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Relativistic positron beams were generated by laser wakefield electrons bombarding on solid target. Very stable
positron beams were generated in our experiments. The total yield of positrons is about 4.4×108/shot. The energy
spectra of positrons and electrons obey quasi-Maxwell distribution. Compared with the direct method, the indirect
method produces positrons (38.5 MeV) and electrons (50.5 MeV) with much higher slope temperature.
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1. Introduction

Relativistic positron beam is one kind of important
particle beam, which is widely used in nuclear physics,
particle physics, and laboratory astrophysics [1]. There
are three main traditional methods to generate positrons.
The fist one uses radioactive isotope β+ decay [2]. Gen-
erally, long half-life nuclides, such as 22Na, are used
to generate slow positron beams. The intensity of
the slow positron beams generated by this method is
low and it is difficult to exceed 106s−1. The second
one is based on reactor [3]. The short-lived radioiso-
topes, such as 64Cu, are activated by reactor to gener-
ate positrons through β+ decay. Alternatively, Cd tar-
get is used, after capture of the thermal neutron, to emit
high energy gamma rays. Then the gamma rays generate
positrons by pair production. For example, the NEutron-
induced POsitron source MUniCh (NEPOMUC) can gen-
erate positron beams (E = 15–1000 eV) with intensity
between 4× 107 s−1 and 5× 108 s−1, which is nowadays
the most intensive positron source [4]. Thirdly, using tra-
ditional accelerators to accelerate electrons, positrons can
be generated by high-energy electrons bombarding high
Z target [5]. This method significantly improves positron
beam intensity, but the accelerator costs are high and
the floor space is large.

The generation of positron beams by ultra-intense laser
has the characteristics of high beam intensity and low
cost. There are two methods to generate positrons by
laser. The first one is the direct method [6, 7]. Laser
irradiates a solid target directly to generate hot elec-
trons (about several MeV) on the target surface. Then
these hot electrons interact with the target and generate
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positrons. The second one is the indirect method [8, 9].
Laser first interacts with a gas target to accelerate elec-
trons by laser wakefield acceleration (LWFA), then these
energetic electrons (about hundreds of MeV) interact
with a solid target and generate positrons. In recent
years, great development has been made in electron ac-
celeration experiments by LWFA. The electron energy is
constantly increasing, and the maximum electron energy
has reached GeV. The rapidly increasing electron energy
has made positron generated by ultra-intense laser more
and more attractive. There are two processes to generate
positrons in the electrons-matter interactions [10]

e− + Z→ e− + e+ + Z, (1)

e− + Z→ γ + Z, γ + Z→ e− + e+ + Z (2)
Equation (1) is the Trident process. Positrons are gener-
ated directly by the interactions of electrons and target
nuclei, with positron yield Ne+ ∝ Z2/A. Equation (2) is
the Beth-Heitler process. High-energy photons are pro-
duced first when electrons interact with nuclei, and then
positrons are generated in the Coulomb field of nuclei by
pair effects, with positron yield Ne+ ∝

(
Z2/A

)2 [8, 11].

2. Experimental layout

Figure 1 shows the experimental layout of the in-
direct method. The experiments were carried out on
the 200TW laser of Shanghai Jiaotong University. The
laser wavelength is λL = 800 nm, the energy is
EL = 3.2 J and the duration is τL = 30 fs. Laser beam
focused on the edge of a 2 mm long slit-shaped gas jet.
The gas is N2 with pressure of 3 bar. Laser focal spot
accounts for 30% of total energy within 30 µm ra-
dius. The peak laser intensity is IL ' 2.3× 1018 W/cm2.
The target material is W (Z= 74) with thickness of
4 mm, which is a good exchange for positron genera-
tion. The hole of collimator is 10 cm long and 1 cm in
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Fig. 1. Experiment layout.

Fig. 2. IP signals of ten groups experiments.

diameter. The strength of the permanent dipole magnet
is about 0.9 T. Two IPs (Image Plate) were placed par-
allel 39.5 cm away from the solid target. Five shots in
a group were used to get an obvious positron signal in
our experiments. Ten groups were conducted.

3. Experimental results

3.1. Positron yield

Figure 2 shows the signals on IPs, and it is
clear that these signals are divided into three parts.
Area 1 is positron signal, area 2 is photon signal, and
area 3 is electron signal. Positron yields of ten
groups are shown in Table I. The average positron
yield is 6.81× 106/shot, and the standard deviation
of positron yield is 2.92× 106/shot. The positron yield
of each group has exceeded 3× 106/shot, which in-
dicates that the positron beams are very stable and
can be used as high-energy particle sources for other
studies [1]. Figure 3 shows the wakefield electron signal
and the wakefield electron spectrum without solid target.
By inserting the electron spectrum into the Monte Carlo
code FLUKA [12], the comparison between the simula-
tion results and experimental results are shown in Fig. 4.
The simulation results are in good agreement with ex-
perimental results. For simulation results, the total yield
of positrons generated (E > 1 MeV in full space) be-
hind the solid target is about 65 times the number of
positrons (30 MeV< E < 250 MeV in 4.6 msr solid angle
behind the target) that can reach the IPs, so the average
total yield of positrons in full space in our experiments
is about 4.4× 108/shot.

TABLE IPositron yield of each group per shot. Average
value is 6.81.

Group
Positron
yield ×106

Group
Positron
yield ×106

1 5.2 6 4.8
2 8.2 7 3.9
3 10.0 8 3.2
4 9.7 9 6.7
5 11.7 10 4.7

These positron yield refers to the positrons received
by IPs, whose energy is 30 MeV < E < 250 MeV in
4.6 msr solid angle behind the target.

Fig. 3. (a) The IP signals of wakefield electrons.
(b) The energy spectrum of wakefield electrons.

Fig. 4. Comparisons between experimental results and
simulation results.



158 F. Lei, et al.

3.2. The energy spectra of positrons and electrons

The energy spectra of positrons and electrons are
shown in Fig. 5. It is noteworthy that there are two
obvious signal peak at x = 4.3 cm and x = −6.0 cm
(the corresponding energy is 112 MeV and 81 MeV)
in Fig. 4, where the number of electrons and positrons
received is more than that elsewhere, but this feature is
not found in Fig. 5. The reason is that the calibration
energy of electrons and positrons shown in Fig. 6 varies
dramatically with the location of IPs.

In our experiment, the energy spectra of positrons
and electrons satisfy the quasi-Maxwell distribution, as
shown in Fig. 5. The slope temperatures of positrons
and electrons are 38.5 MeV and 50.5 MeV, respectively.
Compared with 2.8 MeV and 4.8 MeV, measured by
Chen in the direct method [7], the indirect method
produces positrons and electrons with much higher
temperature.

Fig. 5. The energy spectra of electrons and positrons.

Fig. 6. The energy calibration of electrons and
positrons on IPs.

In Chen’s paper [7], the measured temperature of
positrons is about half that of electron temperature
(the temperature ratio is about 0.58), and the explana-
tion is as follows: a source electron produced by laser
distributes its energy to the newly created positron and
electron. Therefore, the positron is expected to obtain
half energy of the source electron. But in the indirect
method, the measured temperature ratio of positrons
to electrons in our experiment is about 0.76. The fun-
damental reason for the different temperature ratio of
positrons to electrons generated by the two methods is
due to the largely different conversion efficiency of source
electrons. In the direct method, compared with wake-
field electrons, the energy of hot electrons is so small
that only a few hot electrons can generate new positrons
and electrons by the Trident process and B-H process.
The obvious phenomenon is that the number of electrons
measured behind the target is two orders of magnitude
higher than that of positrons, while the number of elec-
trons in the indirect method is only 5.1 times that of
positrons. When the thickness of solid target is increased,
the number and temperature of positrons and electrons
will tend to become same. In this case, the neutral
electron-positron pair plasmas may be produced [9].

4. Summary

Through the interactions between the ultra-intense
laser and gas-solid target, positron beams can be gen-
erated very stably. The total yield of positrons gener-
ated is about 4.4× 108/shot. The energy spectra of elec-
trons and positrons satisfy quasi-Maxwell distributions,
and the slope temperatures are 50.5 MeV and 38.5 MeV,
respectively. Compared with the direct method, the indi-
rect method produces positrons and electrons with much
higher temperature, and due to the high conversion effi-
ciency of the wakefield electrons for generating positrons,
the temperature ratio of electrons to positrons behind
the target is also quite different.
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