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Parameters of the beam Ar°t at input of the 1°¢ Alvarez tank for providing maximal transmission and brilliance, min-
imum emittance growth in all Alvarez for the different currents of beam and distribution of particles were optimized.
The task solution had two stages. The first stage is beam dynamics calculation in Alvarez DTL for phase advance
53° in the 1°¢ Alvarez tank with 11 mA beam current and gauss distribution for finding the best Twiss-parameters to
the 1% Alvarez tank. The optimization was made with accounting longitudinal emittance and separatrix of channel.
The second stage is beam dynamics calculation with optimal parameters of matching line to Alvarez DTL for mea-

10+

sured input particle distribution. The results of beam dynamics simulation for Ar with 10 mA at input energy

1.4 MeV /u using PARMI-GSI and PARMT-GSI codes are presented.
PACS:29.17 +w

1. INTRODUCTION the 1%t Alvarez tank are carried out for following

phase advances 45°, 50°, 53° 55°, 60° and for ar-

The GSI linear accelerator UNILAC has to serve tificial 6D particle distribution. The results of the

as a high current injector for the future GSI- dynamics of for 11 emA are shown on Fig.1. The op-
accelerator facility, especially for heavy ions like ura-  tjmal value of phase advance of the radial oscillations
nium. Presently the UNILAC is not able to provide iy the first tank is 53°. With this phase advance

for required beam brilliance at the synchrotron injec- t1ansverse emittance growth at the output of the
tion. In the next future it is necessary to start with a gt tank was £, = 0.5 percent, e, = 2 percent, and
R and D program in the different sections of the GSI' r¢]ative brilliance 0.96. For the calculations we used
linac [3]. At the synchrotron injection the beam bril-  100q macroparticles. Particle transmission for all
liance has to be increased by optimizing the focusing phase advances was 100 percent. The input Twiss
strength especially in the first Alvarez section, where parameters of the beam were optimized with account

increasing of the quadrupole strength leads to the of matching longitudinal emittance with separatrix
higher phase advance of the focusing channel. Sys- f the channel.

tematic numerical studies of the phase advance influ-
ence to the beam quality in the Alvarez DTL were

ASX\ ]
executed for beam Ar'%* and for current up to 10 7,51 /
emA. After the stripping process the electrical beam .
current is increased. This leads to a significant beam
emittance growth during the transport through the 5,04 Ae ~ o
matching line to the Alvarez DTL. The research of < I
the beam dynamics in the 1% Alvarez tank during
the optimization of the parameters of the matcing 2,5 o
line carried out for the measured particle distribu-
tion. J
0,0 u T T
2. BEAM DYNAMICS SIMULATION IN 45 50  peg 55 60
THE FIRST ALVAREZ TANK FOR
DIFFERENT PHASE ADVANCES OF Fig.1. Emittances growth behind the 15t Alvarez
RADIAL OSCILLATIONS section as a function of the transverse phase
Simulation of the Ar!®* the beam dynamics in advances
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3. MATCHING SECTION

After the separation the beam must be matched
to the Alvarez DTL section. Matching line con-
sist of 36 MHz rebuncher,the quadrupole doublet,
the quadrupole triplet and the 108 MHz rebuncher
(Fig.2) [2]. The measurement of the transverse phase
space distribution was done between the quadrupole
doublet and the quadrupole triplet, using the slit-
grid device (Fig.3). Knowing the settings of the
quadrupoles in the matching line, the measured dis-
tribution are transformed back to the entry of the
matching line by means of PARMT-GSI code. Num-
ber of particles is 1641, current is 10 emA.
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Fig.2. Matching section to the 15¢ Alvarez tank
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Fig.3. Data of emittance measurement at
matching section for 10 emA Ar'®t beam

As we can see, the measured distribution has the
spread by energy +1.5 percent, phase range 80°.
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Fig.4. Data of emittance measurement at entry of
the matching section for 10 emA Ar'®*tbeam

176

Such parameters of the beam will the inevitably
result in the transverse emittance growth, and, so,
decrease of the brilliance of the beam. On Fig.4 we
can see the particles distribution at the entry of the
matching line. The discussion of the reasons of such
quality of measured distribution is out of borders of
this article. The beam is mismatched with DTL.

4. BEAM DYNAMICS SIMULATION FOR
OPTIMIZED PARAMETERS OF THE
MATCHING LINE

The beam dynamics simulation was done in the
matching line, using the PARMT-GSI code and in
the 1-st Alvarez tank using PARMI-GSI code on the
LINUX platform. The parameters of the elements of
the matching line are got with method developed in
KIPT and are shown in Table 1.

The main goal of the work was definition of the
optimum parameters of the devices of the matching
line providing the beam parameters at the input of
the first Alvarez tank which allow obtaining the high-
est beam brilliance, transmission, and low emittance
growth in the overall Alvarez structure.

In order to solve this problem a number of works
have been carried out already where different op-
timization methods were used which are described
in the literature; in these works different methods
for optimization were used such as the method of
beam envelope, method using linearized Kapchinsky-
Vladimirsky equations; methods based on quasi-
periodicity of the accelerating structure etc. Most
of these methods include simplifications for calcula-
tions of charged particles dynamics; this may signifi-
cantly distort the true beam parameters. Therefore,
when high-current beams in long accelerating struc-
tures are discussed it is necessary to refuse from any
simplifications when optimizing such beam param-
eters as brilliance, transmission, emittance growth,
and to use detailed numerical simulation with ac-
count of non-linearity of external fields and space
charge field and interrelation between longitudinal
and transverse motion. The results of such calcu-
lations should be the subject of minimization. Expe-
rience of the work acquired in KIPT on experimental
investigations of high-current beams in structures of
multicharge ion linear accelerators allows formulat-
ing the following approach to the task of minimiza-
tion beam emittance growth in the course of accelera-
tion. The code for optimization was developed which
uses a complex method for defining the minimum of a
function of N variables lying in specified range. The
method is based on comparison of the function values
being optimized and does not require the smoothness
of the function.

The results of beam dynamics simulation are
shown on Fig.5 - Fig.9. All elements of the match-
ing line, including two rebunchers, were used in the
calculation, unlike the [2], where only five matching
quadrupoles were used. As the matching line has



two rebunchers, the first of which is 36 MHz, and the
second is 108 MHz, results of the dynamics in these
sections are shown in Table 2 separately.

rms emittances growth Ae, = 15.8 percent, Ae, =
79.5 percent, spread by energy is £0.2 percent, phase
range is 45°, transmission is 100 percent, (Fig.7).

Table 1. B : * = j; :
No elem. Element Param.value :j 03
1 Rebuncher 0.1155 MV sl 25
2 US4QDA41 1138.39 Gs/cm | . ]
3 US4QD42 _106045 GS/Cm _i'?.s 1.0 0.5 0.0 0.5 1.0 Lsx,_,"-, - 005 10 Lst
1 US4QT51 1634.63 Gs/em | . 10
5 US4QT52 —1620.13 Gs/cm | .
6 US4QT53 1271.01 Gs/cm | o —
7 Rebuncher 0.0842 MV :i
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‘1)2 Fig.7. The particle distribution at exit of the 15
> Alvarez tank simulated with PARMI-GSI code for
*:; 10 emA Ari%t beam
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¥ ou * Longitudinal motion of the beam we can see
. jz on Fig.8. The measured particles distribution was
5., obtained after UNILAC RFQ, super lens, 2 IH-
10 structures, gas stripper,10 emA Ar'%t and was used
10 2 P for matching including space charge. Parameters of
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Fig.5. The particle distribution in position behind
the quadrupole triplet of the matching section for 10
emA Ar't beam
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Fig.6. The particle distribution at exit of the
matching section for 10 emA Ar'®t beam

On the Fig.5 the beam data after the 1°¢ re-
buncher, quadrupole doublet and quadrupole triplet
is shown. In this section rms emittanse growth are ¢,
= 5.53 percent, ¢, = 8.69 percent. On the output of
the matching line rms emittances growth are Ae, =
9.8 percent, Ae, = 8.75 percent, transmission is 100
percent,(Fig.6). Further, the beam dynamics calcu-
lation was done using the PARMI-GSI code. In the
calculations of dynamics with the PARMI code, the
field in the gaps of DTL sections is presented in the
form of ’thin lens’. With such input beam parameters
at the output of the 1st Alvarez tank we obtained

to KIPT- method are summarized in the Table 2.
It is enough big emittance growth in the first tank
proves that much highly matching measured distri-
bution to Alvarez DTL. For all Alvarez sections the
parameters of Ar'%*, 10 emA beam for measured
particle distribution we can see on Fig.9. Emittances
growth Ae, = 51 percent, Aey, = 137 percent, trans-
mission is 97.7 percent.
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Fig.8. Horizontal and vertical envelopes in the first
Alvarez tank for 10 emA Ar't beam

Table 2.
Pos. €z €y A e, Aeg,
1 |0.338 | 0.299 — —
2 0357|0325 | 553 8.69
3 |0.371|0.326| 4.00 0.06
4 103710326 | 9.80 8.75
) 0.391 | 0.537 15.8 79.5
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In Table 2: position 1-entry of matching line, position
2-exit of 36 MHz section, position 3-exit of 108 MHz
section, position 4-exit of matching line, position 5-
exit of first tank; e, €, have units of mm*mrad,
Ag,, Aey, have units of percent. Transmission is 100
percent.
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Fig.9. The particle distribution at the exit all
Alvarez sections for 10 emA Ar'®F beam

Further, the comparison of the dynamics re-
sults described above, with the results cal-
culated by PARMELA code. Field distri-
bution in Alvarez cells for PARMELA code
was calculated wusing Poisson Superfish code.
On Fig.10 beam dynamics results calculated by
PARMI-GSI and PARMELA codes are shown.
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Fig.10. Transverse emittances growth for 10 emA
Ar19* beam calculated with PARMELA and
PARMI-GSI codes in the matching line and in the
first Alvarez tank

Table 3.

Code Ag, Ag, | Transmission
PARMI 15.38 79.5 100
PARMELA 32.0 76.0 99.5

One can say that good coincidence of the results
for the 15" Alvarez tank is watched (see Table 3). In
Table 3 Ae,, Agy, Transmission have units of per-
cent.

5. CONCLUSIONS

Beam dynamics simulation for Ar!°*, 10 emA
has shown that the best phase advance of the ra-
dial oscillations in the 1%* Alvarez tank is 53°. So
the quadrupole feeding system must be modernized
at least in the 1st tank. The measured 6D parti-
cle distribution must be coordinated at the input of
the Alvarez DTL. The optimization methods devel-
oped in KIPT that allows to calculate parameters of
the matching line operatively, has tested by different
codes. Good coincidence of the dynamics results has
been got. We acknowledge the support under INTAS
project 03 — 54 — 3543.
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PE3VYJIBTATBI MOJEJIMPOBAHNA ITNHAMUWKU ITYYKA MOHOB B
COIVIACYIOIIIEM JIMHUN 1N B IIEPBOM TAHKE AJIBBAPEITA YCKOPUTEJIA
UNILAC

W. Barth, B.A. Bomxo, L. Dahl, L. Groening, 3.E. IImyxuna,
C.C. Tuwxun, S.Yaramyshev, B.B. 3atiues

OnruMu3npoOBaIuCh apaMeTphbl Iy4Yka HOHOB Ar

10+

Ha BXOJle B IIEPBYIO ceKIuio AjbBaperia Jijist obec-

HevYeHnsT MaKCUMAJIbHBIX BEJIUYUH TPAHCMUCCHUU, SPKOCTA M MUHUMAJILHOT'O POCTA ITONEPEYHBIX SMUTTAHCOB
BO BCeX CEKIMAX AJbBapena Jijisi pa3jndHbIX TOKOB IyYKa U paclpejeseHuil actur,. 3ajada permajiach B
JaBa srana. Ha mepBom sTare - pacder JUHAMUKE IIyYKa B CTPYKType AJibBapena Jjis ONTUMAJILHOrO Habera
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a3 pagnmanbHLIX Koaebanmit 53° B mepBoM TaHKe IpH TOKe IydKa 11 MA ¢ TayCCOBBIM pACIPEIETICHIEM C
[EJIbIO OIpEJIeIeHIsT HAMTYyIImnX 3HadeHnil Twiss - mapamMeTpoB mydkKa Ha BXOJe B mepBblit TaHkK. Onrumu-
3aIisi BEJaCh C YI€TOM COTJIACOBAHWS ITPOIOIBLHOTO IMUTTAHCA C cermapaTpucoil kanaaa. Ha Bropom 3srare
- pacyeTr AMHAMUKHU IMyYKa MPU ONTHUMAJIbHBIX MapaMeTpax 3JIEMEHTOB COIVIACYIONIEH JIMHUU U U3MEPEHHOM
BXOJ[HOM DPACIIPeIesIeHIN. IIpHBOISTCA PE3YIbTATEl MOIEIMPOBAHKs JUHAMUKY Iyuka nonos Arl®t ¢ Bxon-
Hoit sueprueit 1.4 MsB/u upu Toke 10 MA B cornacyromeil JuauM U B IepBOM TaHKe AJIbBapena ¢ MOMOIIBIO
nporpamMm PARMI-GSI u PARMT-GSI.

PE3VJIBTATU MOJAEJIOBAHHA ANMHAMIKHI ITYUYKA IOHIB B JITHII, IIIO
ITIOTOI2KVYE, I B IIEPIIIOMY TAHKY AJIbBAPEIIA ITPUCKOPIOBAYA UNILAC

W. Barth, B.O. Bomxo, L. Dahl, L. Groening, 3.0. IImyxina,
C.C. Tiwxin, S. Yaramyshev, B.B. 3atiues

Onrumizysaics napamerpu myuka ionis Ar'%F ma Bxozi B nepmy cekmito Anbapens s 3a6e3medeHns

MaKCHMaJIbHUX BEJUYMH TPAHCMICII, ICKPaBOCTI i MiHIMAJIBHOTO 3POCTAHHS IIOIEPEYHUX E€MITTAHCIB Yy BCiX
cexIlisix AJibBapells Jyist Pi3HUX CTPYMIB IIydKa 1 PO3IOJLIIB YaCTUHOK. 3aB/IaHHs BUPIIIyBaJjoOCs B J(Ba eTa-
mu. Ha mepromy erari - po3paxyHOK JMHAMIKK MyYKa B CTPYKTYpi AJibBapena Jijisi ONTUMAaJIbHOrO Hadiry
a3 pagmiampEmx Kommpamb 53° y IepmoMy TaEKY HOpH cTpyMi myuka 11 MA 3 rayccoBmM pO3IOIiTOM 3
METOI0 BU3HAYEHHS HANKpAIUX 3Ha4YeHb Twiss-mapaMeTpiB mydka Ha BXOl B meprmii TaHk. OnruMmizariis
BeJIacsd 3 yPaxyBaHHAM Y3TOJKEHHsI IIOJOB2KHBOIO €MITTaHCy 3 cernaparpicoio kanasty. Ha npyromy erami -
PO3PaxXyHOK JWHAMIKM IIYUKY IIPU ONTUMAJIbHHUX IIapaMeTpax eJeMeHTIB JIiHiI, 0 IOTro/KYy€, i BUMipIHOMY
BXimHOMY posnomimi. [Ipuseneni pe3yapTaT MOIEIIOBAHHS AUHAMIKY mydka ionis Arl%t 3 Bxizmoro emepriero
1.4 MeB/u npu crpymi 10 MA B Jiinii, 1m0 noromxye, i B neprmoMmy Tauky AJibBapers 3a J0IOMOIOI0 IPOrpaM
PARMI-GSI i PARMT-GSI.
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