
Halo estimates and simulations for 
linear colliders

H. Burkhardt, L. Neukermans1, A. Latina1, D. Schulte ;  CERN

I. Agapov2 , G. A. Blair ; Royal Holloway, University of London

F. Jackson (STFC/DL/ASTeC, Daresbury, Warrington, Cheshire)

1  EuroTeV fellows at CERN

supported by the Commission of the European Communities under the 6th Framework Programme "Structuring the 
European Research Area", contract number RIDS-011899.

2  now at CERN

1

Wednesday, 27-JUN-07PAC ’07  Albuquerque



Introduction

• Halo particles contribute very little to the luminosity but may instead be a 
major source of background and radiation.

• Even if most of the halo will be stopped by collimators, the secondary muon 
background may still be significant.

• We study halo production by analytic estimates and detailed simulations, to 
accompany the design studies for future linear colliders such that any 
performance limitations due to halo and tails can be minimised

We provide a generic halo&tail generation package with interface to 
tracking programs and analytic estimates

HTGEN  package    http://cern.ch/hbu/HTGEN.html

with installation instructions and documentation
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Halo sources

• Particle processes
Beam Gas elastic scattering, multiple scattering
Beam Gas inelastic scattering, Bremsstrahlung
Scattering off thermal photons
Intrabeam scattering

Synchrotron radiation
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• Various
noise and vibrations
dark currents
wakefields
spoiler scattering

important at low energies and in particular in the damping ring. 
currently outside the scope of this study

• Optics related
mismatch
coupling
dispersion
non-linearities

recently upgraded and implemented in GEANT4

H.B. CLIC-Note-709 EUROTeV-Report-2007-018, 8 June 2007



Main particle processes with analytical estimates 
and simulations for the ILC
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ILC parameters based latest (March 2007) BCD

Beam Gas estimates for

LINAC section     10 nTorr  He  at 2K

BDS      section     50 nTorr  N2  at room temperature (300 K)



Beam gas elastic scattering
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Abstract

Halo simulations and estimates are important for the de-

sign of future linear accelerators. We describe the main

processes with analytic estimates and present our generic

simulations in application to the ILC.

INTRODUCTION

Halo particles contribute very little to the luminosity but

may instead be a major source of background and radia-

tion [1]. Even if most of the halo will be stopped by colli-

mators, the secondary muon background may still be sig-

nificant [2, 3].

We study halo production with detailed simulations, to

accompany the design studies for future linear colliders

such that any performance limitations due to halo and tails

can be minimised [4].

We calculate and simulate particle scattering and radia-

tion processes. Core particles can significantly increase in

amplitude and become halo particles by the following pro-

cesses :

• Beam Gas elastic scattering, multiple scattering

• Beam Gas inelastic scattering, Bremsstrahlung

• Scattering off thermal photons

• Intrabeam scattering

• Synchrotron radiation

Experimental evidence for the importance of particle scat-

tering processes in the production of halo particles was ob-

served storage rings [5].

Intrabeam scattering is important at low energies and in

particular in the damping ring. The simulation of this pro-

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-

linearities can enhance the beam halo. This is studied by

combining the halo generation with detailed tracking pro-

grams and also allows to study the effect of wake fields,

alignment and ground motion on the core and halo of the

beam. We currently provide interfaces between our halo

generation by particle processes and the optics tracking

programs like PLACET [6] and MERLIN [7]. Synchrotron

radiation is included in the tracking programs and has re-

cently been further optimised [8].

∗ now at CERN

The Monte Carlo halo generator code for the particle

scattering processes is provided as program package HT-

GEN [9]. The package includes documentation, installa-

tion instructions, standalone test procedures for each pro-

cess as well as interface routines for the PLACET and

MERLIN programs.

In the following, we will look closer into the use and ap-

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.

MAIN PROCESSES

Elastic scattering

In the elastic process of Mott scattering, the incident

beam particle is deflected by the Coulomb potential of the

particles in the residual gas. Elastic scattering changes the

direction of the beam particle while its energy is not af-

fected. Elastic scattering can lead to large betatron ampli-

tudes and loss of particles at collimators or any other aper-

ture restriction.

The angular distribution of the scattered electron is given

by [10]

dσel

dΩ
!

1 −
β2

2
(1 − cos θ)

1

4
(1 − cos θ)2

(1)

Note that β is here the velocity in units of the speed of light.
For a simple estimate, we use β = 1 and 1 − cos θ ≈ θ2/2
and see that the angular distribution is dominated by the

Coulomb term 16/θ4.

The total cross section is obtained by integration over

the solid angle. Relevant for halo production are scattering

angles which exceed the beam divergence, or roughly

θmin =
√

ε/βy =
√

εN/γβy (2)

where εN = γ ε is the normalized vertical emittance and
βy the local vertical beta function. Using the same approx-

imations as above, we get as a simple estimate for the in-

tegrated elastic cross section as a function of the minimum

scattering angle

σel =
4π Z2 r2

e

γ2 θ2
min

, (3)

where Z is the charge of the nucleus, re the charge of the

nucleus and γ the Lorentz factor E/mc2 of the electron.

Using Eq. 2 we can rewrite the cross section in terms of the

angular distribution
divergent for ϑ ➝  0

only relevant for halo if larger than 
beam-divergence
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tion instructions, standalone test procedures for each pro-

cess as well as interface routines for the PLACET and

MERLIN programs.

In the following, we will look closer into the use and ap-

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.

MAIN PROCESSES

Elastic scattering

In the elastic process of Mott scattering, the incident

beam particle is deflected by the Coulomb potential of the

particles in the residual gas. Elastic scattering changes the

direction of the beam particle while its energy is not af-

fected. Elastic scattering can lead to large betatron ampli-

tudes and loss of particles at collimators or any other aper-

ture restriction.

The angular distribution of the scattered electron is given

by the differential Mott cross section [10]

dσ

dΩ
=

[

Zre

2γβ2

]2 1 − β2 sin2 ϑ
2

sin4 ϑ
2

, (1)

where Z is the charge of the nucleus, re the classical elec-

tron radius and γ the Lorentz factorE/mc2 of the electron.

Note that β is here the velocity in units of the speed of light.
For a simple estimate, we use β = 1, sin(ϑ/2) ≈ ϑ/2
and see that the angular distribution is dominated by the

Coulomb term 16/θ4.

The total cross section is obtained by integration over

the solid angle. Relevant for halo production are scattering

angles which exceed the beam divergence, or roughly

θmin =
√

ε/βy =
√

εN/γβy (2)

where εN = γ ε is the normalized vertical emittance and
βy the local vertical beta function. Using the same approx-

imations as above, we get as a simple estimate for the in-

tegrated elastic cross section as a function of the minimum

scattering angle

σel =
4π Z2 r2

e

γ2 θ2
min

. (3)

Using Eq. 2 we can rewrite the cross section in terms of the

normalized emittances [11] as

σel =
4π Z2r2

e βy

εN γ
. (4)
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lated effects like mismatch, coupling, dispersion and non-

linearities can enhance the beam halo. This is studied by

combining the halo generation with detailed tracking pro-

grams and also allows to study the effect of wake fields,

alignment and ground motion on the core and halo of the

beam. We currently provide interfaces between our halo

generation by particle processes and the optics tracking

programs like PLACET [6] and MERLIN [7]. Synchrotron

radiation is included in the tracking programs and has re-

cently been further optimised [8].

∗ now at CERN

The Monte Carlo halo generator code for the particle

scattering processes is provided as program package HT-

GEN [9]. The package includes documentation, installa-

tion instructions, standalone test procedures for each pro-

cess as well as interface routines for the PLACET and

MERLIN programs.

In the following, we will look closer into the use and ap-

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.

MAIN PROCESSES

Elastic scattering

In the elastic process of Mott scattering, the incident

beam particle is deflected by the Coulomb potential of the

particles in the residual gas. Elastic scattering changes the

direction of the beam particle while its energy is not af-

fected. Elastic scattering can lead to large betatron ampli-

tudes and loss of particles at collimators or any other aper-

ture restriction.

The angular distribution of the scattered electron is given

by [10]
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1
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(1 − cos θ)2

(1)

Note that β is here the velocity in units of the speed of light.
For a simple estimate, we use β = 1 and 1 − cos θ ≈ θ2/2
and see that the angular distribution is dominated by the

Coulomb term 16/θ4.

The total cross section is obtained by integration over

the solid angle. Relevant for halo production are scattering

angles which exceed the beam divergence, or roughly

θmin =
√

ε/βy =
√

εN/γβy (2)

where εN = γ ε is the normalized vertical emittance and
βy the local vertical beta function. Using the same approx-

imations as above, we get as a simple estimate for the in-

tegrated elastic cross section as a function of the minimum

scattering angle
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4π Z2 r2

e

γ2 θ2
min

, (3)

where Z is the charge of the nucleus, re the charge of the

nucleus and γ the Lorentz factor E/mc2 of the electron.

Using Eq. 2 we can rewrite the cross section in terms of the
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where Z is the charge of the nucleus, re the charge of the

nucleus and γ the Lorentz factor E/mc2 of the electron.

Using Eq. 2 we can rewrite the cross section in terms of the

total cross section

normalized emittances [11] as

σel =
4π Z2r2

e βy

εN γ
. (4)

At constant normalized emittance, the elastic cross section

scales inversely with tbe energy.

Inelastic scattering

At high energy, the dominating process relevant for en-

ergy loss or inelastic scattering is Bremsstrahlung in which

the incident electron interacts with the field of the nucleus

and radiates photons. The energy spectrum is rather broad

and can be approximately written as

dσ

dk
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A

NAX0

1

k

(

4

3
−

4

3
k + k2

)

, (5)

where k is the photon energy in units of the beam energy,
NA the Avogadro constant, X0 and A are the the radia-

tion length and the mass of the material. Integration over k
(from k = kmin to k = 1) yields

σin ∼
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NAX0

(

−
4

3
log kmin −

5

6
+

4

3
kmin −

k2
min

2

)

.

(6)

The cross section does not vary with energy at fixed kmin.

For k = kmin = 0.01 the inelastic cross section is 0.375
Barn per Helium Atom and 6.510Barn for N2 for the sum

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

dσin

dΩ
∼

θ

(1 − cos θ + γ−2)2
(7)

Scattering off thermal photons

Even for a perfect vacuum, the beam pipe will be ”filled”

with thermal photons. The photon density scales with the

absolute temperatureT as T 3 and reaches ργ = 5.32×1014

at room temperature. The cross section for scattering off

thermal photons is close to the Thomson cross section

σT = 8π
3

r2
e = 0.665 Barn. From the product of cross sec-

tion and photon density we obtain a scattering probability

of 3.5 × 10−14/m and electron at room temperature. The

mean energy loss scales about linearly with the energy of

the electron and reaches 5.3% at 250 GeV and 75% of the

electrons will loose at least 1% of their energy (and 18%

more than 10%) in this scattering. Details of the simula-

tion of this process are described in [12].

DISCUSSION FOR THE ILC

We use the lattice and nominal beam parameters of the

ILC as described in the latest (March 2007) baseline con-

figuration document [13].

The beam gas estimates in the BDS section were per-

formed for nitrogen at room temperature at a pressure of

50 nTorr. For the LINAC section we use Helium at 2 Kelvin

and 10 nTorr.

Table 1: Analytical estimates for elastic beam-gas scatter-

ing with scattering angles above 1 σ of the beam divergence
calculated for a constant normalized emittance of 20 nm at

βy = 100 m. ρ is the density of He atoms or nitrogen
molecules perm3 and P the scattering probability per elec-

tron and meter.

Location E Gas ρ σel P
GeV m−3 Barn m−1

LINAC 5 He 4.8 × 1016 2.0 × 106 9.9 × 10−6

LINAC 250 He 4.8 × 1016 3.8 × 104 1.8 × 10−7

BDS 250 N2 1.6 × 1015 4.6 × 105 1.5 × 10−7

The results of simple analytic estimates for elastic scat-

tering are presented in Table 1. The scattering probabilities

at the end of the LINAC and in the BDS per unit length are

similar. The probability for elastic scattering at the begin-

ning of the LINAC is about 50 times higher. By integration

over the LINAC we find that an electron has a probability

of about 9× 10−3 to undergo elastic scattering with an an-

gle of at least the beam divergence. Only a fraction of these

will hit spoilers or the beam pipe.

To get a very rough analytic estimate of the probability

for particle loss by elastic scattering we have also calcu-

lated the probabilities for scattering at angles exceeding 30

times the vertical beam divergence. The probability inte-

grated over the LINAC is about 10−5. Integrated over the

BDS we get a probability of about 5 × 10−7.

Figure 1: Tracking example for the ILC. Horizontal (top)

and vertical (bott) beam positions as function of the longi-

tudinal coordinate s in the BDS. Halo particles are shown
in black and core beam particles in red.

The probability for inelastic scattering with a fractional

energy loss kmin > 0.01 is small, 1.8 × 10−12/m in the

LINAC and rather similar, 1.0×10−12m in the BDS. Sum-

ming up LINAC and BDS, we get a probability for inelastic

scattering of 2.3 × 10−8. The probability of thermal scat-

tering is still much smaller, about 9 × 10−11 for the BDS
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with thermal photons. The photon density scales with the

absolute temperature T as T 3 and reaches ργ = 5.32 ×

1014 m−3 at room temperature. The cross section for scat-

tering off thermal photons is close to the Thomson cross

section σT = 8π
3

r2
e = 0.665 Barn. From the product

of cross section and photon density we obtain a scattering

probability of 3.5×10−14/m and electron at room temper-

ature. The mean energy loss scales about linearly with the

energy of the electron and reaches 5.3% at 250 GeV and

75% of the electrons will loose at least 1% of their energy

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

simulation of this process are described in [12].

DISCUSSION FOR THE ILC

We use the lattice and nominal beam parameters of the

ILC as described in the latest (March 2007) baseline con-

figuration document [13].

The beam gas estimates in the BDS section were per-

formed for nitrogen at room temperature at a pressure of

50 nTorr. For the LINAC section we use Helium at 2 Kelvin

and 10 nTorr.

The results of simple analytic estimates for elastic scat-

tering are presented in Table 1. The scattering probabilities

at the end of the LINAC and in the BDS per unit length are

similar. The probability for elastic scattering at the begin-

ning of the LINAC is about 50 times higher. By integration

Table 1: Analytical estimates for elastic beam-gas scatter-

ing with scattering angles above 1 σ of the beam divergence
calculated for a constant normalized emittance of 20 nm at

βy = 100 m. ρ is the density of He atoms or nitrogen
molecules perm3 and P the scattering probability per elec-

tron and meter.

Location E Gas ρ σel P
GeV m−3 Barn m−1

LINAC 5 He 4.8 × 1016 2.0 × 106 9.9 × 10−6

LINAC 250 He 4.8 × 1016 3.8 × 104 1.8 × 10−7

BDS 250 N2 1.6 × 1015 4.6 × 105 1.5 × 10−7

over the LINAC we find that an electron has a probability

of about 9× 10−3 to undergo elastic scattering with an an-

gle of at least the beam divergence. Only a fraction of these

will hit spoilers or the beam pipe.

To get a very rough analytic estimate of the probability

for particle loss by elastic scattering we have also calcu-

lated the probabilities for scattering at angles exceeding 30

times the vertical beam divergence. The probability inte-

grated over the LINAC is about 10−5. Integrated over the

BDS we get a probability of about 5 × 10−7.

Figure 1: Tracking example for the ILC. Horizontal (top)

and vertical (bott) beam positions as function of the longi-

tudinal coordinate s in the BDS. Halo particles are shown
in black and core beam particles in red.

The probability for inelastic scattering with a fractional

energy loss kmin > 0.01 is small, 1.8 × 10−12/m in the

LINAC and rather similar, 1.0×10−12m in the BDS. Sum-

ming up LINAC and BDS, we get a probability for inelastic

scattering of 2.3 × 10−8. The probability of thermal scat-

tering is still much smaller, about 9 × 10−11 for the BDS

and completely negligible for the (cold) LINAC.

More detailed information is obtained from the simula-

tion. Figs 1 and 2 illustrate the results of our tracking stud-

ies performed for the ILC using PLACET. In the simula-

tion, the beam gas pressure and apertures can be separately

ILC estimate.    P = probability / m  for scattering > 1 σ  divergence 

Probability  50x higher beginning of LINAC at 5 GeV compared to end at 250 GeV
Probability  end of LINAC and BDS similar
Integrated over LINAC + BDS :  Prob. = 9×10-3 to scatter > beam divergence
Probability for > 30σ (loss)  ;   integrated over LINAC = 10-5    over   BDS = 5×10-7
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3
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(and 18% more than 10%) in this scattering. Details of the

simulation of this process are described in [12].
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ILC as described in the latest (March 2007) baseline con-

figuration document [13].

The beam gas estimates in the BDS section were per-

formed for nitrogen at room temperature at a pressure of

50 nTorr. For the LINAC section we use Helium at 2 Kelvin

and 10 nTorr.

The results of simple analytic estimates for elastic scat-

tering are presented in Table 1. The scattering probabilities

at the end of the LINAC and in the BDS per unit length are

similar. The probability for elastic scattering at the begin-

ning of the LINAC is about 50 times higher. By integration
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calculated for a constant normalized emittance of 20 nm at

βy = 100 m. ρ is the density of He atoms or nitrogen
molecules perm3 and P the scattering probability per elec-
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LINAC 5 He 4.8 × 1016 2.0 × 106 9.9 × 10−6

LINAC 250 He 4.8 × 1016 3.8 × 104 1.8 × 10−7

BDS 250 N2 1.6 × 1015 4.6 × 105 1.5 × 10−7

over the LINAC we find that an electron has a probability

of about 9× 10−3 to undergo elastic scattering with an an-

gle of at least the beam divergence. Only a fraction of these

will hit spoilers or the beam pipe.

To get a very rough analytic estimate of the probability

for particle loss by elastic scattering we have also calcu-

lated the probabilities for scattering at angles exceeding 30
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Figure 1: Tracking example for the ILC. Horizontal (top)

and vertical (bott) beam positions as function of the longi-

tudinal coordinate s in the BDS. Halo particles are shown
in black and core beam particles in red.

The probability for inelastic scattering with a fractional

energy loss kmin > 0.01 is small, 1.8 × 10−12/m in the

LINAC and rather similar, 1.0×10−12m in the BDS. Sum-

ming up LINAC and BDS, we get a probability for inelastic

scattering of 2.3 × 10−8. The probability of thermal scat-

tering is still much smaller, about 9 × 10−11 for the BDS

and completely negligible for the (cold) LINAC.

More detailed information is obtained from the simula-

tion. Figs 1 and 2 illustrate the results of our tracking stud-

ies performed for the ILC using PLACET. In the simula-

tion, the beam gas pressure and apertures can be separately

At constant normalized emittance, the elastic cross section

scales inversely with energy.

Inelastic scattering

At high energy, the dominating process relevant for en-

ergy loss or inelastic scattering is Bremsstrahlung in which

the incident electron interacts with the field of the residual
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The cross section does not vary with energy at fixed kmin.

For k = kmin = 0.01 the inelastic cross section is 0.375
Barn per Helium Atom and 6.510Barn for N2 for the sum

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

f(θ)dθ ∝
θ dθ

(θ2 + γ−2)2
. (7)

Scattering off thermal photons

Even for a perfect vacuum, the beam pipe will be ”filled”

with thermal photons. The photon density scales with the

absolute temperature T as T 3 and reaches ργ = 5.32 ×

1014 m−3 at room temperature. The cross section for scat-

tering off thermal photons is close to the Thomson cross

section σT = 8π
3

r2
e = 0.665 Barn. From the product
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probability of 3.5×10−14/m and electron at room temper-
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75% of the electrons will loose at least 1% of their energy
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simulation of this process are described in [12].
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ILC as described in the latest (March 2007) baseline con-

figuration document [13].
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and 10 nTorr.

The results of simple analytic estimates for elastic scat-

tering are presented in Table 1. The scattering probabilities

at the end of the LINAC and in the BDS per unit length are

similar. The probability for elastic scattering at the begin-

ning of the LINAC is about 50 times higher. By integration

Table 1: Analytical estimates for elastic beam-gas scatter-

ing with scattering angles above 1 σ of the beam divergence
calculated for a constant normalized emittance of 20 nm at
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over the LINAC we find that an electron has a probability

of about 9× 10−3 to undergo elastic scattering with an an-
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will hit spoilers or the beam pipe.

To get a very rough analytic estimate of the probability

for particle loss by elastic scattering we have also calcu-
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times the vertical beam divergence. The probability inte-
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Figure 1: Tracking example for the ILC. Horizontal (top)

and vertical (bott) beam positions as function of the longi-

tudinal coordinate s in the BDS. Halo particles are shown
in black and core beam particles in red.

The probability for inelastic scattering with a fractional

energy loss kmin > 0.01 is small, 1.8 × 10−12/m in the

LINAC and rather similar, 1.0×10−12m in the BDS. Sum-

ming up LINAC and BDS, we get a probability for inelastic

scattering of 2.3 × 10−8. The probability of thermal scat-

tering is still much smaller, about 9 × 10−11 for the BDS

and completely negligible for the (cold) LINAC.

More detailed information is obtained from the simula-

tion. Figs 1 and 2 illustrate the results of our tracking stud-

ies performed for the ILC using PLACET. In the simula-

tion, the beam gas pressure and apertures can be separately

integrated for k > 1%, no E dependence
σ = 0.375 Barn for He,   σ = 6.510 Barn for N2

Probability:       1.8×10-12/m in LINAC, 1.8×10-12/m in BDS ; quite similar and small
summing up over both LINAC and BDS   :  P = 2.3×10-8/m

fully included in current HTGEN, minor contribution for ILC
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1 Introduction

Scattering of photons on electrons is well known as Compton effect. The special case

of scattering of beam particles on thermal photons, radiated off the beam pipe walls,

has been observed in LEP and found to be in agreement with theoretical predictions

[?]. The quality of the vacuum in LEP is such ( < 10−10 Torr ), that Compton scat-

tering on thermal photons constitutes the dominant contribution to the single beam

lifetime at high energies [?]. Due to the high Lorentz-factor at LEP (γ of order 105),

scattering angles are rather negligible. The energy loss on the electron instead has

major consequences. Electrons (and positrons) with 1-2 % energy loss can travel over

large distances in LEP. The energy loss in regions with high dispersion generates large

betatron oscillations with amplitudes in the order of centimeter. Some fraction of this

particles will hit collimators close to the experiments and generate visible background.

A Monte Carlo program has been written to simulate the process in detail.

2 Thermal Photon Spectrum

The spectrum (number of photons with frequency ν to ν + dν in the Volume V) is
given by the Planck formula:

dn =
8πV

c3

ν2 dν

ehν/kT − 1

Substituting x = hν/kT and integrating over the whole spectrum we obtain the photon
density ργ = n / V

ργ = 8π

(

kT

hc

)3

·
∫

∞

0

x2

ex − 1
dx

The integral can be expressed using the Riemann-ζ-function :

∫

∞

0

x2

ex − 1
dx = 2 ξ(3) ≈ 2.404114

In 1992, temperature measurements performed at dipoles gave an average value of

about T = 24◦C = 295.15 K. The density of photons is ργ = 5.329 · 1014m−3

and the average photon energy about 2.7 · kT ≈ 0.0692 eV . Using the Thomson cross
section σT = 8π

3
r2
e = 0.6652 barn and the electron charge e, we find for the rate of

collisions with thermal photons in LEP (per second, meter, mA of beam current) :

1

l · i
·
dn

dt
= ργ ·

σT

e
= 221.0 / (s m mA)

This number is used as normalization in the Monte Carlo generation. The exact rate

for the Compton cross section is a few percent lower. It is determined in the Monte

Carlo generation process by comparing the Compton and Thomson cross-section.
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2

P =  2.3×10-14/m   at 300K,       9×10-11   for full BDS

5.32×1014/m3

at room temp.



Detailed tracking
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• HTGEN runs standalone or interfaced to detailed tracking programs

• interfaces to PLACET and MERLIN are available from our website

                               

• tails  enhancement / production / folding   related to optics  

   mismatch, coupling, dispersion, non-linearities

• synchrotron radiation,   included in tracking programs

• detailed loss maps and distributions

• follow up of secondary particles

allows to study



Detailed tracking example, ILC Linac
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Detailed tracking example, ILC BDS
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horizontal

vertical

LINAC + BDS :     fraction of 10-4   of beam particles hit spoilers
in ideal machine - no misalignment / errors



Particle flux estimate on spoilers and secondary muons
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2×1010 e/bunch
2820    bunches

5.64×1013   e/train  

    × 10-4    fraction hitting spoilers,  HTGEN + tracking, LINAC + BDS

5.6×109 e/train     on spoilers

~  2 × 10-5    fraction resulting in secondary muons

~  105  muons / train   end of BDS

to be verified by combined simulation,   HTGEN + BDSIM



HTGEN,  BDSIM and GEANT4
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HTGEN and BDSIM / GEANT4   are at present mostly complementory

BDSIM/GEANT4 allow for simulations of many processes ; they are 
well adapted to simulate cascades and multiple scattering in dense 
materials

HTGEN is well adapted to simulate relatively rare single scattering 
processes

we plan to combine HTGEN and BDSIM

work started in GEANT4 to implement single scattering in addition 
to multiple scattering



Installation instructions (web)
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06/20/2007 06:12 PMHTGEN page

Page 1 of 2http://n.home.cern.ch/neukerma/htgen/index.php?page=Documentation

Home

Documentation

Communications

Links

Documentation

Now HTGen is hosted on CERN Savannah server. You can browse the last source
code here

Installation

HTGen needs CLHEP
Optionally, there are histogramming tools which need ROOT

a) if your shell is bash

Check out HTGen code (from CERN)
export CVS_RSH=ssh 
cvs -d :ext:isscvs.cern.ch:/local/reps/htgen co htgen

OR via anonymous checkout from outside CERN
export CVS_RSH=ssh 
cvs -d :pserver:anonymous@isscvs.cern.ch:/local/reps/htgen co htgen

OR Download the tarball file from cern savannah server (outside CERN)
Run the setup script

cd htgen; 
sh setup.sh;
Answer the questions to describe your environment. Some components are optional
(type return if you do not want to use them). 
This script will generate two files env.sh and env.csh.
source env.sh

compile
make libhtgen 
make libhthistogrammer (if ROOT is defined) 
make libhtplacet (if PLACET is defined) 
make libhtmerlin (if MERLIN is defined)

b) if your shell is csh or tcsh

OR via anonymous checkout from outside CERN
export CVS_RSH=ssh 
cvs -d :pserver:anonymous@isscvs.cern.ch:/local/reps/placet co placet

Check out HTGen code (from CERN)
setenv CVS_RSH ssh 
cvs -d :ext:isscvs.cern.ch:/local/reps/htgen co htgen

OR Download the tarball file from cern savannah server (outside CERN)
Run the setup script

cd htgen; 
sh setup.sh;

. . . . . . . . .



Summary and outlook
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• we provide a generic package HTGEN with interfaces for PLACET and 
MERLIN, ready to be used

• illustrated here in application to ILC (for CLIC see  EuroTeV-Report-2006-028, CLIC-
Note-668)

• the most important particle scattering process in the LINAC+BDS is the 
elastic beam gas scattering;  good vacuum important, particularly at 
beginning of the LINAC ;   from tracking with errors :  fraction of about 10-4  
of beam particles hit spoilers

• We plan to combine HTGEN and BDSIM and to investigate benchmarking 
with halo measurements in CTF3 and ATF.



Backup Slides
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Scattering angle 
distribution

mott scattering
bremsstrahlung

bremsstrahlung

Energy distribution

rq: 50% looses more than
       10% of their energy

! Kinematics

Particle process : beam-gas
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! Multiple scattering in spoilers

Beam axis electrons
hitting a 0.5X0 Be material

Multiple scattering generator interfaced to PLACET

e

dy

dyp

Particle process : Tools

Energy loss
Comparison vs Geant4

Geant4
HTGEN



thermal photon and beam gas inelastic energy spectra
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tesla/Padova/thermal3.eps

beam lifetime if all scattered particles were lost

Spectra and Normalization
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! Surface physics process
" Thermal emission
" Secondary emission
" Field emission (Fowler-Nordheim approximation)
" !"#$%&'()*$++$,-()-)./"(0(12(3)4(

! 5,6()-)./"(7&-8(,9(5:;<=(+!&.!+(&!(>?(@)4

! A!.,-/(9,%B+$-/('&!!$%)

! C'&%)!(+$*B'&!$,-(+D,6+(!D&!(#&.!$%')+(&.)(',++(
6$!D$-(>(EFGF

! 7)&*H8&.I(%B..)-!+($-!).&%!$,-+J

! G&.I(%B..)-!+(+D,B'8(-,!(7)(&(#.,7')*

Dark currents
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! Alignment
" Orbital kick
" Dispersive effect

! Nonlinear fields
" Fringe fields, geometry, remanence, saturation
" Nonlinear elements
" Beam core small w.r.t magnet aperture
" Intermediate halo from pre-linac

! Realistic machine description needed

Optical distortions
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! Multipole error in LINAC
! Define errors with  two thin multipole before and after 

each quad.
! Multipole strength : Ki = " x K2 

! Random value [-Ki, +Ki]

! Beam : 
! Nominal beam
! Tail particles on ellipse such as Courant-Snyder 

amplitude A -> N x A 
! Assume : N.#  (-> LINAC ->) N . $ . #'

!%$ : deformation factor   

Optical distortions: Multipole errors
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N = 100

Extract phase and 
deformation factor 

! = 0 1. 10-6

2. 10-6 3. 10-6

4. 10-6 5. 10-6

6. 10-6 7. 10-6

Optical distortions: Multipole errors



25
 EuroTeV Meeting 8-9th january 2007, Daresbury Lionel Neukermans, CERN

N=20

N=2000

N=400

N=100

Next: Extract semi-analytical transfert function for tails 
due to multipole errors 

Optical distortions: Multipole errors


