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proposal for alight dark matter search experiment at the ELSA accelerator in Bonn

sensitive to light dark photons coupling to the SM by kinetic mixing

inspired by the LDMX experiment, following a different triggering strategy

production of dark photons through bremsstrahlung by electrons when scattered off a fixed target

expected sensitivity extends into the cosmologically preferred region for dark photon masses below 100 MeV
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— introduce dark sector with at least one U(1), gauge interaction

— couplingto SM through kinetic mixing of SM photon with DP

1 1 DM ; d
Lop == F"E,, +  miy AV Al — A (el + gpJ}) W

— production of dark photons through bremsstrahlung
- key motivationis the search for invisible dark photons

- models with dark matter particles y with 2m, <my

- in general sensitive to models with scalar, Majorana or pseudo-Dirac y
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3 GeV electron beam on thin
tungsten target

reconstruction of momentum
of incoming and outgoing
electron through two tracking
detectors in magnetic field

ECAL for measurement of
electron energy and
identification of SM
bremsstrahlung events

HCAL for hadronic veto
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- Lohengrin— event kinematics

100 - studying the kinematics of the scattered electrons
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- Lohengrin:a light dark matter particle search experiment at ELSA
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0.: scattering angle of electron with respect to incident beam axis
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- Lohengrin:a light dark matter particle search experiment at ELSA
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- Lohengrin:a light dark matter particle search experiment at ELSA
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- Lohengrin:a light dark matter particle search experiment at ELSA )
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- Lohengrin:a light dark matter particle search experiment at ELSA

Master Thesis M. Schiirmann
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- contamination of signal region by hadronic backgrounds

v

- photo-nuclear interactions in targetand/or calorimeter

- electro-nuclear reactions

- invisible backgrounds (neutrinos)

- trying to understand requirements on HCAL for efficient background rejection

Electro- and subsequent photonuclear Processes w/ psudoscalar meson and baryon octet

TP F n_

Yn—= 70 n

'n ﬁF‘[[%

"N ->B Yp—|p
n - L
YN = ¢B p— 7 F Yp—= |p—

Yn—=1n n

vp— K°
7'p—|K*+| A/X0
v*n— K° A/x°

7n - [K+][27]

YN = ¢oB

12.12.2022

o[ I o

p— ?FV

ypo[rt 2 n

yn[at [z~ n_
o

yYn— 7 70 n

Yn— FFIT

N Ty
'p— E I\"," |[T

7n = [K K]

vn—+ K% KO n

yp—|xt K° A/X0
T'p— ?E A/E°
Yp— KO m
7n—-> 2% K° A/50
7'n 7>[ﬂ_’ A/E°
Yn = |#xT L“

Martin Schiirmann,
Jan Heinrichs

“invisible™ backgrounds <« 10-16

e outgoing  relative rate
© e =100
\ 101
ES g ——————— +hard v B
% R ‘ 102
& EANE . e
% 2 ‘ 10+
[ CAY

) 2 VT 10
2 E 7 — hadrons .

z ® T adro 0
% ' — — i 107
R +hadrons % 4p— 7tn o

T pte T 4 - ,
[“visible™ backgrounds e ) YR — nin 109
| 10-10
. § : 101
. * 10-12
' * 103
increasingly rare IO"‘V
"-_ photo-nuclear 10-15
" 10-16

k]

P
v (Maller + CCQE)
vV

taken from: arxiv:1808.05219

- Kaons and neutrons look like the biggest
challenge
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~ Searches for Dark Photons
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- Lohengrin: a light dark matter particle search experiment at ELSA

experiment strategy under study: track trigger to efficiently select candidate signal events
- reduction of tracker material: ultrathin pixellised silicon tracking detectors (DMAPS)
- ultrafast readout of the tracking detector

- pattern recognition and track classification in hardware in order to trigger the readout of the calorimeters
- precise offline tracking for electrons and possibly other charged particles
- suitable calorimeters
- high rate of incoming electrons and exposure to significant levels of ionizing radiation
- sufficiently precise detection of neutral hadrons
- precise reconstruction of individual electron-targetinteractions
- good understanding of SM backgrounds, e.g. K, production in photo-nuclear interactions
- good understanding of possible signal processes in well motivated BSM scenarios
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Electron Stretcher Accelerator (ELSA)

3.2 GeV electron accelerator
extraction currently for 3 experiments

resonance extraction: precise knowledge of initial state
electron energy (0.08%)

hadron - - = Quadry o _ g 3
physws_.{ - § = S s v =1 electron extraction at high rates (> 100 MHz)
experiments g ;,.g\ “"'g“ | e H r || - \ T”‘“-‘*‘"“es = Comiined-functian Magnet
Crystal Barrel ini-TAPS Y)c\’ “""; B T : " : i‘::}:‘;:;duenz Grplot I IJ]-Il 0.45
- # '.rta'ae.eéill:‘”f' Ll i fo '—.f by \, ) T F
(" Ii - \ : 0.4F
s ’\‘{ -~ stretcherring N 0%
A _ \?\ 0.5 GeV -3.2 GeV X ] 0.3
! | ;yﬁghrotron B ‘a | 025
R i al F
‘ma::w GeV -...1.54Ge.V ! “‘%\‘;‘..;eu.on septa !\ ‘ 0.2F
e \ N AN 4 ' 0.15-
NA 1 b alf cell of stretcher ring . 'y neti |gm E
ffome ! 1 f_i_r_im 713,?’5% f / diagingsis bear in 0-1:_
| i v test area . . ‘/r“\'['be-amllr;efor e 0'05;_
| 1 . detector tests "~ Eoo o w by b by by ik gy
A 8758 28 8 81 382 33
. Momentum/GeV
12.12.2022 Matthias Hamer - Lohengrin Experiment - DMLab 13.12.2022 14
g p



UNIVERSITAT

v

Jan Heinrichs

- started with implementation of simple magnet and a few thin silicon tracking planes in ExPIORA framework

1 mlong Halbacharray,0.5T
orthogonal to beam axis
(thanks to our colleagues from
the FASER collaboration)

6 layers of pixel tracking
detector in front of target

6 layers of pixel tracking
detector behind target

thin tungsten target

particle gun producing ELSA
quality electrons with a
momentum of 3.2 GeV
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- started with implementation of simple magnet and a few thin silicon tracking planes in ExPIORA framework
- electron tracking: Kalman filter with smoothing steps for tag- and recoil-tracker
- started to look into Gaussian sum filter and higher order effects to improve tracking
- performanceso faris an excellent starting point for improvements
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- started with implementation of simple magnet and a few thin silicon tracking planes in ExPIORA framework
- electron tracking: Kalman filter with smoothing steps for tag- and recoil-tracker
- started to look into Gaussian sum filter and higher order effects to improve tracking
- performanceso faris an excellent starting point for improvements
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- implementation of ECALin simulation: CALICE
- CALICE ECAL looks like a promising candidate for the Lohengrin ECAL
— inclusion of a simple 15 layer ECAL in the Lohengrin simulation
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- electron reconstruction:
- simple matching between calorimeter clusters and tracks
- sofar:track extension to firstlayer of calorimeter = match to closest cluster in ECAL
- improvements always possible (shower shape information, development of a “particle flow” like algorithm, ...)

BTMatchECalClustersToTracks: Measured Energy vs measured momentum
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- detector development: tracker

- firsttestbeam in 2020 with 3 Timepix3 silicon assemblies

P 2 -
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Electron Stretcher Accelerator (ELSA)
- detector development: tracker -

- firsttestbeam in 2020 with 3 Timepix3 silicon assemblies N
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- 2 targets:

- test rate capabilities and identify
bottlenecks in DAQ system

- study impact of multiple scatteringin
the tracking detector
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- detector development: tracker

- firsttestbeam in 2020 with 3 Timepix3 silicon assemblies

Timepix3 draft Chip: W18-J6 E - :j: :pectaticn Timepix3
Integrated Occupancy (£ = 6199339) rate energy ] A pectation M'"‘°5a_ .
. . length seffings remarks 2 \ Expectation for x/Xp = 0.44%
inkHz  in GeV = = 2 \ | Mimosa 2
2.00 250 | 10min  nominal ok 2201\ b Mimosa3
10.00 2.50 7min  nominal ok z A\ : 0
50.01 250 | 2,5min  nominal ok 5151 | t D8
100.60 2.50 30s nominal ok 2 \‘\\ Mimosa 4
500.00  2.50 30s  nominal ok 5 10 N
1000.00 2.50 | 30s  thr: 4150 ok 2 S
1000.00  2.50 30s  thr: 4200 some errors g osd = ’ ."'“---_.‘_;_
750.00  2.50 30s  nominal ok b R SN ——— 3
875.00 2.50 30s nominal  some errors £ 00 M
50 100 150 200 250 825.00 250 30 nominal Ok = 560 1060 1560 20‘00 25‘00 30‘00
Coliitan 850.00 2.50 30s nominal  some errors Beam energy in MeV
- tests with Timepix3 minitracker with and without ANEMONE telescope
0 69 137 206 275 343 412 481 549 618
tom - lower than expected maximum rate (bottleneck in software)

R R - tracking resolution not perfectly understood yet (MS? track reco?)
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- searches for dark matter continue to provide interesting challenges for the particle physics community

- model with light dark matter particles that are out of reach for the large collider experiments and many
existing direct and indirect detection experiments gain increasing interest

- beam dump experiments with a precise, full reconstruction of the initial and final state allow to close an
important gap in the parameter space of well motivated models

- the Lohengrin experiment enables such a search at the electron accelerator ELSA in Bonn

. optimization of layout . integration of experiment . data taking

. development of trackerand beamtest ° commissioning of Lohengrin at ELSA improvement of offline software
. development of TDAQ strategy . development of offline software . Lohengrin upgrade?

. tests with candidate calorimeter? . analysis strategy finalisation
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