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Outline
I Mainz Microtron (MAMI) accelerator
I The MuPix8 prototype
I March 2019 testbeam
I November 2019 testbeam

2 / 16



The MAMI accelerator

RECENT CHALLENGES FOR THE 1.5 GEV MAMI-C ACCELERATOR
AT JGU MAINZ∗

M. Dehn†, K. Aulenbacher, H. J. Kreidel, F. Nillius, B. S. Schlimme, V. Tioukine,
Institut für Kernphysik, Johannes Gutenberg-Universität Mainz, D-55128 Mainz, Germany

Abstract
The MAMI-C accelerator is a 1.5 GeV microtron cascade

for up to 100 µA polarised electrons operating CW at Mainz
University [1]. Recent experiments required spin manipu-
lations and beam energies not routinely supported by the
accelerator. In particular, this required a spin orientation ver-
tical to the accelerator plane and operation at beam energies
which could not be achieved by the so far established meth-
ods. This presentation describes the challenges to provide
and to characterise the unusual modes of operation.

VERTICAL BEAM POLARISATION
Starting in 2014 the first physics experiments with vertical

spin polarisation were performed with MAMI at the A1 three
spectrometer facility which was foreseen already when the
very first polarised beam was accelerated at MAMI [2]. An
overview over the MAMI accelerator is shown in Fig. 1.
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Figure 1: Floor plan of the MAMI accelerator.

Over the years, modifications of the injection system
of MAMI were made which aimed at control of spin po-
larisation in the horizontal plane of the accelerator (dedi-
cated polarised gun in the accelerator hall, Wien filter for
horizontal spin alignments at 100 keV, Mott polarimeter at
3.5 MeV [3–5]). Most experiments ask for longitudinally
polarised electrons because the spin correlated signals are
enhanced by relativistic effects.

Due to Thomas precession in electromagnetic fields the
spin precesses around the magnetic field with an angular
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frequency
ωS = (1 + aγ)ωC (1)

where ωC = eB/m γ (e, m =electron charge and rest mass,
γ = 1 + T/m with T=kinetic energy) is the cyclotron fre-
quency and a = (g− 2)/2 ≈ 1/862 is the electron anomalous
magnetic moment. That leads to individual settings of the
horizontal Wien filter for each energy resp. microtron stage
and experimental hall. Mott asymmetries can be measured
reliably for Wien filter spin rotation angles of more than 30◦.

Vertical spin orientation is in principle easier because
this is the spin stable direction, i.e. there is no change of
the spin direction during acceleration. In this case spin and
magnetic fields are (anti-) parallel. Our existing polarimeters
(Mott, Møller, experimental Compton [6, 7]) can measure
components of the spin vector which are in the accelerator
plane, but no polarimeter is installed so far to measure the
vertical component. Therefore, the vertical spin component
has to be inferred from measurements of the others.

Spin Manipulation
The 100 keV injection beam line and the 3.5 MeV injector

linac are equipped with a few double solenoids (with reverse
polarity of each solenoid) to focus the beam with f − 1 ∝∫

B2
z dz without rotating the transverse phase space and the

spin correspondingly. A horizontal component of the spin
can be rotated along the longitudinal magnetic field into
vertical direction with φ ∝

∫
Bzdz. By choosing a suitable

distribution of the fields in the two coils the focal length can
be kept fixed while achieving the desired spin rotation as
illustrated in Fig. 2.
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Figure 2: Schematic bird’s eye view of the 100 keV beam
line with important spin manipulation elements.

Setting and Verifying Vertical Spin Orientation [8]
The originally longitudinally polarised beam is rotated

horizontally by 90◦ with the Wien filter. Using the next
downstream double solenoid to rotate the horizontal com-
ponent into vertical direction could easily be verified by the
vanishing Mott asymmetry. This method however cannot
completely exclude longitudinal components of the spin as
Mott is not sensitive to longitudinal and vertical components.

The new Compton polarimeter at 3.5 MeV is available
for experimental measurements extending the original Mott
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I 4 stage electron accelerator

I 1.5 GeV at 100 µA

I 82 % polarization (max. 20 µA)
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Accelerator stages 1-3 - MAMI-B

I Linear injector

I 3 stage racetrack
microtrons

I Energies[MeV]: 14,
180, 855
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Accelerator stages 1-3 - MAMI-B

I Linear injector

I 3 stage racetrack
microtrons

I Energies[MeV]: 14,
180, 855
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Accelerator stage 4 - MAMI-C

I Harmonic double-sided
microtron

I Output energy:
1.5 GeV
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Testbeam locations at MAMI

I A2 hall: tagger magnet

I X1: behind RTM 3
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HV-MAPS - MuPix sensor prototype

P-substrate

N-well

Particle

E �eld

I 180 nm HV-CMOS technology

I Reverse biased up to 90 V

I Readout logic on chip

I Thinnable down to 50 µm

I MuPix8

I Pixel size: 80×81 µm2

I Sensor size: 2×1 cm2

I Used in Mu3e, P2, Panda...

7 / 16



2019 testbeams

March - A2 November - X1
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Observations from 2018 testbeams

I MuPix8 high rate test (up to 10 MHz)

I observed efficiency loss

I dose/rate dependency?

I hitmap: Sr-90 response after testbeam
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March 2019 testbeam - Efficiency loss versus acumulated hits (dose)

Idea: run at lower rate,
accumulated same number
of hits

I beam rate: 1 MHz

I 2018: up to 10 MHz
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November 2019 testbeam - X1
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November 2019 testbeam - MuPix8 setup

I MuPix8 telescope
reference

I single MuPix8 in
pulsed beam

I MuPix8 telescope ref.
again

I also: MuPix7, AtlasPix
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November 2019 testbeam - Pulsed electron beam

I square pulses, 40 µs

I beam current <250 nA

I simulate beam loss

I shared with Belle II
group, testing switcher
ASIC

Number of hits per readout frame
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November 2019 testbeam - Readout saturation

MuPix8 readout frame

I columnwise RO

I always start from lower rows (digital)

I hits in upper rows lost
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November 2019 testbeam - No efficiency loss observed
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Summary
I MAMI provides high intensity electron beam up to 1.5 GeV
I 2 testbeams with HV-MAPS conducted in 2019
I dose dependency of energy loss for MuPix8
I no efficiency loss for pulsed beam observed
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Section 2

Backup
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MAMI operation

I Up to 70 % duty cycle
I December 2017 missing (≈ 150 h unpolarized)
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High rate electron testbeam

16 / 16



High rate electron testbeam

I Max. sensor rate: 7 MHz

I mu3e frontend RO board prototype tested
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High rate electron testbeam - observations
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hitmap during testbeam run
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High rate electron testbeam - efficiency analysis
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High rate electron testbeam - laboratory measurements
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I Efficiency loss measured with Sr90 source
I Sensor after 48h at 80 ◦C
I No further improvement (72h at 90 ◦C)
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Backup - Max. rate
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Backup - Pixel history
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Backup - MESA
I Mainz Energy Recovering Superconducting Accelerator (MESA)
I 2 modes, up to 155 MeV, 85 % polarization
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Backup - Weak Mixing Angle
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Backup - P2 tracking detector

I Pixel sensors, electronics, gaseous
helium cooling, mechanical support

I Low material budget

I 2 × 4 modules, double layers, 300
sensors per layer
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