National Accelerator Facility (JLab),
the SLAC National Accelerator Laboratory, the electron
accelerator ELSA, and the Mainzer Mikrotron (MAMI).

The scenarios for points A and E use 100 MeV–1 GeV
electron beam dumps, with more complete event recon-
struction or higher-current beams than previous dump
experiments. Low-mass, high-✏ regions (e.g. B and C)
produce boosted A

0 and forward decay products with
mm–cm displaced vertices. Our approaches exploit very
forward silicon-strip tracking to identify these vertices,
while maintaining reasonable occupancy — a limiting
factor. At still higher ✏, no displaced vertices are re-
solvable and one must take full advantage of the kine-
matic properties of the signal and background processes,
including the recoiling electron, using either the forward
geometries of B and C or a wider-angle spectrometer (e.g.
for point D). Spectrometers operating at various labora-
tories appear capable of probing this final region.

We focus on the case where the A

0 decays directly to
Standard Model fermions, but the past experiments and
proposed scenarios are also sensitive (with di↵erent ex-
clusions) if the A

0 decays to lighter U(1)0-charged scalars,
and to direct production of axion-like states.

Outline

In Section II, we summarize the properties of A

0 pro-
duction through bremsstrahlung in fixed-target colli-
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conclusions
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• DM is out there but no indication of its composition 

• hadron collider searches are a vital ingredient to DM searches 

• less-standard search strategies are gaining traction due to 
missing NP in Run-I data 

• LLP can offer a DM candidate 

• LLP searches don’t come for free - dedicated efforts including 
specialized trigger and reconstruction algorithms 

• currently preparing the ground for broadening the spectrum of 
searches in Run-II 

• strong interest in mapping models (dark sector, WIMP, FIMP, …) 
with LLP scenarios for Run-II and in the context of What Next 


