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Light Dark Matter
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» minimal, yet representative model: Dark Photon (A')

» many dedicated searches for visible decay, but not invisible into DM

» highly relevant for decision on future directions of particle physics
(dark sector studies, intensity rather than energy frontier)
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Kinematics & Experimental Layout

» highest sensitivity: fixed-target, missing momentum experiment @ e-beam

» bremsstrahlung of massive dark photon
—> kinematics distinctly different from SM
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Light Dark Matter eXperiment

Recoll Tracker

Tagging Tracker
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Setup at SLAC

» detector leveraging existing concepts/technologies
» tracking a la HPS (Heavy Photon Search @ JLab)
» ECAL module design close to CMS forward calorimeter upgrade

» HCAL being optimised for veto power of rare backgrounds

» beam requirements: - ,, .
q Lla s?r sysfterg'z\oslilzll_ unused” buckets with Beamline connecting to ESA line
. eiectrons for - 3 dipoles & 11 quads (all refurbished)
4 mU|t|-GeV  Use rejected pulses from LCLS-II laser
. 46 MH de to 186 MHz |
hlgher energy —> better S/B ( /Z) (or upgrade to z laser) /
4 high rate I | | | | | | ' | | > BSY dump
need 1014-1076 electrons on target | |

> Soft X-Ray FEL

| | > Hard X-Ray FEL

» low current
“not too many” electrons per bunch DASEL kicker/septum system

downstream of FEL kickers to minimize

interference
» Based on LCLS-Il design but with
longer kicker pulse

from T. Nelson

» DASEL@SLAC:
» phase-l: 4 GeV, 46 MHz, O(1) e/bunch
» phase-ll: 8 GeV, 186 MHz, O(5) e/bunch
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Sensitivity

Targets for Thermal Relic DM
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» ap= 0.5,
ma/my =3
(conservative,
weakest bounds)

» unprecedented
sensitivity and
ability to test all
thermal targets
over most of the
MeV - GeV range
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Status and Plans

» from T. Nelson at US Cosmics Vision Workshop

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24

LDMX Prelim Design |
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nstall
I Eng.
Run
1st Physics Run
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HiLum Physics Run I I

» collaboration meeting in May — tinalise White Paper with updated design studies
» very positive feedback from SLAC particle physics

» not approved yet, no major funding source secured yet
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https://indico.fnal.gov/event/13702/

Other options?

» CEBAF@JLab (<12 GeV)

» CERN!
» initiative started by Torsten in fall, involving several of the CERN accelerator people
» has been included in PBC group, P. Schuster representing LDMX in BESM WG

» qQuite some momentum generated by now

» current scenario:
LHC

2007 (27 km)

» LINAC as injector to SPS ALICE
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» fill SPS in ~2s every ~40s

T2 1889 (182 m

» accelerate to up to 16 GeV in SPS ISOLDE
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» 70 M CHF (w/o experiments)
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Current CERN Scenario

Supercycle (about 40 sec)

» 40 x 75 = 3000 bunches
(5 ns spacing, 100 ns gap),
n electrons/bunch

Beam

10 sec / Magnetic cycle

s 5PS supmrercle ey

10s for extraction of electrons —

2 sec

» SPS revolution frequency: 43 kHz
» 43000*3000*n = 1.3e9*n electrons in 10s

» (3600/40)*1.3e9*n electrons in 1h

electron fill

/ 1300 M electron bunches SPS works with prOtOnS
I ([T | | l [T
0s 10 20s 30s 40's

» assume 3000 h/y, 80% efficiency => EOT/y =2.8e14 *n
for 106 EOT per year => n=36  => initial bunch intensity of 1.5e7

» N = 36 poses different challenges for experiment, spacing can be increased
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Possible Beam Lines

» LINAC InTT5,TT4 (60 m, 3.5 GeV)

» acceleration in SPS to 16 GeV

» several other use
cases for LINAC and
SPS beams for R&D

» extract beam to
experiment(s) on
Meyrin site (via TT10)

» timeline: could be ready 2023-2025
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Possible Experiment Locations
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Particle Physics Strategy

» DM aspects in strategy document so far mostly energy frontier/WIMPs

» should accelerator-based light dark matter searches
(intensity frontier) be included as well?

» we think yes

» electron beam at CERN will likely enter via PBC (activities picking up there)
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» light, thermal relic Dark Matter well motivated
» fixed-target, missing-momentum approach provides best sensitivity

» LDMX the only such experiment on the horizon
» start of data-taking in early 2020s

» great opportunity at CERN for very interesting electron beam programme

» accelerator R&D

» LDMX + other experiments addressing important physics questions

» "too good to be missed”
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Additional Material




The Model

» thermal relic —> mass constraint & minimum annihilation cross section
» WIMP too light —> annihilation inefficient —> overproduction of DM

» Lee-Weinberg bound: my > some GeV

» new, light mediator —> additional annihilation channels
» widely-used minimal but representative model:

Dark Photon, A’ (vector mediator)

» kinetic mixing with SM photon (€)

» ma > 2my: invisible decay into DM

EZQ’D (my/my ’)4

» annihilation cross section ~ y * my2

S‘T

y = g2ap(my/mn)*

» clear ‘thermal targets’in y-mass-plane
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Why fixed-target?

» maximise DM vyield (production & detection efficiency)

» collider » fixed target » beam-dump
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Kinematics & Experimental Layout

» due to mass of mediator, kinematics distinctly different from SM bremsstrahlung

Electron Recoil Energy Distributions, £, > 50 MeV

1

» mediator carries most of the energy
—> soft recoil electron, large missing momentum

» recoll electron gets transverse ‘kick’
—> large missing transverse momentum
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Background Challenges

Incoming e Outgoing €
' > 40 MHz
» + hard ~ MHz

trigger rate (low energy): 10 kHz

» 7 — hadrons
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Electromagnetic Calorimeter (ECal)

» to achieve large number of electrons on target (10'4-1076): high-rate beam (1e/few ns)
» candidates: DASEL at SLAC (4/8 GeV), CEBAF @ JLab (<12 GeV)

» ECal shopping list:

very similar to forward SiW sampling design based
» fast calorimeter for CMS@HL-LHC ~ " onthis
» radiation hard
» dense

v

high-granularity
deep (containment)

v

» in LDMX:
» 40 radiation lengths deep
» 30 layers, 7 modules each

» central modules with higher 32Gev
granularity (up to 1000 channels) FNALTE Data

» PCBs to be designed in Lund ) "‘*‘X» 28f<o ) 101xo mxn

» high granularity allows MIP ﬁmm;"
tracking’' —> important tool in
background suppression
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Hadronic Calorimeter (HCal)

» essential veto instrument
» goal: catch ~everything that makes it out of the ECal

» In particular: photo-nuclear reactions that produce only neutral particles
» ©.J. YN — nnn

» surround ECal as much as possible

» be as efficient as possible for both low- and high-energy neutrons

» baseline: plastic scintillator + absorber (steel)
» design optimisation studies ongoing
» materials

» geometry
» dimensions (largest piece of the experiment)

» configurations of scintillator/sampling

» develop in-situ verification of veto power
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Further Potential

» also sensitive to

» DM with quasi-thermal origin (asymmetric DM, SIMP/ELDER scenarios)
» new invisibly decaying mediators in general, improve sensitivity for Dark Photon

» displaced vertex signatures from DM co-annihilation or SIMP model

» milli-charged particles

» plus measurement of photo- and electro-nuclear processes
(for future neutrino experiments)
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Linac

» from Steinar Stapnes

q X-band linac layout

Make use of study recently made for LNF ~1.0 GeV X-band linac
“CLIC-like” RF unit: 2*(klystron+modulator) + pulse compressor + 8 accelerating structures

Modulator

i Klystron
modulator - y

2 x 50MW

A
\ 4

~5.3m

* One “CLIC-like” type RF
unit accelerates 200ns
bunch train up to 264
MeV*

* 11 RF units to get to 2.9
GeVin~60 m

* (lower than for Frascati single bunch operation: 336 MeV/unit)
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» from Steinar Stapnes
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Direct Detection and Accelerators

Thermal and Asymmetric Targets for DM—e Scattering
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» at accelerators: relativistic production
—> much smaller velocity/spin dependence

» thermal targets are all in reach!
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Further Potential

» explore DM with quasi-thermal origin » Improve sensitivity for invisibly
(asymmetric DM, SIMP/ELDER scenarios) decaying Dark Photon
Quasi—Thermal DM (Kinetic Mixing) Invisible Mediator Sensitivity (dashed lines assume ap = 0.5)
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