
Non-WIMP 
dark matter

Zhen Liu
U of Maryland

IFT2019 
future collider program

Jun. 12



Mass scale of dark matter
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Light Dark Matter
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Many light DM overview discussion from G. Krnjaic
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Kinetic mixing portal
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Millicharged particles (motivation)
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Neutrino experimentsHigh quality beamdump experiments
E.g., NuMI beam: good source for Millicharged particles
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Typical geometric 
acceptance: 10−5~6
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ArgoNeuT detector: low threshold & high resolution
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Signature
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Dominated 
by low recoil 
energy 
scattering

Signal scattering probability and mean free path



BKG target screen distribution
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For data within 1000 
meters, making up 60.9% of 
the total data



Expected reach
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Harnik, Liu, Palamara, 1902.03246

http://arxiv.org/abs/arXiv:1902.03246


How about DUNE ND?
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300 times more POT
240 times larger 
detector
Factor of two closer 
to the target

Should be very 
promising!



Background scale non-trivially for DUNE ND
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Average occupation number per frame:
ArgoNeuT: 0.13

DUNE ND: 45—1800



DUNE ND 1-hit projections
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Harnik, Liu, Palamara, 1902.03246

http://arxiv.org/abs/arXiv:1902.03246


Background scale non-trivially for DUNE ND
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Average occupation number per frame:
ArgoNeuT: 0.13

DUNE ND: 45—1800



DUNE ND double hit coverage
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Harnik, Liu, Palamara, 1902.03246

http://arxiv.org/abs/arXiv:1902.03246


DUNE ND double hit coverage
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Active research field, see new works
ArgoNeuT result coming, I. Lepetic

Harnik, Liu, Palamara, 1902.03246

http://arxiv.org/abs/arXiv:1902.03246


Heavy Neutral Lepton Portal
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HNL a unique Physics case & LLP benchmark

• Singly produced LLP
• Low mass LLP
• Prompt lepton trigger highly efficient
• Boosted low mass LLPs “fails” 

“traditional” hard & slow displaced vertex 
searches 
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The lepton behaviors
• Prompt lepton hard-ish
• Displaced lepton soft-ish
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The lepton behaviors

• Large d0 cut, smaller signal efficiency;
• For short lifetime, >10 GeV sterile neutrinos behave similarly;
• For long lifetime, heavier sterile neutrinos are slower and hence higher decay 

probability within the tracker;
• For mN=1 GeV, decay product too collimated, suffering low d0;

Required decay within R=0.5m 
to have good tracks
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Valuable knowledge from a SUSY search

EXO-16-022-pas
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Valuable knowledge from a SUSY search

• Dominated by heavy flavor jets (b-jets) (data validated by 
using the “tag and probe”); 

• The subleading background is from ttbar, still heavy flavor;
• The transverse impact parameter distributions are the same 

for isolated and non-isolated leptons.
• Different choices of the muon and electron pT results in 

different background counting
• We reproduced the background behavior through simulation 

(simulation done via MG5NLO+Pythia8, signal sample jet-
matched).
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Our search and projected sensitivity
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Results

• Non-zero background at HL-
LHC: ~ 2K

• Interesting expansion of the 
LHC coverage to lower masses 
(< 5 GeV) by taking the heavy 
flavor background directly;

• A example of “serious” pheno 
new search studies on LLPs can 
be done at the LHC;

Liu, Liu, Wang, Wang, 
1904.01020

Zhen Liu (UMD)                     IFT 2019                           non-WIMP 32

http://arxiv.org/abs/arXiv:1904.01020


Axion-like particle portal
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Strong CP puzzle can lead to long-lived axions

34

𝐿𝐿 ⊃
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Strong CP puzzle of QCD
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Dynamical solution:
QCD Axion 𝑎𝑎 as a pseudo 
Nambu-Goldstone boson
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Strong CP puzzle can lead to long-lived axions
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𝑓𝑓𝑎𝑎=5 TeV

Strong CP puzzle can lead to long-lived axions !
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Axion 
Portal
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A high-quality axion can be probed
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• Gluon factory Rate high
• LLPs background low
• Novel trigger and selection proposed 

focusing on displaced tracks

LEP 3𝛾𝛾

LEP Z-width

Υ(𝑛𝑛𝑛𝑛)
→ 𝛾𝛾 + 𝑋𝑋

ATLAS 2𝛾𝛾

LHCb 2𝛾𝛾
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HL-LHC Projections

Forward 
detector

Central 
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Hook, Kumar, Liu, Sundrum, in progress

Preliminary



Ultralight DM: dark photon & ALP
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Everything works!

Design
Tuner operation
Microwave scheme for 

matching the frequencies
Actual data – first 

acquisition

“Run 0” results summary
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Image from:
Ringwald

Image from R. Lasenby
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Summary
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Lots of opportunities!



Backup
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Guo, Riles, Yang, Zhao 1905.04316

http://arxiv.org/abs/arXiv:1905.04316
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