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Positron Physics Opportunities

Interference « Two-photon physics (U P)
Physics « Generalized parton distributions (U,P)

Charged Current | * Deep inelastic scattering (U,P)
Physics « Charm production (P)

Standard Mode/ * Electroweak neutral coupling C5, (U,P)

Test of the { Search for a U-boson coupling to dark matter (U P)
 Lepton flavor violation (U P)

U = Unpolarized
P = Polarized
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Positron Physics Opportunities

U = Unpolarized
P = Polarized

Interference { «  Two-photon physics (U P)

Physi Generalized parton distributions (U P
Y= : {.P) Slow Positron Applications
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Positron annihilation spectroscopy (U P)
Spintronics (P)

Positronium spectroscopy (U,P)
Antimatter spectroscopy

Antimatter gravity

Energy production

Charged Current | * Deep inelastic scattering (U,P)
Physics « Charm production (P)

Standard Mode/ * Electroweak neutral coupling C5, (U,P)

Test of the { Search for a U-boson coupling to dark matter (U P)
 Lepton flavor violation (U P)
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Positron Physics Opportunities

U = Unpolarized
P = Polarized

Interference { «  Two-photon physics (U,P)

Physi Generalized parton distributions (U,P
hysics P (UP) Slow Positron Applications
( A A
Charged Current | * Deep inelastic scattering (U,P) « Positron annihilation spectroscopy (U,P)
Physics « Charm production (P) Spintronics (P)

Positronium spectroscopy (U,P)
Antimatter spectroscopy
Antimatter gravity

Energy production

Standard Mode/ * Electroweak neutral coupling C5, (U,P)

Test of the { Search for a U-boson coupling to dark matter (U P)
 Lepton flavor violation (U P)

e*e” Colliders Physics
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o Positron emission from a radioactive source is an electroweak
process, non-conserving parity, and creating right-handed positrons.

o The magnitude of the positron polarization increases with the
positron energy, however at the expense of the flux intensity.

= The life-time of the source is limited (months/years)
= The flux intensity is limited (106-108 e*/s)

Intensity [arbitrary units]
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p—ont+et+v,

o Positron emission from a radioactive source is an electroweak
process, non-conserving parity, and creating right-handed positrons.

o The magnitude of the positron polarization increases with the
positron energy, however at the expense of the flux intensity.

= The life-time of the source is limited (months/years)
= The flux intensity is limited (106-108 e*/s)

Intensity [arbitrary units]

Not performant enough for
an accelerator source.
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Photon Materialisation H. Olsen, L. Maximon PR 114 (1959) 887  E.A. Kuraev et al. PRC 81 (2010) 055208
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o In the vicinity of the electromagnetic field of a nucleus,
energetic enough photons (E, >1.022 MeV) create e‘e-
pairs.

o The circular polarization of photons transfer to the pair into
longitudinal polarization.
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Photon Materialisation H. Olsen, L. Maximon PR 114 (1959) 887  E.A. Kuraev et al. PRC 81 (2010) 055208
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o In the vicinity of the electromagnetic field of a nucleus,
energetic enough photons (E, >1.022 MeV) create e‘e-
pairs.

o4
S
I

[ Kuroev/Bystritskiy/Shatnev/Tomasi

s [ Z=82
L 6,=0.41mrd

<

o
>
I

| o The circular polarization of photons transfer to the pair into
; longitudinal polarization.
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Sokolov-Ternov Effect

A.A. Sokolov, I.M. Ternov Sov. Phys. Dokl. 8 (1964) 1203

o The synchrotron radiation of unpolarized positrons (electrons) in the magnetic field of a storage ring builds up
positron polarization in the opposite direction to the magnetic field.

Polarization builds up exponentially with a time
constant characteristic of the energy and the
curvature of the positrons

8 mg ¢’ P’
T= (~*20mn@HERA)
53 he? v

Requires a ring
at multi-GeV energies.

5/17
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Compton Backscatter NG | 1. Omori et al. PRL 96 (2006) 114801

o The scattering of a polarized laser light on a GeV electron beam generates high energy photons capable of
pair creation, while the initial laser polarization transfers to the photons.

Combined
" beam scalner e beam R
e irror .
P Bend Screns Sreens (R) (Compton scattermg) e beam (Pair creationD
ower
1 port Polarized e

mlf:t]ei Al t=1 mm < <

< R :

window I — 1.28GeV Polarized y-ray Tungsten Polarized ¢

Mirror(R)// Mirror e beam ) * ' Emax= 56 MeV
Compton chamber Circularly Polarized
(tri-cells) A Laser beam Laser Light <¢— Spin
$ . A =532nm
Collision point 7 Mirror (R)

<

‘Straight section4m lens f=5000 mm

The demonstration experiment was performed at KEK and reported an efficient propagation of the laser
polarization to the produced positron featuring a high longitudinal polarization degree.

P(et) = 73+ 15+ 19 %

September 22" 271 2024
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Compton Backscatter NG | 1. Omori et al. PRL 96 (2006) 114801

o The scattering of a polarized laser light on a GeV electron beam generates high energy photons capable of
pair creation, while the initial laser polarization transfers to the photons.

Combined
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Mirror(R)// Mirror e beam ) * ' Emax= 56 MeV
Compton chamber Circularly Polarized
(tri-cells) A Laser beam Laser Light <¢— Spin
* . A =532nm
Collision point 7 Mirror (R)
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‘Straight section4m lens f=5000 mm

The demonstration experiment was performed at KEK and reported an efficient n»-
polarization to the produced positron featuring a high longitudinal

P(et) = 73+ 15+ 19 %
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Undulator Photons G. Alexander et al. PRL 100 (2008) 210801 G. Alexander et al. NIMA 610 (2009) 451

o A high energy electron beam (multi tens of GeV) traveling through a helical undulator generates circularly
polarized photons suitable for polarized positron production.

01 = U e 1 ’;‘“ B
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= 0.06 402 5 ®
S 0.05E 4-0 § 9 60
%) = 3 = = N
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The demonstration experiment was conducted at SLAC with a 46.6 GeV electron beam and reported
high longtudinal polarization degree.

The polarized positron source at the International Linear Collider involves a 150 GeV electron beam
with a 231 m long undulator.

7117
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Undulator Photons G. Alexander et al. PRL 100 (2008) 210801 G. Alexander et al. NIMA 610 (2009) 451

o A high energy electron beam (multi tens of GeV) traveling through a helical undulator generates circularly
polarized photons suitable for polarized positron production.
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The demonstration experiment was conducted at SLAC with 2 46.6 ~~ and reported

The polarized positron source at the International Li . . 150 GeV electron beam
with a 231 m long undulator.
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TO[aTizedBTemSStTaﬁmng (PEPPo Collaboration) D. Abbott et al. PRL 116 (2016) 214801

o A longitudinally polarized electron beam generates in the vicinity of a nuclear field circularly polarized
photons which create within the same target longitudinally polarized e*e--pairs.
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J. Grames, E. Voutier et al. JLab Experiment E12-11-105 (2011)

The demonstration experiment was conducted at the CEBAF injector with a 8.2 MeV/c electron beam

reporting the lagest ever achieved polarization.
8/17

September 22"~ 271, 2024



.e:-:lq‘..: € A HO W ? Z. Voutier k!got-lé?rg

gl

TO[aTizedBTemSStTaﬁmng (PEPPo Collaboration) D. Abbott et al. PRL 116 (2016) 214801

o A longitudinally polarized electron beam generates in the vicinity of a nuclear field circularly polarized
photons which create within the same target longitudinally polarized e*e--pairs.
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J. Grames, E. Voutier et al. JLab Experiment E12-11-105 (2011)

The demonstration experiment was conducted at —_wor with a 8.2 MeV/c electron beam
reporting the lagest eve. ..ved polarization.
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TO[aTizedBTemSStTaﬁmng (PEPPo Collaboration) D. Abbott et al. PRL 116 (2016) 214801

o A longitudinally polarized electron beam generates in the vicinity of a nuclear field circularly polarized
photons which create within the same target longitudinally polarized e*e--pairs.
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. lectron beam polarization
v + beam polarizatio
The.PEPPo technigue has been selected for the Ce*BAF 80 BE 2 & 0.6 £ 0.7 % . 3
positron source. 60 *
v The Ce*BAF design involves a 120 MeV highly polarized

electron beam with a 1 mA beam intensity.

) N
= =
T TIT T[T
—e—

Positron polarization Py (%)

—

v The technique is intrinsically unlimited in polarization

and intensity.
v" Practical/technological limitations apply in terms of the

performances of the polarized electron source and the
capabilities of the positron production target.

100

Transfer efficiency €, (%)

(Ce*BAF Working Group) J. Grames et al. JACoW IPAC (2023) MOPL152

The demonstration experiment was conducted at —_wor with a 8.2 MeV/c electron beam
reporting the lagest eve. .cved polarization.
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Figure-of-Merit

o The Figure-of-Merit (FoM) quantifies the pol/arized performance of a source or a polarimeter from the
statistical uncertainty of a measurement.

A, is the measured asymmetry

P is the beam polarization Nt = No(l + PAp)
A, is the physics asymmetry
Nt —N~

Ay = L pA A, = — NN /1
mTNt4N- P mT N*+N-|N++N-" [2N,

» Ny is proportionnal to the beam intensity, the cross section of the process,
the detector efficiency, and the duration of the measurement.

Physics Polarization

A
=/ P= m/Ap
1 1
04y \/ZNOPZ FoM oF = 2N0A129<_\ FoM

N Analyzing power

September 22~ 271 2024
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Figure-of-Merit

o The Figure-of-Merit (FoM) quantifies the pol/arized performance of a source or a polarimeter from the
statistical uncertainty of a measurement.

A, is the measured asymmetry

P is the beam polarization Nt = No(l + PAp)
A, is the physics asymmetry
Nt —N~

Ay = L pA A, = — NN /1
mTNt4N- P mT N*+N-|N++N-" [2N,

» Ny is proportionnal to the beam intensity, the cross section of the process,
the detector efficiency, and the duration of the measurement.

Physics Polarization

_ Am
= A,

m/P
, 1 1
6P j— —
5A 2N0P2 FoM The FoM is defined as the ZNOAZZQ\ FoM

convolution of the < .
unpolarized yield and the squared polarization capabilities. Analyzing power

September 22~ 271, 2024
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Polarized Vield

H. Olsen, L. Maximon PR 114 (1959) 887

E.A. Kuraev et al. PRC 81 (2010) 055208
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o The positron yield (e*/e’) and polarization results from the convolution of two processes : the initial polarized
electron beam bremsstrahlung and the creation of e*e--pairs by the bremsstrahlung polarized photons.

BREMSSTRAHLUNG
I _I TTT TTr 1T | LU | LU | LT | L I LU | TTTT | TTTT T |
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07 | ]
~ f :
L o5 |- .
oo y
a r ]
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~ L ]
o i T, =10 MeV 1
£ 04 - ]
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03 [ .
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Y ;L —— No screening effects ]
01 Full screening effects
o _I 111 | 1111 | 111l | 111l | 1111 | 12 ) T | | I | d I o | | | | | 1 I | I_
¢ 01 02 03 04 05 06 07 08 09 1

w/ T,
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e* Source Optimization

S. Habet et al. JLAB-ACC-23-3794 (2023) arXiv:2401.04484
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o The positron yield (e*/e") scales with the beam power (Beam Energy x Beam Intensity) and depends on
the thickness of the production target.
o The optimum target thickness depends and the properties of the positron collection system which can
mimic by angular (A6,+) and momentum (Ap/p) acceptances.

v" The selection of the positron momentum allows to operate either with optimum

14 16

t (mm)

=
c |
w
o

0.7

0.8

r 0.6
a.5f f(A0)=a+b A0 +c A6%+d AQ°
C B f20) i f(A6) =1/(a+b A6 +c A6?+d A6%)
r =3. + 0.
s a=3.1143 + 0.02976 0.5~ a=1.17589 + 0.0049957
4 b = 0.18026 + 0.00898 I
C o = 0.00393 £ 0.00062 i b = 0.0163419 + 0.0010466
r d = 46-05 + 16-05 i c =4.41e-05 + 7.15e-05
i = - d = -6.2e-06 + 1.4e-06
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FoM (polarized mode) or optimum efficiency (unpolarized mode).
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(Jefferson Lab Positron Working Group) A. Accardi et al. EPJ A 57 (2021) 261
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Mott

J.M. Hoogduin PhD Thesis, Groningen University (1997)  X. Roca-Maza EPL 120 (2017) 33002

o At low energies (up to a few MeV), the Mott scattering is a well-established method to measure the
polarization of an electron beam.

o lItinvolves the elastic scattering of electrons off a heavy nucleus and the interaction of the electron spin
with the Coulomb field of the nucleus.

o The asymmetry is measured with respect to the beam polarization orientation.

o Mott polarimetry requires transversely polarized beams. Electron Analyzing Power

Ap O T ==L T_ 1 1

L T T 109A
do Z%e* (1 — ﬁzsin2(9/2))(1 — B?) [1 Y ] —0.0Sj—Age;@SMeV (F & DF) SN g |4
= _ + F -- A2 @ 5 MeV (F & DF) AN ]
@ 4mict p*sin®(6/2) o7 -0.1F - 4;”@ 8 MeV (F & DF) 5_
::"'I"'!"'I':0.0lsk i
015k E| = Fiecesver 4001 S i
The sensitivity of the Mott process to positron B Fioe @Bl 30.005 ‘]
polarisation Is expected to be strongly reduced 020 F 8 /30 a
because of the repulsive interaction with the o ] ]
} [ 13 () 005 ]
Coulomb field. 0250760 120 180 ]

: L ! el(d:eg.) L | ! L | L N | L

0 40 80 120 160

0 (deg)
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MOtt J.M. Hoogduin PhD Thesis, Groningen University (1997)  X. Roca-Maza EPL 120 (2017) 33002

w energies (up to a few MeV), the Mott scattering is a well-established method to measure the

polarizatieg of an electron beam.

o It involves the™eigstic scattering of electrons off a heavy nucleus and the interaction of the electron spin
with the Coulomb fi f the nucleus.

o The asymmetry is measurethujth respect to the beam polarization orientation.

o Mott polarimetry requires transve polarized beams. Electron Analyzing Power

-
-~
~.

- — 4%/ @ 3 MeV (F & DF)
F -~ A%/ @ 5 MeV (F & DF)
[ - A%/@ 8 MeV (F & DF)

L] L] L) I L] L) L) ' L) L] L]

do  Z%e* (1—p%sin?(6/2))(1 - %)
dQ)  4m2c* B*sin2(6/2)

1+ PeAy]

l L]
— F-Noe @ 3MeV

_0.15:_ F-Noe @5MeV i
The sensitivity of the Mott process to positron : ]
polarisation Is expected to be strongly reduced -0.2F -
because of the repulsive interaction with the 0 255_ A A R 3
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Compton Transmission | c ciume cio. niva 1062 (2024) 169224

Step 2

o The absorption of circularly polarized photons (F~,) inside a polarized target (/) generates an
asymmetry which is proportional to the photon polarization.
o The asymmetry is measured with respect to the parallel/anti-parallel target polarization orientation.

— ] 0
Step Step2 er = exp|—peL(Tpnot + Opair)| X exp|—peL o2 (1 £ p.LP P, Ay )]
ﬁ Absorb _
A~ Rorer A = f dQ [(l)o N w cos O (w, @y) are the initial and
AVAS = p scattered photon energies
/\/\/\ (,() (,UO_

Detector

Polarized iron
P t ~ 8 %

Radiator PMT

Step2 [Am = pelPeh Ay Step 142 |Ap = peLPP,+(TEAy)

v Compton transmission polarimeters can operate either with electrons or positrons for the
measurement of the longitudinal polarization of a beam.

v' The optimum energy range is up to a few tens of MeV where the cross section of the
Compton process is significant.

September 22~ 271, 2024
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?OSltron Annlﬁl[atlon W.H. McMaster RMP 33 (1961) 8 J.M. Hoogduin PhD Thesis, Groningen University (1997)

o The annihilation into y-pairs of polarized positrons (~,,~,, /) with electrons in a polarized metallic target
(S S,,S2) generates an asymmetry suitable for the measurement of the beam polarization.

o The sensitivity of the annihilation process to the 3 different components of the positron polarization is
similar in magnitude.

o The asymmetry is measured with respect to the parallel/anti-parallel target polarization orientation.

do|  a*1 Ap (1+PS,A, £P,S,A, +P,S,A,)
dQ om s p (1 _ ﬁZCOSZ(Q))Z

Ao =1+ 2% sin?(8) — B*[1 + sin*(0)]
A, = (—1+4+2p% —p*1 + sin4(9)])/

Ao

_ (=1+2p7=p*1 - sin4(9)])/
y Ao

A - (=1 + 282 sin?(8)(1 — sin? (9)) + B*[1 + sin*(6)]) /
z = A,

A possible solution
for positron polarimetry
of few hundreds MeV.

A
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Compton Backscattering
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D. Gaskell, Positron Working Group Workshop, Charlottesville (2023)

o The backscattering of a circularly polarized laser (#,) onto a longitudinally polarized (P,+) positron
beam generates an asymmetry of the photon number.

O O

The asymmetry is measured with respect to the left/right orientation of the laser polarization.
Compton backscattering requires enough beam energy (>1GeV) for sizeable analyzing power and

energetic photon generation, as well as reasonable beam intensity for precise measurement.

2
do _ o 2 |- . (1-p(+a) 0.04
dp 1 —=p(1—a) 1 —p(1—a) A, === Ebeam=1GeV A
0 03 """" Ebeam=500 MeV ,/,
] 27'('7'2& 1 —— Epeam=120 MeV //’
. A, = 2o (1 p(1+a)) |1 - '
1+ 4y Easer /e (do/dp) (1=p(1—a)) 0.02 4
EJ"*(1 GeV) = 34.5 MeV S e
Sl E9*(120 MeV) = 0.5 MeV ST
Dipole 0.01 - ,/ ..‘..'
° Scattered / RS
Fabry-Perot Electrons ,l, ."’..
Optical Cavity A,:;/’__________-——-——
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Bhabha Scattering

G. Alexander, I. Cohen NIMA 486 (2002) 552

o Similarly to the Mgller scattering of polarized electrons, the scattering of polarized positrons off electrons
(Bhabha) in a polarized metallic target can be used to measure the beam polarization.

o Bhabha scattering is sensitive to longitudinal and transverse beam polarization, however transverse
sensitivity is much smaller.

o The asymmetry is measured with respect to the parallel/anti-parallel target polarization orientation.
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of the Mgller into Bhabha polarimeter
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» Positron beams are important tools allowing us to investigate the many faces of physics.

» They are optimally produced by the bremsstrahlung radiation of an electron beam which
polarization transfers efficiently to the produced positrons.

» The optimization of their production is a multi-dimensionnal problem which dominant parameter
is the angular acceptance of the positron collection system.

» Positron polarimetry is similar to electron polarimetry, apart Mott scattering and positron
annihilation.

September 22~ 271 2024
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» Positron beams are important tools allowing us to investigate the many faces of physics.

» They are optimally produced by the bremsstrahlung radiation of an electron beam which
polarization transfers efficiently to the produced positrons.

» The optimization of their production is a multi-dimensionnal problem which dominant parameter
is the angular acceptance of the positron collection system.

» Positron polarimetry is similar to electron polarimetry, apart Mott scattering and positron
annihilation.
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