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(Light) Dark Matter
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Light Dark Matter
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Axions Light Dark WIMPS BH Remnants

* Very wide mass range theoretically possible
* WIMP exclusion close to neutrino fog

* Alternative: new force and “light” DM
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* Benchmark: minimal dark photon model m, . m, ; € ; ap
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Beam-Dump Experiments

Bjorken et al., Phys. Rev. D80, 075018 (2009)

€

Beam Dump Shielding Detector

Production Detection

Annihilation Bremsstga_hlung
3;’2
Af LA 5
ae - HldA| —————
! ¢ Eﬂ : 3 .-"I E
) &\

Yper ~ EQOéD/m?Ll

Luca Doria, JGU Mainz BDX & Beyond Workshop



Beam-Dump Experiments

Bjorken et al., Phys. Rev. D80, 075018 (2009)
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The MESA Facility
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The MAMI Facility
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The MAMI Facility

A2 Collaboration
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The MESA Facility
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The MESA Accelerator

- 155 MeV max. beam energy

- 2 SC TESLA-like cavities

- >1mA beam current

- Operation:

- Extracted beam mode

- Energy recovery/3x recirculation
- Experimental Hall ready!



The MESA Facility
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The MESA Accelerator

- 155 MeV max. beam energy

- 2 SC TESLA-like cavities

- >1mA beam current

- Operation:

Extracted beam mode

Energy recovery/3x recirculation
- Experimental Hall ready!




The DarkMESA experimental principle  Fluka Simulation (Neutrony
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The “Target”

deposited energy
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Detector Technologies

M. LauB} et al., Nucl. Instr. Meth. A, 1012, 165617 (2021)
M. Christmann et al., Nucl. Instr. Meth. A, 960, 163665 (2020)
M. Christmann et al., Nucl. Instr. Meth. A, 958, 162398 (2020)
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Staged Approach to the final detector
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Staged Approach to the final detector
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Staged Approach to the final detector
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Staged Approach to the final detector
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Prototype Detector
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Prototype Detector
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First Tests

Veto 2
Veto 1

Electronics/DAQ

CAEN V1742 (5GHz, 32ch, sigle ended)

- Fast, more expensive

PANDA sADC (80 MHz, 64ch, dift.)

- Slower, cheaper, shaping required.
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Operation with cosmics started:
Central BGO crystal for test.
Surrounding crystals: PbF».
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Background Studies
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- CRY Library (LANL) - Plastic Scintillators
- Overburden - SiPM readout
- Neutrons - Custom electronics
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Beam Tests (Cherenkov Radiators)
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Opaque Liquid
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(Opaque) Liquid Scintillators
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Optimised Wavelength-Shifting Fibres (OWLs)

% In commercial fibers, the wavelength shifter 1s distributed 1sotropically 1n the fibres core.

%k By a purely geometrical argument, total internal reflection sin a\/ 1 — psin?¢ < sinp

3k 1s enhanced concentrating the wavelength shifter at high radi1 p K.EJohnson, NIM-A, 334 (2), 432 (1994)

%k With this arrangement, light capture can be increased by a factor 3-4.

0.8

0.7
—— 6. =38.68" (PS-air)
- 0.6 -~~~ B0,=67.67" (PS-NoWaSH)
g 0 . B. Kessler M.Sci1 Thesis
€ %k Relevant for large experiments (long fibers)
"é 0.4 - & - . . .
2 03 %k Largest loss at the fiber/scintillator interface
>
= 0.2 .
% OWLs can compensate for this.
QL T D -
R
0.0

0.0 0.2 0.4 0.6 0.8 1.0
relative emission offset radius xp

M. Bohles et al, Eur.Phys.J C 83 (2) (2025)
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OWLs and the Liquid Scintillator

*The WLS paint can dissolve 1n the LS

sk Fibres protected by a hollow quartz rod Detector module

sk Mechanical stability

*kEnhanced average light transport
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Detector Concept

Prototype of a Ouvff3 experiment (NuDoubt™)
Test 1sotopes: 78Ke, 124Xe, 106Cd

Aim: observe Ovff+ in p-rich isotopes:

Concept for NuDoubt/DarkMESA

PMT
SiPM
OWL-fibers

P n
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Target detector
vessel

No only a detector test: DarkMESA .

Veto detector
vessel

Technology:

Liquid Scintillator (Opaque/W-based)
Optimised WLS Fibres (OWL)
Readout: S1IPMs
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Detector Concept

Simulation towards a ~10cm3 prototype.
To be tested at MAMI accelerator (JGU).
Key point: threshold, tracking, PID. n

Energy = 14 MeV

Spacing = 5mm

Scattering lenght = 1 mm
Photon count = 80163
Average sigma = 2.3242436¢€

: Transparent
; scintillator (LAB)

Simulation of neutron background

Frequency (log)

ts (log scale)

fiberPo

Opaqgue scintillator
+ optical fibers

Frequency (log)

Jonas Péitschke Michail Kontogoulas
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Projected Limits

* Moving from G4+MadGraph to
full G4 simulation
(A. Celentano, INFN Genova).

* Add background contributions.

* Simulate other physics models:
.7
- axions

Saskia Plura

Luca Doria, JGU Mainz

55 MeV DarkMESA Phase A

155 MeV DarkMESA Phase B
155 MeV NuDoubt++ Phase B

107 107 10
dark matter mass m, (GeV/c?)
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Muon Signal
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Neutrino Signal (?)

Beam Dump

10m

Im?3

11 GeV /¢, = 10°* EOS/year 0-100 MeV / ¢p, = 6.6 X 10™°v /EOS

Expected yield:

Nu < 1/year
—» Larger Detector
Nc ~ 2/year

With 22 GeV beam:
~ O(10) improvement for 400-500 MeV neutrinos
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* MESA under construction: first 55 MeV beam 1n 2025.

* Beam Dump experiments: a lot of EOTSs, sensitivity, direct measurement.
* DarkMESA: sensitivity to DM < 10MeV . BDX complementarity.

* Investigation of different technological options underway.

* Potential for applications to DM/muon/neutrino/neutron physics.
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* MESA under construction: first 55 MeV beam 1n 2025.

* Beam Dump experiments: a lot of EOTSs, sensitivity, direct measurement.
* DarkMESA: sensitivity to DM < 10MeV . BDX complementarity.

* Investigation of different technological options underway.

* Potential for applications to DM/muon/neutrino/neutron physics.

* Thank you!
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