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The possibility of different acceleration of hydrogen and deuterium ions in a single accelerating RFQ channel is
considered. Effective capture of particles into acceleration in general case may be proved by optimization of the physi-
cal characteristics of injector and RFQ. Analysis of particles dynamics is illustrated by calculation’s results.

PACS: 29.20.-c; 29.27.Bd

INTRODUCTION vane voltage are shown. Initial data for calculations are
presented in the table. Initial beams were accorded with

It is known different acceleration of protons and deu- focusing channel

terons in single cyclotron. In this case to obtain both of

ion types from §ingle pllasma source one can simply. to RFQ frequency, MHz 432
substitute working gas in source camera. Acceleration

of deuterons is realized on higher harmonic of the RF Vane length, m 6.5
field than hydrogen ions. Energy of injection into cyclo- Average channel radius, mm 1.8

tron, dee voltage, and final energy in case of deuteron
’ | VOHage, ¢ £y Y Vane voltage, kV 50, 25

acceleration are twice less than the same parameters for

proton acceleration. Separate acceleration of protons Injection energy of H-ions beam, keV 25

and deuterons in single LINAC is poss1ble too, but then Injection energy of D-ions beam, keV 50

some reverse of parameters mentioned above must be —

made. So injection energy of H ions into RFQ, RFQ Initial dP/P 0

wane voltage, their final energy must be twice less in Final energy of H-ions beam, MeV 2.5

comparison with the same parameters for D ions. But

. . ) Final energy of D-ions beam, MeV 5
specific energy (energy per nucleon) will be equal in
both cases. RMS emittance, cm-rad 0.05
1. INJECTION AND ACCELERATION oD, USOKY]  —m—H, U-50 (kY] H, U=25 (kW]

PROBLEM

100
Preparation of ion beams for injection into accelerat- % % :
0

ing resonators is realized by injection system (injector). I -
Injector consists of ions source and LEBT. LEBT pre = v
accelerate and form beam before injection into RFQ.

Preacceleration and formation system includes electro-
static and (or) electromagnetic lenses focusing the beam
and electromagnetic correctors too. Parameters of these
elements (for example amplitudes and field distribution)
one can consider as control function relative to the ion w
beam [1]. Correct choice of parameters of injection sys- & 1 1 1 1 18 20 2 X

tem elements and matching section of RFQ help to ) 4 Current (mA) )
achieve optimal matching between beam emittance on Fig. 1. Dependence of ion capture effectiveness
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the RFQ entrance and RFQ acceptance. on vane voltage and beam current

But it is serious problem if one need accelerate two —+=D,U=50(kV)  —B=H, U=50 (kV) H U=25 (kv)
of different beams in single channel because different 05
nonlinear Coulomb interactions H and D ions. The val- 045
ues of the currents, energy spectra, phase volumes etc. —
may be different too. When currents of H and D ions are o — .
small it is possible to form approximate equal phase %035 p
volumes of H and D beams in transverse phase planes £ 03 \
xx’ and yy’ on the RFQ matching section entrance. In £
such case one may wait 90...100% capture into acceler- or ‘0\
ation both of ion types. In general case when RFQ 02 —
matching section is optimal according with D ion beam 015
but beam current, phase volume orientation of H ion 8 100 1 1 6 18 220 2 A
beam significantly distinguish from the same parameters corrent mA)
of D-beam, capture and beam transmission of H ion Fig. 2. Dependence of pulsed spectrum width
beam will decrease as far as difference of currents will of H and D ion beams on vane voltage
increase. On Figs. 1-6 characteristics of D and H ion and beam current

beams on RFQ exit depending on beam current and
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Fig. 3. Dependence of phase spectrum width
of H and D ion beams on vane voltage
and beam current
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As interesting result of calculations one can note that
increasing of vane voltage in comparison with similarity
principle for lighter ions in this case is useful.

D= Fi - Fis, dP/P

31.8

Fig 4. Phase volume of D ion beam of 24 mA current
and vane voltage 50 kV in energy-phase plane
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Fig. 5. Phase volume of H ion beam of 24 mA current
and vane voltage 50 kV in energy-phase plane
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Fig. 6. Phdse folufne ofH fon b.eal.h. of 24 mA cu.rrent
and vane voltage 25 kV in energy-phase plane

2. OPTIMIZATION PROBLEM

In general case when phase volumes of H and D
beams have different orientation in phase planes xx’ and
yy’ one can seek compromise solution using for exam-
ple method presented [2, 3]. In these papers matching
section geometry is formed to accelerate beam, which
have transversal phase volume at random oriented rela-
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tively acceptance of RFQ regular structure. It is known
[4] that under some condition such as linear approxima-
tion of accelerating and focusing fields, micro canonical
charge distribution and representation of bunches uni-
formly charged ellipsoids, equations of particle dynam-
ics in RFQ channel may be presented in following form:

dZ

?+K (t I,U,”x,’”y,(po)x=0, (1)
dzy
e + K, (LU 00 )y =0, 2

where ¢ — time; U — vane voltage; [ — average beam

current; r,, r,— envelopes of beam in xx’ and yy’

X

planes; @,
to describe dynamics in radial matching section too. In
case of separate acceleration of two beams one need
consider two of systems look like (1), (2) attaching all
dependent variables index H or D. To determine func-

tions 7., r, in [2] used matrix algebra method. Let

— initial phase. Such equations may be used

consider matrices 4,, 4, depending on K., K, and
matrices G,, G, which determine ellipses by filled

points presented real particles in phase space, while take
place conditions

£G.E<1, n'Gn <1,

£=(6.8), &=x, & =ax/dr,
n=0m.m), m=y,n=dyjdr.
In case of two separate beams matrix elements G, ,

Gy, Gy, Gyp determine envelopes and orientation

of phase ellipses in phase space. Let consider system of
equations:

6.,

dt

d '
E G)’H = _AYH GyH - GyH AyH > (4)

d
LG =
dt xD

A,HGxH GxH AxH > (3)

ApGp —GopAyp ®)

d

“Gyp ==A1pG\p =Gy Ay (6)

Optimization process includes solution of system of
equations (3)-(6) together with auxiliary conjugate on
the interval from the entrance of regular part of RFQ to
the entrance of radial matching section, i.e. from t=T to
t=0. Initial conditions for the system (3)-(6) are the ma-
trices of ellipses defining acceptances of regular part of
accelerator, depend on initial phase ¢, :

Gt (T.00) =G (o) (7
GyH (T, Po ) YHT ((/70 ) > (3
G (T >»@Po ) G.pr ((/’0 ) ) ©)
G,p (T, (00) G,pr (¢’0) (10)

The optimization problem for the radial matching
section is to find a function of radius change along the
matching section, providing under condition (7)-(10) the
maximum possible overlapping of family of ellipses at
the entrance of the radial matching section. Optimiza-
tion procedure is lead to minimization of functional
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+¢3 I‘Dxp((/’o )d% +cy Jq)yD (400 )d(ﬂo,
P P
where constants c¢; are choose taking into account cur-

rent’s difference (7, —1I,). Functions @ 41 1N expres-

sion (11) are determined as
(DXH((/JO)_ ( (O (/)0) Bx)z’

Sp(Gys (0.9) - B, I
xD ((00 ) Sp(GxD (O Do ) Bx )2 >
(GyD O (/’0 y)2 .

Here B, and B, are given matrices and according

yH (00

D, @0

to ellipses which intermediate oriented between G,y
and G, and Gy and G,

Functional (11) estimate the degree of mutual over-
lapping of ellipses corresponding to various initial phas-
es at the entrance of matching section. ¢, and ¢, are

limits of variation of initial phase ¢,; 4= {H , D}. Ex-

amples of choice of functionals and procedure of its
minimization for similar tasks are given in [5 - 10].

CONCLUSIONS

Acceleration of two types of ions with near relation
in single accelerating channel may be used in big pro-
jects to obtain a lot of multicharged ions of different
types and for some applied purposes. For example in big
system for carbon therapy [11]: acceleration of mul-
ticharged ions before injection into big ring.
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YCKOPEHHUE PA3JIMYHBIX TUIIOB HOHOB B OJHOM YCKOPUTEJIE C IOK®
AJ. Oscannuxos, A.IL. /lypxun, /I.A. Osécannuxos, I0.A. Ceucmynos

PaccmarpuBaeTcst BO3MOXKHOCTb Pa3J/IeIbHOTO YCKOPEHUSI HOHOB BOAOPOJA U JI€HTEpHs B OJHOM YCKOPSIOLIEM
TpakTte auHeiHoro yckopureins ¢ IIOK®. D¢ dexTrBHBIN 3aXBaT 4acTHI] B YCKOPSIOIINI PeXUM B 00IIEM cilydae
MOXeET ObITh 0OOecIeueH ONTHMHU3AINEl TapaMeTPOB HHXXEKTOPA U YCKOPUTENS. AHAIN3 ANHAMUKY YacTUI] IPOUII-
JIOCTPUPOBAH PE3yIbTaTaMH BEIYUCICHHH.

INPUCKOPEHHS PI3HUX THUIIIB IOHIB B OJHOMY ITPUCKOPIOBAUYI 3 TIOK®

0./1. Oscannukos, A.IL. lypkin, /1.0. Oscannuxos, 10.0. Ceucmynos

PosrnsgaeTses MOKIIHBICTE PO3AUTBHOTO TIPUCKOPEHHS 10HIB BOJHIO 1 JCUTEPil0 B OJHOMY MPHCKOPIOBAIIEHOMY
TpakTi JiHiiiHOrO TpHckopioBaya 3 [IOK®. EdexkTnBHE 3aX0IUIEHHST YaCTHHOK y TPUCKOPIOBAJIBHUN PEKUM Y 3ara-
JLHOMY BHUTIQJIKy MOKe OyTH 3a0e3meueHo ONTHMI3allielo mapaMeTpiB iHKEKTOpa Ta MPUCKOproBada. AHaJi3 AUHA-
MIKH YaCTHHOK IIPOUTIOCTPOBAHO PE3yJIbTaTaMU OO0YHCIIEHb.
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