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is proposed for RIKEN RI beam factory. Calculations
gf the Ttraggan:h;cgtsteErgg gr(()jwth .rgt((ajs'fotrhheavy N The extended A.Piwinski's IBS growth rate formulae
¢am stored n are descriped In tis paper., o 504 to investigate the beam blown-up. These
Also, equilibrium beam properties determined by

. ) rmulae are given in eq.(33) of ref.[3]. Starting from
_balance between cooling and heating due to ﬂ{ﬁe exit of cooling section with given initial emittance
intrabeam scattering are presented.

£jo, the three emittance growth times (inverse of the

,j=hyv

1. INTRODUCTION growth rates) are calculated at series of lattice points
through numerical integration of the scattering

In the static operation of a heavy ion storage ring wit nctlons_[3] and then averaged around the ring.  The
ee emittance growth are given as

electron cooling at constant energy, intrabeam scatteri i

(IBS) is the dominant heating mechanism which restricts .

the resolution limits[1] of stored ion beam. This paper € =¢jole’

aims at simulation of the intrabeam scattering process

for a bunched beafU*" of 150MeV/u in the proposed  Due to the growth of emittance, coordinates on phase
DSR[2], by using the extended Piwinski's IBS growttellipses of the ion at the entrance of cooling section after
rate expressions[3], taking into account betatron anm,, turns are increased by a factor

synchrotron oscillations of particle. Furthermore,

simulation results of the time evolution of beam t

emittance and momentum spread under joint action of &j ey

IBS and the electron cooling are shown. Finally, the Ejo

dependence of the beam emittance and momentum

spread in equilibrium between the IBS and electrop, \yhich an small amplitude approximation is employed
cooling on the number of particles and the cooling, the synchrotron oscillation, and the ion is assumed to
electron current are presented. be still positioned on an ellipse after scattering.

Fig.1 examplifies the calculated IBS blown-up of a
2. SIMULATION OF INTRABEAM 150MeV/u **U**" beam of 7x 1@ particles per bunch,

SCATTERING BLOWN-UP supposing that the beam has been cooled down to an
emittance of5.0mmOmrad transversely and momentum
The intra-beam scattering growth rates are connect

-4
with the 6-dimensional phase space density of the ic()g read of+5.0x 10°.

beam and the specific ion optics of the storage ring.
Usually, the growth rates are described by the relative

time derivatives of rms betatron angles, o, , and rms
relative momentum spreadl, .

It is frequently assumed that the betatron amplitude
would grow at the same rate as the betatron angle, and
for a bunched beam, the bunch length would grow at the
same rate as the momentum spread. As a consequence,
there is a factor 2 between the emittance growth rates
and the angle growth rates by



42 F . 1 — Fig.2 examplifies variations of beam emittance and
T ok 3 momentum spread under the combined action of
§ 08 Ww 3 intrabeam scattering and electron cooling with electron
g 06 1 current I,=04A and particle numbersy, =7.0x1¢ per
. Z; = : ; = bunch. The results show that the intrabeam scattering
i a0l 3 comes into function significantly when the
8 55t ] emittance(®) and momentum spread(R are cooled
E Lo ; down to values lower than ~2mnmirad and ~6.810"

d : . L respectively. Table 1 lists the parameters pertained to
T 6sf 1 this simulation.
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Fig.1  Blown-up of the momentum spread ant ‘g 13 3 j
horizontal, vertical emittance with IBS for&8J®" beam g et 3
of 150Mev/u. e 4F 3
3. EQUILIBRIUM BETWEEN 3 10 ! ' ' e
INTRABEAM SCATTERING AND d 2 i i
ELECTRON COOLING g :- E
A simulation is performed to investigate the bear % 0.5 t 15 2

behavior in the presence of both the IBS and electr Time ( sec )
cooling, in which some peculiarities like the betatron Fig.2 The time evolution of beam momentum spread
and synchrotron oscillations, the electron beam space and emittance with IBS and electron cooling.
charge effect are taken into account[4].

In principle, beam evolution under the joint action of Simulation results of the emittance and momentum
electron cooling and intrabeam scattering can bgpread as a function of the number of stored particles for
described by the differential equations U beam with 1,=04A are shown in Fig.3. An

increase of the phase space volume with the number of

de _ deec +d8ibs stored ions N, is evident. The momentum spread
dAtP dt P dt P dependence is close 1°3¢,whereas the horizontal and
d(5)  dC5)ec (5 )ibs vertical emittance grow withn®®*.
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In the practical simulation, the IBS and electron : 100 f 1
cooling are calculated according to the procedures 17! | 1
described above and in ref.[5]. When the rms value of 1072 | : s : s :
the relative changes of emittance during a specific time 3 10! I . ou4 e ——> ni064 1
interval is smaller than a given tolerance, i.e. the g 400 | ° 1
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Fig.3 Equilibrium momentum spread and momentum
is fulfilled, then an equilibrium is arrived at. spread as a function of number of stored ions for

le =04A .



Table 1 Parameters involved in the simulation

Storage ring parameters

Ring perimeter C[m] 258.732

Length of cooling section J [m] 4.8

Betatron tune (x7.420037, (x5.811131
Meanf value in cooling section [m] B,=6.2,,=7.6

o value in cooling section 0,=0.0,0,=0.0

Dispersion in cooling section,[in] 0.0

Transition gammay, 5.14866

Chromaticity & =-11.182¢ =-8.337

RF harmonic number h 46

RF peak voltage V] 40000

Electron beam parameters

Electron energy [keV] 82.3
Electron beam radiugimm] 25
Electron beam currenfA] 0.4
Electron density fcm®] 8.3x10°
Transverse temperature [éV] 0.01
Longitudinal temperature HEV] 5.0x10"
Space charge neutralization factor 50%
Solenoid field strength HGs] 1000

lon beam parameters before cooling

|On 238U92+
Energy [MeV/u] 150
Particles/bunch 7.0x10°
Transverse emittancerhmifrad £.=10,¢,=10
Momentum spread\P/P), 10.1%

up to 0.8A, i.e. remaining KTconstant at 0.01eV, the
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obtained ion beam emittance and momentum spread as a
function of the electron current are shown in Fig.4.

] The momentum spread showsiZ2'** -dependence,
3 the decrease of the horizontal and vertical emittance can

T T T T

solid line —-> [e—0.51

be described by &,°% .
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