WEPS005 Proceedings of IPAC2011, San Sebastian, Spain

INVESTIGATION OF INTRABEAM SCATTERING IN THE HEAVY ION
STORAGE RING TSR
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Abstract in the IBS process the horizontal and vertical emittances,

Intrabeam scattering (IBS) is a multiple scattering efIhe square of the momentum spread and the square of

fect between stored beam particles. It leads to diffusioﬁji1e %nCh lir}%trhaagsaz%posgnn?l;rc_)gea(ﬂ lothler, 506 that:
in all three spatial dimensions and thus, causes an expdfisy » > % 9 €y teff X O

sion of the whole ion beam. IBS plays an important role i or bqnched beams. These as;umptiorjs will decouple and
the equilibrium diameter of a low- velocity, electron-ced| simplify the system of differential equations (Eq. 2):

ion beam. IBS effects for coasting and bunchéd®* ion 1do; D,

beams at an energy of 73.3 MeV were studied using the el (3)
TSR heavy ion cooler storage ring. Experimental results of ! ¢

the IBS rates are presented. where~=5 for coasting beams ang=6 for bunched ion

beam. The heating teri;:
INTRODUCTION 24 1

Especially in dense and low-energy ion beams intrabeam Dioccig EN’ 4
scattering is one of the dominant effects which might give
an important contribution to the beam properties. IBS is Beads to a growth of the emittance. The solution of Eq. 3 is
result of Coulomb collisions between the charged particlegiven by:
It causes an exchange of energy between the transverse and oi(t) = (y- D -t + 03)%7 (5)
longitudinal degree of freedom. In an earlier work by Pi- _ o ) o
winski [1] the IBS theory was developed for weak focusingVhereoy is the initial beam width at equilibrium between
machines where the lattice functions are constant. LatdPS and beam cooling. Eq. 5 is valid to explain IBS effects
the theory was extended by Martini [2] for strong focusStarting from the equilibrium state.
ing machines taking into account the variation of the lattic

functions along the storage ring. Based on these IBS theo-|IBSEXPERIMENTSWITH COASTING

ries [1, 2] the growth times defined by: AND BUNCHED ION BEAM
1 _ 1 dogy, L idﬂ7 1) IBS experiments were conducted witRC®* coast-
Ty  Ozy db T Op dt ing and bunched ion beams at an injection energy of

momentum spread ., can be described by a set of threecooling is applied to achieve an equilibrium between IBS
and cooling. To investigate IBS the cooler was switched off

coupled differential equations: and the development of the beam profile was recorded with

1 do; Ci%%ﬁ coasting beam a beam profile monitor. One second before switching off
v €g€ . . . . .

o dt ) eZiN VAP bunched beam (2)  cooling the beam profile monitor starts recording the beam

’ © A% BT exey Ap/plessh ’ profile. At the same intensity the profile development mea-

whereN is the number of ions with charge stafe mass surements were conducted for total data taking timexssof

A, velocity 8, number of bunches, elective bunch length and10 s, each with 20 individual intervals. TiEes mea-

l.ss and C is the circumference of the storage ring; ~ surement aimed to record the rapid increase of the beam
(i=z,y,2L) are lattice dependent functions, which Weaklyﬁize right after switching off_ the electron cooler. The de-
depend on the beam energy. For a coasting ion beam tHlopment of the beam profile was also measured fos
growth rates are inversely proportional to the horizontal 0 observe the further changes after the rapid expansion of
and the verticak, emittances and the momentum spreaéhe profile due to IBS. Because the lifetime of the ion beam
Ap/p. Inthe case of bunched ion beams the growth ratdg in the order of hours it is possible to continue the exper-

also scale with the inverse effective bunch lenigth. iment with the same ion beam without further injections.
In order to get better statistics the measurements were re-
A SIMPLE APPROACH peated several times at the same intensity. In the current

range of uA to 105:A the development of the horizontal
The IBS equations given in [1, 2] are rather complexbeam profile was determined as a function of time. In Fig. 1
To simplify the IBS equations (Eq. 2), it is assumed thathe development of the beam widthlat= 50uA for 2C5+
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e e v with the ion intensityl: D; « I, where the slope of the
o st straight lines fitted to data has the maximum value at the
15 ';.~—"'° e‘-o—o"°‘°"°'? maximum resonator voltage due to the increased ion den-
T ".,’" o @ sity. The heating ternD, of a bunched ion beam can be
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Figure 1: Measured horizontal beam width as a functior \‘\gj':.’; ;‘:.\—;;;ow‘_,_oo-‘m“
of time for 2C%* coasting (blue) and bunched (green) ion 0 RN kbl ‘
beams. 0 20 40 60 80 100

ions is shown. The blue circles are the data of a coasti Flgucrﬁ eS&QI\éltgisig;]egegen?z2\%tae;L?c(t)it)zoci‘sia?gn(g![;e,)é\?pgs-
beam and the green dots represents the data of a bunc%%]ator voltages of 46.5 V/ (red), 93.0 V (yellow), 139.5 V
ion beam. The dashed lines through the data points are f{bsrey) 186.5 V (green) and 2é2'5 V (black) th'e heating
using Eq. 5, where, D; and~ are the fit parameters. In term O’f bunched ion beams were measured.

6’ o-‘-o-‘.-‘-‘o.‘-‘-.‘-o“-l.-‘-o-oﬁ‘ﬂ-‘ll.-‘.-é‘-o’ ; i
° calculated from the heating teri. of a coasting beam.
6-‘-og%-‘-‘-o-o-‘goeaoo-ooa‘-‘-o-o-‘m‘mp By re-writing the Egs. 2 and 3 as:
4 ] 4
. GSON_ 1 D ©
A2 B3 egeyAp/p-C  oe
2 Z4 N 1 D, @
Ci* —5 >3 = —.
A2 B3 epeyApfp-h-lepy o
0 20 40 60 80 100 By dividing Eq. 6 with Eq. 7 the following expression is
I(LA) obtained:
hlepr _ &U(vr%) (8)
C Dy ’

Figure 2: Measured parameter fof2C%+ coasting (blue)

and bunched (green) ion beams as a function of the bea%‘ere they. parameter belongs to the_coasting beam “nd
~p parameter belongs to the bunched ion beam. The ratio

intensity. o . . X
on the left side in Eq. 8 is the bunching factBr defined
by:

the same current range ofi54 to 1054 the parameter p_n 'éfff . (9)

was determined for coasting and for bunched ion beams. . _
The results are shown in Fig. 2, where the blue circleld Fig. 3 itis po_mted out thaD. oc [ andDy o< I, there- g
and green dots are values of theparameter for a coast- for.e the bunchingB factor, compare Eq. 8, should scaie
ing and for a bunched beam, respectively. For bunchir@s' (=)
a resonator voltage of 195.44 V was used. For a coasting Boo o (10)
beany = 4.68 was found, which is close tp = 5 as pre- In the equilibrium between electron cooling and IBS the
dicted in the simple IBS approximation. For a bunched iobunch length [3] and therewith the bunching factor of an
beamy = 5.9 which closely resembles the valuewf6. In  electron cooled ion beam is well known. The measured
Table 1 the average parameter for bunched ion beams forequilibrium beam widths, for bunched'?C8* ion and
different resonator voltages are shown. The experimentabasting ion beams are shown in Fig. 4 as a function of
~ parameter slightly depends on the resonator voltage. Th#ensity. The blue circles are data of coasting beam. Mgare-
maximum deviation to the valug=6 was found at the low- over, the equilibrium beam width increases with the inten-
est resonator voltage of 46.5 V. In the same intensity rangdty and resonator voltage due to the increased ion density.
the measured heating; terms are shown in Fig. 3 as aAs it is indicated in Fig. 4, the equilibrium beam widin
function of intensity for coasting and bunched ion beamsr = o of a bunched ion beam scalesagsx 7%, resulting

The resonator voltage was varied in the range 46.5-232.5M:

As shown in Fig. 3, the heating terni% increase linearly B o [¢0w=e), (12)

04 Hadron Accelerators

A04 Circular Accelerators 2491



WEPS005 Proceedings of IPAC2011, San Sebastian, Spain

‘ 71
0.8 » _‘f_"'*.—f-‘:?:. | :\,’
TV s ST I N
R o s e o e
Q e G A g e T
E VC“:'.’.— 000 m 5’ o .ﬂ". L ] ...
= . pgodo- = = &0 e 3 o % Ca g ey
0004 _9_0-0‘0"000 o i a4t ‘S, ‘\NQ* .. 04 ‘e we
oo® ® e .~.."~‘..' O 00 e n
0.2 R O N e
. 3r - _‘.Q_Q_,_;._ ._:_ __'_:"_:{:.
L L L L \ 2 L L L L L
0 20 40 60 80 100 20 40 60 80 100
I(HA) I(HA)

Figure 4: Measured horizontal equilibrium beam width as &igure 5: Inverse bunching factor for different resonator
function of intensity for2C%+ coasting (blue) and bunched voltages as a function of the beam intensity. At resonator
ion beams. At resonator voltages of 46.5 V (red), 93.0 Woltages of 46.5 V (red), 93.0 V (yellow), 139.5 V (grey),
(yellow), 139.5 V (grey), 186.5 V (green) and 232.5 V186.5 V (green) and 232.5 V (black) the inverse bunching
(black) the equilibrium beam widths of the bunched iorfactor of bunched ion beams were measured.

beams were measured.

CONCLUSION
E%Cpa;fii ntgle t Obijhn: ggchsztfu;%rhﬁggﬁ '0; ngleami S The purpose of the work was obtaining a simple, decou-
1V/3[3]: f eff pled equations from IBS theories [1, 2] to explain intra-
' beam scattering between stored beam particles. The ex-
37 (7 = Ye)- (12) pansion of the beam width starting from equilibrium state

_ . of bunched and coastingC%* ion beams were measured
The experimental parametets-y, for different resonator with beam profile monitor at different intensities. The
voltages are summarized in Table 1 for the horizontal dea

f freed In Table 1 th ) tal val 1 pproximated equations for IBS are turned out to fit the
gree otfreedom. In favle € experimental vaiues o gxperimental data quite well. The results of experimen-
a- (v, —7.) term are calculated, whefg = 4.68. The the-

tical value for th ; Y Eq. 12 tal measure of the parameters for bunched and coasting
oreticalvalue for @ (7 —7) €M ISy, COMPare £4. 2. o peams corresponds with the theoretical values. It was
As itis shown in Table 1 the experimental(y, —~..) prod-

) : ! found for the equilibrium state between electron cooling
uct is very close to the theoretical valueglflf a resonator d intrabeam scattering that the equilibrium beam width
voltage higherthan 93 V is chosen. From the measured | r bunched ion beams scales @s o I'/3 , which is
(éataélt)ﬁ, ﬁ”’ 7;’. b fn?a 'tf'sb posﬁ'%lef to tc)alculattla WF't.h in agreement with the measurements if a resonator volt-

d. © the bunching factor ot bunched ion beams. In Fg. ge larger than 93 V. From the experimental IBS data of
the inverse bu_nchmg factor, derived from the_experl_me_nt% nched ion beams it was possible to calculate the bunch-
IBS dr?ta' for d|ffe|ren:jr35(t)na_f_(;]r vgltagﬁ_s ar:cd I(t)n 'ntﬂlmsl'ttin factors as a function of intensity and resonator voltage
?re Str?WrT zla;sbco orr]el Oths; 3 ef uncl lntg actor ::a:jc_u al¥Quation 5 is applicable to describe IBS for different ener-
rom the hait bunch leng [3] of an electron coole 0N gies if IBS starts from the equilibrium state of the cooled
beam are fitted to experimental data, shown as dashed lin $1 beam
In the fit it was assumed that;; = a - w, wherea is the '
fit parameter. By fitting the experimental data= 2.45
was found, which predicts a slightly larger effective bunch REFERENCES

length than the maximum theoretical possible bunch length] A. Piwinski Pros. 9th Int. Conference on High Energy Acc.
of 2 - w. Stanford p.405(1974).

[2] M. Martini, CERN PS/84-9(AA) (1984).
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Table 1: Measured, ~, Parameters at Various Resonato
\oltages

U[V] o m o oa (=)

46,5 0.24 5.68 0.24
93.0 0.28 5.83 0.30
1395 0.28 5.90 0.32
186.0 0.28 5.90 0.32
2325 0.30 5.84 0.33
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