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Four experimental areas

• A1: Electron scattering

• A2: Real photons

• X1: Hard X-Ray sources

• A4: Parity violation (Replaced by MESA)
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MAMI - Multi-stage microtron

•1.5 GeV electrons @ 0.1 mA

•Active since 1979

•Long list of scientific accomplishments

•Dark photon searches at A1

M

E

S
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•105 MeV polarized electrons @ 1 mA

•Internal target scattering (MAGIX)

ER branch

•155 MeV polarized electrons @ 0.15 mA

•Dedicated experiment (P2)

•Electroweak asymmetry precision 
measurement

Extracted beam

• Behind the P2 beam dump

• About 1023 electrons on target

Beam dump experiment
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Internal Gas 
Target

Twin ARm
DIpole

Spectrometer

Focal Plane 
Detectors

A high-precision multi-purpose experimental setup



High resolution on low momentum electrons

•1 < p < 100 MeV

•
∆𝑝

𝑝
≈ 10−4

• ∆𝜃 ≅ 0.9 mrad

Recoil particle detection

•Detection of recoil protons and alphas necessary for 
some planned experiments (e.g. DP invisible decays)

Material reduction

•Uncontained gas target

•No window before the magnet

•Thin detector design

High rate capability

•With a CW operation rates up to 𝑂(1𝑀𝐻𝑧)

•Count rates of 𝑂(100 𝐾𝐻𝑧)
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Polarized gas

• Molecular Flow 
inside a mylar
tube

Supersonic jet

• 2 mm wide jet 
stream in 
vacuum

• 1019atoms / cm2

Cluster-Jet

• Molecular 
clustering @ 40K

• Increase self-
conatinment

•Low energy electrons and recoil 
nuclei to measure

•Beam recapture after the 
interaction

Limited material thickness

•Target luminosity 1035cm−2s−1

High luminosity

•Optional requirement for some 
process

•Not relevant for DM projects

Gas polarization
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• 40K Hydrogen

• 4 bar injection pressure

• >15 cm long contained beam

• Integrated density to be measured

Cluster target prototype

• Target prototype to be installed on A1 in 
September

• New proton radius measurement with ISR 
and reduced background

A1 target test



•Linear mapping of momenta to one coordinate 
in a focal plane

Momentum focusing

•Mapping of the scattering angles to position 
and angles at the focal plane.

Angular focusing

•Extremely good momentum and angular 
resolution

•Depending on the acceptance of the 
spectrometer and size of the focal plane

Advantages

•Limited geometric acceptance

•Compensated by the high luminosity

Disadvantages
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•200 MeV maximum momentum

•45 MeV momentum acceptance @ 100 MeV

•120x30 cm2 focal plane

Quadrupole + Dipole

•10-4 relative momentum resolution

•0.9 mrad scattering angle resolution

•Assuming 50 μm resolution at the focal plane

Performance simulation

Currently 

developing a 

few additional 

variants
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2 Layer Hodoscope

• Simple detector to built

• Uniform and high position 
resolution

• Moderate material thickness

• Only 2 reconstructed points

Short drift TPC

• Challenging at very high rates

• Minimal material thickness

• Multiple samples and full track 
reconstruction possible

G
a

s 
d

e
te

c
to

rs Low material 
budget

Low cost for 
large area 
coverage

M
P

G
D Modern gas 

amplification 
systems

Resolutions of 
the order of 
50 μm 
achieved by 
several 
detectors

G
E
M High rate 

capability 

Good stability 
at high rate

Relatively 
large material 
budget



•Multiple scattering of 10 – 100 MeV electrons 
between layers less than ∆𝜃 ≅ 0.9 mrad

•Detection of protons of momentum < 50 MeV in the 
first tracking layer

Challenges

•Kapton foil readout planes in the first hodoscope
layer

•Single layer padded strip layout

Foil readout

•Thin copper coating or chromium coating

•Some chromium coated GEM being characterized in 
the lab

Thin GEM

•Vacuum membrane has cathode

•Single gas volume for the two layers

Inert material reduction
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• Silicon strips integrated in the scattering chamber

• Detection of recoil protons and alpha at low momenta

Recoil detectors

• Fast scintillators for triggering and timestamping

• Time-of-flight measurement to reduce cosmic backgrounds

Trigger and PID

• Measurement of forward photons

• Integrated in the first bending dipole after the experiment

0-degree tagger
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•Proton form factors (electric and magnetic)

•Nuclear polarizabilities

•Light nuclei form factors (Deuteron and helium)

Hadronic structure

•Deuteron and 3He breakup

•4He monopole transition factors

•Test of effective field theories

• Inclusive electron scattering

Few-body physics

•16O(e, e’α)12C S-factor

Precision cross-sections

•Direct dark photon search

• Invisible decaying dark photon search

•Beam dump experiment (technically is not MAGIX but 
involves the same group)

Search for exotica
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Dark sector mediator

• Massive U(1) boson

• Same quantum numbers of the SM photon

• Can undergo kinetic mixing with the SM photon (parameterized by 𝝐)

• Magix can search for invisible or visible decays (possible when there is 
no DM particle kinematically accessible)
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Measure the 
momenta of e+

e- in 
coincidence

Bump hunting in 
the invariant 

mass 
distribution

Mass sensitivity: 
10 – 60 MeV

Coupling down 
to about

𝝐 > 𝟓 ⋅ 𝟏𝟎−𝟓
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M

A

G

I

X

•Spectrometer for electron

•Second detector for the proton

Full kinematic reconstruction

•Spectrometer efficiency for proton 
detection

•Do we need a separate recoil detector?

Work in progress

Mass sensitivity 
about 10-60 

MeV

Coupling 
sensitivity 
unknown
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• Earliest availability of MESA: 2020

• First MAGIX operation: 2021-22

Construction schedule

• R&D projects ongoing

• Physics book to be published in autumn

• TDR before the end of 2017

Design timeline

• Accelerator and experiments financed by the German science council 
and the PRISMA cluster of excellence

• PRISMA funded by the Rheinland-Pfalz state and by the Mainz university

Financing
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• Experimental setup for high precision measurements

• Rich physics program under development

MAGIX: a versatile experiment

• Sensitive to Dark Photons with mass of about 10-60 MeV

• Sensitivity to couplings of the order of 10-4

• Full simulations under development

• Beam dump experiment included in the program

Dark matter searches

• Currently 4 institutes involved

• First collaboration meeting 15-17 February 2017

• Open to new physics proposals to make the project long-lasting

• Open to new collaborators to realize the Magix

Open and expanding collaboration
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THANK YOU FOR YOUR ATTENTION!

http://magix.kph.uni-mainz.de



•The derivative of the form-factor for 𝑄2 → 0

Proton charge radius

•Hydrogen hyperfine structure

•Electron scattering

• 𝑟𝑒 = 0.8775(51)

Electronic measurements

•Lamb shift of a muonic hydrogen

• 𝑟𝜇 = 0.84087(39)

Muonic measurements

•With current experiments 𝑄2 > 0.003 GeV2

•Extrapolation to 0 to derive the form factor

•MAGIX will measure the form factors at lower Q2 

to improve the current results

Electron scattering Q2

7 σ discrepancy

•The derivative of the form-factor for 𝑄2 → 0

Proton charge radius

•Hydrogen hyperfine structure

•Electron scattering

• 𝑟𝑒 = 0.8775(51)

Electronic measurements

•Lamb shift of a muonic hydrogen

• 𝑟𝜇 = 0.84087(39)

Muonic measurements

•With current experiments 𝑄2 > 0.003 GeV2

•Extrapolation to 0 to derive the form factor

•MAGIX will measure the form factors at lower Q2 

to improve the current results

Electron scattering Q2

7 σ discrepancy
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•Relevant for astrophysical modelling

•12C(α,γ)16O important to model late stellar burning

•Thermal energy at burning point (Gamow peak 
energy) ~300 KeV

•Very low cross-section ~10-16 barn

Low energy nuclear cross-sections

•2 orders of magnitude cross-section improvement 
10−16 → 10−14 barn

•Time-reversal correlation with the prev ious reaction

•Poor data coverage at 1 MeV and below

•MAGIX can measure this cross-section at Ecm < 1 
MeV

•Presented on Monday by S.Lunkenheimer

Inverse reaction 16O(γ,α)12C 
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