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The International Linear Collider

ILC layout

Nick Walker – SA meeting KEK 19.01.06

The Baseline Machine (500GeV)The Baseline Machine (500GeV)

not to scale

~30 km

e+ undulator @ 150 GeV (~1.2km)
x2R = 955m

E = 5 GeV

RTML ~1.6km

ML ~10km (G = 31.5MV/m)
20mr

2mr
BDS 5km

I luminosity L = 2 · 1034 cm−2s−1, Ecms = 500 . . . 1000 GeV
(remember LEP1 L = 2.4 · 1031 cm−2s−1)

I goal integrated luminosity in first 4 years : 500 fb−1

I machine parameters very flexible

I nominal operation: 1ms bunch trains with 2820 bunches,
5Hz repetition rate (bunch interval 308 ns)
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Why do we need polarized positrons at the ILC?

Why do we need polarized positrons at the ILC?

I higher effective luminosity Leff

I higher effective polarization Peff and less dependence on
polarization uncertainty

I improved signal/background ratio

I unique understanding of non-standard couplings

I option of using transversely polarized beams

G. Moortgat-Pick et al., CERN-PH-TH-2005-036, arXiv:hep-ph/0507011.
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Why do we need polarized positrons at the ILC?

Higher effectiv luminosity and higher effective polarization
e+e− annihilation into vector particle (γ/Zo)
only σLR and σRL contribute

σpe−pe+
= (1− Pe+Pe−) σ0 [1 − Peff ALR]

σ0 =
σRL + σLR

4
ALR =

σLR − σRL

σLR + σRL
Peff =

Pe− − Pe+

1− Pe+Pe−

Peff (1− Pe+Pe−)
Pe− = 0, Pe+ = 0 0% 1.00
Pe− = −100%, Pe+ = 0 −100% 1.00
Pe− = −80%, Pe+ = 0 −80% 1.00
Pe− = −80%, Pe+ = +60% −95% 1.48
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Why do we need polarized positrons at the ILC?

Precision improvement due to positron beam polarization
e.g. in the measurement of ALR
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Positron Polarisation needed to reach ∆ sin2 ϑl
eff = O(10−5)
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Why do we need polarized positrons at the ILC?

Precision improvement due to positron beam polarization
e.g. in the measurement of ALR

∆ALR as a function of the e+ polarisation
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For 109 Zs already 20% positron polarisation is better than a 0.1% po-
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Snowmass/gg6 GigaZ-6 Klaus Mönig

ALR =
2(1− 4 sin2 θeff

W )
1 + (1− 4 sin2 θeff

W )

I measurement of sin2 θeff
W

at GigaZ

I employ Blondel scheme
with 10% run time at
σ++ and σ−− K. Mönig

Positron Polarisation needed to reach ∆ sin2 ϑl
eff = O(10−5)
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Why do we need polarized positrons at the ILC?

Separation of production processes

(Pe− , Pe+) e+e− → Hνν̄ e+e− → HZ

(+0.8, 0) 0.20 0.87
(−0.8, 0) 1.80 1.13

(+0.8,−0.6) 0.08 1.26
(−0.8, +0.6) 2.88 1.70

Suppression of background

(Pe− , Pe+) e+e− → W+W−

(+0.8, 0) 0.20

(−0.8, 0) 1.80

(+0.8,−0.6) 0.10

(−0.8, +0.6) 2.85
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Why do we need polarized positrons at the ILC?

Unique understanding of non-standard couplings

Separation of ẽ+
L ẽ−L and ẽ+

L ẽ−R

I check SUSY assumptions
e+
L,R ↔ ẽ+

L,R and

e−L,R ↔ ẽ−R,L
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L ẽ−R

ẽ+
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Andreas Schälicke DESY, Zeuthen

Polarized positrons for the ILC



Motivation Polarization in Geant4 The E166 Experiment Summary

Why do we need polarized positrons at the ILC?

Option of using transversely polarized beams

signatures of extra dimensions in fermion production

1
N

dAT

d(cos θ)
=

1
σ

[∫
+

dφ
dσ

d cos θdφ
−
∫
−

dφ
dσ

d cos θdφ

]

e+e− → cc̄√
s = 500 GeV

ADD

SM

cos θ
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How are polarized positrons produced?

Positron source at SLAC

Vinod Bharadwaj

Ronkonkoma Sep 9, 2003

Positron Production for Linear Colliders

SLAC Target Damage

SLC target damage studies were done at LANL. Results show evidence of cracks, 
spalling of target material and aging effects.

I 30 GeV electron beam
hits W-Re target

I pulsed at 120Hz,
1 bunch/pulse

I heat load 24kW

Andreas Schälicke DESY, Zeuthen
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How are polarized positrons produced?

How are polarized positrons produced?

II-118 4 Injection Systems
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Figure 4.3.1: Sketch of the positron source layout.

source upstream of the IP has significantly simplified the extraction line and reduced
the associated losses (see section 7.6). In addition, using the very high quality elec-
tron beam from the linac as opposed to the severely disrupted beam after the IP has
increased the likelihood of realising a polarised positron source. The disadvantages of
the location in front of the IP are that extra space and a positron transfer line to the
other side of the interaction point (detector) are required. The undulator also slightly
degrades the quality of the incoming electron beam, but the effects are considered
acceptable.

The geometry of the source and the electron optics has been designed to accom-
modate the polarised source upgrade. For polarised positrons, the divergence of the
high-energy photons from the helical undulator must be dominated by the 1/γ char-
acteristic angle of the radiation, and only have a small contribution from the electron
phase space. With the opening angle of the photons fixed by the electron beam en-
ergy, the beam size on the target is then only a function of distance. With a 250GeV
electron beam, corresponding to an angle of 1/γ ≈ 2µrad, a drift length to the target
of 314m is required to achieve the necessary target beam size of 0.7mm (see section
4.3.7).

With the geometry and electron optics fixed by the polarised source, the unpolarised
source requires a rather weak, long planar undulator (K ≤ 1)1 to keep the 0.7mm
beam size at the target. The photons are used to produce electron-positron pairs in
the thin conversion target. The conversion of photons — rather than electrons as in a
conventional source — leads to a small optimal target thickness of 0.4 of a radiation
length (X0). The conversion efficiency in a thin target depends only weakly on the
target material: thus a low Z material such as titanium with a high specific heat
capacity can be chosen. An additional advantage of the thin target is the smaller
multiple-scattering which results in a higher capture efficiency. Both effects help to
reduce the heat load on the target. The target has to rotate with a high velocity in
order to withstand the long beam pulse.

The capture optics behind the target is of a conventional design. Since the positrons

1The K-value of an undulator is defined as: K = eBλu/(2πmec), where B indicates the amplitude
of the magnetic field and λu the undulator period. The K-value determines the spectral charac-
teristics of the device and the opening angle of the radiation. For K > 1 the opening angle is
K/γ.

ENG-05-0055-NTED-#18

Undulator-based photon beam target (front view)

I electron beam through
helical undulator ⇒
polarized photons

I photon beam hits thin
Ti target

I pulsed at 5Hz,
2820 bunches/pulse

I heat load 135kW

Andreas Schälicke DESY, Zeuthen
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Polarization at Zeuthen?

Positron source for the ILC
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Low- Energy
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I optimization of polarization at production

I measurement of polarization near source

I transport of polarization
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Polarization at Zeuthen?
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Polarization at Zeuthen?

Positron source for the ILC
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Polarization at Zeuthen?

Polarization at Zeuthen?

EUROTeV WP4 : Polarized Positron Source

I Low-energy polarimeter

I Spin rotation and flip system

I Contribution to overall-design

Demonstration Experiment E166

I Helical undulator

I Production of polarized positrons

I Positron polarimeter

Andreas Schälicke DESY, Zeuthen
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Why do we need Polarization in Geant4

Where do we study polarized processes?

I Polarized Positron source for an International Linear Collider

I Demonstration experiment E166 at SLAC

Why are polarized interactions at low energy important?

I Target studies
i.e. if a polarized beam hits a target

I Polarimetry
i.e. if polarization causes observable azimuthal correlations

We want :

I to gain detailed understanding of all processes involved!

Andreas Schälicke DESY, Zeuthen

Polarized positrons for the ILC



Motivation Polarization in Geant4 The E166 Experiment Summary

0.5 X0 W (Tungsten) -> E166

X0 W (Tungsten) = 3.5 mm
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Diagnostics (Polarimetry)
Cross sections polarization dependent

Polarization transfer to e-/e+

Polarization tracking
(depolarization effects ?)

MAGNETIC FIELD:

•Compton Scattering
•Bhabha Scattering
•Moller Scattering
•Positron annihilation in Flight
•..........

TARGET

Gammas:

•GammaConversion

•ComptonScattering

•PhotoElectricEffect

Electrons and Positrons:

•MultipleScattering

•Ionization

•Bremsstrahlung e+ e-
e-
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Existing Monte Carlo codes

Existing Monte Carlo codes

I EGS, polarization extension by K. Flöttmann
I considers polarization transfer only
I simulates Pair production, Bremsstrahlung, Compton
I suitable for target studies

I Geant3, polarization extension by V. Gharibyan/P. Schüler
I concentrates on asymmetries
I simulates Bremsstrahlung, Compton (polarized target)
I suitable for low-energy Compton polarimetry

no complete simulation tool for low-energy polarization studies!
I new polarization extension Geant4

I aim for a complete treatment of polarization
I polarization transfer and asymmeteries
I suitable for polarimetry and target studies

Andreas Schälicke DESY, Zeuthen
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Back to the basics

Stokes parameter
G. Stokes, Trans. Cambridge Phil. Soc. 9 (1852) 399

Wave function :

Ψ(x, t) = a1Ψ1 + a2Ψ2

Jones vector :

|a1|2 + |a2|2 = 1 a =

(
a1

a2

)

Spin density matrix :

ρ = a⊗ a∗ =

(
a1a

∗
1 a1a

∗
2

a2a
∗
1 a2a

∗
2

)
=

1
2
(1 + ξσ)

Stokes parameter :

ξ =

 ξ1

ξ2

ξ3

 = a†σ a

σ1 =

(
1 0
0 −1

)

σ2 =

(
0 1
1 0

)

σ3 =

(
0 −i
i 0

)

Andreas Schälicke DESY, Zeuthen
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Matrix formalism

Matrix formalism
W. H. McMaster, Rev. Mod. Phys. 33 (1961) 8

(
I
ξ

)
= T

(
I0

ξ0

)

Transformation Matrix :

T =


S A1 A2 A3

P1 M11 M21 M31

P2 M12 M22 M32

P3 M13 M23 M33


I Differential cross section

I Asymmetry

I Polarization

I Depolarization and
polarization transfer

Andreas Schälicke DESY, Zeuthen
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Examples

Pair production in field of nucleus

γ
e+

e−

k

q

p

T =


I −D 0 0
0 0 0 −L
0 0 0 −T
0 0 0 0



I = [p2 + (p− k)2](3 + F (p, k;Z))− 2p(p− k)(1 + G(p, k;Z))
D = 8p(p− k) G(p, k;Z)
L = k{(2p− k)[3 + F (p, k;Z)] + 2(p− k)[1 + G(p, k;Z)]}
T = 4k(p− k) H(p, k;Z)

Andreas Schälicke DESY, Zeuthen
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Examples

Compton scattering on electron at rest

γ

γ

e−

k0

p

k

T =


I A 0 E
A B 0 H1

0 0 C H2

F G1 G2 D


Independent of
electron spin S :
(I,A,B,C,D)

Dependent on
electron spin S :
(E,F ,Gi,Hi)

I = 1 + cos2 θ + (k0 − k)(1− cos θ)

A = sin2 θ

D = 2 cos θ + (k0 − k)(1− cos θ) cos θ

E = −(1− cos θ)(k0 cos θ + k) · S
F = −(1− cos θ)(k cos θ + k0) · S

Andreas Schälicke DESY, Zeuthen
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Examples

Compton scattering – Asymmetry
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Examples

Compton scattering – Asymmetry
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Examples

Compton scattering – Polarization transfer

Pγ · Pe = +1
Pγ · Pe = −1
Pγ · Pe = 0

Andreas Schälicke DESY, Zeuthen
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Examples

Compton scattering – Polarization transfer

Pγ · Pe = +1

Pγ · Pe = −1
Pγ · Pe = 0

single scattering

Andreas Schälicke DESY, Zeuthen
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Examples

Compton scattering – Polarization transfer

Pγ · Pe = +1

Pγ · Pe = −1
Pγ · Pe = 0

multiple scattering

Andreas Schälicke DESY, Zeuthen
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Examples

Pair production
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Examples
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Examples

Pair production
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Examples

Polarization Library for Geant4

I independent library

I provides polarized QED
process

I can assigns a polarization
to any logical volume

I simple to include in
existing Geant4
application

Andreas Schälicke DESY, Zeuthen
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The E166 Experiment

The E166 Experiment

Proposal:

I Demonstration of
polarized positron production
with a helical undulator

Status:

I approved in June 2003

I two runs, June and September 2005

I ≈ 8.5 million events on tape

I analysis is ongoing

G. Alexander et al., 2003, SLAC-PROPOSAL-E-166.

Collaboration:

I about 50 people

I 15 institutes

I from 3 continents

Andreas Schälicke DESY, Zeuthen
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Experimental setup

Experimental setup

I initial e− beam at 46.6 GeV

I helical undulator period 2.54mm

I W target .5 X0 = 1.75mm

I spectrometer selects 3. . . 7 MeV positrons

I reconversion to photons

I magnetised iron analyser

I CsI calorimeter

Andreas Schälicke DESY, Zeuthen

Polarized positrons for the ILC
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Experimental setup

Compton transmission polarimetry

σtot = σphot + σcomp + σpair with σcomp = σ0 + PγPeσpol

Transmission

T± (L) = e−nLσ = e−nL(σphot+σpair+σ0)e±nLPγPeσpol

Asymmetry

δ (L) =
T+ − T−

T+ + T− ≈ nLPγPeσpol

Photon Polarization

Pγ =
δ

nLσpolPe
=

δ

AγPe
Aγ = Analysing power

Andreas Schälicke DESY, Zeuthen

Polarized positrons for the ILC
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Experimental setup
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Experimental setup
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Experimental setup
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Preliminary results
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Preliminary results

Energy deposition in CsI crystals

I all 9 crystals see
positron signal

I good signal
background
separation in central
crystal

I detail analysis needed
to obtain asymmetry
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Preliminary results

Background substraction
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I analyser polarity is fliped from plus to minus

I different analysis methods and cuts give similar results
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Preliminary results

Background substraction
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I analyser polarity is fliped from plus to minus

I different analysis methods and cuts give similar results
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Preliminary results
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Preliminary results
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approx. number of signal points : 550 000
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Preliminary results
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Preliminary results
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Preliminary results
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Preliminary results

Positron/Electron asymmetries
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I simulation of analysing
power needed to derive
degree of polarization
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Summary & Outlook

I Continue the implementation in Geant4
I first concentrate on E166 needs
I comparison with EGS (polarisation transfer)

I E166 analysis
I finalise asymmetry data analysis
I recalculate analysing power (using polarized G4)
I determine real positron polarization

I ILC polarized positron source
I Low-energy polarimeter
I Target optimisation
I Source efficiency studies

G4 polarization group:
R. Dollan, H. Kolanoski, K. Laihem, T. Lohse, S. Riemann, A.S., A. Stahl, P. Starovoitov
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“It is remarkable that it is more difficult to think of methods of
detecting polarization, which seems apt for realization, than of
methods of producing polarization.”

H. A. Tolhoek, Rev. Mod. Phys. 28 (1956) 277.

Andreas Schälicke DESY, Zeuthen
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