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Light Dark Matter?

> Dark Matter could be a ther-
mal relic

> WIMPs have been so far heav-
ily investigated

> Effort from the community to
expand research in the light
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Dark sector mediator

> Simple dark sector extension
> Dark QED + kinetic mixing ¢ — "weak” interaction by construction
> Thermal targets in line with sensitivity obtainable at accelerators

Thermal and Asymmetric Targets at Accelerators

X

current
’+ constraints

=|

mpym [MeV]

+DMX

gth September 2021 LDMX | G.Mullier | Lund University 3/16



The Light Dark Matter eXperiment Fundamental concept

https://arxiv.org/abs/1808.05219

8th september 2021

> e~ beam on target

> Missing momentum experi-
ment

> Tracking and tagging

> make "all” SM background
appear in the detector

> Use Pr as a handle for signal
discrimination
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The Light Dark Matter eXperiment Fundamental concept
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The Light Dark Matter eXperiment Fundamental concept

Recoil Calorimeter
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Kinematics

¢ X Electron Recoil Energy Distributions, E, > 50 MeV
e~ 1
Signals with
Y dark mediator
Signal region szatszelssfégm
Z - MeV
.g Inclusive Single ¢~
) = Background
> Dark matter mediator £
and Dark matter takes §
the most of the momen- o
tum out
> Electron left with small
momentum
4
> Signal is a low detector E. [GeV]
activity with low energy 4GeV e~ beam on W target

recoil electron
+ DMX
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Backgrounds
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Backgrounds
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LDMX experimental setup overview

>

>

Use of LCLS-Il beam at SLAC
via dedicated transfer line
(LESA) first at 4 GeV, thento 8
GeV

Individual tagging and Recon-
struction of 10'® electrons on
target — low current, high rep-
etition rate

Detector that can sustain high
rates and high radiation doses
Tracking: Fast and, high mo-
mentum resolution

EM calorimeter Fast, High
granularity with good energy
resolution

HCAL Hermetic for vetoing

https://arxiv.org/abs/1808.05219
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LDMX experimental setup overview : Tracking

> Tagging tracker inside
dipole field, tracks
incoming e~

> Recoil tracker in fringe
field, tracks recoil prod-
ucts

> Momentum resolution

limited by multiple
scattering in target

> Trigger scintillator array -
of scintillator bars for fast I "

u =3.994 = 0.00005
o =0.048 = 0.00008

L 4GeV e Beam
E Recoil & momentum

count of incoming elec- " "
trons as input to missing-
energy trigger

Three pads: ”, “upstream”, d ownstream” i3 # 3
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LDMX experimental setup overview : ECal

> 40X, silicon-tungsten sam-
pling calorimeter

> CMS HGC hardware
> High granularity, fast, radia-

tion hard with containment of
EM showers

Y4 layers

> Allows for tracking of showers 432 pads/module
and MIPs
32 GeV I
electron . A

hadron 0%, 46X, 63X, 78X, 95X, 130X 165X, N

0163 024k 0ar’  04si 0651 085K w7 201 . C20% 33n 3sn 380
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LDMX experimental setup overview : HCal

> Modified hardware from

u2e

> Extruded polystyrene
scintillator bars  with
wavelength shifting

fibers read out by SiPM,
steel absorber

> Depth of main HCal
x 16 A/

> Side Calorimeter to en-
sure hermeticity

> Same Front End chips as
the ECal (HGCROC)

+DMX
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Background rejection
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https://link.springer.com/article/10.1007/JHEP04(2020)003
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Sensitivity

LDMX Phase I Sensitivity & Impact of Backgrounds
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LDMX Light Dark matter, but not only!

10! .
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o

> |n a nutshell LDMX is electrons
on target

> Sensitive to not only Dark pho-
tons but a wide range of DM
models

> Electro-nuclear events will oc-
cur at a high rate in the detec-
tor

> Kinematic range accessible by
LDMX in the bulk of events of
DUNE

> Dune would profit greatly of ]
measurement from LDMX to ———

reduce uncertainties 107! 10° 10!
Energy transfer w (GeV)
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DOI: 10.1103/PhysRevD.101.053004 DOI:PhysRevD.99.075001
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.053004
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.075001

Upcoming testbeam

> At CERN newly renovated
East Area

> Calibration and valida-
tion of the readout for the
Trigger Scintillator and
Hadronic Calorimeters

> First test of the first itera-

tion of the integration of
the system

+DMX
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Summary

> LDMX aims to explore the light dark matter regime via e~ beam on
target of 4GeV/8GeV

> The design of LDMX makes it possible to measure critical phase
space parameters of interest to DUNE as well as a wide range of
other DM models

> First phase testing of the hardware has begun and first test beam
will happen next month

+DMX
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Extended Sensitivity
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Extended LDMX Sensitivity
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