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Abstract

With the test-beam-line it is possible to measure the two

transverse phase-spaces and the temporal distribution of the

electron bunches. It is also possible to investigate the emit-

tance close to the source and further down stream to check

the emittance evolution along the beam-line. Further more

the beam halo can be studied. The beam-line components

will be introduced and some preliminary results will be pre-

sented.

INTRODUCTION

MESA will be a multi-turn Energy Recovery Linac

(ERL) which can be operated in two different modes. An

ERL Mode (105MeV) or an External Beam (EB) Mode

(155MeV) [1, 2]. The source will be a 100 keV dc photo

gun which delivers polarized electrons with a current of

150 μA and an unpolarized electron beam with a beam cur-

rent of 1mA in stage 1 and 10 mA in stage 2. Close to the

source there will be a spin manipulation section with two

Wien-Filters and a solenoid followed by a chopper-buncher

section consisting of four normal conducting cavities. The

injector will be normal conducting with an output energy

of 5MeV. After the injector follow two superconducting

linac modules which produce an energy gain of 25 MeV

each.

The task of the diagnostic test-beam-line is to determine

if the source can deliver a smaller emittance than the ac-

ceptance of the accelerator - for all bunch charges - which

requires that the normalized emittance is εn ≤ 1 μm. For

the operation of MESA the source should be reliable and

deliver a high extractable charge with a long lifetime.

Semiconductor photo cathodes have some properties that

should be taken into account. Close to the band gap energy

it is possible to create spin polarized electrons with circular

polarized photons. However when operating in this mode

one suffers from low quantum efficiency (QE) and reduced

cathode lifetime. If high currents, but no spin-polarization,

are desired it is advantageous to use higher photon energies,

since the QE is almost an order of magnitude larger and the

lifetime is longer. At around 400 nm the photo cathodes

can have a QE of 10% � 32mA/W. For higher photon en-

ergies not only the QE increases but also the thermal emit-

tance does. This is because of the fact, that the stimulated
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electrons have not enough time to thermalize while they

are traveling through the semiconductor and end up with

a wider energy distribution. This additional energy spread

gets transferred into more transverse momenta which leads

to a higher thermal emittance [3].

The source in the diagnostic test-beam-line has deliv-

ered 700C within one charge-lifetime at average currents

exceeding 1mA (MESA stage-1). The experiment needs

average current of 1(10)mA corresponding to an extracted

charge of 3.6(36)C/h if a transmission of 100% is assumed.

To achieve a complete transmission a RF-synchronized

laser must excite photo-emission. We will capture the so-

produced bunches by a harmonic buncher system which

can accept bunches with an extension of about 120°. This

leads to the requirement that the emitted intensity - which

is the convolution of the temporal laser intensity profile and

the response of the photo cathode - must fit into this inter-

val. Tiny fractions outside the interval may be suppressed

by a chopper system to provide very clean operating con-

ditions for MESA. In the set-up described here one of the

circular deflecting cavities which were developed for the

chopper system of MESA is used as temporal diagnostic

instrument - see below.

We estimate the space charge caused current limit of the

source by Isc,lim = p0
A
d2U

3/2. Here p0 = 2.33·10−6A/V
3/2

is the so-called perveance, A
d2 = 44.4 · 10−6 is a geometric

factor with the emitting area A = 1mm2 and the cathode-

anode distance d = 150mm. The accelerating voltage

U = 100 kV. With all these parameters the emittance is

still < 1 μm and the current limit would be Isc,lim � 3mA.

This leads to the expectation, that the source can fulfill the

requirements of MESA stage 1. This is also supported by

CST-computersimulations [4]. Nevertheless a new 200 keV

source is in production to increase the current limit to the

requirements of MESA stage 2 [4].

COMPONENTS
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Proceedings of ERL2015, Stony Brook, NY, USA THIALH2069

WG1 ERL Injectors (Gun/Cathode/Laser)
ISBN 978-3-95450-183-0

91 Co
py

rig
ht

©
20

15
CC

-B
Y-

3.
0

an
d

by
th

er
es

pe
ct

iv
ea

ut
ho

rs



source

spin mani-
pulation section

chopper-buncher
section

n.c. injector

s.c. linac
modules

beam dump

experiments

10 m

Figure 1: Floor plan of the MESA accelerator facility. In the left mid side sits the 100 keV dc photo gun, followed by 
some spin manipulation elements and the normal conducting injector. The main linac consists of two superconducting
linac modules with two or three recirculations, depending on the operation mode. The experiments will be located further  
on the side and are not shown here to enhance visibility.
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Figure 2: Schematic overview of the beam-line setup.

Here the evolution of the emittance with respect to the po-

sition of scanner 1 can be studied. If the second α-magnet

is switched off investigations of the temporal distribution

of the electron beam can be done with a deflecting cavity

[5, 6, 7] and a Ce:YAG screen. If the second α-magnet is

switched on the electrons pass by the third analyzing stage

(scanner 3) where it is possible to take a closer look to the

beam halo. Behind scanner 3 there is a Wien-Filter for

spin manipulation and a double scattering Mott polarime-

ter. This device promises to yield very precise polarization

measurements for the experiments foreseen at MESA. It is,

however, not relevant for the contents discussed here, and

we will therefore not discuss more details. All components

between the source and the second α-magnet/scanner 3 are

UHV compatible and bakeable. There are focusing ele-

ments like quadrupoles (blue) and solenoids (green) as well

as several steering magnets which are not shown in

The UV-VIS laser system (405&520 nm) is installed on

the “first floor” (2m above ground) close to the source

chamber to create a minimized beam spot on the photo

cathode and due to the lack of space. For spin polarized

electrons it is necessary to illuminate the photo cathode per-

pendicular to the surface with circular polarized laser light

and because of that the IR laser system (780 nm) sits under

the first α-magnet.

aser ystem

The laser system consists of three laser diodes with

dif-ferent wavelengths. The 405 nm and 520 nm laser

diodes are mounted close to the source and illuminate the

cathode through a view-port on the bottom of the source

chamber. A schematic sketch is shown in gure 3. At

short distance after the two laser diodes there is an

anamorphic prism pair

gure
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Figure 3: Overview of the UV-VIS laser system.

Figure 4: Example for the normalized intensity of a laser

beam

to compensate the astigmatism of the diodes. After the

prism pair a dichroic mirror to combine both wavelength is

installed, followed by a remotely controlled attenuator and

shutter. The next element is a variable telescope to create

different beam spot sizes on the photo cathode. The penul-

timate element is an uncoated beam splitter which couples

out 3% of the laser power and brings it onto a CCD-camera

which works as virtual cathode to determine the beam spot

size of the laser. The rest of the laser power gets reflected

onto the photo cathode via a mirror. An example of the

laser spot shape is given in gure 4.

6.6 μm. The IR laser system which is
very similar to the UV-VIS system will be used to produce

spin-polarized electron beam and is not shown here.

The laser system can be operated in three different

modes. One is to create a dc beam. Here the maxi-

mum power and the average power are the same and be-

low 300mW. In the next mode it is possible to get dc

pulse trains to decrease the thermal load on the screens.

The pulses have a length of 10 − 200 μs and a repetition

rate of approximately 5Hz. With this mode the average

laser power can be decreased by a factor of 1000 but the

maximum power remains the same. In the last operation

0 20 40 60 80 100 120
0

20

40

60

80

100

120

140

160
0 100 120 140 160 180 200

0

10

20

30

40

50

60

70

80

bl
ue

 la
se

r 
po

w
er

 (
m

W
)

injection current (mA)

power (mW) without RF [RLV4215]
power (mW) with RF [RLV4215]

gr
ee

n 
la

se
r 

po
w

er
 (

m
W

)

 injection current (mA)

power (mW) without RF (green)
power (mW) with RF (green)

Figure 5: Average output power of a 405 nm laser diode

520 nm one plotted over the Iinj . Closed data
points are for dc-current and opened ones are for dc-

current and RF-power. The data for the blue laser diode

belong to the left and the lower axis and for the green

one to the right and the upper axis.

mode it can produce macro pulses by the superposition of

the dc-current from the laser diode driver with additional

RF-power up to 1.7 W. Measurements have shown that the
average power remains the same as in mode 2 but the max-

imum power can be increased by a factor 5, depending on

the pulsing behavior of the laser diode (see F gure 7). In

gure 5 is plotted the average output power of different

laser diodes over the injection current (Iinj ). The closed
data points are for the dc-current and the open data points

are with RF-power. The data for the blue laser diodes

belong to the left and the lower axis and for the green one

to the right and the upper axis. For the blue laser diodes it

can be seen, that the RF-power shifts a little the threshold

current and affects slightly the slope of the output power.

But for the green laser diode the difference in the threshold

current and the output power with and without RF is much

higher. The slope of the output power for Iinj above 160
mA re-mains almost the same.

With this kind of measurement it can’t be ensured that

the laser diode is pulsing as wanted and thus, it is neces-

sary to take a closer look to the pulse structure of the lasers.

This can be done with a fast photo detector in the optical

regime or with a deflecting cavity with the electron beam.

The deflecting cavity transforms the longitudinal structure

of the electron beam onto a transverse circle which can

be observed over a screen behind the cavity. The bunch

charges are too small to allow a single shot measurement,

the picture represents many bunches which all impinge on

the same area on the screen due to the synchronization be-

tween the cavity and the laser-system. A short description

of the working principle of the deflector cavity is given in

[5, 6, 7]. In gure 6 we present two examples, one for
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Iinj = 170 mAdc beam

Figure 6: Example of pulse profiles behind the deflection

cavity

Iinj

dc beam and the other one for RF-synchronized beam of

the green laser diode. For this experiment a RF-power of

120 W was injected into the cavity to get a diameter of ≈

30 mm. In gure 7 the normalized intensity is plot-ted

over the RF-phase of the cavity for three different Iinj
(170, 180, 190 mA) of the laser diode. The peak power is
more than five times larger than the the power measured at

the same drive current in dc operation. All three Iinj de-
liver a transmission of 95% within a phase acceptance of

120°.

The green laser diode is mounted in the laser system to

check how big the influence of the wavelength depending

emittance is and if they show a better pulsing behavior than

the blue ones.

canner evices

All three scanners have a Ce:YAG screen with a diame-

ter of 25mm to optimize the beam trajectory and to make

emittance measurements by quadrupole scans. Scanner 1

and 2 also contain tungsten wires with a diameter of 40 μm

for emittance measurements and to investigate the halo dis-

tribution because of the higher dynamic range in compar-

ison to the CCD-camera. Furthermore scanner 1 has two

slit arrays which are oriented perpendicular to each other.

They have a slit width of 25 μm and a spacing of 250 μm

to make emittance measurements complementary to quad

scan results. In scanner 2 the slits are replaced by a hole

mask (pepper pot) with 21 x 21 holes with a diameter of

25 μm and a spacing of 250 μm in both directions. The pur-

pose of scanner 3 is halo investigations and for that there

are mounted two additional Ce:YAG screens. One with a

2mm hole and the other one with a 3mm hole.

RESULTS

uad can

For the quadrupole scan the inverse focal length of one

quadrupole is varied from −5m−1 ≤ f−1 ≤ 5m−1 and

the beam profile is obtained from a Ce:YAG screen with

a CCD-camera. The squared beam diameter can be plot-

ted over the k values of the quadrupole and on this data

it is possible to fit a quadratic function which contains the

TWISS parameters (α, β, γ). With this TWISS parame-

ters the normalized emittance can be calculated as followed

εn = βeγe
√

βγ − α2 [8]. Here βe & γe are the relativis-

tic velocity and the Lorentz-factor of the electrons respec-

tively.

This has been done for different beam alignment settings

and the preliminary results are presented in 8. In the

upper right corner of the plot the dimensions of the used

laser spot are shown and the beam profile is shown in

4. With this dimensions of the emitting area A = 0.5mm2

the geometric ratio A
d2 = 22.2 · 10−6. The presented pre-

liminary results are made with pulsed dc beam and without

RF-synchronized pulses.

The results show large variations which may be caused

by varying conditions, since they have been obtained over

a long period of time. The increase in emittance can be ex-

pected because of the small perveance. However, further

investigations are necessary before definitive statements

can be made. In particular we will try to investigate the

reason for differing values of the slit mask technique , pre-

sented below.

lit ask

In the slit mask emittance measurement method small

slices of the beam are cut-out. More details of the slit mask

method can be seen in [9]. This is presented on the left

side of gure 9 where the raw data of the measurement

with 0.5 mA beam current are shown. Here the bit-value is
plot-ted over the pixel position on the camera. From this

data the width and the displacement of each peak are

extracted and with this parameters it is possible to

reconstruct the phase space distribution which can be seen

on the right side of gure 9. Here the color code and the

point size indicates the normalized intensity of the slits.

Furthermore with this parameters the normalized

emittance can be calculated. In gure 10 preliminary

results for three different solenoid currents and a beam

current of 0.1 mA to 0.5 mA are pre-sented. This data also
represents the 1σ−emittance. The variation of the solenoid
current has been done to check

gure

gure
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if this has an influence on the emittance calculation. Up

to now - unfortunately - it was not possible to measure

with higher beam currents because of an accident where

the photo cathode has lost a lot of QE. Nevertheless there

is good reason to believe that in the near future slit mask

measurements will be performed in the same current range

as in gure 8. This will clarify if the seeming increase

in emittance is real and if it can be mitigated, for instance

by increasing the perveance.

SUMMARY

The diagnostic test-beam-line is build up and ready to

get used. Investigations of the two transverse phase-spaces

with quadrupole scan technique and the determination of

the beam profile with a screen or with wires are possible.

The beam-line gives the possibility of a cross check be-

tween quadrupole scan and slit mask measurements. The

temporal distribution can be inspected with a deflecting
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cavity that transforms the longitudinal distribution into an

transverse one and deflects the beam onto a circle which

can be observed with a Ce:YAG screen and a CCD-camera.

All this can be done with three different laser wavelengths

(405, 520, 780 nm) and for different laser spot sizes.

The first preliminary results of the emittance look

promising to match the requirements of MESA stage 1.

Further investigations of higher bunch charges etc. have

to be done.

In the future it is planed to get more experience with

the beam-line and the measurement techniques to charac-

terize if the electron bunches from the source are suitable

for MESA stage 1. Furthermore a closer look to helicity

correlated halo effects is in preparation.
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