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The International Linear Collider

ILC layout
> luminosity £ =2 103 em 257!, Egms = 500...1000 GeV
(remember LEP1 £ =2.4-103' em=2s71)
> goal integrated luminosity in first 4 years : 500 fb~*
» machine parameters very flexible

» nominal operation: 1ms bunch trains with 2820 bunches,
5Hz repetition rate (bunch interval 308 ns)

F. ASHUSLAC 11-20-2005
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Why do we need polarized positrons at the ILC?

Why do we need polarized positrons at the [LC?

» higher effective luminosity Leg

» higher effective polarization P and less dependence on
polarization uncertainty

» improved signal/background ratio
» unique understanding of non-standard couplings

» 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
eTe™ annihilation into vector particle (v/Z°)
only o ,r and ogy, contribute

op, p =1 =Pt Po-) 00 [ — Pegr ALR]

P_ -

o = ORL + OLR _ OLR — ORL o= € et

4 OLR + ORL 1 —Pe+Pef

Peff (1_Pe+Pe’)
P =0, P+=0 0% 1.00
P, = —-100%, P+=0 —100% 1.00
P, = —80%, P+=0 —80% 1.00
P = —80%, Py = +60% —-95% 1.48
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Why do we need polarized positrons at the ILC?

Higher effectiv luminosity and higher effective polarization
eTe™ annihilation into vector particle (v/Z°)
only o ,r and ogy, contribute

Op,—p,+ — (1 - P6+Pe*) 00 [1 — Pegr ALR]

ORL + OLR OLR — ORL P,- — P+

o) = —"— =——— Pg=—"—F—7—

4 OLR + ORL 1— P+ P,

P.g (1 —P+P,-)
P_—0, P.=0 0% 1.00
P = —100%, P =0 ~100% 1.00
P =-80% P4 =0 —80% 1.00
P =-80%, P4 =-+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 Arr

errors completely independent errors fully correlated

0 0
0O 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

P+ [%] Per [%]

Positron Polarisation needed to reach Asin? 9!z = O(107°)
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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 Arr

g 20 e
2 peff :ﬁ * P'=0.8
App = 2(1 — 4sin® 6y) 3 16 =X
1+ (1 — 4sin?65) il
12 \
> measurement of sin? i "’
at GigaZ ’
6
» employ Blondel scheme .
with 10% run time at s T
o4+ and o - Mo 01702703 04 05 06 07 08 09 1
"
Positron Polarisation needed to reach Asin? 9!z = O(107°)
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Why do we need polarized positrons at the ILC?

Separation of production processes

(P.-,P.+) ete” — Huo | eTe” — HZ
(10.8,0) 0.20 0.87
(—0.8,0) 1.80 1.13
(70.8,-0.6) 0.08 1.26
(—0.8,+0.6) 2.88 1.70

(P Por) [efe —WIW™
(+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 éfég and éfég
L, OXBRIf] P = +00%

» check SUSY assumptions Vs =500 GeV
el — e and 250 Ef °R
LR LR
- 5= 200 |
LR 77 €RL
- on 150}
P 100 | e
0 50 L .
o b= :
N -100 -50 0 50 100
»,
B P+ [7]
&+
L,R

Separation of selectron pairs only posible with both beams polarized.
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Why do we need polarized positrons at the ILC?

Option of using transversely polarized beams

signatures of extra dimensions in fermion production

1 dA”
N d(cos )

AL

do

¢ d cos 0d¢ B

do
/, ¢ d cos HdQJ
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e
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e~ — cC
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ADD
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Andreas Schilicke

cos 0

DESY, Zeuthen

Polarized positrons for the ILC



Motivation
[ le]

How are polarized positrons produced?

Positron source at SLAC

Solenold

W(\JIIIII/J//IIIII/\W =] N I
||| 1

( AV /LA =N
7/ r =
high energy linac 1-30 GeV W-Re alloy  Device

» 30 GeV electron beam
hits W-Re target

» pulsed at 120Hz,
1 bunch/pulse

» heat load 24kW
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How are polarized positrons produced?

How are polarized positrons produced?

P
e solenoids
]
L S -

Y- beam = to

Adiabatic SEEEEES AN
target Matching accelerating ing
unauiator ~1uum 0.4%  Device structure
W Ti-alloy
Ti wheel, 1_m dia., 100 mis a8
42 em ik — " » electron beam through
N ES - Ai .
‘ R % e helical undulator =
Beam path BE boor )
¢ . polarized photons
Move wheel 1-4 cm :| N Flexible water > phOtOn bea m h itS th i n
to reduce radiation |} coolant line .
damage Ti target
L Rod to move

wheel horizontally | 4 pulsed at 5HZ.
2820 bunches/pulse

onvanns » heat load 135kW

Andreas Schilicke
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Polarization at Zeuthen?

Positron source for the ILC
DESY Zeuthen
> optimization of polarization at production

» measurement of polarization near source

Primary e
source

> transport of polarization

Beam Delivery
System

Positron Linac

Helical
Undulator
In By-Pass

Target e

Photon
Beam Dump

Photon
Target

Auxiliary e

Source e* pre-accelerator
~5GeV
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Polarization at Zeuthen?

Positron source for the ILC

DESY Zeuthen
> optimization of polarization at production

» measurement of polarization near source

Primary e
source

> transport of polarization

Beam Delivery
System

Positron Linac

Helical
Undulator

%m = BN
.I Photon

Auxiliary ISt
Source

Photon

e* pre-accelerator
~5GeV
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Polarization at Zeuthen?

Positron source for the ILC
DESY Zeuthen

> optimization of polarization at production

» measurement of polarization near source

Primary e
source

> transport of polarization

Beam Delivery
System

Positron Linac

Helical
Undulator

%m =
.I Photon

Auxiliary ISt
Source
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Polarization at Zeuthen?

Polarization at Zeuthen?

EUROTeV WP4 : Polarized Positron Source
» Low-energy polarimeter
» Spin rotation and flip system

» Contribution to overall-design

Demonstration Experiment E166

» Helical undulator

» Production of polarized positrons P

. foMevy [T~ @
. . seve [TFE 166
» Positron polarimeter .

International Polarized Positron Collaboration
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Polarization in Geant4

Why do we need Polarization in Geant4

Where do we study polarized processes?
» Polarized Positron source for an International Linear Collider
» Demonstration experiment E166 at SLAC

Why are polarized interactions at low energy important?

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

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

We want :

> to gain detailed understanding of all processes involved!

Andreas Schilicke DESY, Zeuthen
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Polarization in Geant4

TARGET Diagnostics (Polarimetry)
Gammas: Cross sections polarization dependent

GammaConversion *Compton Scattering +
*Bhabha Scattering

*Moller Scattering

*Positron annihilation in Flight

*ComptonScattering ~a

*PhotoElectricEffect
Electrons and Positrons:
*MultipleScattering

+Ionization

*Bremsstrahlung

Polarization tracking
(depolarization effects ?)

S
Qo\° & o‘“
,(o
MAGNETIC FIELD: } < S 0.5 X0 W (Tungsten) > E166
X0 W (Tungsten) = 3.5 mm

Andreas Schilicke DESY, Zeuthen
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Existing Monte Carlo codes

Existing Monte Carlo codes

» EGS, polarization extension by K. Fléttmann
» considers polarization transfer only
» simulates Pair production, Bremsstrahlung, Compton
» suitable for target studies
» Geant3, polarization extension by V. Gharibyan/P. Schiiler
> concentrates on asymmetries
» simulates Bremsstrahlung, Compton (polarized target)
» suitable for low-energy Compton polarimetry

Andreas Schilicke DESY, Zeuthen
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Existing Monte Carlo codes

Existing Monte Carlo codes

» EGS, polarization extension by K. Flottmann

» considers polarization transfer only
» simulates Pair production, Bremsstrahlung, Compton
» suitable for target studies

» Geant3, polarization extension by V. Gharibyan/P. Schiiler

> concentrates on asymmetries
» simulates Bremsstrahlung, Compton (polarized target)
» suitable for low-energy Compton polarimetry

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

Andreas Schilicke DESY, Zeuthen
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Polarization in Geant4
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Existing Monte Carlo codes

Existing Monte Carlo codes

» EGS, polarization extension by K. Flottmann

» considers polarization transfer only
» simulates Pair production, Bremsstrahlung, Compton
» suitable for target studies

» Geant3, polarization extension by V. Gharibyan/P. Schiiler

> concentrates on asymmetries
» simulates Bremsstrahlung, Compton (polarized target)
» suitable for low-energy Compton polarimetry

no complete simulation tool for low-energy polarization studies!

» new polarization extension Geant4

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

Andreas Schilicke DESY, Zeuthen
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Back to the basics

Polarization in Geant4

Stokes parameter

Wave function

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

\I/(a:,t) =a1¥1 + as¥y

Jones vector :

la1|* + |ag* = 1

Spin density matrix :

p:a@a*:

Stokes parameter :

Andreas Schilicke

£E=

aya;
asa’

&1
&2
&3

ai
ag
Y1+ eo)
=- o
2
:aTo'a

Q
o
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N
Il
/N7 N7 N
. —= o
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Matrix formalism

Polarization in Geant4

Matrix formalism

Ao
My,
Mao

I Iy
=T
13 &o
Transformation Matrix :
S A
_ P My
r= Py M
Py M3

Andreas Schilicke

Mos

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

M3,
Mso
Ms3

» Differential cross section
» Asymmetry
» Polarization

» Depolarization and
polarization transfer

DESY, Zeuthen
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Polarization in Geant4
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Examples

Pair production in field of nucleus

I -D 0 0

0 0 0 —-L
= o 0 0 -T

0O 0 0 O

I=[p"+(p—k)?B+F(p,k; 2)) —2p(p— k) (1 + G(p, k; 2))
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 Schilicke DESY, Zeuthen
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Polarization in Geant4
0@0000
Examples

Compton scattering on electron at rest

I A 0 FE
=10 o ¢ m 0

F Gy Gy D
Independent of I=14cos’>0+ (kg —k)(1 —cosb)
electron spin S : A =sin26
(I,A,B,C,D) D =2cosf + (ko — k)(1 — cosf) cos
Dependent on B s 0k coaft K) . §
electron spin S : E = —(1 —cost)(kgcost + k) -
(E,F.G;,H;) F=—(1—cosf)(kcost + ky) - S

Andreas Schilicke DESY, Zeuthen
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Polarization in Geant4
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Examples

Compton scattering — Asymmetry

10°

Events

10?

10 L7

7
vt by by b Ly n by b b a a1

-1 -08 -06 -04 -02 -0 02 04 06 08 1
cos 0

Andreas Schilicke
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Polarization in Geant4
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Examples

Compton scattering — Asymmetry

(2]
-
c

10°

Eve
LI IIIIII

10?

E"""I

z

10

==
o—

ol b b b by b b Ly
-06 -04 -02 -0 02 04 06 08 1
cos 0

'
Ll L
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ARG

[
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Polarization in Geant4

[e]e]e] lele)
Examples

Compton scattering — Polarization transfer

0.5

0 2 4 6

Andreas Schilicke

E,/ MeV

P,-P,=+1
P, -P.=—1
P,-P.=0

DESY, Zeuthen
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Polarization in Geant4
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Examples

Compton scattering — Polarization transfer

o~ P,-P.=+1

!

0.5 single scattering

[ =)
T T T T | T T T T ‘ T T T T ‘ T T T T ‘ T

Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘
0 2 4 6 8 10
E,/ MeV
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Polarization in Geant4
[e]e]e] lele)

Examples

Compton scattering — Polarization transfer

P,-P, = +1

!

multiple scattering

E,/ MeV

Andreas Schilicke DESY, Zeuthen
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Polarization in Geant4
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Examples

Pair production

w 018
R
® ol
o1af
n [ Positron Polarization at the creation state
012
F = 1= » ——
o g =k e
£ T 08 g
o8- E ook : . . W'%‘#W :
F s 06— b b
o T T T P T P TN o £ Wm
I T E 0_4; ; WHM :
S 02F Tl
e % 0'23 Mﬁ*
e | © . s of !
o - b= = ﬁﬁ# t
Gl ¢ S 02 Wﬂf
/) e 8 Eift o
Y & —0.4%;‘ 5
- 8
+ -0.6=
@ £
0.8
| S R R FERTE N R SRS PR PR

o

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
e+ Energy keV
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Polarization in Geant4
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Examples

Pair production

dNIdE

8 9 1
energy E [MeV]

°
L e e

°

photon polarization

&

Andreas Schilicke

|
8 9 10
energy E [MeV]

Positron Polarization at the creation state

e+ Degree of Longitudinal Polarization

N

:} ; b .
0.2 EWW,W«, :

b b b b Lo b L Lo Lo Ly
JU 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
e+ Energy keV
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Polarization in Geant4
[e]e]e]e] o)

Examples

Pair production

dNIdE

8 9 1
energy E [MeV]

°
L e e

°

photon polarization

&
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|
8 9 10
energy E [MeV]

5000

Count

4000

3000

2000

1000

e+ Out of Target

T e+ will be out Target

T e created i Target

4\\\\\\\\\\\\ \\HH\H Lo Loy

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Energy [keV]

DESY, Zeuthen

Polarized positrons for the IL



Polarization in Geant4
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Examples

Polarization Library for Geant4

=
e - :

Dispose() Initialize() Initialize(
UstVolumes( XSection() XSection()

~ PolarizationMessenger) GetPoi3) GetPol30
IsPolarized) 7| SetNewvalue) < =
Setverbose) T GetCurrentValue( e e
Getverbose( \ = . .
sencvao st » independent library
IsActivated) Initialize()
GetpanicleFramexq PolarizedCompionCrossSeciion oozl i .
GelSpininPREQ i —Paseenl > pI’OVI es pO arize
Feazaioanagns T o Dcedrazd
s slcamp Dot process

N 4 +crossSectionCalcarar
|

i » can assigns a polarization

PostStepDoit) [SetTargetPolarization) | M
iR s e to any logical volume
ComputeAsymmetryPerAtom() GetTargetPolarization()

/;Mﬁ:emns.sm.mmmo > simple to include in

Crosssection)

)
~ IsApplicable() -~
N S 4
g‘ergiﬂiu "~~~ SecondariesAlongStep( <7 SampleSecondary) H N
e existing Geant4
== g
. i,
BuldPhysicsTable0 |, Folarized?:
-

%[t app lication

GetPolarization)
ProposePolarization(
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The E166 Experiment

The E166 Experiment

The E166 Experiment

Proposal:

» Demonstration of
polarized positron production
with a helical undulator

Status:

» approved in June 2003 Collaboration:

» about 50 people
» 15 institutes

» two runs, June and September 2005

» ~ 8.5 million events on tape

o . » from 3 continents
» analysis is ongoing

- F

. 10 MeVY / b
Seeve [ £ 166 H
\‘T

G. Alexander et al., 2003, SLAC-PROPOSAL-E-166. kntarmational Polanized Positron Collaboration

Andreas Schalicke DESY, Zeuthen
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The E166 Experiment
000

Experimental setup

Experimental setup

Conversion target

Polarized Photons

Polarized Photons;

= [Undulator ]
> initial e~ beam at 46.6 GeV

Il
Calorimeter

» helical undulator period 2.54mm

> W target .5 Xy = 1.75mm alyzing magret
> spectrometer selects 3...7 MeV positrons . ==
. \ = 1 4% CsT
> reconversion to photons i [~
> magnetised iron analyser R Pt

» Csl calorimeter

Andreas Sch.
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The E166 Experiment
o] e}

Experimental setup
Compton transmission polarimetry

Incident Photons m, u 1“ n Bloc Transmitted Photons

VN

15em Photon Counter

Otot = Ophot + Ocomp + Opair with Ocomp = 00 + P’yPeapol

Transmission

Ti (L) _ efnLU — e—nL(aphot—f—apaiT—&—Uo)einLPWPeopol
Asymmetry
T -1~
d(L) = T T ~ NLPyPeopo

Photon Polarization
1) 1)

" nLopuP. AP,

A~ = Analysing power

Andreas Schilicke DESY, Zeuthen
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The E166 Experiment
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Experimental setup
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The E166 Experiment
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Experimental setup
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The E166 Experiment
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Experimental setup
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The E166 Experiment
L o)
Preliminary results

Preliminary results

Energy deposition in Csl crystals

(G (G ey

» all 9 crystals see
positron signal

» good signal
background
separation in central
crystal

» detail analysis needed

to obtain asymmetry

Andreas Sch.
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The E166 Experiment
L o)

Preliminary results

Background substraction

CSX5 csx5_2
Entries Ta26 Enties 1255 10"
Mean 05106 Mean ososs |
100 RMS 04421 100 RMS 0447 F
2ot 2676119 2 I nat 2wasris | )b Fwhm=osss2s 0.12f FwHM = 0531288
Mean 05034100002
Gonstant 9189348 Constant 92342355 0=0223153 0=0225508
sof- 8o Sigma1 0198000045 Sgma1 047522 00021
Mean 05075200081 Mean  osooszooost|  12F Constamz 23515224 o1f Constant2 5 5368104 £ 2560
Sigma__0.2477£ 00079 Sigma__02431200081 Sgmaz____ 115218759 Sigma2 0382 001
i
6o oo0ef-
o8
0.06f
“oF osf-
004
04
20f
02k 002f
2 al sk s s L | s L
El 0 1 2 3 1 0 1 2 3 El 0 1 2 3

» analyser polarity is fliped from plus to minus

> different analysis methods and cuts give similar results

Andreas Schilicke DESY, Zeuthen
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Preliminary results

The E166 Experiment
L o)

Background substraction

cSx5 Csx5_2
Envies 10 Ervies T ~10°
Mean oszs | 100F Mean osae | 1oF
Rus oazas Rus oassn o
o Zinat 253811 gt 2ae | M rwiu=oserezr FWHM = 0590352
Constant 0262346 | 8O Constant 6752334 o= 0201158 o= 0.25068
12} sgna1 owresoozmz | 0
Mean  0s281:00081 Mean  05236+0.0068 2 Conen
Sgma_ 02454+ 00078 Sigma_ 0260600090 i3 samaz_oua4 sozus0 samaz_ouos 200179
eof- co|- oosf-
osf
0] 0.06f
y “or osf-
00af
0af
2of 2o
ook o0ozf-
Y. Pl Py bl 1 1 il 1 1 L
10 12 s 10 1 2 s 1o 12 s R T T T

» analyser polarity is fliped from plus to minus

> different analysis methods and cuts give similar results

Andreas Schilicke
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The E166 Experiment
L o)
Preliminary results

Preliminary results
Spectrometer current : 120 A
approx. number of signal points : 550 000

.

| |
100 50 200 750 300 )

%2 Tndf 2837191 I
1_po 0.009068 + 0.0007996

Andreas Schalicke DESY, Zeuthen
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The E166 Experiment
oe
Preliminary results

Positrons Electrons
100 A 120 A 140 A 160 A 180 A 160 A
< 0.55 0.82 1.05 0.95 0.91 1.36
E 0.19 0.09 0.07 0.09 0.12 0.05
% | 283/206 | 361/191 | 681/229 | 237/158 | 411/169 252/144
= 0.22 0.12 0.12 0.11 0.18 0.07
M 0.60 0.89 1.00 0.84 0.97 1.32
E 0.18 0.09 0.07 0.09 0.12 0.05
© | 241/206 | 302/191 | 647/229 | 237/158 | 370/169 271/144
= 0.20 0.11 0.11 0.11 0.17 0.07
o 0.62 0.89 0.99 0.90 0.89 1.35
E 0.15 0.07 0.05 0.07 0.09 0.04
® | 223/206 | 342/191 | 905/229 | 252/158 | 481/169 309/144
= 0.15 0.10 0.11 0.09 0.16 0.07
[a 0.62 0.91 1.00 0.89 0.96 1.32
3 0.16 0.08 0.06 0.08 0.10 0.05
f;,' 185/206 | 283/191 | 660/229 | 230/158 | 360/169 252/144
= 0.15 0.10 0.10 0.09 0.15 0.06

Andreas Schilicke
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The E166 Experiment
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Preliminary results

Positrons Electrons
100 A 120 A 140 A 160 A 180 A 160 A
< 0.55 0.82 1.05 0.95 0.91 1.36
E 0.19 0.09 0.07 0.09 0.12 0.05
% | 283/206 | 361/191 | 681/229 | 237/158 | 411/169 252/144
= 0.22 0.12 0.12 0.11 0.18 0.07
M 0.60 0.89 1.00 0.84 0.97 1.32
E 0.18 0.09 0.07 0.09 0.12 0.05
© | 241/206 | 302/191 | 647/229 | 237/158 | 370/169 271/144
= 0.20 0.11 0.11 0.11 0.17 0.07
o 0.62 0.89 0.99 0.90 0.89 1.35
E 0.15 0.07 0.05 0.07 0.09 0.04
® | 223/206 | 342/191 | 905/229 | 252/158 | 481/169 309/144
= 0.15 0.10 0.11 0.09 0.16 0.07
[a 0.62 0.91 1.00 0.89 0.96 1.32
3 0.16 0.08 0.06 0.08 0.10 0.05
f;,' 185/206 | 283/191 | 660/229 | 230/158 | 360/169 252/144
= 0.15 0.10 0.10 0.09 0.15 0.06
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Preliminary results

Positron /Electron asymmetries
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Summary & Outlook

» Continue the implementation in Geant4
> first concentrate on E166 needs
» comparison with EGS (polarisation transfer)
» E166 analysis
> finalise asymmetry data analysis
» recalculate analysing power (using polarized G4)
» determine real positron polarization
» ILC polarized positron source

> Low-energy polarimeter
» Target optimisation
» 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 Schilicke DESY, Zeuthen
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