OPTIMIZATION METHOD AND DEVELOPMENT WITH USE OF ABC
PROGRAM THE INPUT DYNAMICAL MATCHER WITH REDUCED
SLOPE OF BEAM ENVELOPE IN WIDE RANGE OF BEAM CURRENTS
FOR HEAVY ION HIGH CURRENT RFQ
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An analytical law developed earlier for an output matcher in an initial part of RFQ electrodes was adopted for an in-
put unmodulated dynamical (radio) matcher (IRM). An analytical formula describing the different types of matchers
was proposed. The modernization of the code ABC was carried out for channel optimization by applying the analytical
formulae. Developed was the method for matchers’ optimization with maintenance of beam dynamical matching in the
wide range of currents and low sensitivity to the initial RFQ segment with a fringe field difficult to control.

PACS: 29.17 +w

1. INTRODUCTION

A standard input dynamical matcher developed by
A.l.Balabin [1] has a high-quality dynamical matching
but high values of slopes of matched beam envelopes.
The main characteristics of this matcher taken from [1]
are shown in Fig.1. The need in reduced slopes of input
envelopes [2] for preventing a high emittance growth in
the LEBT requires the development of the appropriate

dynamical matchers at the RFQ input.
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Fig.1. Dependences of ellipses’ overlapping factors &
for different laws of focusing rigidity and fringe field
recessions on the characteristic Coulomb parameter a
and beam normalized envelopes for different initial
phases of the RF field [1]

A special law presented by Eq. (1) for an average ra-
dius of the RFQ rods for an adiabatic output matcher with
beam transmission from crossover to crossover was de-
veloped in [3] with the use of normalized envelope equa-
tions (2). The direct application of this matcher to the
RFQ input is not possible for a standard matcher length
of 12 cells with a low matching coefficient £, Eq.(3), and
requires additional investigations for providing a high
value for ellipses’ overlapping factor & [1].
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Fig.2. Dependence of the matching coefficient k on the
number of RFQ cells in output adiabatic matcher
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The envelope equations for a KV beam with a space
charge are [4, p.161]:
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The normalized form [1, 3] of these envelope equa-
tions [4, p.161] with the space charge is
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The relation between the real » and normalized p en-
velopes in transverse planes are given below [4]:
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where S — focusing period, Vo — normalized emittance in
Lapostolle form, B, y — relativistic parameters. In the
normalized envelope equations (2) a characteristic
Coulomb parameter « differs from a characteristic
Coulomb radius r, and a Coulomb parameter % of
[.M.Kapchinsky [4, p.163] and is given as follows [3]:
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where .« — peak beam current, /, — characteristic cur-
rent (for ions [,=3,1300’A./Z A, A, — mass and
Z - charge numbers, respectively) [4], Mo — characteristic
parameter of a channel (phase advance for zero beam
current). If [S] = L, then [V;] = Llradian.

The matching (mismatch) coefficient k£ was calculat-
ed according to I.M.Kapchinsky method [4].

k:1+\/C2'49 (3)

o0 k. do d
C:P_ng Sty ——>0, pOH
0o Po dr dr

For the exact matching k=1.
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An advantage of the normalized envelope equations
is their independence on the channel parameters. This
makes it possible to apply the results, obtained for one
channel and beam parameters variant, to another variant
with similar dynamics. The similarity is provided by the
force function Q. ,(T) equality, matching conditions 0, d
0/dT and the characteristic Coulomb parameter a.

2. MODIFIED ANALYTICAL LAW FOR FO-
CUSING RIGIDITY

The special law (1) for the adiabatic output matcher,
developed previously in [3], was generalized to a pro-
posed law (4) for focusing rigidity and introduced into
the optimizing program ABC [5, 6]:

K*(1) = 0.54¢, 4K, L-I;(l- sign(cos(arg))‘-l(cos(arg](cz)c
arg = 296, 41 1) /(1w = Ton) 4)
The region 0<c(<0.5 in (4) provides monotonous
function. With ¢;50.5 it is possible to obtain non-
monotonous profiles [7]. Values ¢1=0.5, cy=c3=c4=1
correspond to the adiabatic matcher (1). At the values
Toin=05 Tmax=T0=0, €1=0.25, cr=c4=2, c3=1, c5=0 the
formula (4) describes the matcher by A.I.Balabin [1]:

KZ(I) = [<02sin2;KL
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As it can be seen, the proposed formula (4) general-
izes a series of different laws for the RFQ matchers.

The first “IRM37” matcher was optimized for a
beam current 55 mA and the second one, “IRM37-400”,
was optimized for a 400 mA current and worth fringe
field recession. Having the monotonous rods profiles at
12 RFQ cells with an initial fringe field of 0.57 of nor-
malized length they were developed with the use of for-
mulae (2), (4) in the code ABC [6].

3. MODERNIZED MATCHER “IRM37”

The optimization results for a beam current 55 mA
are shown in Table 1-2 and Figs.3-4.

Table 1. The Average Matched Beam Normalized En-
velope Parameters at Various Currents of Beam1

A.I.Balabin “IRM37”

L, mA 1p ldp/dt 1p ldp/dt

0 12.680 1-0.533 1.679 -0.164
55 13.382 1-0.799 2.158 -0.259
200 14.231 1-1.346 3.326 -0.519
300 15.990 1-1.635 3.989 -0.651
400 16.838 1-1.882 4.568 -0.761

The fitted parameters in the formula (4) are:
0.57<1<5.07, ¢,=0.482, c,=27.626, ¢;=1.7004,

c,~1.4099, cs=0,118.

Table 2. Ellipses’ Overlapping Factor & at Different
Beam Currents and Fringe Field Recessions

11, mA 1Linear 1Power (n=4) 1Sine
0 194.25 191.51 191.62
400 165.94 150.98 160.17

As it can be seen from the results obtained, the “IR-
M37” matcher has a low value of ellipses’ overlapping
factor £ at a current 400 mA and it leads to develop the
“IRM37-400".
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Fig.3. Dependences of focusing rigidity on the longitu-
dinal normalized coordinate T in the matcher by
A.I.Balabin and the modified "IRM37” dynamical one
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Fig.4. Dependences of the coefficient & on beam current
in the matcher by A.I.Balabin and the "IRM37” one

4. OPTIMIZED MATCHER “IRM37-400”

The optimization results for a beam current 400 mA
and power n=4 for recession of the fringe field are
shown in Figs.5-7.
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Fig.5. Analytical dependences of focusing rigidity on
the longitudinal normalized coordinate Tin the “IR-
M37” and “IRM37-400" dynamical matchers
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Fig.6. Dependences of the coefficient € on the parame-
ter a at different fringe field recessions in the “IRM37-
400" matcher



Fig.7. Dependences of normalized envelopes on the lon-
gitudinal coordinate in the dynamical matcher “IRM37-
400 for different initial phases of the RF field

The “IRM37-400” matcher also provides almost
constant and close to the “IRM37” the normalized enve-
lope parameters, averaged on RF phases, at various
fringe field recessions The fitted parameters in the for-
mula (4) are: ¢1=0.47286, c,=23.6828, c3=1.6829,
c4=1.7246, cs=0.01691.

5. CONCLUSION

The analytical law for focusing rigidity distribution
along the channel axis, generalizing the number of pre-
viously offered laws for the RFQ dynamical matchers,
is proposed. The optimization method, based on the pro-
posed law and taking into account the worth conditions
for beam dynamics, is created. The coefficients in the
formula proposed are fitted with the use of the high
speed optimized program ABC and may provide a
monotonous RFQ electrode profile. The method devel-
oped allows calculating the dynamical matchers with
practically constant value of ellipses’ overlapping factor
and reducing the sensitivity to the initial part with a

fringe field, difficult to control, in a wide range of beam
current.

In the matchers developed with the monotonous
electrode profile, the envelope slope at the RFQ input is
reduced by almost 2.5 times in comparison with the ap-
plied matchers with the high-quality of matching in a
wide range of beam current and fringe field recession.

The results obtained allow facilitation of the require-
ments for the beam formation system at the RFQ input
and reduction of the emittance growth in the LEBT.
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METOJ OITUMHU3AIIMU U PASPABOTKA C HCITOJIb30BAHUEM ITPOI'PAMMBI ABC BXO/I-
HOI'O JMHAMHMNYECKOTI'O COI'JIACOBATEJISI CO CHUKEHHBIM YI'JIOM HAKJIOHA
OT'UMBAIOIIEN ITYYKA B IIMPOKOM JIMATIA30HE TOKOB JIJISI CWJIbHOTOYHOMN
TAKEJOMOHHOM CEKIIUA TOK®

H.A. Bopoovés

Panee pa3zpaboTaHHBIN aHATUTHYCCKUI 3aKOH I BRIXOIHOTO CoriacoBarelis HauyaiabHO# yactu [IOK® amantu-
POBaH JyIsi BXOJHOTO HEMOYJIMPOBAHHOTO TMHAMHYECKOTO corylacoBaress. [Ipeoxkena ananutnyeckas popmya,
OTIMCHIBAIONIAS Pa3IMYHBIE THITHI coriiacoBaTenell. BrimomHena monepuu3arus nporpamMmsl ABC s ontumusanun
KaHaJIOB C MPHIMEHEHUEM aHATUTHUYECKHX (opMyIt. PazpaboTaH MeTO ONTUMH3AIMK COTJIACOBATENEH C COXpaHEHH-
€M JMHAMHYECKOTO COTIIACOBAHISI B MIMPOKOM JHMANa30He TOKOB M CHMYKCHHOW YyBCTBUTEIFHOCTHIO K HAYAIILHOMY
yaactky [IOK® ¢ TpymHO KOHTPOIHPYEMBIM CIIaIOM KPaeBOTO TIOJIS.
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METO/]I OITUMI3AIIII I PO3POBKA 3 BUKOPUCTAHHAM ITPOT'PAMHU ABC BXIJJHOT'O
JUHAMIYHOI'O Y3I'O/J[)KYBAYA 31 3HUKEHUM KYTOM HAXHJTY OBITAIOYOI ITYYKA B
IMUPOKOMY JIAITA3OHI CTPYMIB JJISI HOTYXKHOCTPYMOBOI BA’)KKOIOHHOI CEKIIIT

IHOK®

LA. Bopobiios

Panime pospoOiieHnii aHaAMITHYHWUI 3aKOH JUIS BHXIIHOTO Y3ro/pKyBada IodaTkoBoi uactuHH [IOK®
a/IaliTOBAaHO JUIsl BXiTHOTO HEMOAYJIbOBAaHOTO JMHAMIYHOTO y3TO/PKyBada. 3alpONOHOBAHO aHAITHYHY (GopMyIy,
[0 OIKCYE pIi3HI THIM Y3roJpKyBadiB. Bukonano MmonepHizamito nporpamu ABC mis ontumizanii kaHamiB i3
3aCTOCYBaHHSAM aHATITHYHUX (GopMys. Po3pobigeHO MeTox OonTUMI3allii y3romKyBadiB 13  30epeKCHHIM
JMHAMIYHOTO Y3TO/DKEHHS B IIMPOKOMY Jialla3oHi CTPYyMiB 1 3HMIKEHOK YYTIMBICTIO JO IMOYATKOBOI IUISHKU
[TOK® 3 Ba)xk0 KOHTPOJIEOBAHUM CITaJIOM KPaOBOTO TIOJIA.
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