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gravitational interactions no hints about DM mass

particle nature
non-gravitational interactions with particles charged under SM

thermal equlibrium if annihilation rate > Hubble expansion rate
— freeze-out gives relic abundance
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The and provide a
minimum interaction strength — experimental
sensitivity target.

Mass dependent!

the already known weak interaction strength and
relic abundance gives mpy; ~ EW scale

No WIMP observations so far (direct detection,
LHC, ...)

too simplistic?
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Toy illustration using Jay
Wacker's back-of-the-envelope
calculation here:

Freeze-out: rate I' = H at
T = Tfreeze—out ~ MDM

use I = nov, H = TZ/MP/

Lift assumption of the weak interaction: the mass constraint falls!

L K Bryngemark (LU) Sub-GeV DM with LDMX Partikeldagarna, October 17 2018


https://www.quora.com/What-is-a-simple-derivation-of-the-WIMP-miracle
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https://www.quora.com/What-is-a-simple-derivation-of-the-WIMP-miracle

The thermal DM model motivates experimental sensitivity in the
MeV-GeV regimel- but nobody limits us to detecting the stable
DM around us...

Accelerator-based mediator detection: complementary to direct
detection

Thermal and Asymmetric Targets for DM—e Scattering
107

Thermal and Asymmetric Targets at Accelerators

relativistic particles
— overcomes velocity
suppression

sensitivity to many
types of DM particles

1 highlighted regime in 2017 US DM community report
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http://arxiv.org/abs/arXiv:1707.04591

Possibly simplest conceivable model: U(1)p gauge field in the dark
sector — massive “dark photon” mediator A’

Sensitivity to dark QED through kinetic mixing € to photons
= “dark bremsstrahlung” in electric fields

Identifyable with:

missing momentum and energy from
radiation of a massive particle

while rejecting QED bremsstrahlung

events.
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Sub-GeV DM with LDMX

4 GeV beam with 1 electron per bunch
20ns bunch spacing
in total 10 electrons on target (EoT)

thin W target (0.1 radiation lengths (X))
tracker in B-field
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4 GeV beam with 1 electron per bunch
20ns bunch spacing

in total 10 electrons on target (EoT)
thin W target (0.1 radiation lengths (X))
tracker in B-field

Electron Recoil Energy Distributions, £, > 50 MeV
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Sub-GeV DM with LDMX

4 GeV beam with 1 electron per bunch
20ns bunch spacing
in total 10 electrons on target (EoT)

thin W target (0.1 radiation lengths (X))
tracker in B-field

Electron Recoil Energy Distributions, £, > 50 MeV
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Sub-GeV DM with LDMX

4 GeV beam with 1 electron per bunch
20ns bunch spacing
in total 10'* electrons on target (EoT)

thin W target (0.1 radiation lengths (X))
tracker in B-field
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4 GeV beam with 1 electron per bunch
20ns bunch spacing

in total 10 electrons on target (EoT)
thin W target (0.1 radiation lengths (X))
tracker in B-field
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Fast, radiation hard, highly granular and deep
based on CMS upgrade design (forward Si-W calorimeter)

Can do MIP tracking (muon rejection)

Lund University is contributing readout PCB design

Hermetic, granular and fast enough for trigger
veto photo-nuclear reactions like yn — nnn

Plastic scintillator and steel absorber

Simple veto on N,eys above threshold for sensitivity to A’ signal
displaced vertices in more complicated reality?

Lund University group focusing on construction and triggering

L K Bryngemark (LU) Sub-GeV DM with LDMX Partikeldagarna, October 17 2018



White paper in August. Making use of existing technologies,
construction start by 2020, data taking foreseen in 2022.

e SLAC: first phase with 4 GeV beam, Phase 2 upgrade to 8 GeV,
e or possibly 16 GeV beam at CERN (as early as 2022):

- restore electron beam capabilities in SPS (Expression of Interest)

- electron injector linac based on CLIC technology, fits in existing
unused tunnel

- 12s cycle fits in supercycle of 30-40s for normal proton operation

- Lund initiative

- evolving surprisingly quickly; we will know more in half a year

Dark Sector Physics with a Primary Electron Beam Facility at CERN

a Markus Brugger, Lene Bryngemark.!
uria Catalan,* Riccardo Catena,* Augusto
ilia Collurs,” Jan Conrad." Karel

= sloctrons protors protons
2 e —

3.5 GeV e’ linac

205
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https://arxiv.org/abs/1808.05219
https://cds.cern.ch/record/2640784

Phase 1 Phase 2

Missing Mass Experiments (Kinetic Mixing)

LHC
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my (MeV)
higher xsec for photo- and electro-nuclear interactions
but more collimated at 16 GeV beam energy
need to be able to reject background from overlaid electrons

in HCal while retaining signal sensitivity

1014 — 1010 electrons on target

ne = O(10) electrons per bunch
W — Al target with 0.4Xq

Belle 11
@SuperKEKB
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This, and enhanced sensitivity to more “exotic” DM models,

motivates Lund University focus on HCal and Phase-2 triggering.
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The sub-GeV mass regime for DM is well motivated and
insufficently explored
LDMX is being designed to achieve unprecedented sensitivity
in this regime
data-taking in early 2020's
A wide range of DM and other BSM models can be probed
conclusive results on viable thermal targets within reach
rich physics landscape explored in this paper on extended
physics potential
The Lund University group is contributing to this effort in the
areas of calorimetry and triggering, and is the driving force
behind the CERN scenario.
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https://arxiv.org/abs/1807.01730
https://arxiv.org/abs/1807.01730
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Backup
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Sub-GeV DM with LDMX
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LDMX Phase | Sensitivity & Impact of Backgrounds

v
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Including the possibility of larger backgrounds than expected
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my,/m,, variation, ap = 0.5

ap variation, my, = 3m,
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Paper on extended physics potential for more about axions, ADM, ...
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https://arxiv.org/abs/1807.01730

Fast, radiation hard, highly granular and deep
based on CMS upgrade design (forward Si-W calorimeter)
~ 30 layers of 7 hexagonal modules
40 radiation lengths

Can do MIP tracking (muon rejection)

Hermetic, granular and fast enough for trigger
veto photo-nuclear reactions like yn — nnn
range of neutron energies

Plastic scintillator and steel absorber
alternating bars in x,y of 1.5 x5 x 300 cm

Simple veto on Ns above threshold for sensitivity to A’ signal
displaced vertices in more complicated reality?
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