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Intrabeam Scattering

G. Parzen

Intrabeam scattering is the scattering of the particles in the beam from

each other through the coulomb forces that act between each pair of particles.
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It depends on the ion charge and mass like Z /A and is usually larger for the

heavier ions.

In RHIC, extra aperture is provided to allow the beam to grow

transversely because of intrabeam scattering. For Au ions, enough aperture

has to be provided to allow the transverse emittances to grow by a factor of 3

over 10 hours. The beam will also grow longitudinally, and enough RF bucket

area has to be provided for the longitudinal growth. For Au ions at 7-IOO,

the beam energy spread will grow by about a factor of 3 over 10 hours.
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IBS Theory

The treacment of IBS that is used to obtain the results given below, was

done by A. Piwinski (1974) for the case where the beta functions, £_, and 5, ,

and the horizontal dispersion, D , vere assumed Co be constant around the

accelerator. These results were generalized in £x, fi and D by Sjorken and

Mtingwa (1984) and by Mohl, Piwinski, Sacherer and Martini (1984). The latter

version, as written by Martini (1984), is used here.

The particle distribution function is assumed to be gaussian with the 3

parameters Tx, T y and a , where 7 X and 7 y are the rms emittances, and a is

the rms relative momentum Ap/p. Also

T x - 2 <7X
2/£X

- 2

where <7X, <ry are the rms betatron amplitudes.



In Che absence of intrabeam scattering this distribucion would be

constant with time. It is assumed that in the presence of intrabeam

scattering the distribution function keepts the same form but ?x, 7 and a

now vary slowly with time. This time variation is given by a set of equations

of the form

l d _ . ,_ _ .

T IE £x " fi ( V V V

v -

It ' f3

The expressions for f^, f2,

to be .evaluated numerically.

differential equations for Tx,

numerically to find ?x, 7V, a

initial values for 7 X, 7y, a .

are complicated involving integrals that have

Equation (1) can be regarded as a set of

7 V, and a , and they can be integrated

as a function of time for a given S'er—of
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IBS ac Hiph t

High 7 means 7 > 7C, where 7 C is the transition energy.

For a lattice consisting only of regular cells (no special insertions)

<TX and a are related by the time invariant:

2 2£T_ - a — constant

<r_ - D a
E p p

for bunched beams and no x,y coupling.

The an, <7X growth rates are related by

a dt
P

for bunched beams.
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The vertical growth rate is smaller than the a% or a growth races ac

high 7, 7 > 7C. The contribution due to each element in the lattice goes like

<7 dt " " a dt 2 1+r
7 X 7

r -

^X/D ~ 7 C and the vertical growth rate is smaller by (7c/7) • The vertical

motion is slightly damped if o^ is not too small (r < 2).



Ac high 7, for a lattice consisting only of regular cells, one can find

the growth rates from

20

% dt " N \ dt •

This result holds for bunched beams, N^ particles/bunch, with «x-«y and a

lattice for which 0 X a v - j8y av. <x.«y are the 90% emittances

- Q2/MC2

For a 90 cell one may take 0 X a v - Lcexi«
 c^e ce^ length.
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Ac High i (Some observations from the results on the previous slide)

1_ _x %
a dt — 6-dimensional Phase Spacex

\
t c a a
x y p s

L t*
d t "
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Results for RHIC

Assumptions for Au and ocher ions

Initial «x - « - 10 x 10*6 , 95% enittance

RF, V - 1.2 x 106 volts, h - 6 x 57 - 342

RHIC lactice, 7 t - 25

Initial bunch area - .3 eV-sec/amu, 7 < 7 t

- 1 ev-sec/amu, 7 > 7 C

Nb - 1.2 x 10
9/bunch

«„,«„ are normalized emittances throughout

Assumptions for Protons

Initial ev - «__ - 20 x 10"
6

x y

Initial bunch area - .3 eV-sec

Nb - 1 10
1J/bunch

Coupling

x and y motions are assumed to be coupled, and ey grows with e

The larger growth rate for <xx and a is used for both x and y.

Somewhat better treatment of the coupling will be presented.later.
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Dependence of Beam Size on Intensity

Dependence is weak

1 da Nb
a dt — 6-dimensional Phase Space — 6

A small change in a can compensate for a large change in

For the final state (full coupling)
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BLeaulcs for * bean of gold iooa showing Che effects of coupling ou
Che beam grovch due Co incrabeam scattering.

T

Coupling

Ini t ia l Beam

a /10"3

p

cr2 (<=a)
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7

Final Beam

t - 10 hrs
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X
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a /io"3

p

a_ « Z <3 (naa)& p p

a (mm)

9 (nan)
7

Beam Half-Width
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7
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Intrabeam Scattering with Coupling

Ac high 7, 7 > 7C, vertical growth rate is almost zero. Coupling might

reduce growth rates by as much as a factor of 2 (A. Ruggiero).

However, smaller growth rates need not cause large changes in the final

state of the beam after 10 hours.

Growth rate - — — —
— a dt — 6-dimensional Phase Space

dt ~ 6
a

Factor 2 in growth rate can be compensated for by changing <7 by 2 ' which is

a 12% change a.
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Incrabeam Scattering with Complete Coupling

Ic is assumed that

is

a constant of the motion. One assumes for p(x,x',y,y')

p(x,x',y,y') - exp [-€ t(x,x',y,y')/7]

where 7 - T(t) grows slowly with time

- 1 if

« - 2 «,. " 2 j dxdx'dydy' p(x,x',y,y') < t(x,x' ,y,y')

Eqs. (1), slide 3, are replacie .̂ by

r h Tt - 2 -[ £i(V2- V2- V + f
2

 (V2- V2-
t r

These emittances can be integrated to find ? t , a as functions of t.
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