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Abstract 

TAR& II is a ring with the mean radius of 12.4 m, 
which can accept the beam with magnetic rigidity up to 
7.3 Tern, corresponding to the maximum energies up to 
1400 MeV and 500 MeV/u for proton and ions with charge 
to mass ratio of l/2, respectively. Its main magnet 
system is based on FQDO lattice and is composed of 24 
dipole and 18 quadruple magnets. A maximum field 
higher than 1.9 T is attained for the dipole magnets. 
From the field measurements with a precision better 
than +5x 10-5, the sextupole comlzcnent of the dipole 
magnets is less than 0.45 m-2 below 1.8 T. All the 
magnets have been already aligned to their precise 
positions taking the field properties into account from 
beam dynamical point of view. An RF cavity of ferrite- 
loaded two quarter wavelength coaxial type with bias 
windings of 4-turns has attained a tunable range about 
15 times. An electron beam cooling system with a high 
voltage of 120 kV is designed to be applied to the 
beams lower than 200 MeV/u. Field properties of the 
guiding magnetic field of electron has been studied and 
a good quality field has been realized. 

Introduction 

At Institute for Nuclear Study, University of 
Tokyo, a heavy-ion synchrotron which can be used also 
as a cooler ring in the intermediate energy region has 
been under construction since 1984. The SF cyclotron, 
an ordinary AVF cyclotron with K-number of 67, is to be 
used as an injector (Fig. 1). Expected intensities are 
- 10" for proton and a -particle, which is reduced to 
- 5 x 106 for heavier ions as Neon. Cwing to this 
rather limited beam intensity, a scheme of experiment 
utilizing an internal target (a few tens p g/cm9 is 

Fi g, 1 Layout of TARN II and its transport line. 
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intensively studied so as to increase the effective 
luminosity. i A slowly extracted beam is also to be 
provided for special experiments which can tolerate 
rather lower beam intensity as the basic study for 
biomedical irradiation. 

Magnet System 

Lattice 

TARN II lattice is designed on a simple FCDO 
structure with such modification as gives doubletlike 
structure at long straight sections to provide smooth 
behaviour of Twiss parameters. The ring is originally 
designed as a synchrotron with superperiodicity 6 to 
have a compact and regular structure (Synchrotron 
Mode). Cooler Ring Ycde with superperiodicity 3 is 
proposed, in order to attain doubly achromatic sections 
needed for an electron beam cooling together with long 
straight sections of fairly large dispersion (-- 4.5 m) 
for an internal target (Fig. 21. These two modes are 
considered to be transferable between each other keep- 
ing the operating point at the same position in the 
tune diagram.2 
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Fig. 2 B and dispersion functions of Cooler Ring Mode. 

Piagnetic Field Measure=& 

All the main magnets in the TARN II ring are 
made of laminated steel 0.5 nun in thickness considering 
the eddv current effect due to AC operation. The 
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acteristics of Fig. 4 Radial field distribu- 
the dipole mag- tions of dipole magnet, 
net for TtSRN II. (a)200 A and (b12500 A. 
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Fig. 5 Radial distribution of (a)field gradient and 
(b)its integrated value of quadruple magnet. 

di[x)le magnet of TARN II is designed with H-type and 
straight iron core.2 The absolute field strength for 
various excitation currents are measured by a proton 
1~1emrii3r~~~r? (Fig. 3) . Combining the results of the above 
~l,,'il:,rlr'~‘ila‘nt Ca.nd the effective length measurements, the 
~l~vial.ion of' thtl integrated field strength is obtained 
f’c )I~ ii 11 t hrs magnets, which was reflected on arrangement 
:lf the dipole magnets so as to reduce the size of 
.~I uteri orbit distort 101,. The radial field distribu- 
ti(Ins of' the t‘leld strength and the integrated field 
st rt~1gIth ;UY: mr,:tsured with flipping coils, whose dimen- 
ciitlts ar'ta 8 x 100 mm2 (REF. COIL) and 18 x 1600 mm2 
lIX)X CCJIL.1, respecti\-ely.3 Typical examples of the 
mrasurments are gi%,en in Fig. 4. It is seen that at 
the lowc-st excitation level (1.25 kG) , the effect of 
the residual magnetic. field appears. The strength of 
the rrsidual fic,ld at the magnet center was 15 G after 
the excitation up to 2500 A (-15kG), which had a sex- 
1rlpoloLike structure. This residual field caused addi- 
tlonal sextupole component as large as 0.27 m-2 at the 
in.]ect:ion field level (- 1.25 kC), which is found to be 
in +nl~~rablr size.4 

Qu&rulx>le magnets are made with hyperbolic pole 
shape which extends to its tangential lines at both 
Sl~k?S. 5 'Thr field properties of the quadrupole magnet 
was studird putting emphasis on low excitation level 
(down to - 1 kG/m) considering low injection energy at 
TARN II. The structure of the field gradient was 
studied utilizing a translation coil system.5 Typical 
examples are shown in Fig. 5 for various excitation 
lllTPntS . Although a flat region of the field gradient 

is redcll~crd at the low excitation level I-- 1 kG/m), 
n~rdc~l apart\rrP seems to be assured for the exritation 
lc~cls to be us& (higher than 15 A corresponding to 
Ihe field gl-adient of - 2.6 kG/m). Real dynamic aper- 
ture at tanned for various excitation levels are to be 
stirrl j ed by hot h complrter simulation and beam expri- 
ments from nob. on. 

Alignment of Magnets 

As the supcrperiodicity of the lattice is 6 for 
the Synchrotron ?lode, e\-era- magnet should be aligned 
that the ring c:oillcides with itself if it is rotated 
as much as 27~ /6 with reswct to the center of t.he 
r1rlg. Two standard holes attach& to each magnet, 
whose positions with resl=ct to pole shape are 
pr" i s+lly ad.just.e~ I, are used to modify the position and 
r'otui ion angle of the magnet in a horizontal plane. So 
AS t (I ktwp a hesagollal shape, six standard holes lo- 
cated at 6-fold symmetric positions are adjusted in or- 
rl~~r, I o IU&P eciui lateral tl,iarrgles with the one on the 
r:r~~i rdl pi 11~. The azimuthal angle between one 

hexagon and the other is constrained by the distances 
between the vertices of these hexagons. The algorithm 
to obtain position errors is examined beforehand 
utilizing artificial data of the distances made by 
uniform random numbers. The position errors can be 
solved with an accuracy of a few microns if there are 
no errors in distance measurements. In the measurement 
of these distances, Invar wires 1.00 mm in diameter 
pulled with an B-kg tension from both ends is used. 
The absolute length of the wire is calibrated with a 
laser interferometer on a standard bench before and 
after each measurement. With this procedure, a sys- 
tematic error due to a change in the wire length can be 
eliminated. A precision of several tens pm could be 
attained for measurements at such distances. All the 
magnets have been aligned to their proper positions 
with an overall accuracy of k 300 pm, which is con- 
sidered of tolerable size. 

Power Supply 

TARN II Synchrotron Mode assumes l/2 Hz operation 
as final goal and dipole magnets are designed to be 
able to be excited up to 4000 A. However, owing to the 
limitation of electric wwer facility at INS, a power 
supply for the dipole magnets with the maximum excita- 
tion current of 2500 A (corresponding to 15.5 kG and 
1.1 GeV proton energy) and rise time of - 3.5 s has 
tpen designed and fabricated as the first phase of ac- 
~~lerntor study and internal target experiment. It 
c,onsists of 12 phases silicon controled 
l~e(~tifiers(SY‘K), passive and active filters. The ex- 
c-itation test has already been started with real loads 
of 25 dipole magnets and connecting cables. A relative 
current ripple (mainly 600 Hz) is found to be as low as 
I x 10-S even at the lowest excitation current of 
200 A.6 

The power supplies of the quadruple magnets are 
designed with final. specifications (mzyimum current of 
400 A, rising time of 0.75 s) because their maximum 
peak powers are rather limited and acceptable for the 
present electric power facility. They consist of 12 
phases SCR, passive filter and transistor regulator to 
attain fast tracking to the dipole current. 

RF system 

An RF acceleration system for TARN II is designed 
to be capable of both operations, adiabatic rapture and 
acceleration and synchronous capture of the beams from 
thr? SF cyclotron. The harmonic nLnnber is 2 and 17 for 
adiabatic and synchronous capture, respectively. 
Required frequency sweep range and mximum acceleration 
voltage of the system are 0.59 - 8.00 MHz and 6 kV, 
reswctively if Ne4+ with kinetic energy of 2.68 MeV/u 
is to be accelerated. 

The RF cavity of two ferrite-loaded quarter 
wavelength coaxial type has already been fabricated 
(Fig. 6). As a ferrite material, TDK SY-6 is selected 

Fig. 6 An overall view of the RF cavity for T.ARN Il. 
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vacuum system 

It TW\ :T, ii \-iruum pumping syst.em com~x,se~d of 
ilvit tcs,. ioll txw, t i taliium gi,ttcr pump and turbo- 
:nr~l~~*~~i~<v prrilql are til be cwnstructerd to att.ain ultra 
t, i Al \ i~i’ii,im ( - 1 x IO-‘” Torr). lddi t iona 1 non- 
~~apcn~l~lc gtlt test- ~n.m,,s are to be used at the electron 
v1~1i:r.g s<v,t icvl to <~opc: r:ith a hea\ry gas load wing to 
;ui t.lPi,t I‘OII ,grm. 

.A\ thr magnet2 pwr sup~~l ies assume rather slox 
1‘1 c: i11g t 1lTlf’ ( - 3 . 5 s ! and dR/dt. i 5 rather- sw 11 
10. IT/s), the xacmrtm~ chxnlwrq in the magnets are df:tei,- 

ubitwci t (8 Lx, m;uIt~ of stailLlc=s steel (SIJS3161,~ .1 nun in 
t lii~+~rw=s. Thc~ ~bmt~~,-s <at, the rlipolt~ a+ct,lotls :iri’ 
tr% i 11% di 1 iTwc:r4 and the, first one has already been 
i”““]““t Ii[)i;ll ;*t a tf~.St t,ell[~h. After baking process at 
??O” i kltli dumt ion of 72 II, I hu vacuun pressure of 1 
x 10-q ‘I’I)!,I, 1~ attail& vith only a turbo-molecular 
Ijtmj\ hith 1xnnpiriy slwpd of‘ -150 l/s. A residual gas 
+iltV‘l r’tm iIf t hp r~hambfx~ is shor;n in Fig. 8. No peak of 
tl~~:l:~c~i~;~r~txl,l is <,lser\~r~d. Thr: end vacuum pressire is 
(xxis;ictt>l,r,li ti> bc limited h;\- the capability of the pump 
,x~l rx nnt1~-.eahlr~~ leak c>zists to attain much hett,er- 
p,‘1~!<s;;,rc’, 1 0 

Beam Cooling 

Iieun ~~mir ng met hods are to be applied at TARN II 
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