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. INTRODUCTION * The accelerator includes a spectrometer magnet to
separateand dump the parasitions formed downstream of
Accelerators fothe production of radioactive idreams the stripper which mades the linac radiation free,

have been proposed by many laboratories. A wédhge of » Despitethe very low g/A andfrequency (35 MHz) the

researches in nuclear physan be carried out with a 6-10RFQ isshort enough (3.9 m) to have just daek; the RFQ

MeV/n radioactive beam. For the i@ource to produckigh hasbeen designed to providengitudinal matching to the

intensity beams, thanitial charge-to-mass ratio must be afollowing accelerating structure without an additional

low as possiblel/60, for instance; buhe cost of alinac for rebuncher;

these beams becomes high. Recently at TRIUNI &eV/n « There is an essential pbwer saving due tthe use of

linear accelerator accepting ions with g/A=1/B@s been |H type accelerating structure beginning from tery low

proposed [1]. Possessitige feature of variable energy, thigeam energy (60 keV/n);

linac canprovide for various experiments in astrophysics. A« The strippingenergy 357 keV/n allows to keep all

similar project is under consideration at INRBelow we possibleion species orhigh intensity level;the linac can be

describethe optimized design of the lindor the energy ypgraded to highernergies by the addition of further
range 2 keV/n to 1.76 MeV/n, calculation of thepdwer accelerating structures;

consumption in the accelerating structuresMFIA code « Smooth energy variation ithe range 0.2-1.76 MeV/n.
a}nder?d—t.o—e.r\d beam dynamics simulationtie realistic rf |, ihe range 0.2-0.5 MeV/n the rmenergy spread is
field distribution. (AW/W)rms < 0.5% , forthe highernergies &W/W)rms <
0.2% ; as a rule, thenergy spread othe base is*3[(A
W/W)rms.

* Due tothe negligible transverse emittance growth on
stripper (30%-50%or the most of iorspecies) the
aperture diameter is equal to 2 cm throughout the linac
accelerating structures. The transverse normahzedptance

for the whole linac is 0.8tmmihrad which is Iimes larger

Il. ACCELERATOR STRUCTURE

The linac comprises five parts: 1) prebuncher; 2) RFQ;@e
prestripper linac (PSL); 4) matchingnd strippingsection
(MSS) at beam energy 357 keVamd 5)poststripper linac
(POSL). The linac layout is shown in fig. 1.

== Beocl anel\ o amm than expected 2 keV/n beam emittance.
70MHzrebu% The main parameters of the linac are listed in the table 1.
ﬁ Table 1
b Tank RFQ| IH-1 | IH1 | IH-3 | IH-4 | IH5 | IH-6
g/A 1/30 | 1/30 | 1/30 | 1/9 19| 19 | 19
f, MHz 35 35 35 70 70 | 70 | 70
RFQ g, deg -25 -25 -25 25 | -25 | -25
Doublet < pia-3pi IH structure — Carbon stripper T0MHz pipiIHstructure |\ o 0.06 | 0.199 | 0.357| 0582 090 1.297 1.755
35 MHz Buncher MeV/n
. : L, m 3.89 | 455 | 434 | 1.02| 1.24 1.56] 1.92
Fig. 1 Linear accelerator layout. D.m 10 | 18 18 10 101 10 10
Reff, 500" | 278 196 310 245| 202 | 164
The linear accelerator is characterized with thkowing MOm/m
properties: P, kWt 31.5| 83 16.6 | 8.0 154 24.7| 32.8

« The 98.6% capture of the 2 keV/n cw ibaam with ) The characteristic resistance [k

g/A=1/30 and acceleration up to the energy 1.76 MeV/n;

» Extremelylow rf powerconsumption which allows to
operate in cw mode fahe all ionspecies with g/A=1/30 and
mass number up to 240. According to simulationMAFIA
code, the required rf power(igd40 kWt for the whole linac;

A. RFQ

The geometry generation dahe RFQ has been done
following ref. [2]. Howeverthe shaper haseen replaced by a
klystron buncheand an externgrebuncher habeen added
one meter upstream theRFQ. During the beam dynamics

* The research described in this publication was made possible inStUdy the Yamada's design procedimas been slightly

part by Grant N61000 from the International Science Foundation. modified in order to minimize longitudinal emittance. The




RFQ resonator idollowed bythe IH structureand between
the RFQand IH tank there is 53 cepace for twanatching
quadrupoles. To provide longitudinahatching, a bunch
rotator containing 10 cells of unmodulatetectrodes and

four cells of modulated electrodes wigy = -90° hasbeen

inserted into RFQ.The RFQ output energljasbeen chosen
from the analysis of thefficiency of RFQand IHstructures

[3]. The variation of the main RFQ parameters with respect

the cell number are shown in fig. 2. Tegolution of the

beam image in longitudinal phase
4

space is shown in fig.
3. The bunch rotator
forms a converging
beam in longitudinal
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simulation. The totapower consumptiomand effective shunt
impedance have been found frahe simulation okeveral

superperiods of the whole tank.
E(z) f ‘ ‘ ‘ f
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phase space that Fig. 4. Superperiod of the3-3rt IH structureandaccelerating
allows to have a long field distribution
1 a drift space between ! istribution &(2).
0020 80 120 160 200 $E§ ant;jearlnldtructﬁges.e Tuning the acceleratinfield along the IH structure and
Cell number portrait at the en?rancethe mechanical design of the tank daoth be simplified if
Fig. 2. RFQ parameters VS cell of the IH structure is the gapvoltage is accepted to.be constant alohg tgnk
b - (exceptthe end cells). T&eep high accelerating gradients
numboer shown in fig. 3b . .
two IH tanks with the total length® m have been chosen.
AW ) AWAY ) The gapvoltagesare 120 kVand 215 kV in the first and
o = second tankaccordingly. For the design of th®cusing
o o structure a standard procedrased orthe analysis of the
”"Q\ o oo transport matrices of th®cusing periochasbeen used. The
—e.a1 —a.o1 strengths of thefocusing gradientssatisfy the transverse
-e.az -e.ez effective emittance preservation conditmp> 0.70, . Where
iee s o sa iee 2 2 o 26 ae or andg, are phase advances of the particle motion per
phase. deg phase, deg focusing period on transverssd longitudinaphase plane
AVYIW ©) AW/W d) .
a.0n P accordingly.
oo oo C. Matching/Stripping Section
o T o The matching and strippirggction consists of: a carbon
Coon . stripper, four 15 rectangular bending magnets; 70 MHz
T pmase, deg 7 T U phase.deg rebuncher, one gaudrupole triplet anw single lensesheam
Fig. 3. Beam image evolution in longitudinal phase space dumps for the parasitic ion species.

of The carbon stripper is installed at the output of the PSL

¢fg. 1). Due tothe relatively high stripping energy all

radioactive ionspecies with mass number up to 240 will be

kept. The transverse rms emittance grodudle to stripper is

[B0%-50% forthe most of iorspecies.The additional rms

energy spread contributed ke stripper i€10.1%-0.2%
As a prestripper linac in thenergyrange 60 keV/n to which slightly increases longitudinal emittance. Four bending

360 keV/n the IH structure witFODO focusinghas been magnets allow to separatl radioactive ions with non-

proposedTheuse othe FODO focusing structure simplifiesequilibrium charge state. Theeam dumps installed at the

the transverse matchingetween RFQand IHstructure. high dispersion pointsafely absoriparasitic radioactive ions

Having just one gaudrupole lens inside the dulftesperfour and provide radiation free linac.

accelerating gaps, thmodified IH structure consumesry

low rf power. The superperiod of the accelerating structupe Poststripper Linac

consists of 3 accelerating cells witht¥hase advance of the

rf field and a long driftube containing the quadrupole lens  The 11t IH type accelerating structure fahe POSL has

and a gap with additional phase advance. A superperiotbeen considered most suitabBperating at fieldsvell below

of the structure is shown in fig. 4 as itiised forthe MAFIA  breakdown, thePOSL acceptsall ionspecies produced

a) RFQentrance, b) Output of the cell #180 - the end
acceleration, c) Output of the cell #193 - the end
longitudinal drift, d) Output of the RFQ, after bunch rotator.

B. Prestripper Linac



downstream of the stripper with g/A lasv as1/9. Theuse of (0.4-1.0)Eq as well as rf phase e range (0,-200 in each
lower acceleratinggradients promoteslower rf power four tanks are shown in fig. 6. Thenvelope curve shows
consumption as well as lower energy spread of the accelerat@dimal energy spread whicban be obtainefbr the certain
beam.Main specification to th€OSL isthe possibility of the beam energy selecting rf phaaed amplitude on the tank
smooth energy variation irthe range 0.2-1.76 MeV/npeing adjusted. To transport a beam with intermedintegy
Therefore the POSL comprises severaianks powered to the accelerator end the focusing triplets must be retuned.
separately. In order to providmaximal shunt resistance,

focusing elementsare not included inside the tanks. The Brestri i Y — p
criteria tochoosethe tank length arfollowing: short enough restripper finac ac ac

to provide transverse beam dynamics stability as well asl.5

o ) orizontal, cm
smooth energy variation keeping energy spread small, long 1| ]
enough in order to avoid a low shunt resistance. 05 | |
From studies with theMAFIA code as well as beam

O L

dynamics code, a 1§ap IH accelerating tanks halveen |
selectedThe beam focusing is provided by triplets installed 0.5 f ]
betweerthe tanks. The lengths of the triplet quadrupoles are 1| ]
9.2 and 16 cnwhich have been optimized in order to have | Vertical cm
lowest focusing gradients. Tiereradius forall quadrupoles 0 500 Dist alr(])gé) om 1500 2000
is 1.5 cm and théocusing gradientare in the range 4.1-5.6 '
kGs/cm for the lowest value of g/A.

The diameter of alfour IH tanks of thePOSLare equal
to one meter. In _ord_er to tune to the resorfeeguency and (BWM) %
desired voltage distribution alortige tank, the magnetftux 1.2

inducer size, ridge-to-ridge distance as well as cell parameters

Fig. 5. Beam envelope (100% particles) along the IH linac.

l L

will be fitted. osl /N Envelope curve
II.BEAM DYNAMICS SIMULATION 0.6¢
0.4}
For the designand simulation of th&FQ the beam 02!
dynamics code DESRF@asbeen developedhich runs on oL’ -
an IBM PC computer. Iraddition to standargrocedures 62 04 06 08 1 12 14 16 18
associated with desigand simulatiorprocedure in th&®FQ, Beam energy, MeV/n

DESRFQ allows teanimate thebeam images othe phase Fig- 6. Beam energy spread as a functiothebeam energy
planes during the simulation; which very helpful for the Obtained by the phase variation in the tanks of the
beam parameters optimization.The particle coordinated?0Ststripper linac. The parameter is the rf filddel in the
output from the RFQreaccepted by LANA codpt] in order "ange (40-100)% of the nominal level.

to simulate the beam dynamics in the PRISS (including a

stripper) andPOSL. The LANA code producedrift tube I1l. ACKNOWLEDGMENT
geometry using two dimensional realistic electric field
distribution E(r,z), B(r,z) along the tank axis. One of authors is grateful fBRIUMF team working on

The beam enveloptaken forall particlesaccepted by the the ISAC-1 project for fruitful discussions.
RFQ (98.65%) along the IH linac is shown in fig. 5. The
normalized acceptance of thwholelinac is 0.8mmmihrad IV. REFERENCES
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