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Introduction

3¢ The MESA facility

3¢ Experiments

2 Physics Program:

- Dark Matter

- Precision Electro-weak physics
- Hadron and Nuclear Physics
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The MAMI and MESA Facilities
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| l ESA Two modes of operation:

Pb Gl .
. . darkMESA - EB-operation (P2/BDX experiment):
Photo- At polarized beam, 150 yA @ 155 MeV
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Superconducting Cavities:
9-cell ,1.3 GHz, CW operation
12.5 MeV gain
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Modified Rossendorftype Modules
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P2
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Becker et at, Eur. Phys. J. A (2018) 54: 208

Tracking detector I
. Moller shield

* Precise measurement of the Weinberg angle at low energy
* PV elastic electron scattering
* Polarimetry: Mott+Hydro-Moller
Integrating * Feedback beam stabilisation
detectors * High rate: integrating detectors.
* Silicon strip detectors tracking (HV-MAPS)

Solenoid

Beam axis
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MAGIX
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Target resolutions e

) Rotation: 150-165¢ * dp/p: 6 x 10-5

Timing

. in-plane angle ¢: 6.5 mrad
» TPC trigger: ~ 1 ns

. oop angle Op: 1.6 mrad verte : 60 um
« coincidence time STAR<>PORT: ~100 ps pangie vo 20 H

Focal Plane Dectectors
Focal Plane resolutions (p-dependent etc) Acceptances ,
. * momentum acceptance: £ 15 % * Low-material open-cage GEM TPC
» positions: ~ 100 um angles: ~ 3.5 mrad o
» solid angle: 18 msr » Scintillator stack
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The gas-jet Target

3kSupersonic gas flow from Laval nozzle
3kSupersonic shockwaves and clustering
at cryogenic temperatures limit
gas diffusion
3k mm-wide collimated gas stream
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B.S. Schlimme et al., NIM A, 1013, 11, 165668 (2021)
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The MAGIX Science Program
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Light Dark Matter
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Dark Photon Models

Standard Model Dark Sector
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Dark Photon Models

m 2m
X X Dark photon mass
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X [
/ 2
Darl.( Ma.ﬂer A l € ngSMm
annihilation A’ --»-- (ov) g
in the p% [ Med
Early Universe W oa
<O_U> - gD/mX A lower limit on 6 for thermal relics exists.
No target for €

/ X
Process to . S (A __.1_4_ ga
search for

X

off-shell

Decay to SM particles On-shell decay to DM
Off-shell decay to DM
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Visible Dark Photon Decays

Visible decays
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Coincidence detection of decay products
Production on heavy nucleus (Ar, Xe, ..)
Technique proved at Al

H Merkel et al. Phys. Rev. Lett. 106 (25), 251802 (2011)
H Merkel et al., Phys. Rev. Lett. 112 (22), 221802 (2014)

Invisible decays

Spectrometers 3 mm 0.1 mm
(\ /3 TLITLTE
Zz oh_ n
Tﬂ,x )

Silicon detectors A

Int ti int
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Silicon Detectors

D — - D

Detect:
- Scattered electron
- Recoil proton

Dimension substrate 50 x 50 mm?

Thickness substrate 995 um

Search on missing mass spectrum | Pdopedstrips 16
Strip width 3 mm
Bias voltage 140 V
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Dark Photons at MAGIX: Projections

Visible decays Invisible decays

. KLOE 2015
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More Physics Topics from MAGIX (1)
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More Physics Topics from MAGIX (2)
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More Physics Topics from MAGIX (3)

Neutrino Physics

Exploit the similarity with neutrino scattering:
measurement of low-energy nuclear cross sections for supernova neutrino detectors.

Cross-check of neutrino generators (e.g. MARLEY arXiv:2101.11867).

Few-Body Nuclear Physics

Perform inclusive and exclusive cross section measurements on few-
body systems for precisely investigate the effect of MECs and test

modern nuclear potential models (3-body forces).

Inclusive measurements, “He(e,e’)
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DarkMESA
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DarkMESA

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

e
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DarkMESA

Pb Glass

Photo-
Multipliers s 382t

MAGIX

Jet Target & Quadrupole
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Phase A: Prototype
5x5 PbF2 crystals
0.04 m3 volume

Phase B:
PbF2 + SF5 calorimeter
~1000 + ~1000 crystals

>1 m3 volume

Phase C: TBD..(DRIFT?)
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Dark Photons at DarkMESA: Projections
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Summary

* MESA: Superconducting energy recovery electron accelerator
- High current CW operation
- 3 Experiments
* MAGIX:
- Very flexible setup
- Rich experimental program
- Unique: high current + jet target

* Contributions to DM searches, hadron, and nuclear (astro)physics

* DarkMESA: opportunity detector, parasitic operation with P2.
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