
The MESA Science Program 
Dark matter and more.

Luca Doria (doria@uni-mainz.de) 
PRISMA+ Cluster of Excellence and Institute for Nuclear Physics 
Johannes Gutenberg University Mainz 

New Scientific Opportunities at the TRIUMF ARIEL e-LINAC Workshop 
May 2022, Vancouver, BC 

 

mailto:doria@uni-mainz.de


Luca Doria, JGU Mainz 2

Introduction

The MESA facility 

Experiments 

Physics Program: 

- Dark Matter 
- Precision Electro-weak physics 
- Hadron and Nuclear Physics



Luca Doria, JGU Mainz 3

The MAMI and MESA Facilities

MAMI-B 
3 cascaded Racetrak Microtrons 
E=180-883 MeV 
Max beam current 100 uA c.w.

MAMI-C (since 2007) 
Harmonic Double-sided Microtron 
E= 1.5 GeV 

A1 Collaboration 
3-spectrometer setup 
Experiments with electrons 

MESA 
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MESA

Superconducting Cavities: 
9-cell ,1.3 GHz, CW operation  
12.5 MeV gain  
XFEL-TESLA type 
Modified Rossendorf-type Modules 

Two modes of operation: 
 
- EB-operation (P2/BDX experiment): 
   polarized beam,  150 µA @ 155 MeV 
- ERL-operation (MAGIX):    
  (un)polarized beam,   
  up to 1 (10) mA @ 105 MeV
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P2
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The P2 Experiment

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

Becker et at, Eur. Phys. J. A (2018) 54: 208
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MAGIX
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MAGIX

2 Overview of the complete spectrometer setup

In order to have a complete picture, first the spectrometer setup is described, in which the
magnet system of the present tender will be integrated. A sketch of this spectrometer setup
is shown in Fig. 2.

Figure 2: Conceptual design of the spectrometer setup. (Top: the magnet system, which
is central part of this tender; not shown are the vacuum chambers inside of the magnets,
cables and so forth. Bottom: further components, which are beyond the scope of this ten-
der.) Two rotatable mirror-symmetric magnetic spectrometers (quadrupole-dipole-dipole)
are assembled around a common rotation axis. The sectional view of the right spectrome-
ter shows the position of the pole pieces as well as their common return yoke. For different
particle momenta and angles, the calculated particle tracks through the magnetic field are
overlaid at the left spectrometer, indicating the location of the focal plane (red line) and the
ideal position for the customer’s detector systems (gray box with green electronic cards). In
addition, the scattering chamber in the center of the spectrometers, vacuum pumps, and a
gas jet target system are shown, as well as focal plane detectors. Presentation of support
frames is omitted for clarity.
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Timing 
• TPC trigger: ~ 1 ns
• coincidence time STAR↔PORT: ~100 ps 
Focal Plane resolutions (p-dependent etc) 
• positions: ~ 100 μm angles: ~ 3.5 mrad 

Target resolutions  
• dp/p: 6 × 10-5

• in-plane angle φ0: 6.5 mrad 

• oop angle θ0: 1.6 mrad vertex y0: 60 μm 

Acceptances 
• momentum acceptance: ± 15 % 
• solid angle: 18 msr 

Rotation: 15o-165o

Figure 4: Left: Visualisation of the magnetic field configuration. The magnetic flux density
is indicated by a color code given in the bottom left. The location of the focal plane is
indicated by the red line. Calculated particle tracks are shown for different momenta and
angles of the incoming particles. Detectors will be mounted below the D2 dipole magnet
within a shielding house. Right: The magneto-optical properties of the spectrometers in
the non-dispersive direction. Tracks for various starting points and non-dispersive angles
are shown. The extent of the optical elements is indicated by the green lines for the central
trajectory.

Identifier A.1 — Magnets

1. The quadrupole is realized in an “8”-configuration. It features water cooled coils, and
a mirror plate in front of the quadrupole serves for magnetic shielding.

2. A special, concerted design of further magnets is used to achieve double-focusing
with a horizontal focal plane below the magnets. In the following it will be assumed
that this is achieved by using two dipole magnets with a common return yoke, see
Fig. 4. An alternative design which doubtlessly fulfills all specifications is acceptable
as well.

The whole setup (specifically the magnets, power supplies, return yokes, and coils) is de-
signed for a central momentum of 0-300 MeV/c. The specifications are defined for a central
momentum of 200 MeV/c. Differing from these specifications, modest saturation effects
and modest exceeding of the water flow velocity and Reynold’s number are acceptable for
central momenta above 200 MeV/c.
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“STAR”“PORT”

Focal Plane Dectectors
• Low-material open-cage GEM TPC
• Scintillator stack

Open -cage GEM TPC

e-
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The gas-jet Target
Supersonic gas flow from Laval nozzle 
Supersonic shockwaves and clustering 
   at cryogenic temperatures limit  
   gas diffusion 
 mm-wide collimated gas stream

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
GeVMeVkeV TeV

DM Mass

WIMPs

LDM
mp
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Standard Model Dark Sector

Minimal Dark Photon Model
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Visible Dark Photon Decays
Visible decays

Search for Light Gauge Bosons of the Dark Sector at the Mainz Microtron

H. Merkel,1,* P. Achenbach,1 C. Ayerbe Gayoso,1 J. C. Bernauer,1,† R. Böhm,1 D. Bosnar,2 L. Debenjak,3 A. Denig,1
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1Institut für Kernphysik, Johannes Gutenberg-Universität Mainz, D-55099 Mainz, Germany‡
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3Jožef Stefan Institute, SI-1000 Ljubljana, Slovenia
4Clermont Université, Université Blaise Pascal, CNRS/IN2P3, LPC, BP 10448, F-63000 Clermont-Ferrand, France
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(Received 21 January 2011; published 22 June 2011)

A new exclusion limit for the electromagnetic production of a light Uð1Þ gauge boson !0 decaying to

eþe$ was determined by the A1 Collaboration at the Mainz Microtron. Such light gauge bosons appear in

several extensions of the standard model and are also discussed as candidates for the interaction of dark

matter with standard model matter. In electron scattering from a heavy nucleus, the existing limits for a

narrow state coupling to eþe$ were reduced by nearly an order of magnitude in the range of the lepton

pair mass of 210 MeV=c2 <meþe$ < 300 MeV=c2. This experiment demonstrates the potential of high

current and high resolution fixed target experiments for the search for physics beyond the standard model.

DOI: 10.1103/PhysRevLett.106.251802 PACS numbers: 14.70.Pw, 25.30.Rw, 95.35.+d

Introduction.—An additionalUð1Þ interaction appears to
be natural in nearly all theoretical extensions of the stan-
dard model. Large gauge symmetries have to be broken,
andUð1Þ bosons provide the lowest-rank local symmetries.
For example, in standard embedding of most variants of
string theories, a Uð1Þ boson is generated by symmetry
breaking. Such additionalUð1Þ bosons may be hidden; e.g.,
no standard model particles are charged under the corre-
sponding symmetry, but their mass is allowed in the range
of the standard model masses.

Recently, several experimental anomalies were dis-
cussed as possible signatures for a hidden force. A light
Uð1) boson in the mass range below 1 GeV=c2 might
explain, e.g., the observed anomaly of the muon magnetic
moment [1,2]. Cosmology and astrophysics provide an
abundant amount of evidence for the existence of dark
matter (for a summary, see, e.g., Ref. [3]). Several ex-
perimental hints point to a Uð1Þ boson coupling to leptons
as the mediator of the interaction of dark matter with
standard model matter (see, e.g., Ref. [4] for a detailed
discussion). For example, the lively debated annual
modulation signal of the DAMA-LIBRA experiment [5]
could be brought into accordance with the null result
of bolometric experiments if one assumes an interaction
via a light Uð1Þ boson [6]. Observations of cosmic rays
show a positron excess [7]. While this excess may be due
to astrophysical process like quasars, this could also be a
hint for the annihilation of dark matter into leptons. If
the experimental evidence is interpreted as annihilation
of dark matter, the excess of positrons and no excess of

antiprotons in cosmic rays hints again to a mass of the
Uð1Þ boson below 2 GeV=c2.
The interaction strength of such a Uð1Þ boson (in the

following denoted as !0, in the literature also denoted as A0,
U, or ") with standard model particles is governed by the
mechanism of kinetic mixing [8]. The coupling can be
subsumed by an effective coupling constant # and a vertex
structure of a massive photon.
Bjorken et al. [9] discussed several possible experimen-

tal schemes for the search of a !0 in the most likely mass
range of a few MeV=c2 up to a few GeV=c2. Since the
coupling is small, the cross section for coherent electro-
magnetic production of the !0 boson can be enhanced by a
factor Z2 by choosing a heavy nucleus as the target (see
Fig. 1). The subsequent decay of the !0 boson to a lepton
pair is the signature of the reaction.
The cross sections of signal and background were esti-

mated in Ref. [9] in the Weizsäcker-Williams approxima-
tion. In this approximation, the cross section shows a sharp

γ'

e− e− e− e−

Z Z Z Z

(a) (b) γ'

FIG. 1. Electromagnetic production of the !0 boson. The
coupling of the !0 boson is parametrized as i#e!$.

PRL 106, 251802 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending
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0031-9007=11=106(25)=251802(4) 251802-1 ! 2011 American Physical Society
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Coincidence detection of decay products 
Production on heavy nucleus (Ar, Xe, ..) 
Technique proved at A1 
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tion. In this approximation, the cross section shows a sharp

γ'

e− e− e− e−

Z Z Z Z

(a) (b) γ'

FIG. 1. Electromagnetic production of the !0 boson. The
coupling of the !0 boson is parametrized as i#e!$.

PRL 106, 251802 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending
24 JUNE 2011

0031-9007=11=106(25)=251802(4) 251802-1 ! 2011 American Physical Society

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�
<latexit sha1_base64="+sYXSQTatE4fWhRmzemBJ0NPtls=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthabUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKj35Ide6zoZj0qjW37s5AlolXkBoUaPaqX34/YVnMFTJJjel6bopBTjUKJvmk4meGp5SN6IB3LVU05ibIZxdPyIlV+iRKtC2FZKb+nshpbMw4Dm1nTHFoFr2p+J/XzTC6CnKh0gy5YvNFUSYJJmT6PukLzRnKsSWUaWFvJWxINWVoQ6rYELzFl5dJ+6zuXdTdu/Na47qIowxHcAyn4MElNOAWmtACBgqe4RXeHOO8OO/Ox7y15BQzh/AHzucPxnCQ/A==</latexit>

�̄

<latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p <latexit sha1_base64="GsfyUmNmIpMrw+LcGUapOoPaHjI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB27+M+Q==</latexit>p
Silicon Detectors

The Silicon Strip Detector Setup for MAGIX
MAGIX entering Dark Matter Searches with the Silicon Strip Detector
Institute for Nuclear Physics, Mainz | Jennifer Geimer – jgeimer@uni-mainz.de

MESA – ELECTRON ACCELERATOR 

MAGIX – MAINZ GAS INTERNAL 
TARGET EXPERIMENT 

Running in the low energy range of 5-105 MeV MAGIX 
offers new possibilities to investigate a wide range 
of high-precision electron scattering 
experiments. The whole development 
underlays the concept of low material 
budget to minimize multiple scattering 
processes as much as possible. 

The choice of the windowless gas jet target forms the centerpiece of 
the experimental setup. For the detection of the scattered electrons 
the scattering chamber is surrounded by two identical magnetic 
spectrometers which are equipped with a GEM-based TPC as focal 
plane detector. Downstream a trigger veto system will be used for 
particle identification and timing information. Starting from the 
scattering process, the only material the electrons will have to pass is  
one single gas sealing foil of the TPC.

RECOIL PARTICLES
Beside the information from the electrons, there are some reactions 
which can only be fully described by also detecting  
the low-energetic recoil particles. These 
particles will mainly be heavy charged 
particles such as protons, deuterons or 
α-particles. To be sensitive for these nucleon
fragments, several silicon strip detectors 
will be placed into the scattering chamber, 
covering different angular positions. 
This alignment allows direct interaction 
between recoil particles and silicon.
There will be no multi scattering events either.

PART OF PHYSICS PROGRAM

X:  segmentation
with σx = 3 mm/ 12

Y: charge asymmetry limited
by signal-to-noise ratio.

ENERGY SENSITIVITY OF RECOIL DETECTOR

Page 1/4

Experiment Reaction #Specs Recoil detector

Proton formfactor H(e,e’)p 2

S-factor 16O(e,e’α)12C 1

Dark photon H(e,e’p)γ’ 1

Angular range:
15° - 165°

Angular resolution:
O(1 mrad)

Spatial resolution:
O(100 µm)

SILICON STRIP DETECTOR X1
Dimension substrate 50 x 50 mm2

Thickness substrate 995 µm

p-doped strips 16

Strip width 3 mm

Bias voltage 140 V

READOUT
The processing of the strip signals is done by the 
APV-25 ASIC. It’s a charge sensitive, 128-channel 
amplifier with 40 MHz clock frequency and requires 
an external trigger signal. Since electron and hole are 
produced at the same time, the electrons turned out 
to be an excellent choice for the timing information. 
An additional frontend PCB amplifies electrons from 
the substrate and gives the needed signal.

Since the energy sensitivity of the detector scales with its thickness, 
our silicon substrate comes with a huge thickness of nearly 1 mm 
silicon. This leads to a detection threshold of O(10 MeV) for protons. 
To increase the energy range the detector will be completed by an 
additional optical detector system, consisting of a plastic scintillator 
with a multichannel SiPM. Those extra signals can be also processed 
with the same APV-25 Frontend.

INVISIBLE DARK PHOTON DECAY
At MAGIX  the invisible dark Photon 
decay will be measured with 
hydrogen as target gas. The detection 
of scattered electrons will be done 
with one spectrometer while the 
fragment of the nucleus will be 
measured with the silicon detector 
performing as recoil detector.

SPATIAL RESOLUTION

PROOF OF PRINCIPLE
The detector assembly could be 
successfully tested inside a vacuum 
chamber under radiation of an α
AM241 source. The test chamber as 
well as the detector is supported by 
the Software of MAGIX Slow Control. 
See poster S.Lunkenheimer

Figure by M. Biroth | JGU Mainz

721. WE-Heraeus Seminar – Light Dark Matter Searches June 2021

MAGIX will contribute to the low energy section (1 MeV – 100 MeV)
as exclusion limits for the dark Photon searches. See poster P.Gülker
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Mainz energy recovering superconducting accelerator – the key to low 
energy physics, starting 2023. MESA houses three experiments: 
P2, DarkMesa and MAGIX.

 

                 
                 

             

             

The Silicon Strip Detector Setup for MAGIX
MAGIX entering Dark Matter Searches with the Silicon Strip Detector
Institute for Nuclear Physics, Mainz | Jennifer Geimer – jgeimer@uni-mainz.de

MESA – ELECTRON ACCELERATOR 

MAGIX – MAINZ GAS INTERNAL 
TARGET EXPERIMENT 

Running in the low energy range of 5-105 MeV MAGIX 
offers new possibilities to investigate a wide range 
of high-precision electron scattering 
experiments. The whole development 
underlays the concept of low material 
budget to minimize multiple scattering 
processes as much as possible. 

The choice of the windowless gas jet target forms the centerpiece of 
the experimental setup. For the detection of the scattered electrons 
the scattering chamber is surrounded by two identical magnetic 
spectrometers which are equipped with a GEM-based TPC as focal 
plane detector. Downstream a trigger veto system will be used for 
particle identification and timing information. Starting from the 
scattering process, the only material the electrons will have to pass is  
one single gas sealing foil of the TPC.

RECOIL PARTICLES
Beside the information from the electrons, there are some reactions 
which can only be fully described by also detecting  
the low-energetic recoil particles. These 
particles will mainly be heavy charged 
particles such as protons, deuterons or 
α-particles. To be sensitive for these nucleon
fragments, several silicon strip detectors 
will be placed into the scattering chamber, 
covering different angular positions. 
This alignment allows direct interaction 
between recoil particles and silicon.
There will be no multi scattering events either.

PART OF PHYSICS PROGRAM

X:  segmentation
with σx = 3 mm/ 12

Y: charge asymmetry limited
by signal-to-noise ratio.

ENERGY SENSITIVITY OF RECOIL DETECTOR
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Experiment Reaction #Specs Recoil detector

Proton formfactor H(e,e’)p 2

S-factor 16O(e,e’α)12C 1

Dark photon H(e,e’p)γ’ 1

Angular range:
15° - 165°

Angular resolution:
O(1 mrad)

Spatial resolution:
O(100 µm)

SILICON STRIP DETECTOR X1
Dimension substrate 50 x 50 mm2

Thickness substrate 995 µm

p-doped strips 16

Strip width 3 mm

Bias voltage 140 V

READOUT
The processing of the strip signals is done by the 
APV-25 ASIC. It’s a charge sensitive, 128-channel 
amplifier with 40 MHz clock frequency and requires 
an external trigger signal. Since electron and hole are 
produced at the same time, the electrons turned out 
to be an excellent choice for the timing information. 
An additional frontend PCB amplifies electrons from 
the substrate and gives the needed signal.

Since the energy sensitivity of the detector scales with its thickness, 
our silicon substrate comes with a huge thickness of nearly 1 mm 
silicon. This leads to a detection threshold of O(10 MeV) for protons. 
To increase the energy range the detector will be completed by an 
additional optical detector system, consisting of a plastic scintillator 
with a multichannel SiPM. Those extra signals can be also processed 
with the same APV-25 Frontend.

INVISIBLE DARK PHOTON DECAY
At MAGIX  the invisible dark Photon 
decay will be measured with 
hydrogen as target gas. The detection 
of scattered electrons will be done 
with one spectrometer while the 
fragment of the nucleus will be 
measured with the silicon detector 
performing as recoil detector.

SPATIAL RESOLUTION

PROOF OF PRINCIPLE
The detector assembly could be 
successfully tested inside a vacuum 
chamber under radiation of an α
AM241 source. The test chamber as 
well as the detector is supported by 
the Software of MAGIX Slow Control. 
See poster S.Lunkenheimer
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MAGIX will contribute to the low energy section (1 MeV – 100 MeV)
as exclusion limits for the dark Photon searches. See poster P.Gülker
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Mainz energy recovering superconducting accelerator – the key to low 
energy physics, starting 2023. MESA houses three experiments: 
P2, DarkMesa and MAGIX.

 

                 
                 

             

             

Detect: 
- Scattered electron  
- Recoil proton 

Search on missing mass spectrum

The Silicon Strip Detector Setup for MAGIX
MAGIX entering Dark Matter Searches with the Silicon Strip Detector
Institute for Nuclear Physics Mainz | Jennifer Geimer – jgeimer@uni-mainz.de

RECOIL PARTICLES

SILICON STRIP DETECTOR X1

Beside the information from the electrons, there are some reactions 
which can only be fully described by also detecting  the low-
energetic recoil particles. These particles will mainly be heavy 
charged particles such as protons, deuterons or α-particles. To be 
sensitive for these nucleon fragments, several silicon strip  detectors  
will be placed inside the scattering chamber, covering different 
angular positions. This alignment allows direct  interaction of recoil 
particles and silicon, here will be no multi scattering events either.

SPATIAL RESOLUTION

Page 3/4
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Dimension substrate 50 x 50mm2

Thickness substrate 995µm

p-doped strips 16
Strip width 3mm
Bias voltage 140V

X: segmentation with σx = 3mm/ 12
Y: charge asymmetry limited by SNR.

PROOF OF PRINCIPLE

The detector assembly could be successfully 
tested inside a vacuum chamber under 
radiation of an α AM241 source.
The test chamber as well as the detector is 
supported by the Software of MAGIX Slow 
Control. See poster S.Lunkenheimer
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H Merkel et al., Phys. Rev. Lett. 112 (22), 221802 (2014) 



Luca Doria, JGU Mainz 15

Dark Photons at MAGIX: Projections
Invisible decaysVisible decays

PRELIMINARY
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More Physics Topics from MAGIX (1)

Nucleon Form Factor

Perform precise elastic electron scattering experiments for the 
determination of the nucleon form factors for elucidating the 
discrepancy with spectroscopic measurements.
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More Physics Topics from MAGIX (2)
Astrophysical S-Factors

Gamow Window

Measure astrophysical reactions in 
inverse kinematics with (virtual) 
photo disintegration

E1

Scattered electron Alpha

Electron beam

Plan: reach the Gamow window 
adding a zero-degree tagger 
exploiting one accelerator dipole 
downstream of the experiment.
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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).
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DarkMESA
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DarkMESA

Introduction Experimental setup Background Experiment reach Conclusions

A fixed target LDM experiment

Beam Dump eXperiment: LDM direct detection in a e≠ beam, fixed-target setup1

‰ production
• High-energy, high-intensity e≠ beam impinging on a

dump
• ‰ particles pair-produced radiatively, trough AÕ emission

(both on-shell or o�-shell).

‰ detection
• Detector placed behind the dump, O(10m)
• Neutral-current ‰ scattering trough AÕ exchange,recoil

releasing visible energy
• Di�erent signals depending on the interaction (e≠

elastic, p quasi-elastic,. . . )

Number of events scales as (on-shell): N Ã –DÁ4

m4
A

1For a comprehensive introduction: E. Izaguirre et al, Phys. Rev. D 88, 114015
3 / 25

 Production 

 off-shell radiative 

on-shell A’-strahlungmA0 > 2m� =)

mA0 < 2m� =)

� ⇠ ✏2

m2
A0

� ⇠ ↵D✏2

m2
�

How to Search 

A’ gets large fraction of  beam energy 
Thursday, June 18, 15
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Electron Scattering
Low recoil energies, light mediator

Quasi-elastic Nucleon
Higher recoil energies > 10s MeV,  

How to Search 

Coherent Nuclear
Low recoil energies, light mediator

enhancement, form factor Z2

High Q transfer 
Inelastic hadro-production

⇡,K · · ·

� = 0 Elastic Detection

Thursday, June 18, 15Dark Sector Physics Opportunities at MESA      May 2o17 
P Achenbach, U Mainz 

Model for A’ Bremsstrahlung 

cross section according to Bjorken et al., Phys. Rev. D80, 075018 (2009): 
 

� unstable mediators appear in many Beyond Standard Model constructions 
 
 
 

� radiative production of (massive) dark photon A’ coupling with ε 
� cross section peaked in forward direction 
� subsequent (invisible) decay to dark matter pair coupling with αD 

 

Visible sector Dark sector 
mediator ε αD 

Dark Sector Physics Opportunities at MESA      May 2o17 
P Achenbach, U Mainz 

Dark Beam Source 

approx. total A’ no. according to Bjorken et al., Phys. Rev. D80, 075018 (2009): 
 

example calculations  
for mA‘ = 50 MeV/c2 and ϵ = 10-4 
 
� x-integrated total A’ no.: 2 x 106 

for 2 mΧ < mA’  and not too small αD  
prompt decays into DM pairs in dump:   

YProd ⇠ ✏2/m2
A YDet ⇠ ✏2↵D/m2

AYTOT ⇠ ✏4↵D/m4
A

Total Yield

�

�
Shielding

Production Detection

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

+ e+e- annihil.
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DarkMESA

Prototype

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

Negative Ion TPC 
40 Torr CS2 + O2 
~20 keV threshold 
Directionality

DRIFT

Snowden-Ifft et al., arXiv:9904064
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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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Thank you for your attention!


