PLASMA INJECTORS FOR POLARIZED BEAM SOURCES

An overview of the state-of-the-art for polarized electrons
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WHY POLARIZED BEAMS?

Deep-inelastic The search for axions Nuclear fusion
scattering

Do L F

Elliptically polarized laser ’ \'
Electron bunch @ clectron = - ~axion -lw+photon 3 0
He
M Burkardt, ROPP 73, 016201 (2010) JD Chen, PRD 114, L011906 (2026) RM Kulsrud, PRL 49, 1248 (1982)
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PLASMA-BASED POLARIZED BEAMS

The current state-of-the-art

lon beams

e First exp. proof-of-principle with nuclear-polarized 3He conducted at
GSI| Darmstadt

e Further campaigns planned in the near future (both 3He and p)

C Zheng, HPLSE 14, e48 (2026)

Polarized electrons
e Currently, no experimental results
e Abundant theoretical work predominantly on pre-polarized targets

e Exp. realization of pol. electron source planned at SIOM
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A GENERAL REVIEW OF THE TOPIC
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Abstract
Spin-polarized particle beams are of interest for apPlications like decp-nelastic scattering,
5 gain further understanding of the proton’s nuclear siretges With the advent of
high-intensity laser failites, lase-plasma. based accelerators offer a promising alternative to
standard radiofrequency-based accelerators, gy they can shorten the required acceleration lengih
Significanly. However, in the scope of spin-polaripeg partcles, they bring unique challenges
This paper reviews the developments in the feld of spin-polarized particles, focusing on the
C ro interaction of laser pulses and high-energy paricle beamns with plasma. The relevant scaling
[ ] O - aws for spin-dependent effcts in laser-plaema interaction, as well as acceleration schemes for
polarized leptons, ions, and gamma quanta, ane discue,

Keywords: spin polarization, lascr-plasma interaction, relativistic plasma,
plasma-based accelerators
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— Let's talk about electrons!
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SOURCES FOR POLARIZED ELECTRON BEAMS

We are left with two options ...

pre-polarized targets in-situ mechanisms (UCLA)
(b) 260fs E, (10"Vim) 50 Injected trol )
2 T T Driving beam
100 E =
E o
~ 0 0 0
-10. P
10 o
— H-z it lonizing
A TN ) = P laser |._
yem -10 .o 60 70 50|z = 048'mm,— . .
X (um) '
Y Wu, PRE 100, 043202 (2019) Z Nie, PRL 126, 269901 (2021)
Y Wu, NJP 21, 073052 (2019) Z Nie, PRR 4, 033015 (2022)
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A POLARIZED PROTON/ELECTRON TARGET *~ @ ¢~

Method based on photodissociation of HCI , HBr or HIl molecules e

Dissociation Pulse 1 @ IR

)

fly-out
At=45ns

/

Dissociation Pulse 2 @ k. —

SPH fly-in
At=1.42ns

|

Yi

D Sofikitis, PRA 111, 053119 (2025)
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UV laser to dissociate all molecules within focus

SPH atom polarization oscillates due to
hyperfine interaction

Subsequent dissociation steps are relevant for
generation of polarized electrons

— proton target ,easier” to realize
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TOWARDS REALISTIC PRE-POLARIZED TARGETS

Limited degree of pre-polarization depending on regime
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CIRCUMVENTING
TARGET LIMITATIONS



CIRCUMVENTING TARGET LIMITATIONS ()

Pinching injection for polarized electron beams
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PINCHING INJECTION

Results & Discussion

 Injection of pol. electrons initiated by driver pinching

 Injection of non-polarized electrons negligible

e 0.187 nC with P ~ 51% for 10 GeV driver
e |njection continues as pinching progresses

e Polarization remains stable at later stages

|deally, we would still want higher polarization and easier alignment
with the pre-polarized electrons ...

L Reichwein, arXiv:2604.22369 (2026)
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CIRCUMVENTING TARGET LIMITATIONS (ll)

A plasma photocathode using state-selected hydrogen halide photofragments

(a) photo dissociation (b) chlorine excitation

;SPH;' ; ’. Qch 495nmm >
213nm(cp)'\w'/» . '. 135nm’\/\/\“ > 4s

@ ; ;‘ 9 eg 3p

(c) wakefield formation (d) hydrogen ionization

driver

L Reichwein, arXiv:2608.04932 (2026) JULICH
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EXCITED PHOTOCATHODE - RESULTS

e We obtain 10.8 pC with P ~ 97%

o [€x€y =57 nm

e Only ~ 0.04 pC unpol. CI electrons in witness
region

e Charge/polarization can be tuned with ionizing
laser and ny/n¢, density ratio
e e.9. 60 pC with P ~ 90%

o Competitive with conventional photoguns in
terms of polarization

L Reichwein, arXiv:2608.04932 (2026)
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CONCLUSION & OUTLOOK

Roports on Progress in Physics

Fep. Prog Phys. 88 2025) 117001 (20pp) tpS:/id0i0rg/10.1088/136 166330 1988

Review

Plasma acceleration of polarized
particle beams
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Abstract
Spin-polarized particle beams are of interest for apPlications like decp-nelastic scattering,
€2 10 gain further understanding of the proton’s nuclear structure. With the advent of
high-intensity laser failites, lase-plasma. based accelerators offer a promising alternative to

standard radiofrequency-based accelerators, as they can shorten the required acceleration length
Tanificantly. However, in the scope of spin-polaized paticiee they bring unique challenges
e l l This paper reviews the developments in the field of spin-polarized particles, focusing on the
. interaction of lase pulses and high-energy particye b with plasma. The relevant scaling
I e S . - laws for spin-dependent cffects in laser-plasma interaction, as well as acceleration schemes for
O a rl e polarized leptons,ions, and gamma quanta, are diseyseey.
P - 2
L re p Keywords: spin polarization, lascr-plasma interaction, relativistic plasma,

plasma-based accelerators
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WHAT DETERMINES SPIN DYNAMICS IN PLASMA?

Spin precession according to the T-BMT equation

t
IIIIIIIIIIIII

 Hom. fields: initially polarized particle ensembles precess in unison eyl

* Inhom. fields: precession changed locally, lose polarization

{}\/J/ If
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J Thomas, PRAB 23, 064401 (2020)
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IN-SITU MECHANISM (UCLA)

A plasma photocathode approach

Case 1: mixture of Li & Xe

e Beam-driven wakefield in Li

e CP laser pulse to strong-field ionize 5p® electrons of Xe

o pC-level beam with 31% polarization

Case 2: single-species
 lonize 4f'4 orbital of Ytterbium

e Improved polarization, P ~ 56%

Z Nie, PRL 126, 269901 (2021)
Z Nie, PRR 4, 033015 (2022)
| Barth, PRA 88, 013401 (2013)
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EXCITED PHOTOCATHODE

Phase space & spin
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