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Abstract 2 BUNCHING PROCEDURE

'ﬁ\ beam is injected to DSR, after it is accumulated as a

Beam bunching with electron cooling can be carried o ina b d led d ¢ . i
under the control which keeps the momentum spread cofi2@sting beéam and cooled down 1o a given momentum

stant. Simulation of the bunching for a 150 MeV/@glg] spread and to such a transverse emittance in ACR that it

beam in DSR has been done in which space charge eﬁe%;ges not meet resonances. The beam is cooled again there
and a transverse nonlinear effect are taken into accoulit. electron cooling while RF is applied under the momen-

Results of the simulation are presented about the transiti§d” spread control which increases the RF voltage so that
U]e momentum spread stays constant. The beam becomes

of the bunching and the longitudinal and transverse behab . 4

ior of the beam near the equilibrium. unched as RF voltage. The larger the spreaq is, the higher
can be the threshold of the beam line density due to the
microwave instability [5]. The momentum-spread control
is necessary to a high line-density beam. The bunching

1 INTRODUCTION makes the space charge effects strong. The betatron tune

shift due to the effects is dependent on the transverse am-

Collision experiments are planned with ion-ion or ion-plitude, when the transverse charge distribution is not flat.

electron beams in Double Storage Rings (DSR). Coastirlgesonances make the transverse amplitude of ions large.

ion beams are supplied from the cooler storage ring (ACRJ0, the ions become off resonance. The longitudinal oscil-

or the booster synchrotron (BSR). The luminosity of thdation simultaneously makes crossings of resonances. The

beams can become high by bunching them. The longitiens can have small amplitude due to the electron cooling

dinal space charge force is dominant over the longitudagain. Therefore, the beam can be expected to eventually

nal forces induced through the coupling impedances bdedge resonances. Itis, however, dependent on the strength

tween beams and the vacuum chamber in the energy regigithe nonlinearity whether the ions have small amplitude

100 MeV/u to 1.5 GeV/u of the ring. As the currently-again or not. The simulation has been done just for beams

designed ion storage ring runs below the transition ern DSR.

ergy [1], the space charge force makes the bunch long.

Electron cooling force can make the bunch short under an 3 FORCE ELEMENTS

RF-voltage application. The bunching with electron cool- ) , . )

ing has been carried out at IUCF [2] and GSI [3] focus!n the simulation, the followm_g forces have been taken into

ing on study of the longitudinal behavior of beams at th@ccount as forces acting on ions:

equilibrium, and on study of the longitudinal and transverse | the RF force,

ones at the equilibrium, respectively. o the longitudinal electron cooling force and the trans-

The previous simulation of beam bunching under the  verse one [6],
momentum-spread control showed effectiveness of the e the transverse linear force coming from the ring lattice
cooling in the bunching, but whether the bunching process and nonlinear one,
is stable or not was left to be answered [4]. The question is e the longitudinal space charge force and the transverse
answered here. The simulation has been improved notonly one.

in taking into account more force elements, but also in the . _
following; The other collective forces induced through the vacuum

chamber or RF cavities have been neglected because of,
except for the resistive-wall force, their smallness by com-
e representation of a bunch of beam line density, whicRarison with the space charge forces in the DSR energy
is used for evaluation of the longitudinal space chargfegion [7] and because the instability up to the fifth syn-
force, by Fourier series expansion up to seventieth sghrotron mode due to the transverse resistive-wall force can

ries, . be damped even at the chromaticity of -30 near the vertical
e evaluation of the space charge forces every onemtural one for the full bunch length of 1 m [8]. The space
eightieth revolution. charge effects due to a colliding electron beam are left to be
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considered. The above electron cooling force does not ifable 1: Parameters of the ring, a coasting beam, and the
clude the component which induces betatron tune shifts electron cooling.
0.02 for the flat transverse distribution of the electron beam

at the cooling section. The component has been neglected Ring
because of the smallness by comparison with the shift dugircumference 260 m
to ion-beam’s own space charge. Momentum compaction factor 0.03774
Betatron tune, /v, ) 7.38/5.8
4 SIMPLIEICATION Twiss parameters at the cooling section
agt = agf 0

The following simplification has been done in the simular B¢ = By° 7m
tion mainly in order that one reduces CPU-time load antdRF harmonics 87
keeps statistic accuracy. Inner radius of the vacuum chamiger 4cm

i) Except for the Twiss parameters during the cooling Coasting beam
section, 3 function along the ring has been equal to theMomentum spread (6rms) 1073
average ongl = r/v wherer is the mean radius of the | Rms transverse emittance. (= «,) 1067 mrad
ring andv the betatron tunex function has been 0. Electron cooling

i) The longitudinal space charge force is induced bYElectron current 5A
beam’s space charge through a perfectly conducting vaeathode temperatufel, 0.1eV
uum chamber of the inner radias The ions of chargege Length of the cooling section 3m
on the central orbit get the energyEy, from the force |Electron-beam radius at the section 25 mm
during timeAt, when the transverse charge distribution i$ | ongitudinal magnetic field at the section 1 kG
round and Gaussian with one-dimensional standard devia-

tion o which is much smaller than the raditu§5]; 6 RESULTS

[ v dl .
AFE,, = iqe T %EN’ Here are presented results of two simulated cases, the one
sp being without nonlinear force and the other with it. In the
latter case, as a source of nonlinear force a sextupole field
21| 9 b has b ically located at the cooli ion with th
— | =iz55%0, 9o~ 0.577+2log | — |, as been numerically located at the cooling section with the
nly 207 V20 field strengthB”¢3°¢/2Bp of 0.3 nT! , 3° being the beta
where the beam of velocity has current distributio ~ function at the section. The strength is equal to about one-
along the longitudinal directios, and3 and~ are the rel- t€nth to one-thirtieth of effective strengths used for beam
ativistic constants of,, and Z, impedance of free space. extractions. The field induces the resonartes = 22,

Longitudinal variation of the transverse charge distributionr = + 2y = 4, andv,, = 7 near the working point, whose
has been neglected. The deviatiohas been replaced by stop bandwidths are estimated to be about 0.0001, 0.0002,

the r.m.s. of the transverse charge distribution. All jong@nd 0.0004 for the rms emittance of 1o mrad, respec-

at the positions have been made to get the same energ@’e'y [9]. Figure 1 s.hows the transition of the bunching

AE,,, with the transverse distribution neglected. and'no remarkable difference between thg cases. The fluc-
iii) To estimate the transverse component of the electri¢i@tion of the momentum spread stays witHia %, and

field due to the space charge, the field has been treated hat Of the transverse emittance withiri %. The bunch-

same as the field from a point charge in free space poinlfdd Process is seen to be stable. After 30 ms on, the bunch

strictly radially outward in the ultra-relativistic case. Thel€ngth decreases slowly still, while the transverse emit-

field is not dependent on the structure of the chamber. tance, that is, the mean of the horizontal one and the verti-

iv) The chromaticity has been set zero for both transver&& One turns to increase. The rmsﬁt7ransverse emittance is
directions. This simplification is just for clearly looking S€€N ot to become so smallias 10~ mrad due to the

into the betatron tune distribution without noise due to théPace charge effects. The bunching factor, or the ratio of
momentum spread. the full bunch length to.the bunch separation becomes 0.34
at 50 ms, and the maximum peak current becomes 32 mA.
It remains to be answered how long it takes to arrive at the
equilibrium.

The simulation has been done just for a 150 MeV#jU Figure 2 shows the ion distribution in the longitudinal
beam of current 3.4 mA. In Table 1, are shown paramgshase space at 50 ms. The ions are classified roughly into
ters of the ring, a coasting beam, and the electron coolingyvo groups. The one locate densely and narrowly in the
which have been used as input data of the simulation. Thenter, and the other thinly around the one. The distri-
initial distribution of a coasting beam ab* particles for butions projected to each axis can be approximately rep-
the simulation has been flat along the RF phase axis, angsented with a broad Gaussian curve and a narrow one.
Gaussian along the momentum axis, in the horizontal pha$@e ion-population ratio of the central narrow group to the
space and in the vertical one, respectively. whole is estimated to be about 28 which includes 1%

5 PARAMETERS OF THE RING AND A BEAM
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Time (ms) fied vertically four times
Figure 1: Transition of the bunching. The solid lines are y '

for the case without the nolinearity, and the dotted lines fc
the case W|th |t No. of particles /bin

350
of the part under the narrow structure, by using the repré

sentation. The central group rotate at the synchrotron tuig
near zero in the longitudinal phase space because of tﬁ%
distortion of RF wave form due to the space charge effects, .
and the other near the tune corresponding to no distortion, 8642072 10 0 Semm—t
as shown in Fig. 3. The transverse profile at 50 ms is seen fepsiion mm = &5V posiion (am) Position (mm)
be more centralized than a Gaussian distribution, as shown

in Fig. 4. The incoherent betatron tune shift due to th&igure 4: Transverse profile at the cooling section after
space charge effects reaches -0.5, as shown in Fig. 3, whiah ms bunching. The solid line shows the vertical profile,
means that the beam can meet major resonances. Theafd the broken line the horizontal one.

fect of the resonaces at least due to the above sextupole has

been already described to be negligibly small.
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tron density of 2.5 kA/rf at the cooling section has shown
the following characteristic of the bunching.

800

700 e The process of the bunching is stable.

e The full bunch length becomes1.03 m after 50 ms
bunching. The bunching factor is 0.34.

e The rms transverse emittance can not become so small
as5 x 10~ "7 mrad due to the space charge effects even
without the effect of the intrabeam scattering.

- L e The sextupole field of the strength of 0.3 tinduces

RF phase (rad) dp/px10° negligibly small effects of resonance, although the in-

coherent betatron tune spread due to the space charge

effects reaches 0.5.
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