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Material science

=
Spin-polarized positron spectroscopy (eV-MeV): eT annihilation to
study the magnetic properties of ferromagnetic materials.

CEBAF
DVCS (6-12 GeV): polarized beam charge asymmetry

d55-'_ — d553+ XX TBH%e[TDVCS] + ’D/ 8 TBH%m[TDVCS]

Colliders
ILC/CLIC (TeV): €€ affects effective luminosity.

Leff = (1 == 'De— Pe+) X Lo
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@ Polarized beta-plus decay:
used in material science
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@ Compton scattering: colliders

Mlaser
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T iy, g
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1-6GeV gy

A. Kuriki et al. AIP Conf. Proc. 980(2008) 92
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€t @ JLab
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€' source based on €~ beam

‘ e+ source based on longitudinally polarized electron source

¢
— - _e>+ e
€7 m—) — 4{-}.
Brem Pair e e | fr o e
Po- T —
E.G. Bessonov, A.A Mikhailichenko, EPAC96, p. 1516-1518 er

bqulGaAs Straine? GaAs Superlattice‘GaAs

75%

75%

SOpA

100pA

150pA

100pA

T
All operating with suitable photocathode
lifetime to sustain weeks of operation J. Grames et al., in Proc. of the 2007
Particle Accelerator Conference, p. 3130

Development of high-P, high-I e- sources over last 2 decades offer capability to be a
~1 MW beam driver for a polarized e+ source at CEBAF injector (10-100MeV)
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Polarization transfers

Polarized positron production:

—
+

— —
e > 'Y > €
Bremsstrahlung Pair production

Polarization transfers for bremsstrahlung and pair creation were
calculated by Olsen & Maximon in 1959.

A <05 No nucl. screening
1/3
A= %Lﬂm 0.5 < A <120 Intermediate screening
120< A Complete screening

H. Olsen, L. Maximon, PR 114 (1959) 887
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O&M calculations @ 60 MeV
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Bremsstrahlung
0~ = 0.41 mrad

01 02 03 04 05 06 07 08

0.9 1
Eve,

Pair creation
0.+ = 0.41 mrad

01 02 03 04 05 06 07 08 09 1

e,

= Some features of O&M calculations
are not valid for fractional energy ~ 0 and ~ 1

(Coulomb corrections ? Screening ? Relativistic approximation ? ...)

Jefferfon Lab L-PSC




€
oeo

O&M calculations @ 60 MeV

Bremsstrahlung Pair creation
0~ = 0.41 mrad 0e+ = 0.41 mrad

- 05
F 0
C —_—P
-0.5— -0.5-
C —— P, Complete Screening — Pe.
T - —— P, Complete Screening
717 | 1 L T 1 L | I | PV AV A B A R A A AR A
: 01 02 03 04 05 06 07 08 09 1 : 01 02 03 04 05 06 07 08 09 1
E/E. E.J/E,

= Some features of O&M calculations
are not valid for fractional energy ~ 0 and ~ 1

(Coulomb corrections ? Screening ? Relativistic approximation ? ...)

= Selecting complete screening Jefferdon Lab P
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O&M calculations @ 3 MeV

Bremsstrahlung Pair creation
0~ = 0.41 mrad 0e+ = 0.41 mrad

g-F g™f v
gt &8k
2 F = F
a® 1— =3 i
[ > [
g r S r
g 3
0.5/ 505/~
= o f
of of~
C Py, C
-0.5— -0.5—
E P, Complete Screening F P,
-+ B3 P,. Complete Screening
-1 I, Il L L L L L L L -1 I, Il L L L L L L L L
- 01 02 03 04 05 06 07 08 08 1 01 02 03 04 05 06 07 08 08 _1
E/E, g/E,

Unphysical results = Correction: —1 < Per jopg < 1

Polarization transfers are currently re-visted

E. Tomasi-Gustafsson, E. Kuraev, in progress

Simulations are performed in the complete screening case.
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Source considerations
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— 4 — €' simulations

Positron production and polarization simulations with Geant4

Implementation of Olsen & Maximon's polarization transfers.
+ Cross-sections
+ Depolarization due to other processes
(Moller, Bhabha, Compton scattering, ionization ...)
R. Dollan, K. Laihem, A. Schilicke, NIM A559 (2006) 185

= Study of the source properties
e’ vyield

e’ polarization
FoM
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e’ polarization / yield distribution

Polarization transfere "0 e* at 60 MeV

- 80— 10°
CEBAF: gt

o E, =60 MeV £ 1

o /- =1mA S

@ Polarization= 85% g o
o Target: W, 100 um g
-4Q
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Source considerations
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"source” characteristics for E,-=60 MeV

Simplistic cuts: Af.+ = £10° and AE.+=40.25 MeV

FoM = I+ [pA] X (Pet jong)? [%°]

e’ current (pA)
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Source characteristics vs E.-
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Source considerations
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and AE_+=%£0.25 MeV
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Source considerations
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Target thickness

Target thickness for positron
production:

@ too small, EM shower is
limited

@ too large, the positrons are
stopped in the target

50 MeV

¢ integrated current ( pA)
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Source considerations
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Target thickness

Target thickness for positron 50 MeV
production:

80
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@ too small, EM shower is
limited

P
-]

El

8

2

¢ integrated current ( pA)
]

10|

@ too large, the positrons are
Stopped in the target 1 Target Thickness (mm) ~

Depolarization effects: significant for thicknesses above 0.2 Xj
A.P. Potylitsin, NIM A398 (1997) 395

Work in progress
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Experiment @ CEBAF
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Demonstration experiment

An experiment to test this concept of polarized positron
production:

@ A polarized electron beam (high-P, high-1)
® CW-SRF accel: ~ 3 — 60 MeV
@ A positron beamline with conversion target + e~ dump

@ Diagnostics for et /e~ polarization and yield

Electron gun Spectrometer Mott Polarimeter Spectrometer
85 % polarized -/ \
1 e \ J Y -
Y
Cryo-unit Stage A Cryo-units StageB
T<38MeV T < 60 MeV

Jefferdon Lab LPSC



Experiment @ CEBAF
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Compton transmission polarimetry

Polarized bremsstrahlung é* — 7

Magnet removes leptons

Photon transmission through a magnetized iron target
Asymmetry (~1%) due to the polarization sensitivity of
Compton scattering

o Calibration against the Mott polarimeter

| Integrating phdtm‘

scintiiator calorimeter
- . \\"\ .‘!/
= NANa — N ¥ Detector
— Vs ﬂu{\f m ] shielding
| - = " |
e
BeO Bops =
‘ | Iron

‘ Pheoton | Sweeping +

o coil
-

l Power supply
T. Zwart et al., in Proc. of the 2002 Jefferfon Lab L-PSC
AIP Conference CP675, p. 1011



Experiment @ CEBAF
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Experiment layout

G. Alexander et al. PRL 100 (2008) 210801

@ et and energy selection: dipoles + collimators

@ Compton transmission polarimeter

conversion

Sweeping magnet

W
N
|
H L
| T

- . E Magnetized :

Radiator collimator

G4Beamline picture
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Conclusion

@ The idea of A. Mikhailichenko appears to be an interesting

idea, but perhaps not tested because of limited electron
sources.

@ Development of e~ sources offers P = 85% and sustainable
mA currents possible.
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Conclusion

@ The idea of A. Mikhailichenko appears to be an interesting
idea, but perhaps not tested because of limited electron
sources.

@ Development of e~ sources offers P = 85% and sustainable
mA currents possible.

@ Calculations of O&M as implemented in GEANT4 provide
powerful but limited simulation tool
— test may be useful for understanding

@ Simulations: e yield ~ 1 nA and P.: ~ 60%

@ Simulations continue for beamline 4+ polarimetry — test at

CEBAF injector, install et beamline, polarimetry from
MIT-Bates.
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