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H-Br gas jet
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Polarized hydrogen gas target
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Polarimeter for laser-driven proton beams

beam energy

beam polarization
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Solid-State Nuclear Track Detectors(SSNTDs)

proton burst during < 10-12 s

a burst of ~1010 protons

SSNTDs have no dead time

high detection efficiency

good spatial resolution

insensitive to X-rays, γ-rays

    CH2-CH2-O-CO-O-CH2-CH=CH2
O
     CH2-CH2-O-CO-O-CH2-CH=CH2

CR-39 track formation 
threshold ~5 keV/μm (water)
or ~10 MeV for protons

Polyallyldiglycolcarbonat (PADC)

After etching with NaOH
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C12H18O7
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First polarimeter for laser-driven protons
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No polarization!
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Polarimeter for 45-MeV proton beams

Carbon:
3 MeV

CH2 foil    one layer of CR-39

~ 3 MeV

p-C: AN ~ 0.86 (max.)
When θp ≈ 52.5°

           θC ≈ 61.8°

proton:
42 MeV

CH2 foil    Iron degrader  Stack of CR-39

~ 42 MeV
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Polarimeter for 45-MeV proton beams
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Polarimeter installed at the Irrad station

Front view of 
Irrad station Top view

Side view

Polarimeter
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Polarimeter for 45-MeV proton beams

Main background: neutron induced by proton beam on Al aperture
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Particle identification: proton & carbon ion

0.5 mm CR-39 x 2
1 mm CR-39

1 mm Iron x 2

0.5 mm CR39

A

D C

B

basement

Left Right

Up

Down
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Particle identification: track polar angles

0.5 mm CR-39 x 
2

1 mm CR-39

1 mm Iron x 2

0.5 mm CR39

A

D C

B

basement

Left Right

Up

Down
Local Z / mm 

Local Z / mm 

Local Z / mm 

Local Z / mm 

proton beam

ion track polar angles 
on CR-39
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Left-right asymmetry: pol. & unpol. runs

Carbon ion track polar angle / degree Carbon ion track polar angle / degree

Shot No.3 (unpol. beam, 45 MeV, 6 hrs)       
Shot No.5 (pol. 60%,        45 MeV, 6 hrs)       

29. September 2022 | C. Zheng

12C: 50 - 55 deg.
=> p : 76 - 65 deg.

Hor. Asyms.(L-R)
= - 0.17±0.01

Carbon & proton
inversed asymm.
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Polarimeter LE Pol at JULIC

Polarimetry behind JULIC
O. Felden, Talk at PSTP 2009, September 2009.

Left Right

Up Down

Hor. Asymm. (Left - Right) : 0.53±0.02 --> Pol. Py = (62±2)%
Ver. Asymm. (Up - Down)   : 0.04±0.02 
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Elevel
(MeV)

JP Γ
(eV)

Decay

0 0+ stable no

4.44 2+ 10.8 
x10-3

12C*→12C + γ
(% IT = 100)

7.65 0+ 9.3 12C*→3α
(% α ≈ 100)

9.64 3- 46 
keV

12C*→3α
(% α ≈ 100)

12C Levels

Q(α) = - 7.367 MeV

Left

7.65 MeV

9.64 MeV
4.44 MeV 0: p-C elastic

background from p-C inelastic events
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Polarimeter for 45-MeV proton beams
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Polarimeter for 3He ion beams

Max. 1.7 MV 

3He- 
source 

Nuclear Reaction
Chamber 

d (3He, p) 4He Q = 18.35 MeV

3He2+ ions:
1.45 MeV /
4.5 MeV

protons:
12 - 20 MeV 

4He2+ ions:
3 - 8 MeV 

Tandetron Lab@FZJ
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Polarimeter for 3He ion beams

Left Right

RightForward

Track profiles & orientations
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Laser-driven pol. 3He exp. at

North South
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Pol. gas target & Polarimeter

Laser energy : 50 J  
Pulse duration : 2 ps 
Focal spot size : 15x20 μm2

Peak intensity : 1x1019 W·cm-2

ASE contrast : 10-10 

Data recorded on one side 
of the polarimeter at north:
6 laser shots / day
at PHELIX  
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• Polarized particle beams from laser-driven acceleration 
becom a hot topic in the laser-plasma community.

• New polarimetry is urgently required for laser-plasma exp.

• Our group has developed one kind of polarimeter based on 
solid-state nuclear track detector(CR-39).

• First use of the polarimeter with a pre-polarized 3He gas jet 
target at PHELIX has been realized.  
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Subline
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Production of neutron in Al aperture
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Scan image parameters: track profile
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