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Different variants of the LEBT for a Heavy Ion RFQ (GSI-UNILAC) were numerically investigated. The re-
quirements for initial matching conditions for the RFQ structure have been defined. The optimization of an unmodu-
lated input radio matcher (IRM) with a lowed slope of beam envelope was carried out with the use of the optimizing
code ABC developed. The beam dynamics simulation with the use of the method of macroparticles was performed
for the input radio matcher in comparison with the codes DYNAMION and PROTON. The comparison with data

obtained from envelope equations and simulations was carried out.

PACS: 29.17 +w
1. LEBT DEVELOPMENT

The LEBT development was made for different vari-
ants of the input radio matchers with different initial
matching conditions taking into account an emittance
growth in the LEBT and sensitivity for initial Twiss pa-
rameters of beam and particles distributions at the
matcher entrance after the LEBT.

1.1. MAIN PARAMETERS OF GSI-HSI-RFQ
The main parameters of the RFQ [1] are presented in

Table 1.
Table 1. Main parameters of GSI-HSI-RFQ
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Fig.2. Parameters of beam emittance

1.2. MATCHING CONDITIONS IN DIFFERENT
VARIANTS OF INPUT RADIO MATCHERS

Different profiles for the IRM rods are shown in
Fig.1. The parameters of beam emittance and matching
parameters for different variants of dynamical matchers,
calculated with the ABC program [2,3], are shown in
Fig.2 and Table 2.
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Fig.1. Profiles for the rods of the IRM matcher

The “IRM37” matcher with a monotonous electrode
profile was specially developed with the use of the mod-
ernized code ABC [3] to provide reduced slopes of
matched beam envelopes.
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lons U+, U+ Table 2. Matching parameters for IRM entrance
Input beam current (U*4), mA 37 IRM Classic GSI IRM37
Input beam current (U*3), mA 18 Current (U+4), mA 55 55 55
Full beam current, mA 55 €,y mm mrad 330 330 330
Beam neutralization in LEBT, % 100 Oy 3.24 1.161 0.75
Beam energy (U*4), keV/u 2.2 B, mm/mrad 0.25 0.115 | 0.0995
Full energy of ion (U™, MeV 0.52 X'm,Ym(mrad) | 1195 | 822 72.1
Input beam emittance, mm.mrad 330 X'e,Y'e (mrad) 114.5 623 373

1.3. OPTIMIZATION OF THE LEBT WITH THE
USE OF THE TRACE-3D CODE

The LEBT optimization was performed with the use
of the TRACE-3D code for initial matching conditions
calculated for different matchers. Two basic schemes
were developed. The first one includes four
quadrupoles, the second one includes only one solenoid.
The results are presented in Fig.3 and Fig.4 for the “IR-
M37” matching conditions and in Table 3 and Table 4
as well. As it can be seen from Table 4, the “IRM37”
matcher in the scheme with one solenoid has an advan-
tage in a shorter length of the LEBT and less maximal
envelope size.

Fig.3. Beam dynamics in the scheme with four
quadrupoles
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Table 3. Main parameters of LEBT (4 quadrupoles)

IRM Classic GSI IRM37
Length of LEBT, mm 1654.2 | 1618.3 | 2026.3
Runax , mm 100.8 77.6 87.5
Quadr. Length, mm 300

Max Gradient, T/m 10

In this table, Ry« is the maximal size of the beam
envelope.
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Fig.4. Beam dynamics in the scheme with one solenoid

2. BEAM DYNAMICS STUDY IN THE INPUT
RADIO MATCHER “IRM37” DEVELOPED

The beam dynamics simulation was carried out with
the use of the DYNAMION code [4, 5] for a beam cur-
rent 55 mA and 5,000 macroparticles. In the last version
of the code, a possibility of field calculation on a 3D
grid was introduced. The necessary parameters of rods
were set automatically in the ABC code after the match-
er optimization. Simulations were made for KV and
Gaussian initial particle distributions. A mismatch coef-
ficient was calculated according to the ref. [6]. The re-
sults are presented in Figs.5-8.
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Fig.5. Initial phase space ellipses

Fig.6. Envelope in IRM37” matcher
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Fig.7. Phase portraits after the "IRM37 " matcher (KV
distribution). Emittance growth — 14.9%. Mismatch co-

eff-—1.46
114

- " S 3w
e 1.

0 .

" i

e Y I I v e ¥ N Ty 7
—— —

Fig.8. Phase portraitures after the "IRM37" matcher.
(Gauss distribution). Emittance growth — 7.9%. Mis-
match coeff- — 1.9

The data processing was performed for 90% of
macroparticles. The transmission for both particle distri-
butions is 100%. As it is follows from the results pre-
sented, the simulations with the DYNAMION code are
in an agreement with the PROTON code results [7] and
theoretical data.

3. BEAM DYNAMICS STUDY IN THE LEBT
FOR DIFFERENT INITIAL MATCHING
CONDITIONS

3.1. BEAM DYNAMICS IN THE LEBT FOR THE
INPUT RADIO MATCHER “IRM37”

The results of beam dynamics simulation with the
DYNAMION code for a beam current 55 mA in the
LEBT with one solenoid, optimized for the “IRM37”
matching conditions, are shown in Fig.9. As it can be
seen from these results, the emittance growth in the
LEBT (214%) is very high.
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Fig.9. Phase portraits after LEBT for “IRM37” match-
er. Emittance growth — 214%

3.2. BEAM DYNAMICS IN THE SHORT LEBT
WITH ONE SOLENOID

According to the simulation results for the “IRM37”
matching conditions it is necessary to develop a LEBT
with a reduced emittance growth and formulate required
initial conditions for the next IRM. The results obtained
are shown in Figs.10-11 and Table 4.
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Fig.10. Beam dynamics in the short LEBT with one
solenoid



Table 4. Main parameters of LEBT (1 solenoid)

IRM Classic GSI IRM37 |44 mrad
Length of

LEBT. mm 4734.8 | 2913.2 | 2801.1 | 1250.0
Rinax, mm 84.6 55.88 52.85 31.4
Solenoid 750 800 900 900
Length, mm

Max Field, T 1.29 1.2
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Fig.11. Phase portraits after the short LEBT for the
“44 mrad” matcher. Emittance growth — 18%

As it can be seen from these results, the emittance
growth in the LEBT was reduced down to 18%. But this
result has required a low maximal emittance angle of
44 mrad that is near to a beam crossover.

4. CONCLUSION

The investigations of the different variants of the
LEBT for the Heavy Ion RFQ (UNILAC) with the
TRACE-3D code showed that for reducing the emit-
tance growth in the LEBT it is necessary to have a beam
crossover at the RFQ entrance. The electrode profiles of
the input RFQ matcher with such properties may differ
from traditional ones. The beam dynamics simulations
for the “IRM37” dynamical matcher with the method of

macroparticles in the code DYNAMION are in an
agreement with the theoretical results, obtained from the
envelope equations, and with the results from the code
PROTON.

The work was supported under INTAS project
03-54-3543.
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PA3PABOTKA LEBT (CUCTEMbI TPAHCIIOPTUPOBKM INYUYKA HA3KOM SHEPT UN)
U UCCJEJTOBAHUE IUHAMHUKHU ITYYKA B HAYAJIbHOM YACTHU CTPYKTYPbI IOK®
(BXOJHOM JUHAMHUYECKOM COI'JTACOBATEJIE) JJISI TA)KEJIOMOHHOTI'O
CHUJIBHOTOYHOI'O YCKOPHUTEJIA GSI C HOK®

H.A. Bopoovés, B.U. Ilepwun, T.E. Tpemvakoea, C.A. Bvicouyxuii, C.I'. Apamviues, W. Barth

YucnenHo uccienoBansl pasnuuHble BapuanTel LEBT mis cumbHOTOUHOTO yekoputens ¢ [IOK® (UNILAC).
Omnpenenenbl TpeOOBaHUS K HAYaJIbHBIM COTJIACOBAHHBIM ycIOBUAM B cTpykType [IOK®. OntumMuzanns Hemoym-
POBaHHOT'O BXOHOTO JIMHAMUYECKOT'O COTJIACOBATENS CO CHIKEHHBIM yIJIOM HAaKJIOHA OrnOaroIieil myyKka BBIITOJIHE-
Ha C IpUMEHEHHeM pa3paboraHHOI mporpamMmel ABC. UmncieHHOEe MOAEIMpPOBAaHHE AWHAMHMKH ITydKa METOJOM
KPYIIHBIX YacTHUI[ CAETAHO BO BXOJHOM [MHAMHUYECKOM COIJacoBaTeie B COIOCTABICHHM IO IporpamMmam
DYNAMION u PROTON. Cnenano cpaBHEHHE C JaHHBIMH, ITOJyYCHHBIMH IO YPaBHEHUSAM Ui OTHOAIOMINX U
YHCIEHHOTO MOJETTMPOBAHHS.

PO3POBKA LEBT (CUCTEMHU TPAHCIIOPTYBAHHS ITYYKA HU3bKOI EHEPTIT)
I JOCJIIPKEHHSA TUHAMIKHA ITYUYKA B TIOYATKOBIA YACTUHI CTPYKTYPH MTOK®
(BXITHOMY JUHAMIYHOMY Y3I'OJ1KYBAYI) U151 BAXKKOIOHHOI'O
HOTYXKHOCTPYMOBOI'O IPUCKOPIOBAYA GSI 3 IOK®

LA. Bopooéios, B.1. Ilepwin, T.E. Tpem’akoea, C.A. Bucouxin, C.I' .Apamuwes, W. Barth

YucensHo mociimkeHi pi3Hi Bapiantu LEBT mis notyxHOCTpyMOBoOro mprckopioBada 3 [IOK® (UNILAC).
Bu3HaueHO BUMOTM /10 INOYATKOBHX Y3ropKeHUX yMoB y cTpykTypi I[TOK®. Onrtumizamiss HEMOAyJIbOBaHOTO
BXIJTHOTO JTUHAMIYHOTO Y3rojKyBada 3i 3HIDKEHMM KyTOM HaxMiy OOBiJHA IydYka BHUKOHAHA i3 3aCTOCYBaHHSIM
pospobiienoi mporpamu ABC. UmucenbHe MOICTIOBAHHS AMHAMIKK Iy4Ka METOIAOM BEJIHKHX YaCTOK 3POOJICHO Y
BXITHOMY JAWHAMI9HOMY Y3ro/pKyBadi B 3ictaBieHHI mo mporpamax DYNAMION i PROTON. 3pobGreno
TTOPIBHSAHHA 3 TaHUMH, OTPUMAHUMH 110 PIBHAHHSIX 715 00BITHUX 1 YMCETFHOTO MOJCIIOBAHHS.
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