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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

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?confld=13702



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

Thermal Equilibrium

UV insensitive, Predictive, Minimum SM interaction
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Thermal Equilibrium: Generic, Easily Realized
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Equilibrium is easily achieved in the early universe if
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Applies to nearly all models with couplings large enough

for detection (rare counterexample: QCD axion DM)
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Dark Matter: Freeze Out of Equilibrium

DM in Eq. is overproduced, need to annihilate it away!
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x=m/T (time -)

Symmetric Thermal DM
Observed density requires

0—26 3 1

OVsym ~ 3 X 1 cm-°s—

e

Asymmetric Thermal DM:
Just need to deplete antiparticles

OVasym > 3 X 107%%cm3s ™1

 ——

Rate can be bigger, but not smaller
Either way, there’s a target!



< GeV DM Model Building

R

DM must be a SM singlet

Else would have been discovered (LEP...)

Even if it weren’t, freeze out still needs new forces
DM overproduced unless there are light new “mediators”
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Lee/Weinberg ‘79

Simplicty: can’t use higher dimension operators
Requires renormalizable interactions
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REPRESENTATIVE MODEL: DARK QED
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DM charged under new force: €p ~ €

Allowed small A’-photon mixing: ¢ <1

SM acquires small charge under A: €€

Not the only model, but qualitatively similar to all viable choices



Classify Viable Models by DD Scattering?
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Very different cross sections despite similarity @ high energy
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DARK MATTER TARGETS AT ACCELERATORS
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Accelerator experiments are uniquely positioned
to test thermal targets because high q?> makes
them insensitive to DM spin & mass matrix



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

BEAM DUMP

BEAM
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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

COLLIDER

BEAM ]‘

BEAM

ISR JET/PHOTON, RADIATIVE RETURN
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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

FIXED TARGET
(electron)

BEAM
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ACCELERATOR TECHNIQUE COMPARISON

SOURCE
Missing mass / momentum / energy Beam dump
Missing Mass/Momentum Experiments (Kinetic Mixing) All Beam Dump Experiments (Kinetic Mixing)
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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: 4x1074/10% EoT, O(5-25ns) T v
. - proposed beam, , a
13 Energy: several GeV ~ 10s GeV 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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LIGHT DARK MATTER EXPERIMENT
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TRACKERS BASED ON HPS EXPERIMENT
TAGGING TRACKER MAKES SURE WE HAVE 4 GEV ELECTRONS COMING IN
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LIGHT DARK MATTER EXPERIMENT
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TRACKERS BASED ON HPS EXPERIMENT
RECOIL TRACKER MEASURES THE RECOIL ELECTRON Pt

R CRCLE TP TR BN
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LIGHT DARK MATTER EXPERIMENT
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ECAL IS BASED ON CMS PHASE 2 CALORIMETRY
[W/SI SAMPLING CALORIMETER]
S| CALORIMETER HAS HIGH RADIATION TOLERANCE AND GOOD MIP TRACKING
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LIGHT DARK MATTER EXPERIMENT
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HCAL IS FE/SCINTILLATOR SAMPLING CALORIMETER
HIGH SAMPLING FRACTION IS GOOD FOR HIGH EFFICIENCY NEUTRON DETECTION
SYNERGY WITH LHC CALORIMETER READOUT ELECTRONICS

R CRCLE TP TR BN
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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

NO LOSE THEOREM: GENUINE OPPORTUNITY TO DISCOVER/FALSIFY
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BACKGROUND REDUCTION

incoming outgoing  relative rate
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