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Abstract the DTL. It comprises a 36 MHz buncher for longitudinal
bunch compression, a 108 MHz buncher for final bunch

Transverse emittance growth along the Alvarez DTL

S X . . Fotation, a quadrupole doublet for transverse compression
section is a major concern with respect to the preservation

of beam quality of high current beams at the GSI UNI_andaquadrupoletripletforfinal transverse beam matching.

LAC. In order to define measures to reduce this growth The Alvarez DTL conjpri_ses five independent rf-tanks._
appropriate tools to simulate the beam dynamics are ind%arlls\lljer[)se[:beagw foéusrl]né?] _IfS pirfok:med by quadrudpoleslln
pensable. This paper is on benchmarking of three beafy® F-P-D-Fmode. Each drift tube houses one quadrupole.
dynamics simulation codes, i.e. DYNAMION, PARMILA The periodicity of the lattice is interrupted by four inter-
and PARTRAN against systematic measurements of bedf’k S((ejctlonsé(\)/\;here D-F-D f%cu]§|ng ;13 appllelt(j. Acg?)lzera-
emittance growth for different machine settings. Experillo" IS done - . rlom crestmli e firstthree tanks and 25
mental set-ups, data reduction, the preparation of the sifio™ ¢restin the lasttwo tanks. .
ulations, and the evaluation of the simulations will be de- Figure 1 presents the schematic set-up of the experi-
scribed. It was found that the mean value of final horizontdl"€Nts. Beam current transformers are placed in front of

and vertical rms-emittance can be reproduced well by the
codes. + Beam Current Measurement

* Beam Profile Measurement

Matching to DTL « Phase Probes

INTRODUCTION o \ M | Aza Ab] A3 | Ad
In the last decades many beam dynamics computer codes ! Alvarez DTL Section \
were developed [1] in order to simulate emittance growth | Beam Emittance Measurement (trans) |
along a linac. Several benchmarking studies among codes Gas Stripper
40ArT+ —> 40Ar10+ } rms-bunch length measurement ’

have been performed [2, 3, 4] generally assuming idealized
conditions as initial Gaussian distributions, equal trans
verse emittances, matched injection into a periodic kttic
and small longitudinal emittance with respect to the rf-
bucket size. In case of an operating linac most likely nognd behind the DTL as well as horizontal and vertical
of these conditions is met. To apply simulation codes tglit/grid emittance measurement devices. The total accu-
a realistic environment a benchmark activity was starte@cy of each rms-emittance measurementincluding its eval-
aiming at the simulations of beam emittance measuremertation is estimated to be 10%. A set-up to measure the
performed at a DTL entrance and exit, respectively. Thiongitudinal rms-bunch length is available in front of the
studies were performed at the GSI UNILAC [5]. For theDTL [10]. It measures the time of impact of a single ion on
simulations three different codes were usethamion [6], @ foil. This time is related to a 36 MHz master oscillator.
PARMILA (v 2.32) [7], and parTRAN [8]. A more detailed de- The resolution is 0.3(36 MHz).
scription of the campaign is given in [9]. The HSI was set to obtain 7.1 mA 6?Ar'°* in front

of the DTL being space charge equivalent to the UNILAC
EXPERIMENT SET-UP AND PROCEDURE design beam of 15 mA of®U?8+. Horizontal and verti-

cal phase space distributions were measured in front of the

Intense beams are provided by MEVVA, MUCIS, orDTL. The longitudinal rms-bunch length was measured at

CHORDIS sources at low charge states with the energhie entrance to the DTL. The DTL quadrupoles were set
of 2.2 keV/u. An RFQ followed by two IH-cavities (HSI to zero current transverse phase advawrcasnging from
section) accelerates the ions to 1.4 MeV/u using an rB5° to 9C° in steps of 5. Due to space charge the phase ad-
frequency of 36 MHz. A subsequent gas-stripper increaseances in all three dimensions were depressed. The trans-
the average charge state of the ion beam. Final acceleraticerse depression reached from 21%°(9® 43% (35).
to 11.4 MeV/u is done in the Alvarez DTL section oper-Afterwards the quadrupoles and bunchers preceding the
ated at 108 MHz. The increase of rf-frequency by a factdDTL were set to obtain full transmission and to minimize
of three requires a dedicated matching section precedit@wv energy tails of the beam. For each valuesgfhori-

Figure 1: Schematic set-up of the experiments.
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zontal and vertical beam emittances were measured at tio the DTL in accordance with the measurements. Even-

exit of the DTL with a resolution of 0.8 mm in space andtual longitudinal mismatch could have been observed ex-

0.5 mrad in angle. perimentally by transmission loss and the occurance of low
Each emittance measurement delivers a two dimensioreergy tails.

matrix of discrete slit-positions and discrete angles. The The reconstruction of the type of distribution is based on

data are processed by the measurement & evaluation peyaluation of the brilliance curve, i.e. the fractional rms

gram PROEMI[11]. Fractional emittances can be extractesmittance as function of the fraction (Fig. 3). Different

as well since in practical cases it is beneficial to focus on

the "inner” 95% of the particles. The emittance contain-

ing a given percentageof the full distribution is extracted

as follows: (i) The sund_,,, of all pixel contents is cal-

culated. (ii) The pixels are sorted by their content startin

from the largest one. (iii) Starting from the largest comten

the sum of all pixel contents is built as long as this sum is

less or equal to the percentagef ", ,. (iv) Those pix-

els that contributed to the sum are considered for the rms-

evaluation. Simulation deliver a set of six dimensionat par

ticle coordinates. This ensemble is projected onto a pixel-

grid having the same characteristics as the slit/grid @evic

used for the measurements. The grid is read by the mea-

surement eva'uation program PROEMI Such that data rEngre 3: Bri”iance curves Of the phase Space diStI’ibution

duction was done in the same way as for measured data_in front of the DTL. Bold: from measurement; dashed:
from initial distribution for simulations

INPUT FOR SIMULATIONS amounts of halo have been found in the two transverse

From the transverse emittances measured in front §fanes as indicated by the horizontal and vertical curva-
the DTL normalized 100%-rms-emittances of 0.12 anédres. For proper modelling of the initial distribution,tho
0.23 mm mrad were evaluated horizontally and verticallycurvatures must be reproduced. This was achieved by using
respectively. Measuring the rms-bunch length in front oft distribution function as
the DTL a value of 25 mm was found corresponding to a a
phase spread of 2@t 36 MHz. f(R) = 25-10-% + R0 R<1 )

The reconstruction of the initial distribution is done in
two steps. First the 100%-rms-Twiss parameters are detéRd f(R)=0 for R > 0 with
mined. In the second step the type of distribution is recon-

2 2 12 1.2 1.2 2 2
structed. The transverse rms-measurements and the longt. = X~ +X°+Y 2+ Y774+ 0%+ (6P/P)", (2)

tudinal rms-measurements on the initial distribution, @on . o .
at different locations along the beam line (Fig. 2), had to bgherea IS Fhe normalization constant and th_e_ constant in
combined. e der_npmnator re_sults fr(_)m th_e cut off condmodﬁ 1.
By defining the radiugk using different powers for differ-
OTL 19 Tank ent sub phase spaces the halos within the planes could be

modelled. Since for the longitudinal phase space distribu-
i IS Hete tion no measurement but on the rms-bunch length is avail-

able, a Gaussian distribution cut at ¥ assumed. This can

be achieved by setting the respective powers in the defini-

Simulations "s"
tion of R to a value of 2.

Figure 2: Reference points used for reconstruction of the
initial phase space distribution.

Quadrupoles

Long. Emitt. Meas. """

COMPARISON OF RESULTS

This was achieved by attaching to the transverse rms-For all phase advances full beam transmission was ob-
parameters measured at location “t” such longitudinal rmserved through the DTL in the experiment. The codes re-
parameters that result in the measured rms-bunch lengtbaled losses of about 2%. Figure 4 displays final horizon-
measured at location “I", after rms-tracking the distribat  tal phase space distributions at the DTL output as obtained
from “t” to “s”. The tracking implies the assumption thatfrom measurements and from simulations for three differ-
the virtual transport from “I” to “s” can be approximatedent values ofs,. The simulated final distributions look
by a simple drift including space charge. The length of thiguite similar. Simulations could reproduce the wings at-
drift is given by the difference of the distances (“A", "I") tached to the core measured at highest phase advances. But
and (“A’, ’s”), i.e. 0.4 m. Additionally, the recombined the codes did not show the asymmetric distributions mea-
distribution must result in longitudinally matched injieect  sured at lowest phase advances. Final 95%-rms-emittances
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Figure 7: Mean value of horizontal and vertical 95%-rms-

Figure 4: Top to buttom: horizontal phase space distribLF-mlttance atthe end of the DTL as functionsgt
tions at the DTL exit. Lefto, = 35°; centre:o, = 60°;

right: o, = 90°. The scaling ist 24 mm (horizontal axis)
and+ 24 mrad (vertical axis), respectively. ACKNOWLEDGEMENT
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