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Tests of a polarimeter for laser-driven proton beams at
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A novel method of laser-plasma acceleration employing dynamically polarized gas-jet targets
(HCl/HBr gas) has been proposed to generate 100-MeV polarized proton beams. To achieve the
beam polarization measurement in laser-plasma experiments at multi-Petawatt lasers, we have
developed a polarimeter based on 𝑝-Carbon scattering, detected with the help of Solid-State
Nuclear Track Detectors (SSNTDs), and tested it with 45 MeV polarized proton beam at JULIC.
The most demanding part of the data analysis is to identify protons and carbon ions on top
of large background of secondary particles. In this paper we compare the performance of the
proton polarimeter based on SSNTDs to a low energy polarimeter (LEP) at JULIC, giving a first
calibration of the analyzing power for the new polarimeter at 45 MeV. The polarimeter based
on SSNTDs has been extended to 3He ion beams and applied successfully at the PHELIX laser
facility, GSI-Darmstadt.
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1. Introduction

Our group aims at the generation of laser-driven polarized particle beams from pre-polarized
gas-jet targets [1]. A very first experiment, focusing on the polarization measurement of laser-
accelerated protons from a yet unpolarized foil target, was carried out at the ARCturus laser facility
(100 TW) of Heinrich-Heine University Düsseldorf. A polarimeter based on secondary-target
scattering of the laser-accelerated few-MeV protons, detected with the help of Solid-State Nuclear
Track Detectors (SSNTDs), has been used [2].

This polarimeter needs to be modified for laser-driven proton beams at PW-class lasers, e.g.,
the 10 PW SULF facility in Shanghai. According to PIC simulations [3], the proton energy is about
50 MeV at a laser power of 1.34 PW and 100 MeV at 5.37 PW, respectively. Assuming a 100%
initial polarization of the gas-jet target, the remaining proton beam polarization is 82% and 65% at
these laser powers. The beam polarization can be measured with elastic proton-carbon scattering
in a thin CH2 foil with two setups for the detection of carbon ions or protons, depicted in Figure 1.

Figure 1: Polarimeter setup. (left) The polarimeter includes a CH2 foil target and stacks of CR-39 plastic
plates (Columbia Resin No. 39, a kind of plastic SSNTDs) on each side. (right) Two setups for the detection
of carbon ions and protons, respectively.

2. Experimental results

The polarimeter with the two detector configurations, one for protons and the other for carbon
ions, was tested in a combined set-up to make efficient use of the one-week beam time with 45 MeV
polarized proton beam at JULIC. After data analysis, it is found that the proton tracks are hardly
distinguishable from a large neutron-induced background. However, the carbon ions can be easily
identified, leading to reasonable experimental asymmetry and consequently accurate polarization
determination.

2.1 Particle detection and identification

A Geant4 simulation shows that 42-MeV protons at the polar angle of 53◦ can be stopped
by a stack of CR-39 plates behind an iron degrader, as depicted in Figure 2 (left). Their tracks
are observed on the last layer in the stack on top of a large background induced by neutrons, see
Figure 2 (right). These neutrons, mostly of a few-MeV energy, are caused by the 45-MeV proton
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beam interacting with a 3-mm diameter aluminum aperture in front of the polarimeter. The neutrons
have less effects on the very first CR-39 layer in the stack, because their tracks are actually induced
by the hydrogen atoms in the CR-39 material after collisions with neutrons.

Z position on CR-39 plate / mm

Figure 2: Detection of proton tracks with SSNTDs. (left) Geant4 simulation of the penetration depth of
proton tracks in the CR-39 stack. (right) Data analysis reveals p-C elastic events on top of a large background
induced by neutrons.

Therefore, the carbon-ion tracks can clearly be distinguished from the background using the
first layer (see Figure 3), since the heavier ions with higher charge states have larger ionizing powers,
which normally leads to larger track areas after etching compared to protons. Due to the small
penetration depths of few-MeV carbon ions, the etching time should be reduced according to the
etching rate of bulk material, and the ion tracks are scanned with a larger amplification of the
microscope.
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Figure 3: Particle identification of carbon ions and 𝛼 particles (denoted as heavy ions). (left) 2D distribution
of the measured areas of etched tracks versus their positions on the CR-39 plate along the 𝑍 axis. (right) 1D
histogram of the areas with a selection of 𝑍 positions for background suppression.

2.2 Comparison of SSNTDs polarimeter with LEP at JULIC

When the carbon-ion tracks are selected, the polar-angle distributions of ion tracks after
scattering are obtained from the track positions on the CR-39 plates and the geometry of the
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polarimeter setup. The deduced angular distributions (red histograms in Figure 4) show a left-right
asymmetry after a measurement of 6 hours with 45-MeV polarized proton beam with an average
current of 2.5 nA on the target. They are compared with a reference measurement of 6 hours (blue
histograms) using unpolarized proton beams with an average current of 5 nA on the target. The
experimental asymmetry, i.e., (𝑁L − 𝑁R)/(𝑁L + 𝑁R) is calculated in the polar angle range 50–55◦

for carbon ions, corresponding to proton-scattering angles of 76–65◦. After normalization to the
reference measurement, the experimental asymmetry is determined as −0.17± 0.01. Here, only the
statistical errors are included.
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Figure 4: Angular distributions of heavy-ion tracks obtained by the polarimeter based on SSNTDs from a
polarized beam run (red histograms) and an unpolarized beam run (blue histograms), respectively.

The proton-beam polarization was also measured with the low energy polarimeter at JULIC
during our beam time [4]. The experimental asymmetry is obtained from p-C elastic-scattering
events after fitting the energy spectra of protons, shown in Figure 5. The left-right asymmetry of
+0.53 ± 0.02 gives a beam polarization of (62 ± 2)%. The inelastic-scattering channels generate
carbon ions and 𝛼 particles emitted from 12C excited states (see Table 1), which reduces the left-right
asymmetry measured by the polarimeter based on SSNTDs.

Left Right

Figure 5: Proton energy spectra measured with the LEP at JULIC from a polarized beam run with the same
polarization. Both elastic and inelastic p-C scattering are marked in the spectra.

3. Conclusion

A polarimeter based on SSNTDs for laser-accelerated protons has been tested with polarized
proton beam accelerated to 45 MeV with the cyclotron JULIC. The analyzing power of the po-
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Table 1: Excited states of 12C from p-C inelastic scattering [5].

Elevel (MeV) 𝐽𝑃 Γ (eV) Decay
0 0+ stable no

4.44 2+ 10.8 × 10−3 12C∗ →12C + 𝛾 (% IT = 100)
7.65 0+ 9.3 12C∗ → 3𝛼 (% 𝛼 ≈ 100)
9.64 3− 46 × 103 12C∗ → 3𝛼 (% 𝛼 ≈ 100)

Q(3𝛼) = -7.367 MeV

larimeter is calibrated at a beam polarization of 60% by comparison with the LEP at JULIC. The
signs of the analyzing powers of the two polarimeters are opposite, since the SSNTDs polarimeter
measures the asymmetry with carbon-ion tracks, whereas the LEP at JULIC uses proton spectra.
The value for the analyzing power for the SSNTDs polarimeter is about one third of the latter one,
which measures at the maximum value of the analyzing power (86%). If the polarimeter based on
SSNTDs can be optimized to identify carbon ions from 𝛼 particles, i.e., to distinguish p-C elastic
scattering from inelastic scattering, the analyzing power of the polarimeter should be improved
further in the future.

Our conclusion from the operation of the polarimeter based on SSNTDs is to put emphasis
on the identification of ions instead of protons. This knowledge has already been applied to a
polarimeter for 3He ion beams from laser-plasma interactions at the PHELIX laser facility, GSI-
Darmstadt [6].
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