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Abstract similarities  with FLASH, in particular the

Additional beam diagnostics has been installed in th@lperconducting technology used for beam acceleration.
dump line at FLASH in 2009. Its purpose is to prevenf\Iso, they all plan to use long bunch trains.

damage by |Ong h|gh current electron beam pu|sesl asThe |Ong bunch trains at FLASH have to be Safely sent
happened in autumn 2008, when a vacuum leak occurréé the dump at the end of the linac. Beam loss monitors
near the dump vacuum window. Beam position monitof®LM) and charge monitors are primarily used for the
(BPM), scintillator-based loss monitors and temperatuf@achine protection. This paper shows the limitations of
sensors were installed so-far. Additional BPMs and logge dump diagnostics used so far, describes the
monitors have meanwhile been installed. These includen?pdifications made and summarizes the results of the
magnetic coupled BPM placed after the vacuum windownitial commissioning of the new devices.

Magnetic loops are used in order to prevent the influeneﬁ1e FLASH Facility

of the ions on the pick-up signals. 4 ionization chambers, S ) ) .
consisting of air-filled tubes, and 4 glass fibers have beenA schematic view of the FLASH linac is shown in
installed parallel to the vacuum pipe, along the last 2 m §fgure 1 as of September 2009. A photo-electric gun
the beam pipe. Beam halo monitors were installed next @nerates pulses of electron bunches with an energy of
the magnetic BPM. These consist of 4 diamond and @out 5 MeV. These are accelerated to up to 1 GeV by 6
sapphire sensors operating as solid state ionizati@&Celerating cryo-modules, each containing 8 TESLA
chambers. The halo monitors are very sensitive to charg@éPerconducting  cavities. Two magnetic  bunch
particles crossing the detectors. These addition§Pmpressors reduce the bunch length to less than 100 fs.
diagnostic monitors have been commissioned in auturdh collimator section lowers the radiation losses in the
2009, when they have contributed to the successful run @idulators, by reducing the parasitic transported dark
long pulses with 3to 9 mA current and up to 80 current. The beam properties are measured in two

length. Their performance is summarized in this paper. Matching sections. While passing through the 30 m long
undulators, the electron bunches produce FEL (Free

INTRODUCTION Electron Laser) light through the SASE (Self-Amplified

. . Spontaneous Emission) effect. The electrons are then sent
FLASH (Free electron LASer in Hamburg) [1] is at thek .

; i . o the beam dump, designed for about 100 kW power of a
same time a user and a test facility. A laser light tuneab GeV beam [4]. The FEL light goes to one of the user

in the range 40 —6.5nm is produced for several US6bam lines. A bypass line is used during test and

beam_ lines.  During speC|aI_ studies periods, varioy ommissioning periods in order to protect the undulators.
experiments are scheduled, in order to make tests for

various accelerator projects, in particular for the European
XFEL (X-ray Free Electron Laser) [2] and the ILC [3]
(International Linear Collider) study. These have

gun 7 accelerating 2 magnetic bunch
modules Compressors bypass
laser / \ line
— FEL
=@ -an-amm—L
matching collimator  matching undulator
section section section

dump

Figure 1 Schematic overview of FLASH (status 2009).
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. Both the charge and the bunch repetition frequency are
Requirements of the Beam Dump for FLASH increased for 9 mA experiment with respect to the normal
Long pulses with up to 800 bunches with a frequenayser operation, in order to approach the high beam current
of 100 kHz — 1 MHz and a charge of 1 nC per bunch aganned for the ILC.
often required during user runs. Also some tests for t .
XFEL or the ILC require long pulses. Particularlym-ASH Dump Line
demanding is the so-called 9 mA experiment, whose aimThe FLASH dump line — status Summer 2009 - is
is to accelerate stably 8@ pulses with 3 nC bunches schematically shown in Figure 2. The electrons coming
and a repetition frequency of 3 MHz [5]. from the bypass and from the SASE undulators are
Typical FLASH parameters relevant for operation wittdirected towards the dump by one of two dipole magnets.
long bunch trains are summarized in Table tab-flash. ~ Several corrector magnets and quadrupoles control the

Table tab-flash Typical FLASH parameters for usePeam trajectory and size. An electrically modified

operation and for the 9 mA experiment (status 2009) s_extupole magnet (rotator) distributes the beam in a
circular manner on the dump and thus lowers the average

Par ameter Typical Values 9 mA run (goal) power density impact. Several BPMs (beam position
monitors) measure the beam position. A toroid reads the

Bunch charge 1nC 3nC beam charge. An OTR (optical transition radiation) screen
Bunch repetition 0.1 — 1 MHz 3 MHz can be driven into the beam to check the beam size.
frequency BLMs (beam loss monitors) are distributed along the
Pulse repetition 5 Hz 5 Hz section. They are made of a scintillator material protected
frequency from light coming from the tunnel area. Their light is then
transformed into a current by photomultipliers.
Max. pulse length  800us 800ps
Energy 450 MeV -1 GeV  max
button BPM stripline BPM OTR screen button BPM Yy
\ toroid \ L‘
v J X
141

f A A A quadrupole A

rotator quadrupoles  magnetic corrector  from undulators from bypass

Figure 2 Schematic view of the dump beam-line at FLASH (status Summer 2009). The line has an angle to the
horizontal of 19 deg. The beam comes from main beam-line or the bypass (right in this figure). Several BLM distributed
along the line are not shown.

For runs with long pulses this existing diagnosticgigure 2), has been moved upstream. Several pipes can be
seemed to be sufficient. However in Autumn 2008, duringeen around the beam pipe: 4 of them host glass fibres
a 9 mA experiment, a vacuum leak occurred near thegether with Cerenkov fibresind 4 larger ones are used
window at the end of the beam pipe caused by a pult® accommodate ionization chambers. After the vacuum
with 550 bunches with a charge per bunch of 2.5 nC,window, a magnetic coupled BPM and a BHM (beam
repetition frequency of 1 MHz and an energy of 890 Me\halo monitor) have been installed. The new systems were
Also the last BPM situated just in front of the vacuuntommissioned in September 2009, during thé ®mA
window seemed to be damaged by radiation. This showeah. They are described in this section.
that the dump diagnostics system in the dump beam line
has to be re-designed.

DUMPLINE MODIFICATIONS

Several new systems have been built and installed in
FLASH in Summer 2009. Apart from a new button-type
BPM installed between the quadrupoles, the
modifications regard the last 2 m of beam line. This
sections is shown in Figure 3. The button BPM previously
placed just before the dump vacuum window (compare tQyot yet commissioned, therefore not described in this paper
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BHM f Beam pipes for ionization chambers BPM

Magnetic coupled BPM Beam pipes for glass fiber BLMs and Cerenkov monitors

Figure 3 Drawing of the modified vacuum chamber after last magnet in Figure 2. The beam comes from the right.

Magnetic coupled BPM

A BPM has been added after the vacuum window, in¢ = °°
area filled with dry Nitrogen B Since the signal of 02
button-type pickups would be affected by ions produce  o:
by electrons in the gas, it was decided to use the magne -
field of the bunches for generating a position signal. Fc
this, 4 wire loops have been designed, which are plac
parallel to the beam for optimal coupling to the magneti
field of the charged particles only, as shown in Figure
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Figure 5 The signal voltage as a function of time from the
vertical wires of the BPM. The amplitudes are corrected
for the attenuation of the cables and low-pass filter.

Glassfibres

Along the last 2 m before the dump (see Figure 3), four
BLMs consisting of glass fibres read out with
photomultipliers have been installed around the pipe.
These collect thus the beam losses which occur at each
side of the beam pipe.

lonization chambers

4 ionization chambers have also been placed along the
last 2 m of beam pipe. These are air filled 3/8” Heliax HF
Figure 4 Beam pipe section after vacuum windowgables. The ions created by the ionization radiation
including magnetic coupled BPM and BHM. produced by beam losses are measured. The electronics
as a large dynamic range, froni*it® 10* pA.

The signal from each loop is low-pass filtered belovv
200 MHz to cut high frequency components of thé8eam halo monitors (BHM)
compressed beam, as it is done for button BPMs in the : . _
other parts of FLASH. The processing electronics is basemdg:s_cfggt'\:l".ggn:;tsh.(r); ;(;L:lrso?ga; dt?cl)d? ;Orgf'c'ril thick
on the AM/PM principle [7]. ystafl PRI u H :

; ; 2
The BPM signals have been analytically estimated arft VD diamond sensors with an area of 12x12'mm

simulated with the CST code [8]. The signals from alﬁ:)((:tefo'Tﬁfingapnsezgeégit'\lgyg;oﬁni;hgegiam %F%rgld
pickups have been measured during the 9 mA run 9 P ' 9

September 2005, The comparson of one such signal i, ThESe sensors operate lhe sold siae lonizaton
the simulation is shown in Figure 5. The agreement oses ' 9

good in the positive part of the signal. The differences i In beam tests, the signals from the sensors have been

the negative part need more investigation. . .
9 P 9 seen to increase while the beam approached each sensor.
The diamond sensors are more sensitive than the
sapphires.
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up right

BEAM MEASUREMENTS

The new diagnostics systems described in the pren
section have been commissioned during the 9 <.
experiment in Autumn 2009. Figures 6-9 show
successive beam pulses as seen on various device:
beam repetition frequency was 3 MHz, however ¢
every 3 was sampled by the ADCs for each device.

Figure 6 shows the bunch charge along each p
about 2.7 nC per bunch. There is a stronger ch
variation at the beginning of the pulses which disapp *
towards the tail of the train. There are 200 bunches __ @
pulse except for one pulse where the machine prote < ¢
system has reduced the train. 4

28 . . J 0 i [~
0 500 1000 0 500 1000

A ‘ i [ms] [ps]

//\\ 200 bunches/pulse

Figure 8  Signals  from ionizations  chambers

it ’ 1 corresponding to previous 2 figures. (Please note the
; , , different horizontal scale than for toroid, BHM and BPM

\ plots.)

q[nC]

; . i i i The signals from the beam halo monitors are shown in

ths] Figure 9. The up, right, down and left signals (in the beam

direction) are from the sapphire sensors, while the
remaining ones are from diamond sensors. One can see
Figure 7 shows that each of the 10 pulses had an off¢eat the diamond sensors are more sensitive than the
from the beam-pipe axis of 2 to 5 mm in the horizonts#apphire ones. In this case the losses were very small. The

direction and 4-5 mm in the vertical plane at the dumglass fibers BLMs placed along the 2 m just before the

Note that at the time of measuring, a slope calibratioBHMs did not show any signal. In other cases with large
error may have been present. losses (largely off-centered beam), the diamond sensors
w w w saturated while the sapphire ones showed a good signal.

-05

Figure 6 Bunch charge of 10 subsequent pulses.
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10 Therefore using the two types of sensor increases the
= ® ] dynamic range of the monitor.
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Figure 7 Bunch offset of 10 pulses, corresponding t -oobl— 1 %L1 __ ol
Figure 6, as measured at the magnetic coupled BPM. [us] [us] us]

The ionizations chambers showed the signals fro'ﬁ?‘igureQ Signals from BHM sensors for 10 pulses
Figure 8. They measure integrated losses along the p“'é@rresponding to previous 3 figures. The up-right, down-
including losses from dark current which is transportquht up-left and down-left (in beam direction) sensors
along the linac. The signals are delayed with respect 1oq diamonds, while the up, down, left and right signals

the bunch arrival time due to the slow speed of the iongre from sapphire sensors. Please note the different
The ionization chambers have a large dynamic range. \ertical scale.
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CONCLUSION AND OUTLOOK diagnostics described in this paper. Among them we

The additional diagnostics installed in the FLAS gru_cularly mention Annette Brenger, J. _Kruse, J.
dump line has contributed to the successful 9 mA run’_@.leb.mg' ‘]‘. tun_d-N|eIsen, B. Michalek, Z. Pisarov, S.
Autumn 2009. The various monitor types arq:ngzii\a/:,tv ovics, Thorsten Wohlenberg, and the whole
complementary to each other and except for the '
transverse beam profile give a rather complete picture of
the way the beam is dumped. REFERENCES
During the 9mA experimental run, pulses with 3 MHZ1] S. Schreiber et al., “Operation of FLASH at 6.5nm
bunch repetition frequency, 2 nC charge per bunch, a Wavelength”, EPAC'08, Genoa, lItaly, Jun. 23-27,
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