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                                   General definition and concepts
Core            :   particles < nσ
Halo = Tail :   particles > nσ
in x,y, z     transverse and longitudinal

Luminosity is from the core
for Gaussian beams,   99.2 % of the luminosity from nσ < 3
   see H.B., R.S. Intensity and Luminosity after Beam Scraping,  CERN–AB–2004–054

Important in 3 TeV CLIC to keep the halo at a very low ~ 10-6 level
halo collimation very difficult for small beams at very high energy
and source of radiation and muon background into the detector

Estimates for design conditions.  Not dealing here with failure scenarios

https://indico.cern.ch/conferenceDisplay.py?confId=185561
https://indico.cern.ch/conferenceDisplay.py?confId=185561
http://cdsweb.cern.ch/record/777311
http://cdsweb.cern.ch/record/777311
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                                     Known sources,  3 categories

• Particle processes : beam gas, (quasi) elastic and inelastic (Bremsstrahlung), thermal photon

• Optics related : mismatch, coupling, dispersion, non-linearities --  requires tracking for  the 
“real” machine,  tracking so far with ideal machine

• Various : noise and vibrations, dark currents, wakefields  --  currently not simulated for halo

Caution,  by experience :
the actual amount of beam halo is very hard to predict and may vary considerably in a 
given machine.

HTGEN :  halo/tail generation, developed as EuroTeV FP6 activity ; fully integrated in PLACET  
applied to LINAC, BDS and drive beam;    info and references on  web page  HTGEN.html

http://hbu.home.cern.ch/hbu/HTGEN.html
http://hbu.home.cern.ch/hbu/HTGEN.html
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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
!
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β2

2
(1 − cos θ)

1

4
(1 − cos θ)2
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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
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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
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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
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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:

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

scaling as  1/γ, 1/energy, ×β  
beginning of LINAC and
high-β collimation section important

CLIC 2007 estimate.    P = probability / m  for scattering > 1 σ  divergence 

Probability  80x higher beginning of LINAC at 9 GeV compared to end at 1.5 TeV
and BDS.   Integrated over length using averaged β :
total LINAC Prob.  P = 1.16×10-3   ,   BDS  P = 6.0×10-5  together 1.2×10-3 at 1σ
total LINAC Prob.  P = 1.29×10-6   ,   BDS  P = 6.7×10-8  together 1.4×10-6 at 30 σ (loss)
placet-htgen simulation LINAC+CLIC  fraction of  2×10-4  lost at spoilers   (2007 estimate, 10nTorr) 

Table 1: Analytical estimates for elastic beam-gas scattering with scattering angles above 1 σ of the
beam divergence 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 electron 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

5.2 applied to CLIC

Done on October 2007 for the clic07 workshop.

Basic CLIC parameters. CLIC-Study/intro.html, has still 30 GHz 150 MV/m in October 2007.

Rather take clictable2007.html column WDS120 or see JPDelahaye talk CLIC07 JPD.pdf with in

particular p. 43. Main beam - 1A, 156 ns, Linac from 9GeV to 1.5 TeV, gradient 100ṀV/m, using

12GHz - 64MW acceleration. Uses a boster linac at 2GHz to 9GeV before injection into the main

Linac. Drive beam, 95A, 240 ns, from 2.4GeV to 0.240 GeV. 2.75 km of BDS, 21 km of LINAC.

Table 2: Analytical estimates for elastic beam-gas scattering with scattering angles above 1 σ of the
beam divergence for a constant normalized emittance of 10 nm at βy = 100 m. ρ is the density of
CO molecules perm3 and P the scattering probability per electron and meter.

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

LINAC 9 CO 3.2 × 1014 2.7 × 107 8.9 × 10−7

BDS 1500 CO 3.2 × 1014 1.7 × 105 1.1 × 10−8

5.3 Halo in DESY XFEL

See XFEL TDR. As single local file here. The XFEL layout is sketched in Fig. 4.4.1 on page 81

(page 107 in pdf). Background from dark currents is mentioned on p. 76 (102 in pdf).

First halo collimation is foreseen already after the gun, see p. 21 (47 in pdf).

Post linac collimation see p. 93 (93 in pdf).

very good vacuum like 10−11 mbar is required in some sections like the undulator.

6 htgen code

Documentation on how to work with the code is on the web, see HTGEN.html and linked to the

EuroTeV WP6.

There were installation instructions from Lionel. Updated and largely enhanced myself in Octo-

ber 2007. In addition to the installation instructions there are now examples and FAQ.

Running TestProcess with mott or brem as argument gives cross sections and root files for plot-

ting.

They can be plotted by running root, see plotxsecvstheta.C, see Fig. 1
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*  small recoil correction - quasi elastice
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Coulomb (Mott)
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energy fraction k going to photon

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

gas nucleus and radiates photons. The energy spectrum is

rather broad and can be approximately written as
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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
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. (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

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

and 10 nTorr.
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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-

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
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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

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

integrated for k > 1%, no E dependence
σ = 6.609 Barn for N2

Probability:       2.1×10-13/m
summing up over both LINAC and BDS   :  P = 5.0×10-9

fully included in current HTGEN, minor contribution for CLIC

Rough estimate for the ILC at 250 GeV. Cross section is 0.89051479 σT = 0.59241151 Barn. A
fraction of 0.6065 of these looses more than 2% of the energy. Compared to the Thomson estimate

we are lower by a factor of 0.89051479× 0.6065 = 0.540097 resulting in a scattering probability of
P = 1.91 × 10−14/m3 for 2% loss.

CLIC at 1500GeV. Cross section is 0.63085353 σT = 0.41967286 Barn. A fraction of 0.8611
of these looses more than 2% of the energy. Compared to the Thomson estimate we are lower by a

factor of 0.63085353×0.8611 = 0.5432 resulting in a scattering probability of P = 1.92×10−14/m3

for 2% loss. For the full 2.72 km of BDS

5.4 Halo in DESY XFEL

See XFEL TDR. As single local file here. The XFEL layout is sketched in Fig. 4.4.1 on page 81

(page 107 in pdf). Background from dark currents is mentioned on p. 76 (102 in pdf).

First halo collimation is foreseen already after the gun, see p. 21 (47 in pdf).

Post linac collimation see p. 93 (93 in pdf).

very good vacuum like 10−11 mbar is required in some sections like the undulator.

6 htgen code

Documentation on how to work with the code is on the web, see HTGEN.html and linked to the

EuroTeV WP6.

There were installation instructions from Lionel. Updated and largely enhanced myself in Octo-

ber 2007. In addition to the installation instructions there are now examples and FAQ.

Running TestProcess with mott or brem as argument gives cross sections and root files for plot-

ting. For plotting with root see plotxsecvstheta.C
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Scattering off thermal photons
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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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5.32×1014/m3

at room temp.

CLIC 1.5 TeV    P = 1.9×10-14/m for 2% energy loss.
integrated over LINAC + BDS   still below 10-9

not an issue

MC generator, see  SL/Note 93-73 (OP)

http://hbu.web.cern.ch/hbu/lifetime/thermal.pdf
http://hbu.web.cern.ch/hbu/lifetime/thermal.pdf


Halo estimate, CLIC drive beam
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HTGEN beam-gas simulations for the drive beam
only meaningful for full intensity -  even on todays computer not possible to simulate
efficiently the full intensity with single particle codes as required for beam-gas scattering

Combined simulation of :
• drive beam using macroparticles and slices
• halo simulation, scattering processes always done on single particle level
possible by considering only collective effects from the core, acting on both core and tail
neglecting collective effects of the halo

Subject of a diploma thesis by M. Fitterer
Short summary published as PAC 2009 paper WE6PFP085

http://accelconf.web.cern.ch/AccelConf/PAC2009/papers/we6pfp085.pdf
http://accelconf.web.cern.ch/AccelConf/PAC2009/papers/we6pfp085.pdf


Tracking results, CLIC drive beam
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Transverse Beam profiles at the exit of the CLIC decelerator
PLACET + HTGEN simulation



Tracking with halo, CLIC drive beam
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Vertical beam position along a complete CLIC decelerator    + zoom towards end
Halo particles are shown in black, beam (core) particles in red

Main conclusion :    fraction of halo particles lost at (the very large)  aperture
is small,  of order  10-7     ;      residual gas pressure  10 nTorr



PLACET-HTGEN tracking, CLIC BDS
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PLACET-HTGEN tracking, CLIC BDS

10using apertures from  v_09_04_01/bds.name.aperture.FixedSR.collaper
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longitudinal position along BDS, in m

y 
 [μ

m
]



Projection at the 1st spoiler
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HTGEN + PLACET, at  XSP1, YSP1

Comments on the main CLIC beam core+halo  PLACET-HTGEN simulations :
Can be done with any beam shape --  by default starting with Gaussian beam at LINAC entrance
Several years since last combined LINAC + BDS simulation   --  should be redone for CLIC as 
described in the CDR,   ideal and more realistic machine with errors
and with special attention on the collimation section which contributes significantly to beam-gas
due to its very high-β             ( βy ~ 250 km )



Halo collimation produces Muons
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Electromagnetic muon production processes
1. Monte Carlo Generator for Muon Pair Production, by Burkhardt, Kelner, Kokoulin, CLIC-Note-511, 2002

 

2. Production of muon pairs in annihilation of high-energy positrons with
 resting  electrons by Burkhardt, Kelner, Kokoulin, CLIC-Note-554

N

µ+

µ-

a

a

simulated by Geant4 process AnnihiToMuPair, eeToHadrons.cc

Ee+ > 43.7 GeV, μ+μ- pair production

Broad peak of π production at  ρ  for 
Ee+ ≈ 570 GeV

Bethe-Heitler

simulated by Geant4 process GammaToMuPair

Came as bad surprise in the SLC, #muons produced in e.m. showers increases with energy  

Geant4, included in BDSIM,  studied for CDR with Lawrence Deacon and Grahame Blair with Detector group

e-

e+

µ- π-

µ+ π+
γ

Roughly :  CLIC aims for a halo < 10-6,  to minimize the degradation of the detector 
performance by muon background

http://cdsweb.cern.ch/record/603739
http://cdsweb.cern.ch/record/603739
http://cdsweb.cern.ch/record/603739
http://cdsweb.cern.ch/record/603739


Tail Population - analytic estimate
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Main	  linac

BDS	  horizontal

BDS	  ver2cal

Unbaked	  vacuum	  (1nTorr)
40%	  H2,	  40%	  H2O,	  10%	  CO,	  10%CO2

average	  Z2=53.6
density=3.2	  1022molecules/Torr

Hence:

p	  =	  1.43×10-‐9

p	  =	  1.19×10-‐9

p	  =	  6.95×10-‐8

For	  both	  sides	  together:
~530	  par2cle/bunch

Tightest	  constraint	  is	  55	  σy:	  

Daniel Schulte, review of the CLIC detector / physics CDR, 18 October 2011,   on  indico

High-β collimation section designed to remove halo dominates beam-gas halo production !

Loss	  probability

https://indico.cern.ch/conferenceDisplay.py?confId=146521
https://indico.cern.ch/conferenceDisplay.py?confId=146521


Discussion
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• We will always have continuous losses from halo particles

• The expected losses for the ideal machine from known processes

( mostly quasi-elastic beam-gas scattering )

are low,  typically on the    ~  10-6   level

and mostly localized to the collimation section

• Collimation of the tiny high-energy beams is hard,

and the collimation section itself a beam-gas halo generator

• A much higher halo level ( > 10-4 ) would result in significant muon 

backgrounds in the detectors and degrade their performance

• Beam losses from halo will have to be low  !



Reserve
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Halo estimate, main beam, CLIC 1.5 TeV
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2007 estimate,  10 nTorr
total LINAC Prob.  P = 1.16×10-3   ,   BDS  P = 6.0×10-5  together   1.2×10-3 at 1σ
HTGEN simulation :  losses  ~ 2×10-4 ,  mostly hitting the first spoiler

2011
several very significant changes compared to 2007
• significantly modified BDS optics / layout
• very good vacuum specified for the CDR (required for fast ion instability)  
unbaked vacuum ~1nTorr,   40% H2, 40% H2O, 10% CO, 10%CO2

PLACET+HTGEN updated and kept working, used as input to BDSIM for muon
background estimates ;
Caution :  done for ideal lattice and no recent complete tracking campaign
Estimates relying on extrapolations and analytical estimates
requirement from muon background          halo losses on the level of 10-6

purely analytic,  spoiler at 55 σy                 halo losses on the level of 10-7

with a significant contribution from the very high beta collimation region in the BDS


