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Greetings from MAMI.
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MESA - the new flagship at Mainz.

DarkMESA

P2

MAGIX

Dark sector searches at the electron accelerator MESA

• Mainz Energy-Recovering Superconducting Accelerator

• High-intensity, low-energy electron accelerator currently 

under construction, first beam expected in 2025

• Double-sided Multi Turn Energy-Recovery Linac (ERL)

• Two operation modes: Extracted Beam (EB) and      

Energy-Recovery Linac (ERL)

• Three experiments: MAGIX, P2, and DarkMESA
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• Mainz Energy-Recovering Superconducting Accelerator

• High-intensity, low-energy electron accelerator currently 
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• Double-sided Multi Turn Energy-Recovery Linac (ERL)

• Two operation modes: Extracted Beam (EB) and      

Energy-Recovery Linac (ERL)
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+ 25 MeV

5 MeV

≤ 30 MeV

Let’s build MESA (1/7).

Double-sided Multi Turn Energy-Recovery Linac
Electron Linear
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+ 25 MeV

5 MeV

≤ 80 MeV

Let’s build MESA (2/7).

Double-sided Multi Turn Energy-Recovery Linac
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+ 25 MeV

5 MeV

+ 25 MeV

≤ 155 MeV

Let’s build MESA (3/7).

Double-sided Multi Turn Energy-Recovery Linac

Extracted Beam (EB) mode - P2 experiment

S.
Sc

hl
im

m
e



Sebastian Stengel 9Dark sector searches at the electron accelerator MESA

+ 25 MeV

5 MeV

+ 25 MeV
≤ 105 MeV

Extracted Beam (EB) mode - MAGIX experiment

Let’s build MESA (4/7).

Double-sided Multi Turn Energy-Recovery Linac
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+ 25 MeV

5 MeV

Don’t crush 
the beam

+ 25 MeV
≤ 105 MeV

Let’s build MESA (5/7).

Double-sided Multi Turn Energy-Recovery Linac

Energy-Recovery…
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Double-sided Multi Turn Energy-Recovery Linac

Energy-Recovery Linac (ERL) mode - MAGIX experiment

+ 25 MeV

5 MeV

+ 25 MeV
5 MeV≤ 105 MeV

180° phase shift

Let’s build MESA (6/7).
Acceleration

Deceleration

Isochronous 
ERL operation
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+ 25 MeV

+ 25 MeV
≤ 105 MeV

5 MeV

≤ 155 MeV

Mainz Energy-recovering Superconducting Accelerator

Let’s build MESA (7/7).
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MESA - the new flagship at Mainz.

Dark sector searches at the electron accelerator MESA

Injection linac

Electron 

source

Cavitie
s

Cavitie
s

Beam 
dump

Beam 

dump

Beam 
dump

DarkMESA

P2

MAGIX

• Mainz Energy-Recovering Superconducting Accelerator

• High-intensity, low-energy electron accelerator currently 

under construction, first beam expected in 2025

• Double-sided Multi Turn Energy-Recovery Linac (ERL)

• Two operation modes: Extracted Beam (EB) and      

Energy-Recovery Linac (ERL)

• Three experiments: MAGIX, P2, and DarkMESA
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• Mainz Energy-Recovering Superconducting Accelerator

• High-intensity, low-energy electron accelerator currently 

under construction, first beam expected in 2025

• Double-sided Multi Turn Energy-Recovery Linac (ERL)

• Two operation modes: Extracted Beam (EB) and      

Energy-Recovery Linac (ERL)

• Three experiments: MAGIX, P2, and DarkMESA
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Injection linac

Electron 

source

Cavitie
s

Cavitie
s

Beam 
dump

Beam 

dump

Beam 
dump

DarkMESA

P2

The multi-purpose experiment MAGIX 
• MAinz Gas Injection target eXperiment

• Using ERL mode of MESA with an energy of 

up to 105 MeV and a beam current of 
>1000 µA


• Luminosities of the order of 1035 cm-2s-1

• Rich physics program in nuclear, particle, 

and few-body physics

• One focus: dedicated dark photon searches

MESA - the new flagship at Mainz.
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• Mainz Energy-Recovering Superconducting Accelerator

• High-intensity, low-energy electron accelerator currently 

under construction, first beam expected in 2025

• Double-sided Multi Turn Energy-Recovery Linac (ERL)

• Two operation modes: Extracted Beam (EB) and      

Energy-Recovery Linac (ERL)

• Three experiments: MAGIX, P2, and DarkMESA
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Injection linac
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source
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dump

Beam 
dump

DarkMESA

MAGIX

P2 - Parity violating experiments 
• Using EB mode of MESA with an 

energy of up to 155 MeV, a beam 
current of up to 150 µA, and a beam 
polarization of ~85%


• Luminosities of the order of 1039 cm-2s-1

• Main focus: Measurement of the weak 

mixing angle with highest precision

MESA - the new flagship at Mainz.
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• Mainz Energy-Recovering Superconducting Accelerator

• High-intensity, low-energy electron accelerator currently 

under construction, first beam expected in 2025

• Double-sided Multi Turn Energy-Recovery Linac (ERL)

• Two operation modes: Extracted Beam (EB) and      

Energy-Recovery Linac (ERL)

• Three experiments: MAGIX, P2, and DarkMESA

The beam-dump experiment DarkMESA 
• Using P2 beam-dump as a source for 

hypothetical LDM particles

• Direct search for light dark matter (LDM) 

particles
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MESA - the new flagship at Mainz.
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MAGIX - A collaboration.

Dark sector searches at the electron accelerator MESA

Injection linac

Electron 

source

Cavitie
s

Cavitie
s

Beam 
dump

Beam 

dump

Beam 
dumpP2

• Exploiting as many synergies as possible

• Currently 47 members in 11 locations

The beam-dump experiment DarkMESA 
• Using P2 beam-dump as a source for 

hypothetical LDM particles

• Direct search for light dark matter (LDM) 

particles

The multi-purpose experiment MAGIX 
• MAinz Gas Injection target eXperiment

• Using ERL mode of MESA with an energy of 

up to 105 MeV and a beam current of 
>1000 µA


• Luminosities of the order of 1035 cm-2s-1

• Rich physics program in nuclear, particle, 

and few-body physics

• One focus: dedicated dark photon searches
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

keV MeV ~ me GeV ~ mp TeV

DM  
mass
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

DM  
mass

keV MeV ~ me GeV ~ mp TeV

UnitarityBBN & CMB
Nollett and Steigman, 10.1103/PhysRevD.89.083508 Griest and Kamionkowski, 10.1103/PhysRevLett.64.615
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

DM  
mass

keV MeV ~ me GeV ~ mp TeV
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

DM  
mass

keV MeV ~ me GeV ~ mp TeV
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Nothing found yet…
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

DM  
mass

keV MeV ~ me GeV ~ mp TeV

Light Dark Matter (LDM)
• Interest has shifted towards lower masses

• Related: idea of rich but unexplored dark 

sector that communicates with the SM 
through one (or more) dark mediator particles
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

DM  
mass

keV MeV ~ me GeV ~ mp TeV

Light Dark Matter (LDM)
• Interest has shifted towards lower masses

• Related: idea of rich but unexplored dark 

sector that communicates with the SM 
through one (or more) dark mediator particles


• Popular mediator model: Dark photon  that 
couples e.g. via kinetic mixing

γ′￼

SM 

sector 
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Dark 

sector 

U(1)D

γ

Dark 

photon 


γ′￼

χ

χ̄

Heavy charged leptons

carrying U(1) and U(1)D charge

α
Dαϵ ϵ
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Dark matter searches.

Dark sector searches at the electron accelerator MESA

DM  
mass

keV MeV ~ me GeV ~ mp TeV

Light Dark Matter (LDM)
• Interest has shifted towards lower masses

• Related: idea of rich but unexplored dark 

sector that communicates with the SM 
through one (or more) dark mediator particles


• Popular mediator model: Dark photon  that 
couples e.g. via kinetic mixing

γ′￼

SM 

sector 

U(1)

Dark 

sector 

U(1)D

γ

Dark 

photon 


γ′￼

Heavy charged leptons

carrying U(1) and U(1)D charge

Complementary 
dark sector 
searches

α
Dαϵ ϵ

χ

χ̄



DarkMESA.
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The DarkMESA concept.

Dark sector searches at the electron accelerator MESA

P2 beam-dump
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Electron recoil Nuclear recoil

• 16,000 hours of high-intensity beam on the dump

• Beam energy below the pion production threshold

• Beam current: 150µA

• Electrons on target (EOT): 5x1022
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DarkMESA - detector stages.

Dark sector searches at the electron accelerator MESA

Phase A (prototype) Phase B (increased volume)

Phase C (range extension, different options)
Radiation protection glass Time-projection-chamber (DarkMESA DRIFT)

…
Liquid scintillators (NuDoubt++)

• 0.004 m3 PbF2

• Lead shield

• Scintillator sheets as veto 

detectors

• 0.120 m3 PbF2 and 0.580 m3 SF5 Pb-glass

• Lead shield

• Scintillator sheets as veto detectors

Pb-glass calorimeter
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DarkMESA - expected sensitivity.

Dark sector searches at the electron accelerator MESA

αD = 0.5, mγ′￼= 3mχ
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Natural dimensionless

interaction strength

Relic density limits that

correspond to predictions

assuming a thermal origin of DM



MAGIX.
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The basic idea of MAGIX.

MAGIX  
supersonic gas jet

MESA  
electron beam

High-intensity 
electron beam 
in the low-energy regime

Window-less  
gas jet target 

and minimal material budget

Clean  
experimental  
environment 

with drastically reduced particle 

interactions prior to detection

Dark sector searches at the electron accelerator MESA
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The MAGIX physics program.

Dark sector searches at the electron accelerator MESA

Astrophysics 
• Astrophysical S-factor of the reaction 



• Target gas: oxygen

12C(α, γ)16O

Nuclear physics 
• Electromagnetic form factors (  and ) 

of the proton

• Target gas: hydrogen

GE GM

Few-body physics 
• Transition form factor of 4He

• Target gas: helium

Dark photon searches 
• Visible ( ) and invisible 

( ) decay modes of the 
hypothetical dark photon 


• Target gases: argon, (xenon), hydrogen, 
deuterium

γ′￼→ e−e+

γ′￼→ χχ̄
γ′￼
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The MAGIX setup.

GEM-based time 
projection chamber 

(TPC)

Pumping cascade for the 
gas jet target

Trigger Veto System 
made of scintillator and 

lead absorber layers

Neutron 
background

Focal  
plane

Scattered  
electrons

Dark sector searches at the electron accelerator MESA

Muon 
background

Window-less target chamber housing 
the internal gas jet target and an array of 

silicon strip detectors

Twin-arm magnetic 
spectrometer built 
of two dipoles and 
one quadrupole in 

each arm 15°-165° 
3-282 MeV/c 
6msr

3.
7 

m

Δp/p < 1 × 10−4
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Coincidence measurement 

between both spectrometers

33

Dark photon - visible decay.

Dark sector searches at the electron accelerator MESA
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Coincidence measurement 

between both spectrometers

34

Dark photon - displaced vertex.

Dark sector searches at the electron accelerator MESA

Visible 

decay mode
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Dark photon - invisible decay.

Dark sector searches at the electron accelerator MESA
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spectrometer and the silicon strip detectors 

Bump  
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missing
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Dark photon - effective neutron target.

Dark sector searches at the electron accelerator MESA

Coincidence measurement 

between both spectrometers

Bump  
hunt

No exclusion 

limits yet

Visible 

decay mode
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Summary
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MESA 
• New high-intensity, low-energy 

electron accelerator

• Two modes: energy-recovery linac 

mode and extracted beam mode

• Exciting experimental program

MAGIX 
• High-resolution, two-spectrometer 

setup utilizing an internal gas jet target

• Varied and rich physics program, 

including investigations of both visible 

and invisible decay modes of the dark 

photon

DarkMESA 
• Beam-dump experiment directly 

looking for LDM particles
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Summary

DarkMESA 
• Beam-dump experiment directly 

looking for LDM particles
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MESA 
• New high-intensity, low-energy 

electron accelerator

• Two modes: energy-recovery linac 

mode and extracted beam mode

• Exciting experimental program

MAGIX 
• High-resolution, two-spectrometer 

setup utilizing an internal gas jet target

• Varied and rich physics program, 

including investigations of both visible 

and invisible decay modes of the dark 

photon

Summary

Thanks for your attention!  
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The MAGIX gas jet target.

Dark sector searches at the electron accelerator MESA

S.Grieser et al.,10.1016/j.nima.2018.07.076

S. Schlimme et al.,10.1016/j.nima.2021.165668
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The beam layout of MAGIX.

Dark sector searches at the electron accelerator MESA

The foreward spectrometer 
FORE 
• Bending dipole

• Luminosity monitor

• Forward spectrometer for 

astrophysical S-factor 
measurement
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DarkMESA - detection threshold and neutron background studies.

Dark sector searches at the electron accelerator MESA

Detection threshold 

will be at ~ 10 MeV

Simulated energy distribution 

of beam-induced neutrons

FLUKA simulation

M. Christmann, PhD thesis, 10.25358/openscience-9076
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DarkMESA - expected sensitivity 2.

Dark sector searches at the electron accelerator MESA

αD = 0.5, mγ′￼= 3mχ
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