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Spin-polarised electron beams find widespread use

2

Compact source of polarised electrons could spark innovation and progress in many fields

> Polarised electron beams extensively used for 
> Material science 
> Atomic, molecular physics 
> Nuclear physics 
> Particle physics 

> Polarised electron beams can generate polarised 
photon and positron beams 

> Longitudinal spin of main interest in high energy 
physics 

> Also: polarisation important for fusion!
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Conventional spin polarised electron sources
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Current work-horse methods in the field are limiting access to polarised beams 
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Conventional spin polarised electron sources
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Current work-horse methods in the field are limiting access to polarised beams 

Sokolov-Ternov effect (1) 
Electrons align spin opposite to B-field 

  
Used at storage rings 

Relaxation time ~hours 

Umag = �~µ · ~B
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(1) Sokolov and I. M. Ternov, Sov. Phys. J. 10, 39 (1967).

http://mpa.desy.de
http://dx.doi.org/10.1007/BF00820300


Dr Kristjan Põder |   Web: mpa.desy.de  |  EAAC 2023  |  19.09.2023  |  Page 00 

Conventional spin polarised electron sources

3

Current work-horse methods in the field are limiting access to polarised beams 

Sokolov-Ternov effect (1) 
Electrons align spin opposite to B-field 

  
Used at storage rings 

Relaxation time ~hours 

Umag = �~µ · ~B

<latexit sha1_base64="tQrrEzMPObL+Lqa6QGfB6M5dEac=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpJIoW6EUjcuK5i20IQwmUzaoZMHM5NCCdm78VfcuFDErT/gzr9xmmahrQcunDnnXube4yWMCmkY31plY3Nre6e6W9vbPzg80o9P+iJOOSYWjlnMhx4ShNGIWJJKRoYJJyj0GBl409uFP5gRLmgcPch5QpwQjSMaUIykkly9brmZknJ4Ay/tGcGZHaY5tLEfS1i8u7mrN4ymUQCuE7MkDVCi5+pfth/jNCSRxAwJMTKNRDoZ4pJiRvKanQqSIDxFYzJSNEIhEU5W3JLDc6X4MIi5qkjCQv09kaFQiHnoqc4QyYlY9Rbif94olcG1k9EoSSWJ8PKjIGVQxnARDPQpJ1iyuSIIc6p2hXiCOMJSxVdTIZirJ6+T/lXTbDXb961Gp1vGUQVnoA4ugAnaoAPuQA9YAINH8AxewZv2pL1o79rHsrWilTOn4A+0zx8fF5p+</latexit>

Polarised photocathodes (2) 
Polarised atoms of the photocathode 

material 
Guns used at many facilities 

Limited peak current

(1) Sokolov and I. M. Ternov, Sov. Phys. J. 10, 39 (1967).
(2) Pierce et al, APL 26 670 (1975)

http://mpa.desy.de
http://dx.doi.org/10.1007/BF00820300
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Polarised photocathodes (2) 
Polarised atoms of the photocathode 

material 
Guns used at many facilities 

Limited peak current

(1) Sokolov and I. M. Ternov, Sov. Phys. J. 10, 39 (1967).
(2) Pierce et al, APL 26 670 (1975)
(3) Moffeit et al, SLAC-TN-05-045

Spin rotators (3) 
Rotate spin from longitudinal to 

transverse

http://mpa.desy.de
http://dx.doi.org/10.1007/BF00820300
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Advanced sources of spin polarised electron beams
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Many novel ideas developed over the last years
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Advanced sources of spin polarised electron beams

4

Many novel ideas developed over the last years

(1) Dellweg & Müller, PRL 118 070403 (2017)

> Spin-filter (1)

http://mpa.desy.de
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.154801
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beams (3) 

> Sokolov-Ternov in colliding laser fields (4)

> Plasma-based methods 

> Selective multi-photon ionisation (5) 
> Pre-polarised plasma sources (6-9)

(5) Nie et al, PRL 126 054801 (2021)
(6) Rakitzis et al, Science 300 1936 (2003)
(7) Wen et al, PRL 122 214801 (2019)
(8) Wu et al, PRE 100 043202, (2019)

(9) Wu et al, New J. Phys. 21 073052 (2019) 

http://mpa.desy.de
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.154801
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> Spin-filter (1)

> “Stern-Gerlach” beam splitter (2)

> Intense lasers interactions 
> Spin-dependent radiation reaction of relativistic electron 

beams (3) 

> Sokolov-Ternov in colliding laser fields (4)

> Plasma-based methods 

> Selective multi-photon ionisation (5) 
> Pre-polarised plasma sources (6-9)

(5) Nie et al, PRL 126 054801 (2021)
(6) Rakitzis et al, Science 300 1936 (2003)
(7) Wen et al, PRL 122 214801 (2019)
(8) Wu et al, PRE 100 043202, (2019)

(9) Wu et al, New J. Phys. 21 073052 (2019) 

No experimental demonstrations yet!

http://mpa.desy.de
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.154801
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Concepts for pre-polarised plasma sources are available
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Laser-based generation of spin-aligned atoms through dissociation of halide molecules

Top view Top view
Dissociation 
laser

Alignment 
laser

Spiliotis et al, Light Sci. Appl. 10:35 (2021)

http://mpa.desy.de
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Spin dynamics in (L)PAs

6

Very strong fields in laser-drivers and inside the bubble can lead to depolarisation

Spin  
precession

Sokolov-Ternov 
Effect

Stern-Gerlach  
force

http://mpa.desy.de
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Spin dynamics in (L)PAs
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Very strong fields in laser-drivers and inside the bubble can lead to depolarisation

ds
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= (⌦T +⌦a)⇥ s
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Thomas-Bargmann-Michel-Telegdi 
equation

Sokolov-Ternov: timescale ~us 
Stern-Gerlach << Lorentz

Wen et al, Phys Rev Lett 122, 214801 (2019)

Spin  
precession

http://mpa.desy.de
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Thomas-Bargmann-Michel-Telegdi 
equation

Sokolov-Ternov: timescale ~us 
Stern-Gerlach << Lorentz

> High gamma -> little precession!
> Delicate during injection

Wen et al, Phys Rev Lett 122, 214801 (2019)
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equation

Sokolov-Ternov: timescale ~us 
Stern-Gerlach << Lorentz

> High gamma -> little precession!
> Delicate during injection

> B x s term: azimuthal B-fields 
problematic 

Wen et al, Phys Rev Lett 122, 214801 (2019)
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Thomas-Bargmann-Michel-Telegdi 
equation

Sokolov-Ternov: timescale ~us 
Stern-Gerlach << Lorentz

> High gamma -> little precession!
> Delicate during injection

> B x s term: azimuthal B-fields 
problematic 
> Stay close to axis

> Strong E fields lead to precession
> But all electrons together, so P 

stays high

Wen et al, Phys Rev Lett 122, 214801 (2019)
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Injection of pre-polarised electrons is key
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Injection requires sufficient longitudinal momentum
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Colliding two laser pulses can lead to trapping

10

Stochastic heating in the lasers’ interaction region gives electrons residual longitudinal momentum

Malka, Phys. Plasmas 19 055501 (2012)

a0 a1

Malka, Phys. Plasmas 19 055501 (2012)

Esarey et al, PRL 79, 2682 (1997) 
Faure et al, Nature 444, 737 (2006) 
Malka et al, Phys Plasmas 16, 056703 (2009) 
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Spin evolution in colliding pulse injection
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Precession 🙂
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Spin evolution in colliding pulse injection
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Stochastic motion ☹
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Spin evolution in colliding pulse injection

13

Stochastic motion in beatwave leads to stochastic spin evolution for some electrons

Test particles in 25 fs plane waves
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Colliding pulse injection creates high-current polarised beams

14

Control over the driver and collider laser enables balancing charge and polarisation degree

Gong et al, Matter Radiat at Extremes in press 
Bohlen et al, Phys Rev Research  in press
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Colliding pulse injection creates high-current polarised beams

14

Control over the driver and collider laser enables balancing charge and polarisation degree

> Without any optimisation, can get

> Highly polarised (>90%) beams 

> Sub-micron emittance

> 6kA with 80% polarisation

> Charge and polarisation 
interdependent

> Extra charge injected with lowered 
polarisation

Gong et al, Matter Radiat at Extremes in press 
Bohlen et al, Phys Rev Research  in press
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Colliding pulse scheme is highly optimisable

15

High amount of easily controllable degrees of freedom enable precision tuning and optimisation

> Using OPTIMAS(1) library for Bayesian 
Optimisation, varying 
> Collider a1 
> Driver a0/w0 with fixed P=100 TW 
> Focal plane of the lasers 
> Collision point in plasma 
> Plasma density 

(1) A. F. Pousa et al, PRAB 26, 084601 (2023) 

LPA driver

LPA collider

plasma source

dissociation laser

alignment
laser

polarised
electron bunch

Plasma density

Collision point

Driver focal plane
Driver a0 (w0)

Collider focal plane
Collider a1
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Optimised depolarisation enables first demonstrations

17

Isn’t 100% pre-polarisation a little too optimistic?
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Optimised depolarisation enables first demonstrations

17

Lowered pre-polarisation simply leads to lower final polarisation 

Enables first demo experiments with lower initial pre-polarisation 
giving detectable polarisation!

http://mpa.desy.de


Dr Kristjan Põder |   Web: mpa.desy.de  |  EAAC 2023  |  19.09.2023  |  Page 00 

Colliding pulse injection for high-quality polarised beams

18

Realistic pathway to polarised laser-plasma accelerators

> LPA-based polarised electron sources possible based 
on pre-polarisation technique 

> Colliding pulse injection enables 
> High overall polarisation 
> High-quality beam generation 
> Wide tunability and many tuning knobs for 

optimisation 
> The polarised colliding pulse scheme highly 

advantageous for near-term experiments!

Top view Top view
Dissociation 
laser

Alignment 
laser
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