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AN ELECTRON BEAM DETECTOR FOR THE FLASH II BEAM DUMP
-*RRG1/HXVFKQHU)3HUOLFN 06DFKZLW]'(6<=HXWKHQ*HUPDQ\*.XEH
06FKPLW].:LWWHQEXUJ7:RKOHQEHUJ'(6<+DPEXUJ*HUPDQ\
$EVWUDFW
After the generation of the laser light, a dipole deflects
the highly energetic electron beam of FLASH (Free
Electron Laser Hamburg) into a dump. A detector is
developed to monitor the position, dimensions and profile
of the electron beam. Scintillation light is emitted due to
the electrons hitting a luminescent screen located in front
of the dump aperture. This light is guided by an optical
system external to the vacuum to a CCD camera for
optical analysis of the generated image.
In this paper the layouts of two different optical
systems are presented, both of which will be redundantly
installed at FLASH II. The conventional lens-mirrorarrangement consists of three single collecting lenses, two
mirrors and a zoom lens. The second optical system is
based on radiation-hard optical fibres. It can be shown
that the resolving capacity of both optical systems is
better than 0,5 line pairs per millimetre. Furthermore a
test setup to investigate the impact of radiation on the
optical qualities of the bundle by installing it into a
³UDGLRDFWLYH KRW VSRW´ DW WKH EXQFK FRPSUHVVRU LQ WKH
FLASH accelerator is presented.
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DFFHOHUDWRUSURGXFLQJEULOOLDQWODVHUOLJKWIURPWRQP
ZDYHOHQJWKVSURYLGLQJunique experimental opportunities
to investigate the atomic structure and the properties of
materials, nanoparticles, viruses, and cells $IWHU WKH
JHQHUDWLRQRIWKH ODVHUOLJKWLQWKH XQGXODWRUVHFWLRQVWKH
HOHFWURQV DUH VHSDUDWHG IURP WKH )(/ EHDP :KLOH WKH
ODVHU OLJKW LV JXLGHG WR WKH H[SHULPHQWDO VLWHV LQ WKH
H[SHULPHQWDO KDOO D GLSROH GHIOHFWV WKH HOHFWURQV
GRZQZDUGV DW DQ DQJOH RI  WR GLVSRVH RI WKHP LQWR D
GXPS VHH)LJ 


)LJXUHBeam dump section at FLASH II (schematic)
2ZLQJ WR WKH KLJK SRZHU WKH EHDP LV HDVLO\ DEOH WR
GDPDJH EHDP OLQH FRPSRQHQWV LQ WKH FDVH RI
PLVGLUHFWLRQZKLFKFRXOGLQWKHZRUVWFDVHFDXVHDWRWDO
EUHDNGRZQRIWKHOLQDF7KHUHIRUHDGHWHFWRULVUHTXLUHG
DW WKH GXPS WR HQDEOH FRQWURO RI WKH VKDSH DQG WKH

SRVLWLRQ RI WKH EHDP 7KH GHWHFWRU ZLOO EH FRQWLQXRXVO\
PRQLWRUHGE\WKHDFFHOHUDWRUFRQWUROURRPWRLPPHGLDWHO\
GHWHFW DQ\ EHDP HOHFWUR-RSWLF IDLOXUHV 'XULQJ WKH
RSHUDWLRQ RI )/$6+ ,, WKH EHDP LV H[SHFWHG LQ WKH
PLGGOHRIWKHEHDPSLSH%HDPPLVGLUHFWLRQWRZDUGVWKH
SLSH ZDOO ZLOO ILUVW OHDG WR DQ DODUP VLJQDO DQG LI WKH
EHDP LV RXW RI WKH GHWHFWRU¶V YLVLEOH UDQJH )/$6+ ZLOO
EHVKXWGRZQLPPHGLDWHO\WRDYRLGSRWHQWLDOGDPDJH
'XH WR WKH LQDFFHVVLELOLW\ RI WKH EHDP SLSH WHUPLQXV
H[WHUQDO FRXSOLQJ LV QRW SHUPLWWHG LQ WKLV DUHD 7KH
GHWHFWRU PXVW DOVR EH DEOH WR RSHUDWH DQG VXUYLYH LQ D
KLJKO\UDGLRDFWLYH HQYLURQPHQW7KHUHIRUH D OXPLQHVFHQW
VFUHHQLVLQVWDOOHGDWWKH)/$6+,,GXPSDSHUWXUH%DVHG
RQ WKH UHVXOWV RI H[SHULPHQWV PDGH DW WKH 0DLQ]
0LFURWURQ0$0,LQZKHUHWKHOXPLQHVFHQFH\LHOG
RIGLIIHUHQWVFUHHQPDWHULDOVXQGHUHOHFWURQERPEDUGPHQW
ZDV VWXGLHG >@ DQ$O2&U &KURPR[  FHUDPLF ZLWK D
WKLFNQHVVRIPPLVXVHGDVVFUHHQPDWHULDO7KHVFUHHQ
KDVDGLDPHWHURIPPDQGWKHRSWLFDOV\VWHPKDVWR
EH DEOH WR GHWHFW WKH EHDP VSRW RYHU WKH HQWLUH VFUHHQ
VXUIDFH7KHUHTXLUHGUHVROYLQJFDSDFLW\LVOLQHSDLUV
SHUPLOOLPHWUH

237,&$/6<67(0
$V WKH EHDP GXPS LV FRYHUHG ZLWK PDVVLYH FRQFUHWH
EORFNV WR VKLHOG WKH UDGLDWLRQ WKH LQVWDOODWLRQ RI RSWLFDO
FRPSRQHQWV LV RQO\ SRVVLEOH DW GLDJQRVWLFV FKDPEHU
LQVWDOOHGDWDGLVWDQFHRIDSSUR[LPDWHO\PHWUHVIURPWKH
VFUHHQ7KHHQWLUHRSWLFDOV\VWHPFDQEHVHHQLQ)LJ
7KH HPLWWHG OLJKW LV ILUVW UHIOHFWHG E\ D YDFXXP PLUURU
WKURXJK D ZLQGRZ SHUSHQGLFXODU WR WKH HOHFWURQ EHDP
7KHOLJKWKDVWREHWUDQVPLWWHGWRD&&'FDPHUDRQHRI
WKH FRPSRQHQWV ZKLFK KDYH WR EH ZHOO SURWHFWHG IURP
UDGLDWLRQ7KHUHIRUHWKHFDPHUDLVSODFHGDERXWRQHDQGD
KDOI PHWHUV DZD\ IURP WKH EHDP OLQH VKLHOGHG E\ WKH
FRQFUHWH DW JURXQG OHYHO ,W LV IXUWKHUPRUH SXW LQWR D
FDPHUD ER[ ZKLFK FRQVLVWV RI UDGLDWLRQ VKLHOGLQJ
PDWHULDOV
)RU JXLGLQJ WKH OLJKW WR WKH FDPHUD WZR GLIIHUHQW
WHFKQLTXHV ZLOO EH DSSOLHG UHGXQGDQWO\ $ FRQYHQWLRQDO
OHQV-PLUURU-V\VWHP FRQVLVWLQJ RI WZR PLUURUV DQG IRXU
OHQVHVZLOOEHLQVWDOOHGQH[WWRDV\VWHPXVLQJUDGLDWLRQKDUG RSWLFDO ILEUHV 7KH VZLWFKLQJ EHWZHHQ WKH WZR
V\VWHPVZLOOEHSRVVLEOHZLWKLQDVKRUWSHULRGRIWLPH$V
FDQEHVHHQLQ)LJWKHORZHUOHQVHVDQGDOVRSDUWVRI
WKHILEUHRSWLFEXQGOHDUHDOVRSURWHFWHGDJDLQVW QHXWURQV
FRPLQJIURPWKHGXPS E\7HWUDERUR[LG-SODWHVZKLFKDUH
DWWDFKHG WR D IUDPH RI DOXPLQLXP SURILOHV $GGLWLRQDO
VKLHOGLQJ DJDLQVW HOHFWURPDJQHWLF UDGLDWLRQ FDQ EH
LQVWDOOHGLIQHFHVVDU\
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)LJXUH2SWLFDOV\VWHP '-&$'-PRGHO >@
7KH YDFXXP  PLUURU VHH )LJ   DW WKH GLDJQRVWLFV
FKDPEHU ZKLFK UHIOHFWV WKH HPLWWHG OLJKW WKURXJK WKH
YDFXXPZLQGRZLVDPDVVLYHPLUURUPDGHRI*/,'&23
$/D VLQWHUHG DOOR\FRQVLVWLQJRIFRSSHUDQGSDUWLFOHV
RIDOXPLQLXPR[LGH*/,'&23LVDEOHWRGHIOHFWWKHOLJKW
ZLWKWKHZDYHOHQJWKJHQHUDWHGDWWKHVFUHHQ)XUWKHUPRUH
LWFRPELQHVKLJKVWUHQJWKZLWKJRRGWKHUPDOFRQGXFWLYLW\
6LQFH WKH PLUURU H[WHQGV QR PRUH WKDQ  PP LQWR WKH
EHDPSLSHWKHULVNRIEHLQJKLWE\HOHFWURQVRIWKHEHDP
KDORLVUHGXFHG+RZHYHUDWKHUPDOVLPXODWLRQZDVPDGH
WR JHW D URXJK HVWLPDWH RI WKH UHVXOWLQJ PLUURU
WHPSHUDWXUHVLQFDVHRIHOHFWURQLQSXW>@7KLVVLPXODWLRQ
UHYHDOHG WKDW LI RQO\   RI WKH SRVVLEOH WKHUPDO EHDP
SRZHU  :  RI )/$6+ ,, FOLSSHG WKH SURWUXGLQJ
PLUURU LW ZRXOG UHDFK D WHPSHUDWXUH RI XS WR & ,Q
WKLVFDVH, the generated heat should be dissipated into the
environment as quickly as possible.Therefore, the mirror
is manufactured in one solid piece with a 70 mm diameter
round section, and it isVROGHUHGGLUHFWO\RQWRWKHYDFXXP
IODQJH *ROG IRLO LV XVHG DV EUD]LQJ VROGHU LQ RUGHU WR
DVVXUHEHVWSRVVLEOHFRQGXFWLRQ7KHUHIOHFWLQJVXUIDFHLV
ODSSHGSROLVKHGDQGPDQXIDFWXUHGDWDQDQJOHRIWR
WKH HOHFWURQ EHDP WR JXLGH WKH OLJKW WR WKH FHQWUH RI WKH
ILUVWFROOLPDWLQJOHQV
IORULDQSHUOLFN#GHV\GH

The first optical system is a conventional one, using
mirrors and lenses to guide the light to the CCD camera.
Since this kind of optical system is commonly used, there
is a wide variety of suitable components. Disadvantages
can be seen in the specialized optics required to meet the
specifications, which increases the costs of such optical
systems.
The schematic design can be seen in Fig. 4. The
sensor size of the CCD camera is 5 mm (height) times 10
mm (width). Since the electron beam has to be detected
over the entire luminescence screen, the size of the object
to be imaged is 100 mm. Consequently, the reproduction
scale is 0.05. The lenses are biconvex collective lenses,
using different focal distances. Lenses made of
Borosilicate Crown glass with antireflective coating for
the visible range are suitable. To avoid the lenses being
GDPDJHG E\ UDGLDWLRQ WKH JODVV W\SH ³1-BK7-NH4
JUDGH´PDQXIDFWXUHGE\&9,0HOOHV*ULRWZLOOEHXVHG

Figure 4: Lens-mirror-arrangement (schematic).
To minimize aberrations and maximize the image quality,
the optical system was simulated with the help of the
program package ZEMAX [3]. Due to the long distances
between the mirrors and the camera, the use of four lenses
is preferable to get an adequate image quality. The first
lens is located in front of the vacuum window and relays
the light to the first mirror. It has a focal length of 325
mm. Since the light is then diverging again, the second
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and the third lens, both with a focal length of 500 mm,
relay the light again to the second mirror. Substitution of
the two lenses by one single lens proved insufficient due
to a significant loss of light intensity. The forth lens with
a focal length of 150 mm further scales down the image to
10 mm, which represents a reproduction scale of 0.1. To
reach the desired reproduction scale of 0.05, further
optimization is mandatory.
To get an estimate about the resolving capacity of the
optical system, a modulation transfer function diagram
(MTF) can be used. Figure 5 shows such a MTF-diagram
at the centre of the screen. The diagram displays the
resolution both in the sagittal and the tangential plane.
Ideally, in the screen centre the resolution in both planes
should be identical, but due to aberrations caused by the
mirrors the resolution in the tangential plane is inferior.
Therefore the resolution is determined in this plane. Here
the resolution, which is usually determined at 0.1, is about
3 line pairs per mm. Towards the screen margins the
resolution deteriorates and reaches only 2 line pairs per
mm.

Figure 5: Modulation transfer function (screen centre).
In addition to the theoretical estimate of the resolving
capacity, a practical verification was performed by
installing a test setup, using the same geometric
conditions as will later be found at FLASH. Since the test
was performed outside the vacuum, the GLIDCOP mirror
was substituted by a mirror dummy with similar
properties. The resolving capacity was defined with the
help of the USAF test target 1951 which was illuminated
from the backside by a constant light source. The image
as seen by the CCD is displayed in Fig. 6. Although this
test is quite subjective, it can be said that the observer is
able to distinguish between the lines at least in the
Element 6 of the group number -1, which represents a
resolving capacity of 0,89 line pairs per millimetre (see
table 1). This is only about one third of the theoretical
resolving capacity. However, this still meets the
requirements.
Table 1: Evaluation Table of the USAF 1951 Test Chart

Figure 6: Resolving capacity test with USAF test target.

Radiation ard optical fibre system
Light transport over rather long distances with a lensmirror arrangement requires considerable investment
concerning the amount of optical components as well as
their fine adjustment. When using flexible optical fibres
to transfer the beam image to the camera, the number of
optical components can be significantly reduced.
Furthermore fine adjustment is much less complex.
Despite this, there is still little knowledge about the use of
radiation hard fibres in accelerators and their long-term
radiation resistance.
As can be seen in Fig. 2., a zoom lens, located
approximately 50 mm from the vacuum window, captures
the detector image on the GLIDCOP mirror. The fibre
bundle is coupled directly to the zoom lens via an adapter.
At the far end of the bundle it is attached to the CCD
camera which is located inside the camera box. The fibre
bundle is fixed several times on the outer side of the rail
system.
The wound fibre optic bundles used for the beam dump
detector are delivered by the Schott AG. The bundles
available differ concerning image format size (2x2 up to
40x35 mm2) and length (standard lengths from 0.61 to 4.5
m). The single fibres, with a 60 micron diameter, are
combined in arrays of 6x6 (see Fig. 7). A transmission
of 40 % is guaranteed by the manufacturer. For the beam
dump detector a 2.7 m long bundle with a format size of
4x4 mm is utilized.

Figure 7: Optical fibre bundle (enlarged detail).
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As for the lens-mirror-system, the resolving capacity for
the fibre optic bundle was practically performed by using
the USAF test target (see Fig. 8). This test revealed that
the resolving capacity is about 1 line pair/mm, which is
even better then with the lens-mirror-system.

Figure 9: Optical deterioration test setup (schematic).

Figure 8: Resolving capacity test (optical fibre bundle).
Unlike information about the optical properties, detailed
information about the radiation hardness of the fibre optic
bundles is not available. Therefore a test setup is planned
to investigate the deterioration of the optical qualities
under irradiation. Therefore a second fibre optic bundle
with a length of 600 mm will be installed at FLASH at a
radioactive hot spot for several weeks. The fibre bundle
will be placed directly onto one of the Bunch
Compressors, where a radiation dose of several Grays is
expected during accelerator operation.
A scheme of the experimental setup can be seen in Fig. 9
An LED, mounted in a small enclosure and triggered
by a pulse generator, serves as light source. Two single
optical fibres diverge from the enclosure. The first is
attached directly to a photomultiplier and serves as
reference. The other one continues to the fibre bundle
which is connected to the second photo multiplier with
another single optical fibre. Both photomultiplier signals
are amplified and conducted to an oscilloscope which is
located outside the accelerator. The signal information is
saved to a PC in steady time intervals.
Since the optical components and the single optical fibres
are protected against radiation by a lead shielding, it is
assumed that radiation will exclusively lead to a
deterioration of the fibre bundle. The initial measurement
will be executed without the influence of radiation. These
first measuring results will be taken as standard values.
After the irradiation the measured results will be
compared to the standard values to get the rate of
deterioration.
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6800$5<$1'287/22.
The development of an electron detector at the FLASH
II beam dump requires special efforts concerning the
optical system and means of radiation protection. Two
different optical systems will be installed: a conventional
lens-mirror-system and an optical system using a
radiation hard fibre optic bundle. Initial tests showed that
the desired resolving capacity of 0,5 line pairs per
millimetre can be achieved with both optical systems.
Eventually, an irradiation test will soon be performed at a
³UDGLRDFWLYHKRWVSRW´DW)/$6+ to get an estimate of the
radiation impact on the optical qualities of the fibre
bundle.

