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Abstract. The new 1.4 MeV/u high current injector for the Unilac succesfully commissioned in
1999 is now accelerating heavy ions close to the calculated intensities. For example an “°Art*
beam with 8 emA alows to fill the GSI synchrotron to its inherent intensity limit. For emittance
measurements of such intense beams a single shot pepperpot system has been developed. An
overview of the hard- and software including mathematical algorithms is given. Results of
emittance measurements at different intensities and energies are presented. The influence of
stripping and rel ated space charge effects on the emittance could be investigated.

INTRODUCTION

For commissoning purposes of the new prestripper section (1) of the UNILAC it
was necessary to inddl an dternative method of emittance measurement. In the past
the emittance of the transversd phase space was measured with the traditiona dit/grid
method which worked very wel and for which devices are permanently inddled at the
Unilac injection section and a the GSI ion source department. With the development
of the high current injector (2) usng a 36 MHz RFQ with a find energy of 120 keV/u
and two IH-DTL structures (743 keV/u, IH1 and 1.4 MeV/u, IH2) the thermic gtrain of
materia through high current heavy ion beams increesed so that the conventiond
dit/grid hardware was destroyed athough a cooling system was used. The destruction
effects (Fig.1) did not lead to obvious misbehavior in the measurement process, o it is
possible that undetected errors could have taken place.
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FIGURE 1 Grid (left) and slit (right) damaged during a measurement with an Ar** beam (about 5 mA
and 5 Hz at 743 keV). The dotted line on the right picture was caused by macropul ses while moving the
detector into the beam. The large holein the slit has a negative effect on the emittance calculation
which isthen difficult to detect. Some of the grid wires have been destroyed too, but have been
replaced for re-use.

A pepperpot system using a Fast Shutter CCD camera was developed, with the
main god to measure transversa emittances of high current ion beams in a sngle shot.
This led to short measuring times, and especidly to a lower thermic stress on the used
detector hardware.

Another advantages of the pepperpot system compared to the dit/grid method are
the posshility to measure the emittance in coupled horizontal and vertica transverse
phase planes and to examine pulse to pulse fluctuations.

HARDWARE SET-UP OF THE PEPPERPOT SYSTEM

The principle and the set-up (3) of the pepperpot system is shown in Fg.2. The
used pepperpot plate, shown in Fig. 3 is made from copper. A regular grid pattern in
an arrangement of 15x15 holesis drilled into the plate on an area of 45 x 45 mn?.
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FIGURE 2. Schematic drawing showing the pepperpot system, which can be moved onto the beam
axis by apneumatic drive. A laser beam inflected by amirror is used for calibration purposes.
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FIGURE 3. Scheme of the pepperpot platein across sectional view and relevant dimensions.

For further development plans are to incresse the angular resolution, in usng a
pepperpot plate, built up with a 0.1mm and 0.5mm thick tungsten or tantalum foil and
holes of 0.1mm diameter. This foil is fixed between two copper plates for mechanica
and thermd durability.

The sdintillating fluorescent screen is made from AlOs. The distance between the
pepperpot plate and the screen can be varied between 150 and 250 mm to change the
resolution in case of overlgpping spots. To reduce errors caused by light refection, the
interior of the chamber is totaly blackened. Sdection of materids and physca
dimensions of dl parts are based on the theoretica beam parameters given in Tab.1.

TABLE 1. Beam parametersof thenew UNILAC prestripper section for U**

Par ameter/Section RFQ IH1 [IH2
Energy (keV/u) 120 743 1396
? =vic (%) 1.605 3995 5473

?-hor. (mm mrad, 90%, 4 X rms) 125 8.5 8.1
?-ver. (mm mrad, 90%, 4 X rms) 125 85 81

Bunch length (ns) >2 1-2 <1
Beam current” (emA) 15 15 15
Beam power (kW, pulse) 114 708 1329

" Reference particle = U**

A resolution of less than 0.5 mrad in divergence and 0.1 mm in the transverse
coordinates can be achieved by usng a PC controlled Fast Shutter CCD camera (4).
Excerpts of the camera properties are listed in Tab.2.



TABLE 2. Main characteristics of the PCO CCD camera.

Sensor type CCD-Interline
Resolution 1280(h) x 1024(v), SVGA
Pixd 9ze 6.7um X 6.7um

Sensor format 213

Scan area 8.6mm x 6.9mm
Response 280 ...1000nm

Trigger externa TTL, Software
Exposure time Fast Shutter

Setting

Ex re st 100ns

width o

Exposure times 100ns — 10ms

Multiple exposure max. 10 X 10ms = 100ms
Control PC, fiber optic link

SOFTWARE FOR DEVICE CONTROL, DATA ACQUISITION
AND EVALUATION

It is planned to implement the pepperpot emittance measurement system into the
regular GSI control system. Access to the pepperpot systems in an agreegble way for
the operating staff had to be developed. The software is based on Windows NT and
programmed in C++. Full hardware access including GSl interlock system for single
shot mode is provided for expert and commissoning user. The expected standard
operation mode is reduced to a minimum of working steps and is mostly autométic.

The software providesthe
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FIGURE 4. Scheme of pepperpot software
More detailed information about the evaluation agorithmsis givenin (5).



MEASUREMENTS

Calibration process

For the cdlibration process, a parald laser beam is used to correlate the pixes of
the obtained image with the red physica coordinates of the pepperpot holes. A regular
rectangular grid has to be fitted with its nodes on the centre of each displayed spot.
This gtep is shown in Fig. 5. For later caculation of the angle dbviation the set of data
isstored in the local database.
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FIGURE 5. CCD images of the screen illuminated through the pepperpot by laser light (reverse
display).

Emittance calculation
On the obtained ion image the dtored grid from the calibration process has to be

fited on the spots again. This information is used as a dating point for a search
agorithm to scan the hole pot intengity digtribution.

FIGURE 6. Fit of calibration data on real ion beam image.



The use of a profile window disolayed in Fg. 6 is amilar to the conventiond dit-
grid technique. The grid lines on the maxima of the profile can be moved manudly for
each spot to ensure correct separation of al spots and to create the dependence to its
corresponding pepperpot hole. It is possble to use one line of spots for evauation or
the integrd of al spot lines. The analyss is separated in horizontd and vertical data
output. The development of a more sophisticated agorithm which leads to emittance
caculationsin coupled transverse phase planesisin progess (5).

RESULTS

Fig. 7 shows the new GS gas dripper section with the charge andyzing
spectrometer and the two pepperpot devices. With this set-up it is possible to examine
stripping and space charge effects and ther influence on the emittance.
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FIGURE 7. New Unilac gas stripper section.

Stripping an “°Ar'* beam of 7.5 emA results in an 18 emA current of “°Ar'%*. This
is three times the current (resp. 6 emA  “*°Ar'%") the beam tranport system can handle
without space charge compensation due to eectrons from the gas dripper. The charge
dengity directly behind the ripper is the highest within the whole Unilac.



Patid beam neutrdization prevents a dronger emittance growth and leads to
improved transmisson for the highest currents. Fig. 8 shows the intendty distribution
in 2D-phase space for different current levels behind the stripper of  “°Ar'%*. The
intengty was varied with dits in the low energy beam trangport in front of the RFQ.
No dgnifcant changes due to intendty variations are examined for the emittance in the
prestripper section. Behind the dripper the emittance in the verticd plane shows a
srong current dependence. Effects on the horizontal emittance were not observed.
This is due to the dliptic beam pofile which adlowed higher space charge forces in the
horizonta plane.
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FIGURE 8. Intensity contour plots of the measured beam distribution.

Another indication of space charge compensation could be seen comparing signas
from a capacitive pick-up which is directly placed behind the gas-sripper with the
pulse current measured with a beam trandformer which is ingaled directly in front of
the stripper.



Since the mean charge of the Ar-ions rises from 1+ to 10+ by passing the stripper

and charge separation has not yet taken place a the postion of the capacitive pick-up,
the effect of neutrdization is observable on the sgnd amplitude of the pick-up. The
non-linear run of the curve in Fg. 9 can be interpreted as a result of charge
compensation. More information on space charge effects, beam neutrdization and
charge State spectra of the new prestripper linac and stripper section isgivenin (6).
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FIGURE 9. Effect of bunch neutralization observed with a capacitive pick-up

REFERENCES

Beam Intensity Upgrade of the GSI Accelerator Facility, GSI Report, GSI-95-05, (1995)

P.Forck, P.Strehl, Proc. 4" DIPAC 1999, Chester, UK, p. 42-46.

M. Domkeetal DIPAC 1997, LNFINFN Frasceti, Ital , p. 141-143.

P.Forck, A.Peters, P.Strehl, Proc. 61" EPAC 1998, Stockholm, SNeden p.1500-1502.

D.A Liakin (Moscow), T. Hoffmann, P.Strehl et a., Proc. 4" DIPAC 1999, Chester, UK,
p. 161-163.

W.Barth, Commissioning of the new 1.4 MeV/u- stripper section at the Unilac, GSI Annual Report
1999, to be published.



