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Abstract to realizesimultaneous accumulation of these ions with the
A possible section commonly used by two rings fosame velocity, a momentum acceptance as large as 17% is
colliding or merging ion or electron beams is presentefleeded, which is not so easy to attain. In the present
The magnetic rigidity less than 1Tem is treated. For theonfiguration, most severe situation is anticipated for the
case of merging of ion beams or colliding ion and electrogase where the magnetic rigidities of the beams in the two
beams, it is impossible weparatéhe beams witkxactly  ringsarevery close bateen eaclother.  If theidifference
the same magnetic rigidity into two rings. So here thig small enough compared with theceptance of a single
separation of beams with thiéference ofmagnetic rigidity ring, then they can be stored into a single ring. So we

largerthan 10% into the two rings teeated. limit ourselves for the case where the difference is larger
than 10%, assuming the momentanteptance up to 10%
1 INTRODUCTION might be possible with a single ring.

_ o _ In the next section, we will search the possible
Technigues for colliding the beams has been mainkgnfiguration of such merging section utiliziregsonably
utilized as the tool to realize the highest possible center kainable accelerator technique.  Then thélidooy

mass energy for the investigation of fundamentaection compatible with the above merging section is

constituents of materials. This technique seems to Bggied insection Zandfinally the total system iiscussed.
useful also for the research of atomic or molecular physics

by merging or colliding highly charged ions or electron
beams. Ultilizing the storage ring, it Hascomepossible
to realize highly ionized ions with small relative velocity. . . .
o . . . . : In order to incorporate two rings, the interference
So it is possible to investigate the interactions betwe%n . . .
i : . . o etweerlattice magnets in the two rings shouldchesfully
highly charged ions with small relative velocities. In the

S : . avoided. Assuming the maximum magnet size in the
laboratoryframe the equilibriunthargestate is not so high . . : . .
. - : . horizontal direction (i.e. the distance from the central orbit
at the small velocitgnd it isnot possible taealizesuch a

high charge state. This method, however, is usualff/) the outermost part of the magnet) to be less than 0.3 m,

limited only for interactions between the same ions. At
TSR in MPI Heidelberg, simultaneous accumulation of
different ions (dand G* ) with almost the same magnetic
rigidity hadbeen demonstrateditilizing the long beartife

of electron cooled beam at the TSR and changing the
provided ion beam species supplied by the injector MP-
Tandem. This method, however, also has a severe limit
on the ion speciesto laecumulated ahe sametime. In
order to investigate the interaction between ions with thg
same velocityand differenmagnetic rigidity, it islesirable

2 MERGING BEAM

which commonly use the same straight section as a parto
their circumferences. An example is shown in Fig.1,
which is composed of a hexagonal ring (ring-1) arate-r
track ring (ring-2). In the case of ion-ion “merging” or
“colliding”, ion beams are circulating in the two rings,
while the direction of the two ion beams are the same for
“merging” andopposite for “colliding”.  If the ion beamin

the ring-2 isreplaced by aelectron beam, then the section
can also be used only by exchange between “merging” and
“colliding”. With this configuration, it is possible to

merge the beam with different magnetic rigidity, for Figure 1:An example of mergirmd/orcolliding beams in
example, € and C" with the same velocity. If weant  the two rings.
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we study about the layoutherethe straight sections of the Table 1: Example of Merging loBeam
two rings are separated 0.65 m from each other when e

magnets tanergethe two ringsare excited. Ring Ring-1 Ring-2

For the purpose of merging ion beams with different Bp 1Tm 0.9 Tm
magnetic rigidity, the orbits of both ringeeshifted to the |E(Example oflon)| 18/40(°Ar™®) |1/2(*C*, 0™, etc.
direction opposite to thecetrack-ring as shown in Fig. 2 Ty 9.7 MeV/u 9.7 MeV/u
by solid line (B=1Tm)and dottetine (Bp=0.9 Tm). The B 0.143 0.143

merging section has reflection symmetry about the point

indicated as “Merging Center” in the figure. To give @ The chicanenagnets to shift theentralorbits consist of
quantitative evaluation, we take an example to merge ig\1, BM2, SM and BM3. The field strength are 1T for
beams otharge tomass ratio 1/andmagneticrigidity of 1 - g\v1 and BM2 and 0.251T for BM3.  Field strength of
Tm with ’Ar'®” beam with the same velocity as the abovg 5T isassumed fothe septum magnet, SM, with septum
ion.  Thedifference ofagnetic rigidity of these beams areihjckness of 9mm, which seems technically feasible. In
10%. Main parameters of these beams are listed in Taljlgp|e 2 parameters diese magnetrelisted up.
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Figure 2: Mergingandcolliding sectiornbetweertwo rings.
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Both beams given in Table 1 come into BM1 atséi@e 4 DISCUSSION
radialposition (x=0.18mand are separated BM1 aslarge
as 9.1mm at the entrance of SM. These separated beamé is shown that the merging of ion beams (collision of

are guidegust on thecentrabrbits of ring-1 and ring-2 with ion andelectron beamsjndcollision of ion beamé@merging
use of BM2andBM3, respectively. of ion and electron beam) are realized with the same

In case where magnetic r|g|d|ty of the beam in ringarrangement of additional chicane magnets located at the
2 is smaller than the above value (0.9Tm), the beam $&raight sections. Thedfects of chicanenagnets obeam
deflected much larger with BM1 and SM and it is easilglynamics, however, needs further careful studies.
understoodtat the beam is wegjuided tothe centrabrbit ~ According to preliminary study until now, it might be
of the ring-2 withadditionaluse of BM4 between BM2 and Possible to design such a lattice as is affected not so much
BM3 as isindicated inthe figure by alash-twadottedine. by thechicanemagnets.  Thpresence of chicameagnets,
Merging of ionandelectron beam isimilar to thecase of however, necessarily disturbs the dispersion function at the

collision of ion beams to hieeated inthe next section. ~ Straight section. So the discussion given here confine
ourselves only for theases whererculating beams in two
3 COLLIDING BEAM rings are well cooled down and their momentum spread are

small enough.
With this configuration, two components beam

In case ohead orcollision of ion beams, the velocities . ) . ) .
. . onsisting of twdifferentions with exactly same velocity
of two beams are opposite and they are deflected into the . L .
IS expected to be realized, which is expected to give a new

opposite direction by BM1. So two beams in ring-1 ang . .

ring-2, whichare0.65mseparated in distance are overlappec'Jq formation of the behavior of the beam.
at the position where x is -0.18m as shown in Fig.2 by

dashed and dash-dottetes. Itiseasy to guidbothbeams 5 ACKNOWLED GMENTS
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The collisionbetweerion andelectron beams is similar REFERENCES
to the case of merging ion beams treated in the previous
section. [1] M. Grieser et al., “Advanced stacking methods using

electron cooling at the TSR Heidelberg”, Proc. of the
19th INS Symp. on Cooler Rings and Their
Applications, Tokyo, Japan, 1990, pp190-198.

Table 2:Parameters of Chicane Magnets

Magnet BM1 BM2 BM3 SM
Magnetic Field 1T iT 0.251T 0.5T
Core Length 0.2m 0.2m 0.2m 0.3m
Aperture for bothbeams only for beam in ring-1 [ only for beam in ringi2 only for beam in ring-2
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