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Vector polarimetry at MAMI

Introdu

How to measure polarisation

Polarisation is measured by an asymmetry:
o either A= %i;%ﬁ = Sy - P with a pair of two detectors, Dy
and D,

@ or by switching the polarisation and receiving different
counting rates N~ and N< in a single detector
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Introduction
How to measure polarisation

Polarisation is measured by an asymmetry:
o either A= %i;%ﬁ = Sy - P with a pair of two detectors, Dy
and D,

@ or by switching the polarisation and receiving different
counting rates N~ and N< in a single detector

Why not use both techniques?
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Vector polarimetry at MAMI

Introduction

How to measure polarisation

Measuring a polarisation with the super ratio:
@ using two detectors
@ switching the polarisation

@ measuring four rates Ni7, N5~, N~ and N5~.

1 /NN
A - NE=-N,
B N=-NE
1 + 1 2
N=-Ny>
Ney = N;-f
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Introduction
The correlation tensor

Tseng and Pratt! introduced a correlation tensor between the
incoming electrons and the emitted photons C,, (Z,9,E).

@ The first 1 index represents the polarisation of the electrons:
1 = 0: intensity
1 = 1: transverse in the emission plane
i = 2: perpendicular to the emission plane
1 = 3: longitudinal
@ The second v index describes the properties of the emitted
photons
v = 0: intensity
v = 1: linear polarisation diagonal to emission plane
(45° & 135°)
v = 2: circular polarisation
v = 3: linear polarisation respective to the emission
plane (x & y)

'H. K. Tseng and R. H. Pratt, Phys. Rev. A 7, 1502 (1973)
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Vector polarimetry at MAMI
Introduction

Measuring pri

How to measure circular polarised photons?
@ electrons produce photons in bremsstrahlung processes

@ spin dependency of the compton cross section

long. circ. pol. mag. absorber detector
pol. e- Yrays
= LG~ ]
radiator
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Introduction

Measuring pri

How to measure circular polarised photons?
@ electrons produce photons in bremsstrahlung processes

@ spin dependency of the compton cross section

long. circ. pol. mag. absorber detector

pol. e- Yrays

= LG~ ]
radiator

This design is also known as a compton absorption polarimeter.
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Introduction

Measuring principle

—0pZNppd/B _ +0opZNppd/B ZNaod
Afu”(E):e ’ e’ — —tanh u
v e—0pZNapd/B | o+opZNapd/B B
2Napd
A(E,)) = —PeCs (E,)tanh Gﬁa)%)
2Napd
~ PG (Ey)op (Ey) %p
op = cross section sensitive to polarisation
Z = atomic number
B = baryon number

P. = polarisation of the electron beam
Na = Avogadro number
d = absorber length

= density
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Setup and measurements
Experimental setup
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Setup and measurements

Experimental setup

Deflection  Third ILAC Section First and second ILAC Sections  Wien filter
Dipoles ~ AE=1.5 MeV Cos(¢) AE=1.9 MeV spin rotation
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Mott polarimeter ~ Quadrupoles dotted arrow: spin reversal
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Setup and measurements
Experimental setup
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Setup and measurements

Energy resolved measurement of the longitudinal polarisation via C3»

(35 describes the correlation between the longitudinal polarisation
of the electrons and the circular polarisation of the outgoing
photon.

long. circ. pol. long. circ. pol.
pol. e- y-rays pol. e- Y-rays
radiator radiator
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Setup and measurements

Energy resolved measurement of the longitudinal polarisation via C32

The circular polarisation of bremsstrahlung from longitudinal
polarised electrons for relativistic electrons was calculated by
H. Olsen and L. C. Maximon? for 50 MeV (y = 101).

100 T T TTTTTTTTY

Py i
- . But what does this look like for
i . i

or a 7 YTFAL

- . e. g 87

o -

| IR I SN NN S NS U T |
01 23 4S8 T b kW

2H. Olsen and L. C. Maximon, Phys. Rev. 114, 887 (1959)
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Setup and measurements

Energy resolved measurement of the longitudinal polarisation via C3»

degree of polarisation

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

helicity transfer (C32) as function of energy

photon energy in MeV

Vector polarimetry at MAMI

T 2
Olsen X XX < Rk *
Jakubassa XX
e *
X *
X
X *
¥
X
N %
X
X *
X
% ¥
X
X
X %
X
X x
5
X
"k
Sk
WX
X
0.5 1 15 2 25 3 35



Vector polarimetry at MAMI

Setup and measurements

Energy resolved measurement of the longitudinal polarisation via C3»
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Setup and measurements

First energy resolved measurement of the transverse polarisation via Cy»

(1o describes the correlation between the transverse polarisation of
the electrons and the circular polarisation of the outgoing photon.

trans. dirc. pol. cire. pol.
rad|ator radiator
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Setup and measurements
First energy resolved measurement of the transverse polarisation via Cy»

C12 @ 3.5 MeV for Pb
C12 @ 3.5 MeV for Ag

degree of polarisation
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Setup and measurements
First energy resolved measurement of the transverse polarisation via Cy»
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Setup and measurements

First energy resolved measurement of the transverse polarisation via Cy»
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Setup and measurements

First energy resolved measurement of the transverse polarisation via Cy»

ffom 3.010 3.5 MeV: 4.08 Cos(~0.01x) + 0.98 SIN(-0.01x)
from 2.5 10 3.0 MeV: 3.49 Cos(-0.02x) + 0.10 Sin(~0.02x)
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Summary & Outlook

@ setup for measuring C3» and Ci; installed

@ energy resolved measurements concerning C3» and Cip have
been obtained

@ difference between theory of Olsen and Jakubassa can be seen
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@ setup for measuring C3» and Ci; installed

@ energy resolved measurements concerning C3» and Cip have
been obtained

@ difference between theory of Olsen and Jakubassa can be seen

@ simulation for analysis of systematic errors in

degree of polarisation
magnetisation

energy resolution
background

o
o
o
o

@ measurements for different y-angles

@ improved experimental setup
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