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Introduction

Characterize particle by:

1) Charge
2) Mass

3) Energy Classical Spin Vector S

Polarized particle beam:

Control of polarization.




Use of polarized beams

SLC Z-physics with less luminosity than LEP.
However: Polarized electron beam!

More precise measurement of electro-
weak mixing angle than in LEP!

+ many more (RHIC, ...)

LEP Precise calibration of beam energy (10°°)
Accurate mass and width of the Z
LEP prediction of top mass (standard model)




Spin Motion

Thomas-BMT equation:

Polarization should point into vertical direction!

For physics:

Manipulate the polarization vector!




Energy calibration

E [MeV]
LEP 44717 44718 44719

example
(resonant
depola-
rization)

0.48 0.482 0.484
v-101

Accuracy:
0.15 MeV or 3.4e-6

Not possible for linear colliders:
(no polarization required)




The Compact Linear Collider (CLIC) study at CERN:

Goal: Study a as an option for CERN'’s
long-term future with innovative two beam acceleration scheme
(no klystrons for main beam)

Collaborations with:

GANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
{:{} NUCLEAR RESEARCH

CEA/CESTA, Le Barp (France) LAL, Orsay (France)

IHEP, Protvino (Russia) LLNL, Livermore

LBL, Berkeley (USA) INFN, Frascati (Italy)
A3TeV ere- Linear Collider SLAC, San Francisco (USA) JINR, Dubna (Russia)
Based on CLIC Technology Stockholm University (Sweden) KEK, Tsukuba

(Japan)

Techrische Universitat, Berlin (Germany)

R.W. Assmann, F. Becker, R. Bossart, H. Burkhardi, H. Braun,
G. Carron, W. Coosemans, R. Corsini, E.T. D'Amico, J.-P. Delahaye,
. Doebert, S. Fartoukh, A. Ferrari, G. Geschonke, J.-C. Godot,
. Groening, G. Guignard (Editor), S. Huitchins, J.-B. Jeanneret,
. Jensen, J. Jowett, T. Kamitani, A. Millich, O. Napoly (Saclay, France),
The CLIC Study Team . Pearce, F. Perriollat, R. Pittin, J.-P. Potier, A. Riche, L. Rinolfi,
. Risselada, P. Royer, T. Raubenheimer (SLAC, Stanford, USA),
. Ruggiero, R. Ruth (SLAC, Stanford, USA), D. Schulte, G. Suberlucq,
I. Syratchev, L. Thorndahl, H. Trautner, A. Verdier, I. Wilson,
W. Wuensch, F. Zhou, F. Zimmermann

What are the issues for polarization at multi-TeV?
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Generation of polarized beams

Storage rings:  Sokolov-Ternov effect (spin-flip
asymmetry from synchrotron radiation)

Cannot be used for linear collider beams (too slow)...

Linear collider approach (all similar):

1) can be produced directly, using
polarized laser light and a photocathode

2a) Use high energy electrons to generate ~100 MeV photons
in a high Z material (bremsstrahlung). Obtain
from pair production in same target.

2b) Use high energy electrons (unpolarized) to generate circularly
polarized photons (helical undulator or Compton scattering).
Obtain from pair production in target.




1) Production of polarized electrons (SLC):

YA mped H
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SLC used: Strained Ga As photocathode.
Lasers controlled by 10 feed-back and
4 feed-back systems.




Parameters:
parameter

NLC-II  CLIC

bunch ch. (10!Y e™)
total ch. (10'° e™)

(re’y on SLC av. pulse current (A)
experience, pulse length (ns)
NLC studies) beam polarization

CLIC is OK!

2.8 0.4
252 62
3.2 1.0
126 103

~80% ~ 80%

F. Zimmermann

SLC source performance:
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2) Production of polarized positrons (TESLA):

K. Floettmann (DESY):

Principle: Use 250 GeV electron beam and send through
helical undulator to produce circularly polarized
photons. Pair production in thin target.

matching collision point
A and collimation 4 adiabatic
matching

device

helical undulator ~100 m
solenoids &
accelerating
structures




Study for CLIC (T.

Use 1.5 TeV beam

Calculate energy
loss in undulator:

Undulator:

Length:
Field:
Wavelength:

Energy loss:
Energy spread:

Kamitani)

.03 J 23
103.5
SB2Z0EHIS
1871.

10000 15000 20000 2500 30000 35000 40000 45000 S0000
MeV

(twice smaller than design)




3) Production of polarized positrons (JLC):

T. Omori

KEK Preprint 99-188
March 2000
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Advantage: Physics beam unperturbed. Disadvantage: Many laser. Additional linac.
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Spin Motion

Thomas-BMT equation:

Polarization should point into vertical direction!

For physics:

Manipulate the polarization vector!




Design spin manipulations (NLC)

P, E mmada damping ring
et al "

energy
.. (2n+1) x ..
220 MeV

injection line

extraction line
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Estimated depolarization: 0.5 % - 1.0 % (F. Zimmermann)

Much smaller than expected level of polarization (60%-80%)




Depolarization due to beam-beam
Studied by Chen and Yokoya in 1988. Estimated for CLIC by F. Zimmermann.

Two effects:

1) e+/e- radiate.
can occur (like Sokolov-Ternov).
Longitudinal polarization is reduced.

Estimate for CLIC: AP =
(luminosity weighted)

y)) in beam magnetic field:

Estimate for CLIC: AP =
(luminosity weighted)




Strength of collisions

w2
102 16-! 1@

T [ 1 ] ~ 2aw'er
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parameter symbol SLC NLC CLIC
‘collision strength’ Ex,y 1 8 30
Upsilon T 2x107% 0.3 8.1
photons per e~ (e™) N, 1 1.4 2.3

F. Zimmermann

CLIC has larger "tune shift", larger number of photons
emitted...
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Measuring Polarization
Polarimetry well established at SLC, HERA, LEP, ...

Issues at CLIC:  Diagnostics on spent (disrupted) beam
including polarimentry. To be designed.

Nd-YAG Laser

LEP polarimeter: | Tk

Rotierende
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Electrons:

Positrons:

Conclusions

Expect above polarization for CLIC beam.
Well established experimental basis.

Two different schemes promise polarization
for CLIC beam.
No experimental basis.

Uncritical. Well established experience.
Expect ~ depolarization.

Well established experience for
Study spent CLIC beam diagnostics.

25% depolarization (
Different compared to other designs.
Trade-off luminosity - polarization.



