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Abstract _-- -- - 

A multiturn injection method is to be applied to 
TARN II in order to obtain high intensity beam. The 
malimum gain and efficiency are estimated at 15.5 and 
33%, respectively. The beam intensity is expected at 
- 10' for proton. 

The allocation of dipole magnets is determined on 
the basis of the field measurement so as to supress the 
closed orbit, distortion. The ma\-imum closed orbit dis- 
tortion is estimated at 9 mm owing to the field error 
and the effective length error of dipole magnets. The 
stop band Gidth of 3y ,=5 excited by sextupole com- 
ponents of main magnets is also estimated at 8x10-4 in 
the Cooler Ring Mode (v ,=1.75, y ,=1.25). 

A heavy ion synchrotron-cooler ring TARN II is un- 
der construction at Institute for Nuclear Study, 
University of Tokyo (INS) on the basis of the study of 
TARN Ii for the purpose of nuclear physics, atomic 
physics and other applications such as medical use. 

TAR?! II is designed to accelerate protons up to 
1100 MeV and heax?; ions with charge to mass ratio of 
l/2 up to 500 Me\'/u (Synchrotron Mode)and to cool down 
their emittance and momelitum spread by using a stochas- 
tic and an electron cooling(Cooler Ring Mode) I Com- 
bina1iorr of an electron cooling and a microparticle in- 
ternal target, which have been developed at INS, will 
realize a high resolution and a high luminosity esperi- 
ment in an iritermediate energy region. 

The peak &am intensity of the SF Cyclotron" with 
Ii number of 67 which is used as the injector of TARN 11 
is less than that of linac although the intensity- of 
high charge state heavy ions of the SF Cyclotron will 
be impi,o\,ed by using ECR Ton Source ill the near future. 
Therefore, a multiturn injection method3 is to be aI,- 
plied to T-\RN IT in ot,der to obtain high beam intensit.3. 
arid to realize a high luminosity experiment. The be- 
haxiot~ of a11 inject4 beam in this method is simulated 
so as to optimize the gain and the efficiency of the 
multit~urii irljec+,ion I 

On 1h.e other hand, for a stable acceleration, 
cooling and extraction as well as a stable injection, 
dipole magnets are allocated so as to suppress a closed 
orbit distortion due to some deviation of the effective 
length anal the field strength of each magnet according 
to the field measurement of main magnets in TARN II. 

Furthermore, for suppressing a stop band uidth of 
a resonance line, the allocation of the quadrupole mag- 
nets is determiiied so that their sestupole components 
oomponsatt: these of the dipole magnets in the complex 
plane of the excitation coefficient along the 
Guigrlard's description of the r'esonance.4 

Multiturn ___- Injection 

A multiturn injection system of TARN II consists 
of an electrostatic inflector which separates the 
trxnsxvrse phase space in an injection beam line from 
an acceptance of the ring and two bump magnets which 
distort the closed orbit in the ring as shown in Fig.1. 

For an efficient multiturn injection, the 
parameters such as a size and a collapsing speed of the 
distorted closed orbit and beta functions for the in- 
,jection beam line in the injection point are to be op- 
timized. Therefore, the c,omput.ei, sirmllations wre lxr- 
fot.med. 

The emiitanc,e of the inject ion beam and the ac- 
t:epl awe c>f the ring in the horizontal plane are as- 
sumed at 15~ (mm~mrad) according to the measurementi; 
and 300n (nun.mrad) , respectiveI>-. Parameters used in 
this simulation are summarized in Ta1)l.e 1. 

TARNI! 

Fig. I Layout of T.ARS II and its multiturn injection 
s> stem. Each numbci, in the fi yu1.e repr-eserits 
the de\ iat ion of integr-at ed field strength 
alwig the magnet, axis of each magnet (%). 

Table 1 Parameters used in this simulation. 
--- 

1. Parameters of the injection beam 
---- 

Emittance E I 15~ (nun.mrad) 
Beta function at 0.2m-O.im 

its derivative a I 0 
Dispersion function v I 0 

its derivative 0 
Momentum spread o-oo.2 % 

2. Parameters of the ring at injection point 

Bctatron wave number Y s 1.75 
Beta function P\ 9.06m 

its derivati1.e ar -U-18 
Dispersion function 77 \ 4.55 

its derivative 17 'Y 0 
Acceptance A x 300x (mm.mrad) 
Phase advance from A/l l.Or,?l 
two bump magnets 
Phase advance from 
bump1 to injection P 0.58~ 
point 
Septum thickness t 0.5 mm 

__--------- 
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The vertj~cal beta function and its derivative for 
the injwtion bram 1 j.ne are to be completely matched 
with that of the ring to avoid a beam dilution in the 
vertical phnw space a& the derivat,] 1-e of the horizon- 
tal hlt.3 fwcti:xr is to be mm in order to fill a beam 
r;iIh the h<~ix1~~~nt.al phaw space as possible. ihl t.t1e 
in1 Ilfsr hntnd, t,htx di s~x~rsion function and its derivative 
fr.>:. I hc: i ll.j~vt ion bc,am ljne me desigrled to be zero in 
tht~ ill,jcc,t.iwl pclirkt irl orde:, to pass the beam through 
t.tccz .g;tk~ of t ht= i nf‘lt~ci or c&Ii ch was designed and 
mi>nuf;ic,t urxad for T:II2.I I , rghi le the d i spersion flulct i.on 
!‘or t he r.i ng j s 1. 6 m in t.hia same point.. 

i,~r the, ;\ss~nl)t ion that the fields of bump magneti 
arc I-~.pi~rwlil itil damping, the damping time constallt. of 
t hcl f ir,l ds T is optimized at. 30 x (re\-olution time) as 
stlcs.n it\ Fig. 2 for p i = 0.4 m-O.7 m and AP/P=O- 
0.2 %. Thci maximum injection gain and efficiency are 
eatiwle~l al 15.5 and 33 %, respectiwA-, on the condi- 
t ion of ttw horizontal beta function size of p i = 0.4 
,I,-- 0. 7 m fC)l~ t hp in.jec,t~ion beam line. The results are 
sh~na irr Fig. 3. The maximum injection gain and ef- 
l-lvi<al~c? i~r’~z kq)t. constant, for p i = 0.4 rns O.Sm. A 
i ri,~c~-I iron win and a partial capture efficiency versus 
numtx~t r~f’ in.jrc,t ion are shoryn in Fig. 4 in condition of 
6, = 0.5 m, A P/P = 0 and r = 30 x (revolution time). 
Tl~r* i.lljrJct ed beams during 47 turns in the horizontal 
plxis~a spatx: is shw-n in Fig. 5 in condition that the 
~~~tcnsit.~ distrib~~tioi~ of t,hc injection beCam is the 
i;a~~ssian ~lw !A th the emitLance of 15~ (mm~mrad) (90 % 
twit ta~~cvh) in 1.k hurizonl,al phase space and j ts momrw 
tuv distl~ibuticin is also t.he Gaussian one with FWCM of 
0 . 2 x . nie effrrt of the mismatched djsrxzrsion func- 
tirxl of the injection beam r,ith that of the ring is ob- 
$C’l.‘\ rrd. 
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Furthermore, the dependence of the injection gain 
on the acceptance of the ring is also simulated as 
show in Fig. 6 since the acceptance is varied accord- 
ing to various operation modes of TlUZN II. Owing to 
the exponential damping of the bump field, the injec- 
t i.cin gain becomt5 saturate al tlw larger acceptance of 
t Iw ring. 
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Fig. 4 (a) Injection gain and (b) partial capture 
efficiency versus number of injection. 
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Fig. 5 The injection beams during 47 turns in the 
horizontal phase space. 
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The Horizontal Acceptance 

Fig. 6 The dependence of the injection gain on the 
horizontal acceptance. 

According to the field measurement of main magnets 
in TiW& IIs, a deviation of the effective length and 
the field stvngth of each dipole magnet A (BL,)/Dl, t;as 
xv-ithini 1.3\10-3. Therefore, the closed orbit is to be 
distorted or.ilg io thpse de\,iations. The maximum closed 
orbit, disto~~ii~Xl is estimated at 30 mm in a random al- 
Ior,;ltion of dipole magnets b,v using statistical 
:m:*l:"~is. 6 

In ordc~r to suppress the colsed orbit distortion, 
dipole magnets are allocated so that the deviation of 
n~:ighborir~g tr:o dipole magnets is compensated by that 
of each magnet as shovn in Fig. 1. Therefore, the sum- 
mation of the deviation of neighboring two dipole mag- 
nets is supressed within? 3.5~10~". A.3 a consequence, 
the closed orbit distortion is reduced to 9 mm as shown 
in Fig. 7, which is numerically calculated and the ac- 
ceptance is to be improved by using this method. 
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Fig. 7 The closed orbit distortion due to the field 
error and the effective length error. 

Resonance-characteristics 

The stop band width of the 3~ X=5 resonance line 
vhich neighbors r;ith the operating point of TARN II is 
to be excited by some sextupole components of main tnag- 
net,s . The maximum sextupole component of dipole magnet 
was 0.3 m-2 at the field of 0.13 T according to the 

field measurement. In order to supress the stop band 
width as small as possible, the allocation of quad- 
rqmle magnets is determined so that sextupole 

components of dipole magnets is compensated rsith that 
of quadrupole magnets. 

The excitation coefficient K in the Coole I?l,g 
Mode (y ~-1.75,~ y=1.25~ which has threefold symmetr! 
is ~:alculated for the thi1.d order resonance of 3~ r=3 
as shorm in Fig. 8. Three dashed lines indicate ES- 
pitatjon coefficients for focusing quadrupolc 1, 2 and 
dipole magnets, respecti\'ely, while that for defocusing 
cl~~a~lrtr~n~le mag:l~~ts is negligible small and the solid 
I.ine indil.ates the total excsitation coefficient. On 
tilt: nssilmption that the horizontal emittance is 200 72 
(nm~mrad), the step t>?nd width of 3~ .=5 1s estimated 
at 8x10-~. 

Therefore, a stable acceleration and cooling as 
~11 as a stable injection is (considered to be possible 
baascd on %he fact that t-he stop band width of 3~ ,=7 in 
TARN I was mesured at 4x10-3. i 
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Fig.. R The exc,it,irtion cboeffi(-ient in the Cooler Ring 
MGde . 
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