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Overview

* The new MESA facility
* Beam Dump experiments

* DarkMESA - overview
* DarkMESA - detector technology
* Sensitivity

* Summary
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The MESA Facility
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The MAMI Facility
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The MAMI Facility
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The MAMI Facility
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The ME S A FaCility The MESA Accelerator

155 MeV max. beam energy

2 SC TESLA-like cavities

>1mA beam current

Operation:
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Beam-Dump
Experiments

Luca Doria, JGU Mainz Light Dark Matter 2025



The DarkMESA experimental prlnmple

Bjorken et al., Phys. Rev. D80, 075018 (2009)
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The DarkMESA experimental prlnmple

Bjorken et al., Phys. Rev. D80, 075018 (2009)
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The DarkMESA experimental principle  Fluka Simulation (Neutrony
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The “Target”
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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

Luca Doria, JGU Mainz
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Staged Approach to the final detector
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Staged Approach to the final detector

PbWOQq4

Density ~8.3 g/cm?®
Output 50-200 ph./MeV
Fast (~10 ns)

BGO

Density ~ 7.1 g/cm?
Output ~10,000 ph./MeV
Slow (~300-600 ns)

PbF,

Density ~8.4 g/cm3
Output ~16 ph./MeV
Fast (~10ns)
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Prototype Detector
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Prototype Detector

Mirco Christmann

Matteo Lauss
Christian Stoss

Michail Kontogoulas
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First Tests

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».

Veto 2
Veto 1

BG

PbF>

i A op
|

- _— : _: ;_ _ S1PM readout

14



Background Studies
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Beam Tests (Cherenkov Radiators)
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Liquid Scintillators
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PID: topology of vertices
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Detector Concept

Prototype of a Ovff experiment (NuDoubtt) Concept for NuDoubt™/DarkMESA
Test 1sotopes: 8Ke, 124Xe, 106Cd
Aim: observe Ovff+ in p-rich isotopes:

p n PMT

. .
SiPM

Uy, >< OWL-fibers
: -
W;f'r’_‘_ﬂ
e Gl Il s Target volume
p n (loaded opaque scintillator)

No only a detector test: DarkMESA .

Inner detector vessel
(opaque scintillator)

Technology:

Liquid Scintillator (Opaque/W-based)
Optimised WLS Fibres (OWL)
Readout: S1iPMs

Veto detector vessel
(transparent scintillator)
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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).

Add background contributions.

Simulate other physics models:
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Summary

* MESA finally under construction: first 55 MeV beam 1n 2025.
* Beam Dump experiments: a lot of EOTs, sensitivity, direct measurement.
* DarkMESA: sensitivity to DM < 10MeV

* Investigation of different technological options underway.
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Summary

* MESA finally under construction: first 55 MeV beam 1n 2025.
* Beam Dump experiments: a lot of EOTs, sensitivity, direct measurement.
* DarkMESA: sensitivity to DM < 10MeV

* Investigation of different technological options underway.

* Thank you!
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