DESIGN OF DOUBLE STORAGE RINGS AT MUSES

N. Inabe RIKEN, Wako, Saitama 351-01, Japan
T. Katayama, Center for Nuclear Study, School of Science, Univ. of Tokyo,
Tanashi, Tokyo 188, Japan

Abstract

Double storage rings (DSR) will play a role gerform Short str_izht Short Straight
various experiments of collision or merging raidio-isotope  arc ,#~" Elotion "%\\ ARC ¢‘~/”E‘_|:J-n C;: o«
beams with ions, electron beams atdays producedirom an W/ EI°°t°'ef ) \ w/ \}W

. . ectron cavi

undulator. The experiments will beperformed at two ! Y J ! ; ]

; . . . : §  Electronring i lonring @
crossing points. One is for collision of RI beawith '”’e°|§'°“ Injection

. . . . e, on

electron with crossing angle 20 mrad. Another is for mergi éircumfe,ence 269.568m (Circ)umference 269.568m

146 Tm Max. Bp 146 Tm

for ion beams with angle of 176wrad. To perform thesel}“® B° o
olliding

. . . . . i Collidi i
experiments with high luminosityelectron beam has two Merging ot Meraing point

different operation modes. The emittance of®1M*rad is ||[Lon

. X . 9 Long Long Long
preparedor the collision with Rlandthat of 10° m*rad is ||~°" straight straight straight
done for production of high brilliant X-ray. Dynaméperture | [ undulator ‘“ o
of beam with emittance fom*rad is 16 mm x 3 mmafter (hestion
chromaticity correction. t om § 1 om !

\ /A /
1 INTRODUCTION N ey SN oo S
S I S e

The DSR is an experimental colliding ringdanned in Fig- 1 Two rings in the DSR. 1la is afectronring and
Radio IsotopeBeamFactory at RIKEN [1]. In the DSR albis anion ring.
variety of unique experimentge envisagethrough collision
of RI beam with X-ray produced from undulator, dlisions 2 OVERVIEW OF DSR
of Rl beam with electrorbeam, and merging of RI (ion)
beams. The DSR is composed of an electron rangl anion ring

To perform these experimentwith high luminosity shown in Fig. 1aand b. The electron ring stores not only
electron beam isrequired to have two different operation electron beam but also ion beam for the merging experiment.
modes. One is anode to haveemittance of 10 m m*rad The ion ring stores only ion beam. The circumferenceash
(small emittance mode&5.E.M) at 2.5GeV to producehigh ring is 269.568 m which is 8 times larger than thainggctor
brilliant X-ray from the undulator. Another is tdave superconductinging cyclotron [4]. Eachring has fourarcs,
emittance of the 10m m*rad (largeemittance model,..E.M)  two long straight sections and two short straight sections.
at energy of 1 GeV. Thimode is usedor collision with RI In eachlong straight section, two rings cross vertically.
beam. One crossing point isisedfor the collision of Rl beam with

lon beam is injectedfter cooling andaccumulation in the electron beam (colliding section). Anotherisedfor merging
Accumulator Cooler Ring2] andacceleration irthe Booster (merging section).
Synchrotron [3]. Maximum magnetic rigidity (8 of injected Figure 2 shows a configuration of the magnettliis
beam is 14.6 Tm (800 MeV/u for A/Z=3), emittance istl section. The crossing angénd B values of eachring are
mm*mrad and momentum spread is 0.1 %. Since mpXisB chosen as small as possible to datge luminosity.
2 times larger than that of electron beam, ion beaopésated Considering interference of magnets between two rings,

by third mode (ion mode, L.M). crossing angle is determined at 20 mrad (1)14¥alues ofp
In this paper wewill report lattice of the DSRor each ¢y glectron beamare determined aD.02 m with both

mode and dynamic aperture of S.E.M. horizontalandvertical directionsand these for ion beam are
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Fig. 2 Side view of the colliding section.
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0.1 m. These values are achieved by focusing aqiaarupole
doublet (QD1), which idocated at a distance 4f5 m from
the colliding point. For ion beam, additional quadrupole
doublet (QDI2) is located at rathkemg distance(7.5 m) from

is achieved bythe quadrupolemagnets for focus (QFA) and
those fordefocus(QDA). The othemuadrupolemagnetyQF)
are used tdulfill a periodic condition of the cell. Fig. 4
shows anddispersion functions of the cellBetafunctions

the crossing poinbecausdocusing power of the doublet is fulfill the periodic condition. The horizontal emittance is
small for the ion beam. To obtain sm@lvalues, values of  almost decided bythe cell because therare no horizontal
aroundfocusing magnetsare very large. The maximun bending magnet except for arcs. The obtained value of
values of the electron beam are 113 m for horizaditabtion horizontal emittance is 131 nm*rad at 2.5 GeV.

and 750 m for verticalandthese of the iorare 1223 m (35

mm in beam size) for horizontal and 970 m for vertical. For the L.E.M, emittance ismadelarge by abandoning

In the merging section configurations of magnets of bofBBA structure. As shown in Fig. 3 theenter ofthe arc is a
rings are same. Merging angle of the section is °L@Gnd
values off3 at merging point is 0.6 m for both horizontal and
vertical directions. The maximurfa value in this section is 20 - -
not solarge (102 m for horizontahnd 58 mfor vertical)
becaus§ at merging point is not so large. In this section an
undulator toproducehigh brilliant X-ray and beam injection
are also located. The beam of the undulataedgired to be
small (2 m)and parallel for the electron beam &.E.M.
Electron beam is injectehto the electronring with multi- PPN S N B B
turn injection method for horizontal direction. Horizontal 0 2 4 6 8
emittance of an injected electron beanjust after multi-turn Orbital length(m)
injection 15t mm*mrad. lon beam is inserted into both rings Fig. 4 3 anddispersion functions in the unit cell for
with one turn. S.E.M.

Short straight sectionare usedor an electron cooler and symmetry plane of anddispersion functions.
RF cavities. Theelectron cooler igpreparedor ion beam to
suppress beam instabilities and beam-be#att and to make
a short bunch of ion beam. Fefficient electroncooling the

Bx, By(m)
Dispersion*10 (m)

The half arc
consists of an unit cell, a half cell and a matching section. In
the unit and half cell the QFA's are not used. In the matching
section three quadrupole magnets (Q1, Q2 anda@3adjusted
ion beam should be paralleind have small size. In the to make the symmetry plane at thenter ofthe arc. The
section fourquadrupolemagnetsare insertedand make the region out of thearc is dispersionfree in the mode. The
required beam. The obtainBd/alue is about 7 m over all the obtained value of emittance is 0.izGum*rad.
section. For the I.M the composition of the arc is the same as that
The arcsection isdesigned taadjust emittance oélectron of the L.E.M. However, since magnetic rigidity of ibeam
beam. Figure 3 shows configuration of #re in the DSR is much larger than that of L.E.M, focusing powers of
for both S.E.M and L.E.M. guadrupole magnets are adjusted to be weaker than those of the
L.E.M. The region out of the arc is also dispersion free in the
mode.

Symmetry
Plane

3 RING PARAMETERS

Q3(QRIN Unit Ce . . .
QZ(QDA) After the design of eachsection wecalculatedthe ring
Ql(QFA)\ A _ ) parameters for eaabperation mode. For .M, twgases are
QDA P I\S/Iatchmg (Small EmittanceMode)  c5icylated. One is farollision with electron beam (I.M-C).

ec. Another is for merging (1.M-M).
Half Cell

The obtained parameters of the four modes summarized
in Table 1.Large chromaticity for S.E.M is due to DBA
structure of the arc. Those of L.E.M and |.Ma@ originated
from largep valuesand strong filed gradients ofquadrupole
magnets in the colliding section.

+  Unit Cell

@ (Large Emittance

and lon Mode)

Arc

Fig. 3 Compositon of the arc section.
For the S.E.Mthe arc consists of four unit cells with
Double Bend Achromat(DBA) structure. TheDBA structure
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compensated if @ + n@, = (2k+1)T, where k isinteger and

SEMILEM [LMC _|I.MM combination of m and n are m=1 or 3, na@dm=1 n=2 or -

Tune vx 13;2; g;gg ggig gsg; 2. In the DSR phasadvancedetween entrances of/o arcs
ch i _tvy ' ' ' : including the short straight sectiame 7t for x and 4t for y
romaticity to compensate all components of phase modulation. The

&X -30.5( -37.7| -62.7f -11.4

obtained values of sextupoles to correct chromaticity}dr66
sy | -35.4| 007 -a7.6] -103 P Y

m for SF1 and—65.77 nm? for SD1. We also performed

Ug;ﬂﬂfu”rx 85.20) 4.857) 5.074 5.071 particle tracking using MAD. In the tracking wesed the
i secondorderedLie-algebramethod. Fig. 5 shows results of
compaction 0.| 0.042] 0.039 0.039 'e-a1g g ws resu

tracking. In this figure initial condition is x =®@m, y=1.5
mm, px=py=0 mrad andAp/p=0.1 %. Numbers of turn is
1000. Twiss parameters of a view point are 4.6n1.3 m

Max.p (m) Bx | 0014 113 1223 102
By 255| 750 970 57.8

Bat _coII|d|ng . 51.8 for B, andB, and 0 mfor a, anda, Outside ofthis region
section (m) Bx* 0.02 0.1 4.2 particle is lost. From this result dynandperturefor S.E.M.
. By 8.5 0.02 0.1 4.8 is 16 mm x 3 mm. Thisvalue is comparable tmeeded
[3 at merging 10.5 aperture.
section (m) Bx* 5.0 10.0 0.6
By* 3.9 5.0 10.0 0.6 10 . .
23.4 M3

[¢)]

Px (mrad)
o
Py (mrad)

AN o
;

Table 1 Parameters of the DSR for several modes. )
4 CHROMATICITY CORRECTION AND 5t
DYNAMIC APERTURE

10 -5 0 5 10 4 2 0 2 4
Natural chromaticity § causestune spread Av) X (mm) Y (mm)

originated fromAp./p (Av=EAp/p). SinceAp/p’s of injected Fig. 5 Particle trackig

electron beanandion beamare0.1 %Av’s of thesebeams

are 0.1 ~ 0.9. These larg® cause particle lossecause tune

crosses several resonaniee. Cromaticity correction is 5 CONSIDERATION

important toreduceAv. The correction can bdone using

sextupoles located at non-zero dispersion. However, since u

of sextupole causes thiarderresonancerincipally dynamic

aperture decreases. this chapter wewill mention about w "
chromaticity correction and dynamic aperture for S.E.M. aperture additional families of sextupole shouldrteduced.

Natural chromaticity of S.E.M. is corrected using We arestudying properties of sextupole such as strength and

sextupoles (SF1, SD1) as shown in Fig. 3. Prabances configuration. _ _
between entrances dfvo arcs including the short straight ~ FOr other modes we wiltalculate dynamic aperture. In
section are adjusted to compensate phase modulation cause@3fjcular, L.E.M. and I.M.C have large chromaticities

a sextupole. When the phase modulation is small it is writt@dinated from the colliding point. In theseodes correction
may be done locally.

se
Obtained dynamic aperture is rathemall. It is due to
large phase modulation by sextupoles. ifcrease dynamic

by
Aa=f1(cos3by+3cosby )As+
fo{cod Py+20y J+cogdy-2dy )+2c0sPy )AS REFERENCES
Ab:fg(cos(¢x+2¢y)+co:{qu-2¢y)+200$DX)As [1] T. Katayama et al., Proc. of STORI 96, September 1996,

Bernkastel, Germany and to be published Nudi®arsics
A

whereAa andAb are phase modulations of x andby,and®,  [2] K. Ohtomo et al., in these Proceedings.
arephase at sextupole,_f arefunctions of initial amplitude, [3] T.Ohkawa et al., in these Proceedings

strength of sextupole and beta functions aind y andAs is |4 Y- Yano etal,, Proc of PAC97, Vancouver,1997
length of sextupole. Using initial phas®, or ®,) and

phase advancep(or @), ®, (®,) is written

Dy (By) = Dro (Pyo) + ¢x (¢y)

Whenstrengthandbeta functions of two sextupole magnets
are same, modulatiortaused bytwo sextupole magnets are
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