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LEAP project

Aim: Experimental demonstration of the generation of relativistic polarized electron
beams from a laser-plasma accelerator (LPA)

Generation of a polarized electron beam with LPA
=> This Talk

Measuring the polarization of the generated beams

=> Jennifer Popp: “Polarimeter Design for a LPA Electron Beam”
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Polarization of a electron beam

What is the polarization and why is it important ?

* The polarization P describes the spin orientation

of electrons in an ensemble unpolarized

_NR_NL

N Ny+ N, ‘ ,
* Polarized beams are indispensable " ’é

atomic and nuclear physics P=0

P

for many experiments in particle,
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How to get polarized electron beams from LPA?

(b)

DI‘]V% aser

* Alignment of HCI molecules with ps IR pulse

* Photodissociation of the molecules with UV pulse.

Spin-orbit coupling results in polarized electrons

* Density downramp injection results /. ‘.\J ? r ? ?
In an accelerated electron beam

* Beam polarization maintained during further ? ? T ? - . . . .

acceleration®® ¢ 6 ¢ o
[1] M. Wen et al., Phys. Rev. Lett. 122, 214801 (2019) . . . .
[2] D. Sofikitis et al., Phys. Rev. Lett. 21, 083001 (2018) é
[3] J. Vieira et al., Phys. Rev. ST Accel. Beams 14, 099901 (2011) . . . . g Q.
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Laboratory

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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Where we are at the moment

Current setup for LPA using ionization injection

laser in

Gas mixture: 99.5% He, 0.5% N,

—

charge
diagnostics

1.4 m diameter

DESY. | LEAP: Polarized electrons from LPA | DPG-Spring Meeting, Felix Stehr, 16.03.2021

Page 6



LPA long term measurements

Reproducible energies at a high repetition rate (acceleration at 2.5 Hz using ionization injection)
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S. Bohlen, J. Wood, T. Brummer, F. Gruner, M. Meisel, K. Pdder, T. Staufer and J. Osterhoff, in preparation
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LPA long term measurements

Run duration (h)
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S. Bohlen, J. Wood, T. Brummer, F. Gruner, M. Meisel, K. Péder, T. Staufer and J. Osterhoff, in preparation
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Next updates to the existing LPA setup

Add a laser beam to align the HCI molecules

laser in

|

A ST & B

: charge
alignment . .
T— diagnostics
= .
LPA
laser
~2m
y
- r

1.4 m diameter
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Next updates to the existing LPA setup

Add a UV laser beam to dissociate HCI molecules

laser in 4™ harmonic generation:

om 17720000
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LPA dissociation
laser laser
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1.4 m diameter
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Next updates to the existing LPA setup

Install a knife-edge into the gas jet to create a density downramp

a . '|*, ~Focused Laser
Shock Front
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K. Schmid et al., Phys. Rev. ST. Accel. Beams 13, 091301 (2010)
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Whole LEAP setup

laser in Plasma lens for focusing the electron beam

Electron beams:
Energy: 50-100 MeV
Charge: 10pC

: charge olarimeter
all?ansrrewfnt diagnostics b
| \ 5 dipole
— | active™ -
plasma lens 5/ magnet

LPA
laser

dissociation ~2m

laser

- 3> . . . i
1.4 m diameter Transmission polarimeter: - Jennifer Popp
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Work In progress

«10'® Density at 0.5 mm above the Nozzle

)
12f 1
E‘ID'
: : : 2 gt
Flow simulations using ANSYS: g |
2 Find suitable parameters for density ramp with HCI , s 4
A 2
' I I I I I i 1] - -1 -0I.5 6 0;5 1
LPA simulations using FBPIC including spin tracking!": ossgstion axis ()
2 Optimise laser parameters (energy, focus position, etc,) 2o e
and plasma density using ANSYS density profiles SR ‘JL ‘
1 ?:fmfg.?;h. =|_1c|'_:;d.;;. mm oo 05 10 15 20 25
for LPA In HCI & ?d!’.t—!r&lwl’l‘lﬂﬁ& 1e12 ﬁ?;:::;lulemun density le-1_ ;4
Geant4 simulations: 2
> Adjust the polarimeter and detector design to a wide ™ . 0 e EeE e d
range of parameters i
Still no lab-work at the moment due to COVID-19 R T

[1] Matteo Tamburini and Michael Quin
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Work In progress

«10'® Density at 0.5 mm above the Nozzle

.| =
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Flow simulations using ANSYS: j i
2 Find suitable parameters for density ramp with HCI , R
. 2
LPA simulations using FBPIC including spin tracking!'': ! '0'-5pmpagaﬁoﬁaxis(mm)"ff’ 1
2 Optimise laser parameters (energy, focus position, etc,) o eosteeene
and plasma density using ANSYS density profiles J\L ‘
for LPA in HCI i L .
Geant4 simulations: }“
> Adjust the polarimeter and detector design to a wide = . & = R T
range of parameters gﬂjii
Still no lab-work at the moment due to Corona T T

[1] Matteo Tamburini and Michael Quin
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Summary

LEAP: demonstrate the production of a polarized electron beam from LPA

Run duration (h)

1 E - :

* Existing setup for unpolarized beams: | sy .l
% i Chfrge (zpDC) i

> 10Hz gas jet laser electron source | il

> Demonstration of long term stability 1

Shot number

Change of the setup required:

laser in

> Modify the target for density downramp injection

i : : _charge larimet
> Additional laser beams to align alignment\ " giagnostics polarimeter
a] dipole
and dissociate HCI molecules S \ plaifﬁf—!ﬁ;j—w —
aser dissociation ~2m

laser

PIC and Geant4 simulations ongoing

1.4 m diameter
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Contact

DESY. Deutsches Felix Stehr
Elektronen-Synchrotron FTX

Felix.paul.georg.stehr@desy.de
www.desy.de +49 40 8998 5343
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Injection of an electron beam

Injection for LEAP Sideview Topview
200 nM 1= 25ps 200 nm  ji s
800 nm
800 nm
o
3
=
2
A
2) Longitudinal position z (arb.u.)
O S

DESY. | LEAP: Polarized electrons from LPA | DPG-Spring Meeting, Felix Stehr, 16.03.2021 Page 17



Photodissociation of hydrogen halides
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A. K. Spiliotis et al., Light: Science & Application 10, Article number: 35 (2021)
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How to get polarized electron beams from LPA?

Spin-polarized electron beams via nonlinear Compton scattering

. -
I 1
&7 e & M”‘M,\
y : 8.
Scatte,.‘-n
IaSer PUIse

Y.-F. Li, R. Shaisultanov, K. Z. Hatsagortsyan, et al., Phys. Rev. Lett. 122, 154801 (2019)
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