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@ CURRENT FACILITY: MAMI

e 1.5GeV electrons @ 0.1 mA

* Active since 1979
e Long list of scientific accomplishments
e Dark photon searches at Al

Four experimental areas -
e Al: Electronscattering
e A2: Real photons

e X1: Hard X-Ray sources
e A4: Parity violation (Replaced by MESA)
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@ MAINZ ER SUPERCONDUCTIVE ACCELERATOR

MESA Instrumentation
(2 floors

* 155 MeV polarized electrons @ 0.15 mA 0\6%
* Dedicated experiment (P2)

* Electroweak asymmetry precision
measurement

o

e Behind the P2 beam dump
* About 1023 electronson target
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@ THE MAGIX SETUP
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@ EXPERIMENTAL CHALLENGES

Lngh resoluhon on low momenium elecirons T

el <p <100 MeV
-—~10 4

p
e A6 = 0.9 mrad

LRecoil_parﬁcIe detection | T

e Detection of recoill protons and olphos necessary for

| -Uncon’rolnedgos Tore’r
*No window before the magnet
*Thin detector design

| High rate capability l

*With a CW operation rates up to 0(1 MHz)
*Count rates of 0(100 KHz)
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@ WINDOWLESS GAS TARGET
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nuclei to measure

eBeam recapture after the
inferaction
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eTarget luminosity 103>cm™2s™1

* Optional requirement for some
process

*Not relevant for DM projects
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" Polarized gas

* Molecular Flow 2 mm wide jet
inside a mylar stream in
tube vacuum

e 101°atoms / cm?

~ " Cluster-Jet -

* Molecular
clustering @ 40K

* [Increase self-
conatinment
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@ GAS TARGET DEVELOPMENTS

‘ Cluster target prototype

e 40K Hydrogen

e 4 bar injection pressure

e >15 cm long contained beam

* Infegrated density to be measured

A1l target test

e Target prototype to be installed on Al in
September

 New proton radius measurement with ISR
and reduced background
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MAG X OVIN

@ SPECTROMETERS
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eLinear mapping of momenta to one coordinate | e g
in a focal plane |

>
Z

yd Target Quadrupole Dipole Focal Plane

*Mapping of the scattering angles to position
and angles at the focal plane.
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*Extremely good momentum and angular
resolution

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

*Limited geometric acceptance
«Compensated by the high luminosity
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@ SPECTROMETER DESIGN
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* 200 MeV maximum momentum
* 45 MeV momentum acceptance @ 100 MeV
* 120x30 cm? focal plane
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* 10 relative momentum resolution
0.9 mrad scattering angle resolution
* Assuming 50 um resolution at the focal plane T

/Curren’rly A

developinga
few additional
variants
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x scale 1:150
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@ FOCAL PLANE DETECTORS
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» Simple detector to built e Challenging at very high rates

* Uniform and high position e Minimal material thickness
resolution « Multiple samples and full frack
* Moderate material thickness reconstruction possible

* Only 2 reconstructed points
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@ MATERIAL MINIMIZATION
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* Multiple scattering of 10— 100 MeV electrons
between layers less than A8 = 0.9 mrad

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

[ Foil readout

e Kapton foil readout planes in the first hodoscope
layer

Single layer padded strip layout

RUINTT N A NS T I S
*Thin copper coating or chromium coating

*Some chromium coated GEM being characterizedin
the lab

Inert materialreduction

*Vacuummembrane has cathode
Single gas volume for the two layers
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Foil
Readout

GEM Kapton Readout PCB 100 pm
Kapton

GEM Kapton

0.38% X,

Default triple GEM detector
0.96% X

GEM Kapton

0.22% X



@ ADDITIONAL DETECTORS

e Siliconsstrips integrated in the scattering chamber
e Detection of recoil protons and alpha at low momenta

e Fast scintillators for triggering and timestamping
e Time-of-flight measurement to reduce cosmic backgrounds
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e Measurement of forward photons
e Infegrated in the first bending dipole after the experiment
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MAGIX PHYSICS
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PHYSICS PROGRAM
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* Proton form factors (electric and magnetic)
* Nuclear polarizabilities
e Light nuclei form factors (Deuteron and helium)

* Deuteron and 3He breakup

* 4He monopole transition factors
* Test of effective field theories

¢ Inclusive electron scattering
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* 160 (e, e'a)'?C S-factor

* Invisible decaying dark photon search

*Beam dump experiment (technically is not MAGIX but
involves the same group)
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@ DARK PHOTON

X

Dark sector mediator

* Massive U(1) boson
e Same quantum numbers of the SM photon
* Can undergo kinetic mixing with the SM photon (parameterized by €)

 Magix can search forinvisible or visible decays (possible when there is
no DM particle kinematically accessible)
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@ DARK PHOTON VISIBLE DECAYS
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@ DARK PHOTON INVISIBLE DECAYS
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e Spectrometer for electron
e Second detector for the proton

e Spectrometer efficiency for proton
detection
* Do we need a separate recoil detector?
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@ TIMELINE AND RESOURCES

. Eorlies‘rovoilobili’ry of MESA: 2020
* First MAGIX operation: 2021-22

* R&D projects ongoing
* Physics book to be publishedin autumn
* TDR before the end of 2017
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e Accelerator and experiments financed by ’rhe German science council
and the PRISMA clusterof excellence

* PRISMA funded by the Rheinland-Pfalzstate and by the Mainz university
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* Experimental setup for high precision measurements
* Rich physics program under development
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» Sensitive to Dark Photons with mass of about 10-60 MeV
e Sensitivity to couplings of the order of 104

* Full simulations under dev elopment

* Beam dump experimentincludedin the program
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e Currently 4 institutesinvolved

e First collaboration meeting 15-17 February 2017

* Open to new physics proposals to make the projectlong-lasting
* Open to new collaborators to realize the Magix
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@ PROTON RADIUS PUZZLE
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. Hydrogen hyperfine structure
e Electron scattering
o7, = 0.8775(51)

* Lamb shift of a muonic hydrogen
e 7, = 0.84087(39)

Electron scattering Q2

* With current experiments Q2 > 0.003 GeV?
 Extrapolation to 0 to derive the form factor

* MAGIX will measure the form factors at lower Q2
to improv e the currentresults
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@ ASTROPHYSICAL CROSS-SECTIONS
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Astrophysical S-factor for "“C(a.;y)'°O

uow energy nuclear c'ross-_Sectio_ns. sl U

*Relev antfor astrophysical modeling 102 - S
*12C(a,y)'*Oimportant to model late stellar burning = — Pernne
*Thermal energy at burning point (Gamow peak :\ = e ss
energy) =500 ke [ ¢ (S
*Very low cross-section ~10-'¢barn
10 —
[ Inverse reaction '4O(y,a)'2C j 5
= -
2 orders of magnitude cross-section improvement -1
1071 > 107" barn o'
*Time-rev ersal correlation with the previousreaction 1E
*Poor data coverage at 1 MeV and below C
* MAGIX can measure this cross-section at E_,, <1 L
MeV N
*Presented on Monday by S.Lunkenheimer e w I T
10705 1 15 2 25 3
Ecm. (MeV)
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