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Polarisation of an electron beam

What makes it of special interest?

* Polarised particle beams are indispensable for many

research fields were spin dependent processes are to be * *‘

studied ‘*
* Particle physics ‘* ‘

e
‘f&‘

* Nuclear physics

. Atomic physics unpolarised polarised
 Material Science
. . 4 ™
* Polarised electron beams can generate polarised photon N _ N
and positron beams P —_— T 4
* Longitudinal spin of main interest in high energy physics 9 NT T Nl/

* Polarisation also important in fusion [1,2]

[1] Temporal, M et al., Nucl. Fusion 52, 103011 (2012)
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LEAP project at DESY | | 4 | 8

A proof of principle experiment for spin-polarised electrons fromaLPA | =~ EN
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* Using our existing high-stability plasma accelerator [3]

Electron charge (pC)

* Polarisation will be introduced via a pre-polarised plasma target [4] .
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* The later polarisation measurement will be based on Compton transmission Polarimetry

Yesterday, 16:30, AKBP 9.4
E ~ 550 mj Jennifer Popp: “ Compton transmission
t ~ 30 fs polarimetry for LPA-accelerated electron beams”

electron polarimeter
charge
diagnostics

pre-polarised
plasma source

[3] S. Bo_h_len etal, Phys. Re_v. AB 25, 031301 (2022)
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Concept of the pre-polarized plasma source

A three step recipe

Gas Jet
KH diatomic x I .\. ‘_.
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I.  Align bonds of diatomic molecules with a linear | ‘\.m" > @—o
Ig ised IR pul |
polarise pulse o0 o
o o : \ -0 © |
IIl.  Photodissociate the molecules with a circular Al
polarised UV pulse |_w 1.
L2 @
d | h d dissociation ._. ‘ O LPA laser ‘ & ‘
lll. lonisation and acceleration trough LPA driver laser . .
pUISe ps UV pulse fs IR pulse ‘ :
@ @ ‘o @ o
j ' I Ji * The dissociation preserves the total angular momentum
hf } projection quantum number
o= m -—a -—) . .
0 = m, + om Valence electrons will be polarised
4-v— -\f *  The spin-polarisation will be transferred between the
H Y . .
A, Spilfots et L. Light S6i. Appl. 10, 10 35 (2021) electrons and the nuclei on a timescale of 350 ps for H
atoms
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Concept of the pre-polarized plasma source

A three step recipe

|.  Align bonds of diatomic molecules with a linear
polarised IR pulse

@hotodissociate the molecules W@

circular polarised UV pulse
lll. lonisation and acceleration trough LPA driver
pulse

Planned to use colliding pulse injection:
Paper in preparation
(reference)
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Key Challenge: The dissociation

Choice of Gas

* Has been shown for hydrogen halides @ ~ 210nm [5]

* Hydrogen halides contain many easily inionisable unpolarised electrons

Gas Unpol. e-fora,<2  Absorption crosssection
@ 210 nm

HCL 2 15 oe-21 cm?
HBr 2 23 7e-19 cm?
HI 2 25 8e-19 cm?

* Unpolarised electrons delute the overall polarisation
»  HCI best choice for now (P~10%)

»  Future option H, (P~100%)

[5] Sofikitis, D. et al., Phys. Rev. Lett. 121, 083001 (2018)
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Key Challenge: The dissociation

The dissociation laser Absorption model

i
o

E=1.0 m)

Requirements o e o om
= 0.8 —-— E=0.1m|
*  Wavelength ~ 210 nm §  [BEEape aE s 2N R E=0.01 m]
0.6
* Synchronisation with the LPA driver pulse i
S 0.4
* ~1ps pulse duration °©
© 0.2
* ~0.5mJ energy to fully dissociate a gas volume L
the size of the plasma bubble (~ 10 pm) 0.0
-20 -15 -10 -5 0 e ORI EEE )
Radius [um]
At LEAP the UV pulse will be generated from TiSa by
cascading SHG using two BBO crystals
»  Need to stretch the generated UV pulse TiSa SHG FHG

»  Maximising the FHG conversion efficiency (~ 1 %) W

BBO 1 BBO 2
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FHG simulations

Estimating the achievable conversion for a small scale setup

SHG spec
*  Simulating the SHG and FHG in the Eha 250162
wavelength range we are aiming for 20.75
£ 0.50
* Here upto 60 % for SHG and 3 % for FHG 2
90.25
are shown 3
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Test setup in the laser lab

For conversion efficiency optimisation
Beam pick-off from the main TiSA laser with

full energy control

Tisa * *  Grating compressor with spectral clip

SHG *  Full control over GDD
/ > W *  Control over the spectral width

Two BBO crystals in place

Tasks:

»  Detecting the FHG signal

Movable spectral
clip

»  Parameter scan to optimise the conversion
efficiency
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First detection of the FHG signal

1.0 —— Measured FHG spectrum
- Simulated FHG spectrum

Separation with fused silica prism

0.8
30.6
g 0.4

N/  SHG FHG Prism
BBO1 BBO?2 Paper screen/ 0.0 = N ==
Spectrometer / 200 202 204 206 208 210
Movable grating Energy head Wavelenght [nm]

compressor  Lens

*  FHG visible through
B noanent fluorescence on a paper
*®
SHG screen

Movable spectral

clip J E ~ 400 pd

Fundamental

. E,_.~300nJ

»  Conversion ~ 0.1%
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Next steps

Toward the pre-polarised plasma source

TiSa * Z Detecting the FHG signal

Optimising the conversion efficiency for FHG

/ > W Demonstrating the dissociation of HCI with

BBO1l BBO2 TiSa-driven UV source
V \ pikiive b > Stretching the generated UV pulse to ps

length to avoid ionisation

= Measuring the dissociation [5]

Movable spectral
clip

[5] Sofikitis, D. et al., Phys. Rev. Lett. 121, 083001 (2018)
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Summary and status of the LEAP project

E ~ 550 m)
t~30fs

electron polarimeter
charge
diagnostics

* LEAP: demonstrate the production of a polarised electron beam
from LPA

pre-polarised
plasma source

* Using existing high-stability plasma accelerator for unpolarised
beams

1.0

—— Measured FHG spectrum
——— Simulated FHG spectrum

<
©

* Polarised beams through a prepolarised plasma source

o
)
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~ Key challenge: The dissociation of HCI molecules

=
[N}

» 0Ongoing work to generate the needed 210 nm UV pulse by A
cascading SHG using two BBO crystals

o
o 2
(=)

[S]

202 204 206 208 210
Wavelenght [nm]

~ Colliding pulse injection promising injection technique
 Compton transmission polarimeter for the polarization measurement

» Under construction

~ Commissioning of the polarimeter is planned end of April
(zero polarisation measurement)
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Thank you

Contact
Deutsches Elektronen- Felix Stehr
Synchrotron DESY FTX

Felix.paul.georg.stehr@desy.de
www.desy.de +49 40 8998 5343
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Polarimeter for LEAP

Compton transmission polarimetry

The magnitude of the asymmetry with
respect to the magnetization direction is
proportional to the photon polarization.

» The value we have to measure in the
experiment is the photon energy sum

Epuncn = 25 MeV, N = 500K, core = 150 mm

bunch

simulation results

@
o

(Ep)= 24.2 GeV |—— gaussian fit
50

(Eap)= 38.5 GeV
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Calorimeter

Photon
Detection
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Laboratory

Lab Overview

Experimental lab:
- LPA setup to test

diagnostics and
concepts

Laser lab:

- Amplitude laser ™
system

- 25 TW Ti:Sa

Laser

25 fs, 10 Hz
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