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Abstract 
The University of Mainz’ institute for nuclear physics is 

operating the microtron cascade MAMI (Mainzer Mikro-
tron) since the late 1970ies. The microtron delivers a cw 
electron beam to users of the hadron physics community. 
The recent, fourth stage MAMI-C having a design energy 
of 1.5 GeV is operated since 2006 [1]. 

This article deals with the recent developments and op-
erational experiences of MAMI-C, as well as with the 
energy upgrades to 1.56 GeV [2] and as final step towards 
1.6 GeV. The final increase of beam energy was due to 
user demands, since it is expected to raise the event rate 
of the η’- production by an order of magnitude. 

INTRODUCTION 
The MAMI microtron cascade consists of four micro-

tron stages, three racetrack microtrons (RTM, [3]) set into 
operation between 1979 and 1990 and a harmonic double 
sided microtron (HDSM, [4]) commissioned in 2006, all 
of them using normal conducting rf-technology. A normal 
conducting 3.5 MeV linac is used as injector.  

The setup of the four stages MAMI-C facility is shown 
in figure 1. With beam currents up to 100 µA from a 
thermionic and 40 µA from an 85%-spin-polarised laser 
photo cathode source [5], the accelerator can deliver en-
ergies between 180 and 910 MeV from the RTM-cascade 
and up to 1604 MeV by the HDSM.  

The RTM-scheme was chosen because of its efficient 
use of rf-power and its inherent strong phase focussing, 

which guarantees excellent beam quality and stability. 
Since the RTM’s magnet volume scales with the third 
power of the particle energy, this microtron type was no 
more feasible and the never before built HDSM-scheme 
had to be utilised. A HDSM reaches for the same total 
magnet weight twice the energy of an RTM.  

OPERATIONAL EXPERIENCES 
The MAMI microtron cascade delivered an average 

beam time of 6189 h per year throughout the last decade, 
with roughly 85% beam availability to the experiments 
(see figure 2). The remaining time is owed to setting up 
and optimizing the machine. MAMI is usually operated in 
a two weeks cycle, starting Tuesday at 7 am and ending 
Monday at 6am, followed by 24 h of maintenance shut 
down.  

Since 2007 the HDSM is in routine operations, with a 
continuously increasing portion of beam time being now 
72%. Currents up to 40 µA were accepted by the experi-
ments.  

The majority of user beam time was conducted with 
spin-polarised beam, which is (since 2008) generated 
from a GaAs/GaAsP superlattice photocathode [6]. Hy-
drogen pre-cleaning of the cathodes has proved to yield 
good quantum efficiency with high reproducibility [5].  

Beam downtime due to machine failure was at 3.6% of 
the overall beam time in 2009. The main sources of fail-
ure were again rf-systems, magnet power supplies and 
cooling issues (see figure 3). While those malfunctions 
decreased in the HDSM because of further consolidation 
of the newly built systems, they increased in the old mi-
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Figure 1: Floor plan of MAMI-C. 
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Figure 2: Operational time overview of the last ten years, 
classified into polarised or unpolarised operations and time 
for setup and optimization. 

___________________________________________  
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Heine et al., IPAC 2010, Kyoto.
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MAMI Test Beam
http://www.kph.uni-mainz.de/eng/108.php

http://wwwa2.kph.uni-mainz.de/microscope/

McGeorge et al., Eur. Phys. J. A (2008) DOI 10.1140/epja/i2007-10606-0

I Up to 1.6 GeV electron primary beam, essentially CW
I Beam energy stability to 10−6 (Dehn et al., IPAC 2010)
I Energy measured to 140 keV
I Provides tagged photon beam

I Scattered e− measured in spectrometer
I Eγ = 5 − 93% of primary electron, e.g., 23–1488 MeV
I Bremsstrahlung photon resolution ∆p = 1 MeV (FWHM)

[Happacher]
I Resolution ∼ 4 MeV FWHM at 1500 MeV (focal plane

detector), perhaps ∼ 0.4 MeV FWHM at 1500 MeV over
restricted solid angle (focal plane microscope)

I Rate tunable up to 2.5 × 105 photons/s/MeV
I Spot size ∼ 8 mm diameter [Happacher]
I Tag signal can be used in trigger
I Contact (A2 spokesperson): Andreas Thomas

(thomas@kph.uni-mainz.de)
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MAMI Photon Energy Calibration
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Fig. 7. Upper part: tagger energy calibration for a main beam
energy of 1508MeV measured using MAMI energies 195.2,
405.3, 570.3, 705.3, 855.3, 1002.3 and 1307.8 MeV. The line
shows the calibration calculated assuming a uniform field.
Lower part: difference between the calculated and measured
calibrations. The line here shows a smooth fit to the seven
measured points and indicates the small correction to the cal-
culated calibration required because of large-scale field non-
uniformity.

provide extra, widely spaced, calibration points. There-
fore the calibrations were based only on the seven (or five)
points measured with the seven (or five) different energies
from MAMI at the correct field of 1.834T (or 1.057T). To
guide the interpolation between these points a computer
program has been written to calculate the calibration on
the basis of a uniform tagger field with the effective field
boundary determined in sect. 4. The relative positions and
angles of the scintillators are known from the construction
of the support frame [2] and its position relative to the
magnet was determined by surveying. For electron trajec-
tories made up of circular arcs and straight lines the re-
quired calibration can be calculated by simple geometry.
The strength of the field is taken from the value measured
using a Drusche NMR system multiplied by a factor, f ,
which accounts for the difference between the field at the
NMR probe (see fig. 2) and the average field encountered
by the tagging electrons. The value of f was adjusted to
fit the measured calibration points.

For 1508MeV the calculated calibration is within
about 1.5MeV of the measurements over most of the en-
ergy range (lower part of fig. 7) but the discrepancy in-
creases to about 4MeV for the lowest photon energies.
This behaviour is thought to be due to the large-scale non-
uniformity of the field that can be seen partly in fig. 3. As
the effect varies smoothly over the tagged energy range

Fig. 8. Calculated shift of the tagging electron trajectories
along the focal plane due to the field dips caused by the M8
screws fixing the pole shims. The line is the result of smoothing
the points. The horizontal bar shows the region covered by the
microscope for the energy calibration data shown in figs. 9
and 10.

the required correction to the uniform-field model predic-
tion can be obtained by fitting a smooth line to the seven
points in the lower part of fig. 7.

Similar results have also been obtained for a field of
1.057T. The value of f was found to be 1.0098 for 1.057T
and 1.0003 for 1.834T.

The deviations from a smooth calibration caused by
the field dips due to the pole shim mounting screws (see
sect. 4) have been investigated. Estimated shifts (along the
focal plane) of the tagging electron trajectories brought
about by the field dips are shown in fig. 8 as a function of
the tagging electron energy, E, expressed as a fraction of
the main beam energy, E0. This estimate was obtained by
assuming the field is uniform between the poles (except
for the “dips”) and zero elsewhere and then calculating
the total effect on the exit position and bend angle caused
by all dips whose centre is within 30mm of the tagging
electron trajectory. It is assumed that the fractional effect
on the bend angle is simply the fractional deficit in the
field integral compared to that for a uniform field with no
dips. The peaks in fig. 8 occur when the electron trajectory
passes over or near the centre of one or more M8 screws.
For example, as can be seen in fig. 2, one screw near the
output edge lies near the E/E0 = 0.18 trajectory, and 3
screws lie on or close to the E/E0 = 0.41 trajectory.

The line in fig. 8 shows the result of smoothing the
shifts and values at the peaks and valleys are typically
±0.6mm different from this line. Although the trajectory
shifts due to the “dips” in the real field may be different in
detail from this simple estimate, fig. 8 implies that the er-
ror that results from using a calibration method, where the
calibration is assumed to be smooth, is about ±0.2MeV,
when tagging with a main beam energy of 1500MeV. This
is small compared to the 4MeV channel width of the
main focal-plane detector. However, it may be significant
in experiments which use the focal-plane microscope [6],
where the channel width is ∼ 2mm along the focal plane.
In such experiments a detailed energy calibration can be
performed by using one or two different electron beam
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MAMI Technical Data
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Technical Data

Comment: The size only relates to the area covered by the deflecting 
magnets.  

Stage  MAMI B  MAMI C

 Final Energy  855.1 MeV  1508 MeV 

 Circulations  90  43 

 Magnetic Field  
 (deflecting magnets)  1.28 T  0.95 - 1.53 T 

 Mass
 (deflecting magnets)  2x450 t  4x250 t  

 Microwave Frequency  2.45 GHz  2.45 / 4.90 GHz 

 Microwave Power  102 kW  117 / 128 kW 

 Length  
 (linear accelerator)  8.9 m  8.6 / 10.1 m 

 Size of the Alignment
 (L x W)  21 m x 10  30 m x 15 m 

Johannes Gutenberg-Universität Mainz, 08.07.2009

Technical Data

http://www.kph.uni-mainz.de/eng/376.php
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