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Abstract tion instructions, standalone test procedures for each pro-

Halo simulations and estimates are important for the d&~o2 &% well as interface routines for the PLACET and
ERLIN programs.

sign of future linear accelerators. We describe the mai . . .
In the following, we will look closer into the use and ap-

processes with analytic estimates and present our generic__ . . .
simulations in application to the ILC plication of the halo generation package. For the illustra-

tion and estimates, we will concentrate here on the LINAC

and BDS sections of the ILC and refer to [4] for CLIC.
INTRODUCTION 4]

Halo particles contribute very little to the luminosity but MAIN PROCESSES
may instead be a major source of background and radia-, . .
tion [1]. Even if most of the halo will be stopped by colli- E/astic scattering
mators, the secondary muon background may still be sig- |n the elastic process of Mott scattering, the incident
nificant[2, 3]. beam particle is deflected by the Coulomb potential of the
We study halo production with detailed simulations, toparticles in the residual gas. Elastic scattering changes the
accompany the design studies for future linear collidergirection of the beam particle while its energy is not af-
such that any performance limitations due to halo and tailiected. Elastic scattering can lead to large betatron ampli-
can be minimised [4]. tudes and loss of particles at collimators or any other aper-
We calculate and simulate particle scattering and radiggre restriction.
tion processes. Core particles can significantly increase in The angular distribution of the scattered electron is given

amplitude and become halo particles by the following propy the differential Mott cross section [10]
cesses :

) ) ) ) do Zre 2 I—BQSiHQg
e Beam Gas elastic scattering, multiple scattering a0 - {QVﬂQ} ) ) 1)
e Beam Gas inelastic scattering, Bremsstrahlung 2
e Scattering off thermal photons whereZ is the charge of the nucleus, the classical elec-
e Intrabeam scattering tron radius and the Lorentz facto /mc? of the electron.
e Synchrotron radiation Note that3 is here the velocity in units of the speed of light.

Experimental evidence for the importance of particle scat'-:ocr]I a S'”:E'i tehstlmate,l Wed.uf[@b:t. L s:ingﬁ/z_) %t 3@ th
tering processes in the production of halo particles was @n see that the zingu ar distribution 1s dominated by the
oulomb terml6,/64.

observed storage rings [5]. L . . .
g gs[d] The total cross section is obtained by integration over

Intrabeam scattering is important at low energies and iﬂ1 lid le. Rel tfor hal ducti teri
particular in the damping ring. The simulation of this pro- € solid angle. ixelevant for halo production are scatiering
angles which exceed the beam divergence, or roughly

cesses is currently outside the scope of this study.
In addition to particle scattering processes, optics re-
lated effects like mismatch, coupling, dispersion and non- Omin = \/e/ﬂy = \/eN/Vﬂy @)
linearities can enhance the beam halo. This is studied t\)/}// . . . .
- . . . : hereey = e is the normalized vertical emittance and
combining the halo generation with detailed tracking pro-

grams and also allows to study the effect of wake fields,? the local vertical beta function. _Usmg th? Same approx
. ; Imations as above, we get as a simple estimate for the in-
alignment and ground motion on the core and halo of th . . . -
o egrated elastic cross section as a function of the minimum
beam. We currently provide interfaces between our halg

generation by particle processes and the optics trackinsg(]: attering angle

programs like PLACET [6] and MERLIN[7]. Synchrotron A 72 2
radiation is included in the tracking programs and has re- Oel = VQT : ®)

cently been further optimised [8].
The Monte Carlo halo generator code for the particleJsing Eg. 2 we can rewrite the cross section in terms of the
scattering processes is provided as program package Hiermalized emittances [11] as

GEN [9]. The package includes documentation, installa- 2,.2
[9] packag g 2B, @
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At constant normalized emittance, the elastic cross secti

scales inversely with energy. QI%\ble 1: Analytical estimates for elastic beam-gas scatter-

ing with scattering angles above of the beam divergence

calculated for a constant normalized emittance of 20 nm at

By = 100m. p is the density of He atoms or nitrogen
At high energy, the dominating process relevant for enmolecules pem? andP the scattering probability per elec-

ergy loss or inelastic scattering is Bremsstrahlung in whictron and meter.

the incident electron interacts with the field of the residual

Inelastic scattering

gas nucleus and radiates photons. The energy spectrum igpcaton ~ E  Gas P el P1
rather broad and can be approximately written as Gev e Barn . me
LINAC 5 He 4.8x10 2.0x 106 9.9x10

4 LINAC 250 He 4.8x10® 38x10* 1.8x10°7
- §k + k2> , (5) BDS 250 N 1.6x10% 46x10° 1.5x10°7

do A 1[4
dk NaXo k\3
wherek is the photon energy in units of the beam energy,

N the Avogadro constantY, and A are the the radia- over the LINAC we find that an electron has a probability
¥ _3 . . .
tion length and the mass of the material. Integration @ver ©f 200Ut x 107 to undergo elastic scattering with an an-

(from k — ko to k — 1) yields gle of at least the beam divergence. Only a fraction of these
will hit spoilers or the beam pipe.
S A (_é log ki — 5 n ék o @) To get a very rough analytic estimate of the probability
TN, X, 3 mme g g 2 for particle loss by elastic scattering we have also calcu-

(6) lated the probabilities for scattering at angles exceeding 30
The cross section does not vary with energy at fikgg,. times the vertical beam divergence. The probability inte-
Fork = kmin = 0.01 the inelastic cross section is 0.375grated over the LINAC is aboutd —°. Integrated over the
Barn per Helium Atom and 6.510 Barn fof2 for the sum BDS we get a probability of aboitx 10~7.

of the two nuclei. The angular cross section is given by

5000 T T T T T

x[um]

-3000

Even for a perfect vacuum, the beam pipe will be "filled” .
with thermal photons. The photon density scales with th = e o0 % e
absolute temperaturg as 7' and reachep, = 5.32 x
10" m~3 at room temperature. The cross section for sca_ :
tering off thermal photons is close to the Thomson cros= E  EEll e

0 B core boam

sectionoy = %ﬂ«g = 0.665 Barn. From the product ¢ ;i :
of cross section and photon density we obtain @ SCAtterit s «mem i et h-..qggﬂwm\“w«’\m
probability of3.5 x 10~*/m and electron at room temper- ™ " ko
ature. The mean energy loss scales about linearly with tt P
energy of the electron and reaches 5.3% at 250 GeV ar ‘?".;;
75% of the electrons will loose at least 1% of their energy,

(and 18% more than 10%) in this scattering. Details of the

0 do - o =

f(g)de X m . (7) i: I core beam A L : i

. mﬂ: ST llm-HleHI-lH\. |-|||_|~"-'i-|-|n_-jnn|u|l i IN ’ :
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simulation of this process are described in[12]. Figure 1: Tracking example for the ILC. Horizontal (top)
and vertical (bott) beam positions as function of the longi-
DISCUSSION FOR THE ILC tudinal coordinate in the BDS. Halo particles are shown

in black and core beam particles in red.

We use the lattice and nominal beam parameters of the
ILC as described in the latest (March 2007) baseline con- The probability for inelastic scattering with a fractional
figuration document[13]. energy 10S,in > 0.01 is small, 1.8 x 1072 /m in the

The beam gas estimates in the BDS section were pdriNAC and rather similar].0 x 10 ~?m in the BDS. Sum-
formed for nitrogen at room temperature at a pressure afing up LINAC and BDS, we get a probability for inelastic
50 nTorr. For the LINAC section we use Helium at 2 Kelvinscattering o2.3 x 10~8. The probability of thermal scat-
and 10 nTorr. tering is still much smaller, abo@t x 10~!! for the BDS

The results of simple analytic estimates for elastic scagnd completely negligible for the (cold) LINAC.
tering are presented in Table 1. The scattering probabilities More detailed information is obtained from the simula-
at the end of the LINAC and in the BDS per unit length ardion. Figs 1 and 2 illustrate the results of our tracking stud-
similar. The probability for elastic scattering at the beginies performed for the ILC using PLACET. In the simula-
ning of the LINAC is about 50 times higher. By integrationtion, the beam gas pressure and apertures can be separately
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