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Demonstration experiment for production of polarized e*
(FFTB) at SLAC with

helical undulator produces
undulator radiation (Balakin & Mikhailichenko 1979)

Conversion of photons to positrons in 0.5 X0 Ti-target
of polarization of photons and positrons by

Undulator
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demonstration

The polarization of the positrons depends on the
in pair production
Fronsdal & Ueberall (1958); Olsen & Maximon (1959)

In order to in
undulator based production of polarized positrons
the experiment

The design of a (with or without polarized
positron) depend on this

El166 aims for a in the measurent of the
polarization of the positrons. That it sufficient to
demonstrate that

works
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Elertron Mam Lanac

The >150 GeV electron beam is used for the production
of polarized positrons

Electron beam passes a (50% surplus)
After conversion, the positrons are captured
They collide with a later e- bunch train

Design for NLC

- Electron Maim Linac
Undulator Bypass Le i : :

| 8 eV L-Band Linac

Helscal Undulator
Phaton Dnft

Redusdant Targets and

Polanzed Electron Gum .,
2 = ToPostron Pre Damping Ring
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magnetic field
Wire wound
Inner diameter (E166)
Magnetic field: (E166)
Pulsed current:
Rate (E166)

Parameter | TESLA
Length ~200 m
Beam ~200 GeV
Period 14 mm
Strength K |1
Cutoff ~20 MeV

Positrons/ 3 x 1010
bunch




s (TR M Target and
international Polarized Positron Colfaboration ) Sp e CTP O m eT er‘

Target: Ti or W-Re, yield 0.5 %
Energy spectrometer:
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Polarization / dN/dE

W-Re 0.5 X0

reconversion target / Csl detector

/ iron analyzer /

1

Extraction |

to photon
polarimeter

, T S T
primary target neutral beampipe

Pos. energy (MeV)
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Compton scattering photon and e
Either measurement of scattered photons or of

Pol. Compton Cross-section

—nL (O-phot +O-pair +O-(:ompO ) ei nLP}/ I:)eo-pol

T -T"
5('.) = ﬁ = nLPeP70'P0|

By knowing P.=> > can be calculated:
o o

Crosssection (barns)

Incident Photons Magnetized Tron Block Transmitted Photons

W AR
////// % VAAARAR A

I‘i 15 cm 4% Photon Counter
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are re-converted to

In reconversion target
(W with 0.5 X0)

Polarization of photons
measured by

Polarization_and._counts _.

Energy weighted signal oo

(iron center) (detector face)

5
ln K.P.Schiler - 15. Mar. 2004

o) | Csl - Calorimeter Detector
Anal net {behind lead shielding

(background supress.) e

Undulator ~ 80°
t beam

neutral beamline
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.DESY Zeuthen and Humboldt University Berlin®
Pack in a stack

" _ CsIcrystals: ~6 cm X 6 cm X 28 cm from DESY

->~ 6.1 GeV
Readout by PIN diodes (large linear dynamic range)




enmacSgl "IN diode readout of
International Polarized Positron Collaboration ~§ p r' o) '|" 0] '|‘y p e

- PIN diodes from

* Preamps from . — Outer RF-shield:
» Shaper electronics fr 1Y / brass housing
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Feed-through o 8-

RF-filter on power preamp-housing
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Calibration with
line

Calibration with

MC studies: Peak at

Signal at

Calibration with Th228

/
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Now: Gamma spectrometer

Experimental

setup

[
0s' 15"

" [ssate in Meters]
4 x 10° photons

\

5x106 phE

Movable Target
Ti, W05 RL

_F:'s:rla rlzd \ —

Prafile

|
- 4 x 10° photons  entwawn HE

= s
=

Reversible Magnetization

Spectrometer

25" 3.0l

x 10% phE

2.0l
Pb Shielding

Flux Counter

Maonitor

;.x107e F1)

Re-convergiin

4 x 10° e*,..

Il ==- Collimation

Analyzer Magnet -
(7.5cm long x & cm dia.) Csl = CalormetegDetectar

{behind lead sMelding)

Positron Spectrometer

I Scalein Meters

South Wall of FFTB

1.6 x 103 photons of ftotal ~

SiW Calorimeter

4 x 107 photons ~ 500 TeV

6 GeV
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Aerogel energy threshold: 4.3 MeV
> Photon flux measurement
Si-W calorimeter

> 4 x 4 Stack of Air light pipe
( ThiCkHQSS) Aerogel,
- Up TO Signal Undulator

n=1.007 \
» Total of undulator photons photons 4K
2cm | — “—mirror

4 x 4 array of pads i
each 1.6 x 1.6 cm?

4 longitudinal samples,
each 5 X, deep
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- Collection efficiency and transport efficiency of positron
Transport system

~ Needs aparture of CsI calorimeter (~14 degrees)

(not scattered photons) mixes with
(background)

- Effective analyzing power of positron polarimetry needs
to be determined by complicated

- Electrons scatter at undulator and back splash from e-
beam dump

- Optimized beam and strong shielding
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Status of
Subcomponents

Component

Helical undulator

Status
0.5 m prototype

Institution
.Cornell University"

Positron transport
system

In design

.Princeton University"

Analyzer magnets

In construction

.DESY Hamburg®

CsI calorimeter

Prototype

.DESY Zeuthen/
HumboIdT Unversity
Berlin

Si-W calorimeter

Ready

~University Tenesse"

Aerogel counters

Ready

.Princeton University"

DAQ and Readout

Ready

~SLAC"
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El66 isa of production of
polarized positrons for future linear colliders

Uses the FFTB at SLAC
by SLAC in June 2003

All components or prototypes work properly




The end




10 MeV'y’

50GeVe E-16 6 AP

international Polarized Positron Collabaration




10 MeV'y’

e aaS S | ndulator radiation

international Polarized Positron Collabaration

Photon Helicity to 4™ order
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Uses the FFTB of 28 GeV at SLAC

Background run
results

Detectors installed in funnel
Runs in parallel with current experiments
Measures the background for all detectors

Detector

CsI calorimeter

Expected
signal

6 GeV

Max. allowed
background

100 MeV

Measured
background

Si-W calorimeter

500 TeV

25 TeV

Aerogel upstream

2 x 10° phot

1 x 108 phot

Aerogel downstream

5 x 107 phot

3 x 10° phot
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in addition to polarized
e-beams
> and
in electroweak asymmetry measurements

- Selective enhancement (or reduction) of many
SM and non-SM processes:
(ete->WW,Z,ZH couple only to e, eyand e'pe; )
~ Acess to many
- For physics using transversly polarized beams

both beams e* and e- must be polarized:
eg. extra dimensions

- Improved accuracy in measuring polarization
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Two polarized beams result in a higher efective polarization
and lower errors in electroweak asymmetry measurements

1%

o
2
3 JP for3 PP

g

Q.1 Q.2 03 O.fl 0.5 . 0‘6_
Positron Polarization
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Transverse polarization of both beams allows
separation of new physics, eg. extra dimensions

1/N dA/dz
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Separation of selectron pairs in
e'e” ->e | g eq)

sigma [fb]
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The
of the
analyzer magnet

IS given by

_, 91 M 2

-200.0
0

-~ — 7% Compaonent: BMOD

R— 0.0213657

Pe
g N

Coil operated at
15 cm x5 cm x
:5cm>*5cm*
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.Princeton University"

Counters from BELLE experiment
Aerogel produces Cherenkov light
Energy threshold: 4.3 MeV
Conversion probabilty: 0.0003
Extremly low refraction index 1.007

Air light pipe
Aerogel,
n =1.007 \\
Undulator
photons S
2cm— ~— —mirror
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.University Tenessee"

From E-144 design

Stack of %
( thickness) T T

4 x 4 ar‘r‘ay A' 4 4 ) IA : ;g:gsftuxc:‘ﬂ:jaj'ees:mpfes,
Up to signal

total of undulator
photons
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CsI Crystal Property

Properties:

= light yield 70.000 ph. / MeV

= temp. coeff. 0.1%/°C
* peak emission 565 nm

» decay time 940 nsec
* index of reflection 1.79

= density 4.51 g/cm3

= radiation length 1.86 cm
» Moliere radius 3.8 cm

= ‘'soft material’ / slightly hygroscopic

» dimensions: =5 x 5 x 30 cm?3
= weight: = 4 kg

* doping: Thallium =100 p.p.m
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We resolve signal at 1.1 MeV
Energy resolution (sigma of pedestal): ~ 250 keV
At SLAC we probably use Th?28 ~2.6 MeV gammas

ADC Channels ADC Channels

2\/

4588885888
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- Tt is also possible to calibrate with cosmics
* They deposit about 36 MeV in Crystal

il

530 540 550 560 570
ADC Counts
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Photoelectron Yield

Standard Crystal: 7400 + 60 ¢ / Me¥
{measured daily)

mean: 7301 e f MeV
112 ke

164 ke¥Y 7 crystal 32 keV fcrystal
[2 pzshaping thme)

2600 S000 5400 SHd0 6H0 G600 TR 7400 TED0 S200 §600 D000 Q4900 OH00 10200

1 £/ MeY
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Measurement of noise: 59.5 keV gamma from Am 241 source
creates signal of ~16500 PhE in PIN diode

- noise of preamp (pedestal sigma) is about ~ 1100 PhE

PIN diode signals (one PIN diode)

Counts
-.4
=

Noise of preamp is about ~1100 PhE
Pedestal

Am241: 59.5 keV = ~16500 PhE
(Calibration of PIN Diode)

600
500
400

(with crystal)

g

Cosmics: ~6 MeV => ~22000 PhE

= Conversion factor of test crystal:
one diode: ~ 3670 PhE/MeV
(=> 2 diodes: ~ 7340 PhE/MeV)

3500 4000
ADC channels
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Prototype

has gain 1 and 32

- CAMAC ADC

’

‘D microsec gate

-> effective 15 bits

->~

- PIN diodes from

* Preamps from

» Shaper electronics
from
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™ y _._‘{ |- punting House

Signal calby

RF—shleld

Tunnel
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source calibration

typ. energy 1 MeV
min. res. 100 keV/bin

data taking

typ. energy 1GeV
max. energy 5 GeV

SLAC: LeCroy 2249 W:
+ CAMAC Q-ADC

< 11-bit

Zeuthen: CAEN V265
* VME Q-ADC

<+ 12-bit resolution

< 15 bit dynamic range
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CsI Calorimeter:
Crystals

up to 10 MeV
max 5 GeV

CsT crystals: ~ 6 cm X 6 cm X 30 cm
from DESY

Radiation length: 1.86 cm
Moliere radius: 3.8 cm
About 80.000 phot / MeV
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Outer RF-shield:
brass housing
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O
-
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N

Feed-through Inner RF-shield:
RF-filter on power Cu-wrapping + preamp-housing




