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INTRABEAM SCATTERING ON HALO FORMATION

N. Pichoff’, CEA/DSM/DAPNIA/SEA, France

Abstract in the beamg, < 1.

The effect of the coulombian collision between particles We will assume that, is a constant of motion in the
of a beam (intra-beam scattering) is investigated. Starting  particle transport. This is the case in a linear confinement
from the basic two-bodies cross section formula in the  force (with no space-charge force). We will discuss later
centre of mass referential, the maximum energy gainthat  about this assumption in presence of high space-charge
can be catched by a particle aong one direction is forces.

calculated as a function of the equipartition factor. Then, We will calculate the probability, per unit time, for a
assuming that particle trajectories are ellipses in (X, xParticle to scatter to an x-emittanggesuch thate O [,
phase-space (linear force ~ no space charge forces), thée¢].

intra-beam scattering halo magnitude is calculated and

shown to be very small. These calculations are done with 3 HALO CALCULATION - NO SPACE
different beam distribution functions and equipartition CHARGE

factor. The effect of space-charge is then investigated.

1 INTRODUCTION 21 Bxtent

atching a binary collision in the centre of mass frame

Numerical studies have shown that transporting a beam it be sh o1 that th .
equipartition conditions could be less halo-producing thal it can be shown [2] that the maximum energy (or
ope) along x direction that can be reached by a particle

in non equipartition ones [1]. The intrabeam scatterin
quip [1] \%}gwen by the collision of two particles (#1 and #2) such

c!

even if badly simulated by space-charge routines, could t
suspected to be responsible of this halo production. at.

have undertaken to specifically study the magnitude of y1=Yy2=0, (not necessary = 1),
this effect on halo formation in proton linac. X, =X} = ;D(b,
J1+x32
2 ASSUMPTIONS AND DEFINITIONS X2

o : 1 =2, = X;
Let f(x,y,z,x'.y',z") be the distribution function of a beam a=7% 0
in 6D phase-space. The projections of this function in 2D

phase or real spaces are assumed to be elliptical.

J1+x?

with a maximum energy transfer to one particle along x

Let X, ¥, Z, X' ¥, @nd Z', be the maximum values of dwectnm idl I h q
respectively x, y, z, X, y' and Z' which can be reached by Qen b Is particle could reach a maximum siope X',
beam-particle. We have : venby:
DxEf+Dx'Ef+DyEf+Dy'[f+DzEf+Dz'[f<l @ Xima = Y1+ X* X 4
%TOB BF(;E &B &B E’EOB EEB = The extent of the hao of an equipartitionned beam is

h smaller than this of a non equipartitionned one. This is
true for the halo extending in the direction with the
smallest temperature, but not for the other one.

We assume that x= y, = r,, (same temperature in bot
transverse directions).

We define the equipartition factgras : 2.2 Magnitude

X=— (2« The number of beam particle scattering, per unit time, to

. . . .. an emittance between € and e+de is:
which equals 1 if the beam is equipartitionned.

P O
AE [de = E—E e ( )dz;, dy; dx;dzdydx. (5)
For each particle, we define its "x-emittance" alongqf— _[_[IJI_[ de E () S
directiong, : e

O O F f() = f(x,y,z,x1,y'1,21) is the distribution function of the
= BLD + BX_'D , (3) beam..
X, O DXpO
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P . . e . 2
. d—gﬁﬂs isthe probability, per unit time, for one particle o = q—z is the classical radius of proton,
de 41e ;MC
at position (x,y,z,%y'1,Z1) in phase-space to scatter to a £, i's the vacuum permitivity
. i . 0 1
X-emittance betweenande+de, it is given by: g and m are the charge and the mass of particle,
9P e = 0P e (@, dy’, dz., ©) B iss the beam velocity in the lab frame,
de de V is the half relative slope of the 2 particles (slope of
X2 V2 %2 one particlein ).

P
. dF, [de is the probability, per unit time, for one
de 4RESULTS

particle at (x,y,z,xy'1,21) to scatter 1) on a particle with A program making the numerical integration needed to

slopes betweenaand x+dxz ¥z and yi+dy and z and solve equation (5) with Gauss quadrature method has been
2+d22' 2) to a x-emittance betweernde+de : written. Calculations have been done with a water-bag

dPAx @sx"xml X/ X, —xlhwe (7) beam:

0  oxd . oxd Dy[% Dy'[% 0z0 Oz
dP fy.zxy.2)=0° " Bq8 "Bed "0 "He0 TELb Tl =t
. dAAXX' [@AX' is the probability, per unit time, for one B otherwise
particle at position (X,y,z,%Yy'1,z1) in the phase-space to (11)
scatter 1) on a particle with slopes between and If N is the number of particles in the bunch, we have :
X+dxy, Vo and yo+dy, and z and z+dzy, 2) with a x- f, = 6N _ (12)
angleAX' betweemAX' andAX'+dAX' : TC X, ¥, (2o Ok g [Zg
dPy GAX' = On figure 1 have been represented the intrabeam
dAaXx’ scattering tails created per meter in different equipartition
B @) conditions at 2 beam energies (6.7 and 100 MeV). The
—dAX' dry adoé beam is a typical APT beam. Vertical lines represent the
21w, de - OAX" = X! [Qcose—l) theoretical halo extent obtained from equation (4).
TSN n?‘m% W; (&n 6
with: liigi, L [[=98mA ;T=352MHzZ; E = 7.6Mev | |— X=1
02 Xo = Yo = 2.5 mm; Z, = 6.75/x mm |— X=15
. DX;_ +AX'D iEgg, | Ixo= yyu 3.5 mrad ; g'= XX
0., =ain -0y, 0, =TT—-20B,-0,,,, o |
gV g ; oy
1.E-06
—_ 12 12 12 r— 12 12 ~ 1E-07 1
V= X2 +Y, 2427 W) =Y 2 +2Z%, g e
x;:xi_xé Yl,:y'l—y’z 21:2’1—2’2 1o ]
2 2 e
and tan@, = —= . T
Wl' 1E-15 1y
0 05 1 15 2 25 3
de is the probability, per unit time, for one e
1.E+00 | T T I I
particle at (x,y,z 1,24 to scatter 1) on a particle with 1oy - - —==—g ~+[=80m =5z e vy |7 X1
slopes betweenxand x+dx5, ¥, and y,+dy’, and z and LE03] - — - — = - “\|[xo=Yo=.94 mrad : g=x0 k2
z',y+dz5, 2) to a collision angle betwe@mand6+ds, : yepod IR S S S SR S
dP do 1.E-067————:————7 ,,,,iJlntrabeamscattenngHalo(per LJ
o 00= g (V)T Bel(xy.2,.¥, 2) b dy, dz, 00 (9)  greorp oo
LE09+ ————b-——— N --11— A -
H —_ 12 12 12 O R VA _______ '
with v, =/x;“ +y;° +2° . LEd0p — - - TN 7 R R
a4 T B N N S
" (e V) is the cross section, differential to the =31 " " "TTTTTTTONINC DTS g;{::;j
scattering angled, of a coulombian collision il [2, e 0s T 15 2 25 3
Annexe 1] : sartied)
do _ 2n¢ _cos6/2 Figure 1 : Intrabeam scattering halo (per meter) of the
%(G'V) - (2\/ m)4 sn’ 6/2 ' (10) typical APT beam at 6.7 MeV (up.) and 100 MeV (down)

in (x/x,, X'IX}).
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Cdculations with other beam distributions have been
done. They give nearly the same results (see figure 2).

1E+00 :

1oL - s L [l=98mA; f=352MHz; E = 7.6 MeV R,
1ER - ——— L__ _ XN Xo = Yo =2.5mm; z,= 6.75/x mm —n=1
1E—037—————:————— X0 =Yo=3.5mrad ; 3'= XX n=2
1E04 L - — - — R f(r)=for" —n=4
1E-05 + — — — — - —
E0B+ - ——-—-Lb-—--—f -

3 1E—o7f—————:— ——————————————

£ 1508+ — - — — +
1E-00 + — — — — -
1E—1o——————:— ————————
El+----p-—-——T7---—-3>
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1E-15 : : : :
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Figure 2 : Intrabeam scattering halo (per meter) of the
typica APT beam at 6.7 MeV for different particle
distribution functions.

5 INFLUENCE OF SPACE-CHARGE

Let'sn be the depress tune factor in the beam. We have
developed a model describing the trajectories of particles
around a space-charge driven beam [3]. Using this model,
the particle amplitude distribution around a space-charge
driven beam can be deduced from the one obtained
without space-charge. The particle amplitude distribution
then obtained for different tune depressions is presented
on figure3. The equipartition factor is x=3.

1E+00

0L — 4T~ | [[=98mA;f=352MHz  E,=76Mev |_|— n=1
1E-02 + — — — — + — — — 2\ {Xo=Yo=25mm; z5 = 6.75/x mm — n=.38
1E03 - — — - — L - - - -1 Xo=yp=35mrad; g=xRXo —n=6
1E—o4——————:— 7777777777777777777 =
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Figure 3 : Influence of space-charge on particle amplitude
distribution.

This model gives a maximum amplitude :

Xmex /X0 =141 (,/1+ X2 —l).

This shows that, with constant beam dimensions (x, and

(13)

corresponding amplitude is then smaller. An equivalent
result has been independently obtained by R. Glickstern
and A. Fedotov in ref. [4].

6 CONCLUSION

The influence of the intrabeam scattering on halo

formation seems to be negligible as well in extension as in
density. Moreover, the space-charge reduces it a lot. R.
Gluckstern and A. Fedotov got the same conclusion, using
an other model, in their paper presented in ref. [4]. The
equipartition conditions are not made necessary by the
intrabeam scattering phenomenon. The largest emittance
growth and halo formation of non-equipartitionned beam

observed in simulations can not be justified by intrabeam

scattering. Are other physical effects (coupling resonance
?...) or spurious space-charge model effects [5] explaining
these observations ?
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X')), the more space-charge dominated the beam is, the
lower the extent and the magnitude of the halo are. This
can be easily understood : In order to keep a beam with
given dimensions (x x'), the confinement potential
should be deeper when is small. This means that, in

order to reach a given amplitude, a particle needs a higher
transverse energy with a small n than with a bigger one.

For a given energy (or maximum dlope), the
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