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Mainz Energy recovering 
Superconducting Accelerator
MESA ðAn upcoming electron accelerator in Mainz
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MESA G as Internal target 
eXperiment
MAGIX ðA versatile fixed target experiment @ MESA
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MAGIX ðSetup & Physics

ÅGas-jet target inside of a 

windowless chamber

ÅTwo magnetic spectrometers

ÅFocal plane detectors 

(low material budget) 

ÅTrigger and cosmics veto system

ÅPrecision measurements in a 

variety of fields
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MAGIX ðSearch for Dark Photons

ÅDark photon produced radiatively:

ÅVisible decay , ifɾdecays into SM 

particles , e.g. ɾᴼὩ Ὡ :

Å Final state can be detected in 

coincidence in the spectrometers
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Exclusion limits for detecting the lepton

pair at different beam energies (visible)



MAGIX ðSearch for Dark Photons

ÅDark photon produced radiatively:

Å Invisible decay , if ɾdecays into light 

dark matter particles ɾᴼ… Ӷ…:

Å Measure recoil target nucleus with 

additional detector (missing mass)
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Ὡ ὴO Ὡ ὴ ɾ

…β Ӷ…

Silicon strip detector: Micron Semiconductor X1



DarkMESA
ðA parasitic dark sector experiment ð
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ÅParity violating asymmetry

Å60 cm liquid hydrogen target 

Ą energy loss ~ 17 MeV

ÅSolenoid spectrometer

Å10,000 h measurement time 

needed

Ą ~ 3.37 · 1022 electrons

Ą ~ 5400 C dumped
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...and the Beam Dump
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ÅBeam dump 12 meter after P2 

target

ÅWater for cooling (~ 0.4 X0)

ÅAluminum (~ 16.5 X 0)

ÅCopper plate (~ 9.5 X0)

Ideally suited for a 

parasitic dark sector 

experiment

Aluminum

Water



Experimental Concept
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Simulation Studies for 
DarkMESA
Using Geant4 and MadGraph
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ÅP2 target

ÅMagnetic field of the solenoid
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z

y
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Simulation Outline
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photons

electrons

positrons

ÅFirst primary generator: 155 MeV 

electrons before P2 target

Åe+e - energy distribution in the dump

ÅExternal: MadGraph simulation of 

dark photon decay

ÅSecond primary generator: ʔôs at 
first radiation length of beam dump

ÅCross section calculation
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Simulation Outline
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(example for 
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ÅFirst primary generator: 155 MeV 

electrons before P2 target

Åe+e - energy distribution in the dump

ÅExternal: MadGraph simulation of 

dark photon decay

ÅSecond primary generator: ʔôs at 
first radiation length of beam dump

ÅCross section calculation

What about the DarkMESA detector?
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~1000 crystals and
photomultipliers from the

former A4 experiment

DarkMESA ðDetector Concept

PbF2 crystals

0.13 m3

PbF2

~ 1 m

+ additional Pb glass



Material Studies for the 
DarkMESA Calorimeter
Beam time at MAMI in July & December 2018
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Experimental Setup

Å6 - 14 MeV electron beam at MAMI

ÅFiber detector as trigger system

ÅPrototype detectors

PbF2 in different lengths

Pb glasses from Schott:                                 

SF5, SF6 & SF57 HTUltra

BGO as reference

ÅXY and angular scans

21

14 MeV
e -

Plastic 
absorbers

Fiber detector 
as trigger

Prototypes on 
rotatable XY table

Cherenkov

radiators
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Experimental Results
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Å Three different Pb glass detectors and 
PbF2 with a lmost same crystal sizes 
( σͯπσπρυπÍÍ )

Å PbF2 has the highest light yield

Å Out of the Pb glasses SF5performs best

Å This sequence was expected due to the 
transmittance spectra
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Different beam energies
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beam electrons below 10 MeV
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Å Varying absorber thicknesses

Different beam energies

Å Signals can be resolved even for 
beam electrons below 10 MeV

Å Good homogeneity over the 
entire front surface



Experimental Results

ÅPbF2 and SF5: best light yield & energy resolution for e - below 14 MeV
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DarkMESA ðStaged Approach

25

Stage A:
0.13 m3

PbF2

Stage B:
+ 1 m 3

Pb glass

Stage C:
+ 10 m 3

Pb glass

Expansion of the active volume

~ 1 m
~ 1 m

~ 1 m

~1000 crystals and
photomultipliers from the

former A4 experiment



DarkMESA ðSimulation Results
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ÅFurther assumptions made:

Å Additional 2.5 mm Tungsten target

Å‌ πȢυand Í σɇÍ

Åσɇρπ EOT

Å Energy detection threshold 14 MeV

Å Detector efficiency 90%

Å No backgrounds

ÅTouch thermal relic targets



Prototype for a Calorimeter 
with a Veto Detector System
Construction & Outlook
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OV

IV

IV

OV

OV = Outer Veto
IV = Inner Veto

ÅCosmic ray induced neutrons?

ÅSensitivity to neutrons was studied in 

a bachelor thesis

72%

0.12%

0.045%

0.4%

2.9%



Prototype ðConcept
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OV

IV

IV

OV

OV = Outer Veto
IV = Inner Veto

SF5: 2x (260 x 142 x 65 mm 3)

PbF2: 5 x 5 array
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DAC

Amplifier
Analog Output 

OP Amplifier

Prototype ðReadout System

ÅSensL SiPM 

Å 6 x 6 mm 2

ÅPeak wavelength at 420 nm

ÅEJ-200 plastic scintillators

Å 20 mm thick                  

Å 10,000 photons/MeV

Å Maximum emission at 425 nm

30

4 SiPMs per card



Prototype ðReadout System

ÅSensL SiPM 

Å 6 x 6 mm 2

ÅPeak wavelength at 420 nm

ÅEJ-200 plastic scintillators

Å 20 mm thick                  

Å 10,000 photons/MeV

Å Maximum emission at 425 nm

ÅLight collection:

ÅAbout 10 photons/SiPM

Å Increase light yield with 

wavelength -shifting fibers

ÅMAMI beamtime last week, 

analysis ongoing (master thesis)
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Summary

ÅMESA and the three experiments ( MAGIX , P2 & DarkMESA) 

could be operational 2022

ÅDarkMESA can achieve stronger dark photon exclusion limits

ÅCalorimeter materials were studied experimentally at MAMI

ÅPbF2 and the Pb glass Schott SF5 showed the most promising 

results        Background studies started

ÅDarkMESA readout electronics developed

Short-term goal: Completion of a prototype for 

DarkMESA Stage B
31


