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Optimization in an equivalent traveling wave of APF accelerating structures is considered. New approach to ob-
tain synchronous phase sequence in APF structure is suggested. Space charged was taken into account in consider-
ing mathematical optimization model. The result of numerical optimization is discussed.

PACS: 29.27.-a

INTRODUCTION

Linear accelerators with the accelerating field focus-
ing have long been a part of any modern accelerator
complex. Particularly, the combination of the radio fre-
quency quadrupole (RFQ) accelerator and the accelera-
tor with alternating-phase focusing (APF) is a good so-
lution for the initial part of a high-energy accelerator. In
this case, the bunched in RFQ ions beam can be injected
in a cavity with APF.

At present there is a significant progress in the de-
velopment of APF accelerators [1 - 5]. But the problem
of intensity beams optimization is still actual, because
increasing of the beam current leads to decreasing of the
beam quality. Minimizing the negative effects of this
phenomenon is the purpose of this work. A similar
problem was solved earlier (for RFQ accelerators [6 -
15]) by using the approach of modeling the beam dy-
namics in an equivalent traveling wave.

The same principle is applied in this work for APF
structures. A numerical optimization method for intense
beam dynamics is proposed.

1. MATHEMATICAL MODEL OF BEAM
DYNAMICS
Let us consider the beam dynamics in following
variables: ,BS is the velocity of synchronous particle,

W =@ — @ is the phase deviation, P, =7s—7 is the

energy deviation S11, Sp1, Spo are the elements of the

S11 S21
S21 S22
initial ellipse Gg in the radial plane (7,x) where
n =r/A is the radial position of particle and x =dzn/dr
(where 7 =ct/A is an independent variable). Then, to

describe the dynamics of the beam in an equivalent
traveling wave we can use the following mathematical
model [1, 16, 17]:

matrix G =( J , that describe dynamics of the

‘Lij = a1~ 2 cos(ps (1)), @
dy _27(1-45)*

dr ﬁsz P ?
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dLZ = af, (cos(ps (7)) — cos(ps () +¥)) + Fip,  (3)
d_G = —ATG—GA, )
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where o = qﬂEmax/(Zmocz) is the accelerating wave

amplitude parameter, @(7) is the synchronous phase

function.

Also, we are taking into account the interection of
the charged particles by using the «large particlesy»
method.

Let us consider the dynamics of N large particles
("thick disks™). Then the intensity function Fj; can be
written as follows

a’qlA° i (v, Ria)
7, [, )=
|nt( ﬁswjl/j) 2 dRZSOmCSZZV\](V)

i=1 m=1

x| 29, () =) - 9, () ~h(y) +2d) )
g ((h(w)) =Ny ) -24)) |,

where 2d is the disk thickness, a is the aperture radi-
us, Vi are the roots of Jg(t) function,
—AX(t+ pg)
2r
— AX(t+ @5 + 27)
2r
g (t) =sign (t)(L— exp(—v ]/ a))
2. OPTIMIZATION METHOD
Let us introduce the following designations:
X= ﬂs’
vi=t.p,
T
Yo = {511,521,522} .
Then the mathematical model (1) - (4) in the general
form can be written as a system of integral-differential

equations [16, 17]

dx
— = f(t,x,u
m (t,x,u),

d
A= Ry (txoyu) +

vecau t+ g >0,
h(t) =

yeciau t+ g <0,

[ Rty etz
1t,u

= F(t %, y1,u),
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P x F(t X, yp,u) +
+ p(tr y]_)leyl Fl(t! X, yl! U) = 0!
ay, _

it Fo(t X, Y1, Y2, 1),
with initial conditions
X(0) = Xg,
¥1(0) = Y19 € Mgy,
¥2(0) = Y20 € My,
p(0,¥,(0)) = o5,

where p(t,y;) is the distribution function of charged
particles in the phase space. Control u(t) is correspond-

ing to function @¢(7). Let us consider the following
functionals

]
110) = [ o1t x u)dt+ g1 (x(T)),
0

;
120 = [ [oaltx,yu,plt, dyect+
OMyy

+, (). ATy,

I(u) =11(u) +12(u). ()
We will consider the problem of minimization of the
quality functional (5).
To solve the problem of reducing the loss of parti-
cles and decrease of beam radius it is possible to take

I(u)= I ¢R(yr)+CF, (811T )d‘//poTdSansle dSZlT ,

MT,u
where
(w1 +w1)?, mpu wT <-y1,
F =40, mpu o1 €[y1,w2],
(vt —'//2)2, opu w1 >y,
0, pu SllT <§,
F:Z =

(S11; ~5)2, mpu S11, > S.

Where ¢, ¢y, w1, w2, S are the non-negative con-

stants.

By using the analytic representation [17] of the func-
tional (5) variation and taking into account the space
charge, we can develop various methods for optimiza-
tion of the accelerator parameters.

3. BEAM DYNAMICS SIMULATION

By using the proposed mathematical model, an op-
timization of synchronous phase sequence (Fig. 1) was
carried out for 433 MHz, 3.4 m long deuteron accelera-
tor with 14 MeV output energy. Input energy is 3 MeV,
amplitude of accelerating field is 110 kV/cm, and 6 fo-
cusing periods consist of 110 accelerating cells. Initial
conditions are presented at Fig. 2, normalized transver-
sal beam emittance is e, =0.0373 - cm- mrad.
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Also we should mention that the first synchronous
phase sequences for focusing period in APF structure
were obtained in [18, 19]. In work [2] synchronous
phases sequence dependency of a small number of pa-
rameters was presented. This representation allows to
provide optimization by using a variety of methods that
do not use the analytic representations of the functional
gradient. In this paper, we use analytic representation of
the functional variation that allows us to get the func-

tional gradient with respect to the ¢ (z) function.

The results of the beam dynamics simulations with
14 and 16 mA beam current are presented at Figs. 3-8.
There are no particle losses for these currents.
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Fig. 1. Synchronous phase sequence
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Fig. 2. Initial conditions for longitudinal and
transversal phase volumes
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Fig. 3. Energy beam envelopes. 1=14 mA
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Fig. 4. Radial beam envelopes. 1=14 mA
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Fig. 5. Output longitudinal emittance. 1=14 mA

6 T

dR/dz, mrad

6

Fig. 6. Output transversal emittance. 1=14 mA
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Fig. 7. Output longitudinal emittance. 1=16 mA
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Fig. 8. Output transversal emittance. 1=16 mA
CONCLUSIONS

In this paper the problem of intensity beam dynamics
optimization in an APF accelerator is considered. To
solve this problem we propose the mathematical optimi-
zation model. Compared to [1], in this work the space
charge was take into account. An analytic representation
of the quality functional variation allows us to provide
the numerical optimization by other motion parameters
and criteria for various focusing periods.
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OINTUMMU3BALIUS YCKOPSIOIUX CTPYKTYP C MIEPEMEHHO-®A30BOI ®OKYCHPOBKOM
J.A. Oscannukos, B.B. Anusbioees

PaccmatpuBaercst onTUMH3aNUs YCKOPSIFOIMX CTPYKTYP Ha OCHOBE MaTeMaTHUYECKON MOJIENH B 3KBUBAICHTHOMN
Oeryuieii Bonne. IIpemyiaraercss HOBBI AJTOPUTM TOCTPOCHUS M3MEHEHUS] CUHXPOHHOW (ha3bl BJOJIb YCKOPHUTEINS,
obecnieunBatonmii 3G HeKTUBHBIN 3aXBaT 3apSHKEHHBIX YACTHUIL B P&KHUM YCKOpeHust M uX (GokycupoBky. Mccnemyercs
MaTeMaTHIecKas MOJENlb ONTUMU3ALUH JUHAMUKH YacTHUIl ¢ yUeTOM uX B3aumopeiictsus. [IpuBoasaTcs pe3ynbTaTsl
YHCJICHHON ONTUMH3ALHH.

OIITUMIBALIA IPUCKOPIOBAJIBHUX CTPYKTYP 13 3SMIHHO-®A30BUM ®OKYCYBAHHSM
J.0. Oscannuxos, B.B. Anuubece

Posrnsinaerbest onTUMI3allisl MPUCKOPIOBAIBHUX CTPYKTYp Ha OCHOBI MAaTeMaTH4HOI MOJENi B €KBIBAJICHTHIH
XBHJII, 110 O1KUTH. [IpONOHYETHCSI HOBHI alNrOpUTM MOOYIOBU 3MiHU CUHXPOHHOI ()a3u y3[10BXK MPHUCKOPIOBaYa, 110
3abe3neuye eekTUBHE 3aXOIUICHHS 3aps/IKEHIX YaCTUHOK Y PEXKHUM MPUCKOPEeHH 1 IXHe (okycyBanHs. Jlocmimky-
€ThCSI MATEMATHYIHA MOJIEIb ONTHMI3aLii AMHAMIKM YaCTHHOK 3 ypaxXyBaHHsM iX B3aemogii. [IpuBomsTECS pe3yibTa-
TH YHCENBHOI ONTHMIi3alli.
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