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Abstract. The interaction of intense electromagnetic waves with electron-positron

(e−e+) plasmas is studied by particle-in-cell simulations and theoretical analysis.

It is found that an initial underdense e−e+ plasma can become opaque under the

irradiation of a relativistically intense laser pulse. The strong ponderomotive force of

the relativistic laser pulse and the small mass density of the e−e+ plasma can combine

to induce the efficient pile-up of the electrons and positrons at the front of the laser

pulse. Therefore, the local plasma density at the laser pulse front increases dramatically

and finally the initial underdense e−e+ plasma becomes opaque. This relativistic-

induced opacity effect of e−e+ plasmas is opposite to the well-known relativistic-

induced transparency effect, in which an initial overdense electron-ion plasma can

become transparent to a relativistically intense laser pulse. Further, the significant

red shift of reflected lights as well as the efficient generation of energetic positrons

are investigated in the relativistic-induced opacity of e−e+ plasmas. This relativistic-

induced opacity effect is a peculiar phenomenon in the e−e+ plasmas, which may

be encountered in the high-energy astrophysical phenomena or in the interactions of

intense lasers with matters in the laboratories.
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1. Introduction

Electron-positron (e−e+) plasmas exist widely in the universe [1], they are intensively

studied in the research of black holes [2], pulsar wind nebulaes [3], relativistic jets

[4] and quasars [5]. Moreover, the study of e−e+ plasmas plays an important role

in understanding the properties and origins of gamma-rays bursts, and may provide

necessary information about the evolution of very early universe [6, 7]. The rapid

development of laser technology in the last decades [8] provides a unique approach

to creating extreme astrophysical-like conditions, and thus the study of astronomical

phenomena in the laboratory becomes possible [9, 10]. In particular, many mechanisms

are suggested for the production of e−e+ pair plasmas by intense lasers [11, 12]. If the

electric field is sufficiently strong, i.e. beyond the Schwinger critical field ∼ 1016 V/cm,

the virtual e−e+ pairs in the vacuum can be transformed into real e−e+ pairs [13]. To

produce e−e+ pairs via this Schwinger effect, however, the required extremely high laser

intensity (∼ 1029 W/cm−2) is far beyond the currently available laser intensity (∼ 1022

W/cm−2). At present, the Bethe-Heiter process is still the dominant mechanism in

experiments for the production of e−e+ plasmas [14, 15], where the positron density of

∼ 1016 cm−3 has been achieved via this mechanism [16, 17, 18]. Further, the multi-

photon Breit-Wheeler process could dominate the production of e−e+ plasmas when the

laser intensity is greater than 1022 W/cm2 [19, 20]. Then dense e−e+ plasmas could be

generated in the interactions of such ultra-intense laser pulses with near-critical-density

plasmas [21, 22], solid targets [23, 24, 25], or energetic electron beams [26, 27]. The

numerical simulations show that the high-yield (1.05 × 1011) and over-dense (4 × 1022

cm−3) GeV positron beams may be produced by using 10 PW-class lasers [21, 25].
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As a typical kind of equal-mass plasmas, e−e+ plasmas have some peculiar features

that are distinct from those of usual electron-ion plasmas. Above all, the contribution

of positrons to the e−e+ plasma frequency is identical to that of electrons. Therefore,

a non-relativistic electromagnetic wave can propagate into an e−e+ plasma when its

electron density ne < 0.5nc, i.e. the critical density for the e−e+ plasmas is only half of

that for the electron-ion plasmas [28, 29]. Further, the electrons and positrons have the

same cyclotron frequency and the opposite direction of gyration in an external magnetic

field. This special symmetry causes that some well-known phenomena in the electron-

ion plasmas, such as Faraday effect, disappear in the e−e+ plasmas [28, 29, 30]. In

addition, it is found that stimulated Brillouin backscattering is strongly enhanced in

e−e+ plasmas, in contrast to the suppression of stimulated Raman scattering [31].

In this paper, we report a peculiar phenomenon in e−e+ plasmas that relativistic-

induced opacity may occur when an intense electromagnetic wave propagates in an

underdense e−e+ plasma, in contrast to the relativistic-induced transparency of an

overdense electron-ion plasma. As it is well known, an electromagnetic wave with a

frequency ω cannot propagate into an electron-ion plasma whose electron number density

is higher than the so-called critical density nc = meε0ω
2/e2. With a sufficiently intense

laser pulse, however, the electron oscillation motion in the laser electromagnetic field

may become relativistic and thus the effective electron mass increases by a Lorentz

factor γe. As a result, a relativistically intense laser pulse may penetrate into a

classically overdense electron-ion plasma, i.e. relativistic-induced transparency takes

place [32, 33, 34, 35, 36, 37, 38]. In contrast, here we find that the electrons and positrons

in e−e+ plasmas tend to be pushed forward by the radiation pressure of relativistic laser

pulses rather than to oscillate transversally in the laser field. Consequently, the electrons

and positrons will pile-up and form a high density peak at the front of the laser pulse,

which can finally prevent the laser pulse from propagating into an underdense e−e+

plasma. The similar density pile-up under the irradiation of a relativistic laser pulse

has been studied previously in electron-ion plasmas[39, 40]. Such a relativistic-induced

opacity is a fundamental feature of e−e+ plasmas, which is not only interesting for the

study of laser-produced e−e+ plasmas in laboratories but also astronomical phenomena

associated with e−e+ plasmas.

2. Numerical Simulations and Analysis

We find this relativistic-induced opacity effect of underdense e−e+ plasmas by accident

in the 1D-3V particle-in-cell (PIC) simulations using the Osiris code [41]. In each

simulation, an intense laser pulse with a wavelength λ = 1 µm is incident along the

x-axis into a semi-infinite e−e+ plasma at x ≥ 5λ. The simulation box has a length

of 100λ with a spatial resolution ∆x = λ/100, and each particle species is represented

by 1000 macroparticles per cell. The quadratic interpolation and the SIMD (single

instruction, multiple data) accelerated pusher are used for the macroparticles. The

standard Yee solver is used for the Maxwell equations, and no smoothing is applied
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to the electromagnetic fields or the currents. To minimize the numerical dispersion

relation, the normalized time step is set to be slightly smaller than the spatial cell

size, and the corresponding CFL value is 0.999. The laser pulse is either linearly or

circularly polarized, and its intensity remains constant after a rising edge of five wave

cycles. The density of e−e+ plasma increases from zero to a constant value in the

region 5λ ≤ x ≤ 15λ, and then remains constant in the region x ≥ 15λ. The initial

temperatures of the electrons and positrons are both 1 keV. We have also performed

many test simulations with different laser rising edges, plasma temperatures and density

rising ramps, and have found that the relativistic-induced opacity effect is not sensitive

to the length of the laser rising edge, or the plasma temperature and density rising ramp

length.

In all simulations, the electron and positron number densities are both lower

than 5.5 × 1020 cm−3. At such low densities, the electron-positron annihilation effect

[30, 42, 43] can be ignored within the simulation time (< 500 fs). For convenience,

normalized variables will be used below. The time, length, electric and magnetic

field are normalized to 2π/ω, λ, meωc/e and meω/e, respectively. In particular, we

introduce the dimensionless amplitude of laser electric field a ≡ eE/meωc, which is

related to laser intensity I by a2 = Iλ2/1.37 × 1018Wcm−2µm2 for linear polarization,

or a2 = Iλ2/2.74 × 1018Wcm−2µm2 for circular polarization. The laser pulse is non-

relativistic when a is much smaller than one. Conversely, the pulse is relativistic when

a is comparable to or larger than one.

2.1. Qualitative Description

The interactions of a non-relativistic or relativistic laser pulse with a same underdense

e−e+ plasma (ne = 0.1nc) are displayed in Fig. 1 and Fig. 2, respectively. For the

non-relativistic laser pulse (a = 0.05� 1), we find that it can easily propagate into the

underdense e−e+ plasma with ne = 0.1nc for either the linear polarization [Fig. 1(a)] or

circular polarization [Fig. 1(b)] case. In these non-relativistic cases, the perturbations

on the electron and positron densities during the laser propagation are relatively small,

and there is nearly no particles piled-up at the front of the laser pulses.

On the contrary, the relativistic laser pulse (a = 1) cannot propagate into the

underdense e−e+ plasma with ne = 0.1nc. Except for the first few wave cycles of the

rising edge, the main part of the relativistic laser pulse is prevented from penetrating

into the e−e+ plasma as shown in Fig. 2. This illustrates a peculiar phenomenon of e−e+

plasmas that an underdense e−e+ plasma can become opaque under the irradiation of

a relativistic laser pulse. This phenomenon stands in stark contrast to the relativistic-

induced transparency of electron-ion plasmas, in which an overdense electron-ion plasma

can become transparent with a relativistic laser pulse [32, 33, 34, 35, 36, 37, 38].

To better understand the distinct phenomena displayed in Fig. 1 and Fig. 2, the

time evolutions of the momenta of some representative particles under the irradiations

of the non-relativistic and relativistic laser pulses are compared. Under the irradiation
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Figure 1. (Color online) The propagation of a non-relativistic laser pulse into an

underdense e−e+ plasma. The laser field energy density E2 +B2 (red curve), electron

density ne (green curve), and positron density n+ (blue curve) obtained in the PIC

simulation of the laser interaction with the e−e+ plasma at t = 60λ/c. The initial

electron and positron densities are ne = n+ = 0.1nc. The laser has a non-relativistic

amplitude a = 0.05, and it is (a) linearly or (b) circularly polarized.
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Figure 2. The opacity of an underdense e−e+ plasma in the irradiation of a relativistic

laser pulse. Except a = 1, all other parameters are the same as those in Fig. 1.

of a non-relativistic laser pulse (a = 0.05), the electrons as well as the positrons of an

underdense e−e+ plasma are mainly oscillating in the transverse direction as shown in

Fig. 3(b). And their longitudinal velocities in Fig. 3(a) are obviously lower than the

propagation velocity of the laser pulse that is close to the speed of light in a vacuum.

Therefore, no particles can be trapped and accumulated ahead of the laser pulse front,

and hence this non-relativistic laser pulse can propagate easily in the underdense e−e+

plasma. Under the irradiation of a relativistic laser pulse (a = 1), however, the electrons

and positrons will be efficiently pushed forward in the longitudinal direction by the laser

ponderomotive force. In this case, the longitudinal motions of the particles overwhelms

their transverse oscillations as shown in Figs. 4(a) and 4(b). More importantly, Fig.

4(a) illustrates that the longitudinal velocities of the electrons become relativistic and

comparable to the speed of light in a vacuum. Therefore, the electrons as well as the

positrons will pile-up ahead of the laser pulse front. As a result, a high density peak is

formed at the laser-plasma interface, which finally prevents the relativistic laser pulse

from propagating into the underdense e−e+ plasma as shown in Fig. 2.
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Figure 3. Time evolutions of the longitudinal (px) and transverse (py) momenta of

some representative electrons and positrons under the irradiation of a non-relativistic

laser pulse, obtained in the PIC simulation corresponding to Fig. 1(a).

2.2. Quantitative Analysis

To quantitatively analyse the interaction of laser pulses with e−e+ plasmas, the

dependence of the laser front forward velocity on the laser amplitude is investigated.

In the transparency case with a non-relativistic laser pulse, the forward velocity of

the laser front is approximate to the laser group velocity

vg =
∂ω

∂k
= c

√
1− 2ne

nc

, (1)

in which the dispersion relation ω2 = 2ω2
p + c2k2 in e−e+ plasmas is employed with

ωp =
√
nee2/ε0m. The above equation indicates that the forward velocity of the laser

front is independent of the laser intensity in the transparency cases.

In the relativistic-induced opacity of an underdense e−e+ plasma, however, a dense

e−e+ layer will be formed ahead of the laser pulse. Driven by the laser ponderomotive

force, this dense e−e+ layer will move forward quickly. Assuming the interface between

the laser pulse and the e−e+ plasma moves at a steady speed vb, the momentum flux

balance in the boosted frame moving with the interface can be obtained by using a

quasi-stationary laser piston model as

2I

c

1− βb
1 + βb

= 4γ2bmenev
2
b , (2)

where βb = vb/c and γb = (1 − β2
b )−1/2. Except for the replace of mini by 2mene, the

above equation is analogous to the momentum flux conservation equation in the hole-

boring radiation pressure acceleration of electron-ion plasmas by intense laser pulses
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Figure 4. Time evolution of the longitudinal (px) and transverse (py) momenta of

some representative electrons and positrons under the irradiation of a relativistic laser

pulse, obtained in the PIC simulation corresponding to Fig. 2(a).

[44, 45]. From Eq. (2), the forward velocity of the interface between the laser pulse and

the e−e+ plasma can be solved as

vb
c

= βb =

√
H

1 +
√
H
, (3)

with H = I/2menec
3. For circular polarization it holds H = a2nc/2ne, and for linear

polarization H = a2nc/4ne. Correspondingly, the mean energies of the accelerated

positrons (ε+) and the electrons (εe) are about

ε+
mec2

=
εe
mec2

=
2H

1 + 2
√
H
. (4)

As shown in Fig.5, there is an obvious fall in the forward velocity of the laser front

when the laser amplitude increases from a = 0.3 to a = 0.4 for a given underdense

e−e+ plasma with ne = n+ = 0.1nc. This implies that the initial underdense e−e+

plasma becomes opaque when the laser amplitude is larger than the threshold value for

the relativistic-induced opacity (ath ∼ 0.4). The e−e+ plasma should be transparent

in the a < ath region, where the forward velocity of the laser front is independent of

the laser intensity. Indeed, the forward velocity of the laser front obtained from the

PIC simulations is always about 0.9c for a ≤ 0.3, which is approximate to the laser

group velocity (vg ' 0.894c) estimated by Eq. (1) with ne = 0.1nc. On the contrary,

the forward velocity of the laser front increases with the increasing laser amplitude in

the relativistic-induced opacity region with a ≥ ath. As displayed in Fig.5, the PIC

simulation results agree well with the theoretical predictions from Eq. (3) for both

circular and linear polarization for a ≥ 0.4. In particular, the forward velocity of the

laser front becomes comparable to the speed of light in a vacuum when a ≥ 1. This
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Figure 5. The forward velocity of the laser front as a function of the laser amplitude

a when an intense laser pulse irradiates onto an underdense e−e+ plasma with

ne = n+ = 0.1nc. Here, the laser front is defined as the place where the local laser

intensity is equal to the half of the incident laser intensity in a vacuum. The theoretical

estimated values by Eq. (3) are compared with the PIC simulation results for both

the linear polarization (LP) and circular polarization (CP) cases.

means that the interface between the relativistic laser pulse and the underdense e−e+

plasma usually moves forward at a relativistic speed in the relativistic-induced opacity

scenario.

To estimate the threshold laser amplitude (ath) for the relativistic-induced opacity,

we assume that the plasma density of the pile-up layer is uniform. The initial underdense

plasma density is assumed to be ne, the normalized forward velocity of the laser front is

βb = vb/c, the normalized velocity of the accelerated particles is βp = vp/c. According

to the conservation of particle number, the plasma density of the pile-up layer (in the

laboratory frame) will increase to neβp/(βp − βb) due to the density pile-up. Because

of the Lorentz contraction of the longitudinal plasma length, the plasma density of

the pile-up layer will be further increased by a Lorentz factor γb = (1 − β2
b )−1/2 in

the co-moving frame with the laser-plasma interface. Therefore, the plasma density of

the pile-up layer should be modified as n
′
e = neγbβp/(βp − βb) in the co-moving frame

with the laser-plasma interface. To realize the relativistic-induced opacity effect, n
′
e

should be larger than 0.5nc, here 0.5nc is the critical density of the e−e+ plasma for

non-relativistic laser pulses. Therefore, threshold laser amplitude ath can be estimated

from the equality:

n
′

e =
neγbβp
βp − βb

= 0.5nc (5)

where βb and βp are given by Eq. (3) and Eq. (4), respectively. Combining Eqs. (3),

(4) and (5), the following implicit expression can be derived for the estimation of the
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Figure 6. The threshold laser amplitude (ath) for the relativistic-induced opacity as

a function of the plasma density. The theoretical thresholds estimated by Eqs. (6) and

(7) are compared with those obtained from the PIC simulations for both the circular

polarization (CP) and linear polarization (LP) cases. The fitted thresholds by Eq. (8)

are drawn for comparison. The initial underdense e−e+ plasma will become opaque

under the irradiation of a relativistic laser pulse with a ≥ ath.

threshold laser amplitude ath

4

(
ath

√
nc

2ne

+ 1

)3
ne

nc

=

(
2ath

√
nc

2ne

+ 1

)3/2

for CP, (6)

4

(
ath

√
nc

4ne

+ 1

)3
ne

nc

=

(
2ath

√
nc

4ne

+ 1

)3/2

for LP. (7)

The numerical solutions of Eqs. (6) and (7) are compared with the PIC simulation

results in Fig.6. For a given e−e+ plasmas density, a series of PIC simulations with a

varying laser amplitude are performed to draw the border between the transparency and

relativistic-induced opacity regions. It is clear that the relativistic-induced opacity can

be easily achieved by a weakly relativistic laser pulse (0.1 ≤ a ≤ 1) if the e−e+ plasma

density is not to low (ne ≥ 0.05nc). However, the threshold laser amplitude (ath) for

the relativistic-induced opacity increases dramatically with the decreasing e−e+ plasma

density if ne ≤ 0.05nc. This means that to accumulate enough electrons and positrons

ahead of the laser pulse in a low-density e−e+ plasma an ultra-intense laser pulse must

be applied.

The deviations between the theoretical estimations and the simulation results may

be because the plasma density of the piled-up layer is assumed to uniform in the

theoretical model. While the plasma density of the piled-up layer obtained from the

simulation is not uniform as shown in Fig. 2. As an alternative, we find that the
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relation

ath ' 0.20287 + 0.00137n2
c/n

2
e (8)

fits the PIC simulation results quiet well, as shown in Fig. 6.

On the other hand, the relativistic-induced opacity can be regarded as the critical

density decrease of e−e+ plasmas under the irradiation of relativistic laser pulses. With

the increase of the laser intensity, the critical density of the e−e+ plasma decreases from

the normal value 0.5nc towards zero as shown in Fig.6. This is because that the electrons

and positrons can more easily and quickly accumulate at the front of the laser pulse when

they are pushed by the enhanced laser ponderomotive force with the increasing laser

intensity. As a result, a denser e−e+ layer can be formed ahead of the laser pulse,

which finally will prevent the penetration of the laser pulse into the e−e+ plasma. This

is exactly opposite to the relativistic-induced transparency of electron-ion plasmas, in

which the critical density of the electron-ion plasma increases with the increasing laser

intensity.

Similar to the relativistic-induced transparency of electron-ion plasmas, the

relativistic-induced opacity of e−e+ plasmas is essentially a one-dimensional effect and

will take place in multi-dimensional cases as well. However, a higher laser amplitude

(ath) would be required to achieve this effect since the electrons and positrons will

not be only longitudinally pushed but also transversely expelled by the laser radiation

pressure in multi-dimensional cases. Further, the electromagnetic instabilities as well

as the self-focusing and filamentation instabilities may disturb or even terminate the

relativistic-induced opacity in the later stage of the relativistic laser interaction with

the underdense e−e+ plasma.

3. Discussion

3.1. Reflectivity

The reflectivity, defined as the fraction of reflected radiant energy, is usually equal to

the intensity ratio of the reflected light to the incident light if the reflector is at rest.

In the relativistic-induced opacity scenario, however, the laser-plasma interface plays

the role of a relativistically moving reflector. In this scenario, the reflectivity should be

modified as the ratio of the reflected light intensity I ′re to the incident light intensity I ′in
in the comoving frame with the laser-plasma interface. From the relativistic Doppler

shift and the conservation of photon number, the relations I ′in = Iin(1−βb)/(1+βb) and

I ′re = Ire(1+βb)/(1−βb) can be obtained, where Iin and Ire are respectively the incident

and reflected light intensities in the laboratory frame of reference. Consequently, the

reflectivity in the relativistic-induced opacity of e−e+ plasmas can be calculated as

R =
I ′re
I ′in

=
Ire
Iin

(
1 + βb
1− βb

)2

. (9)

In Fig. 7(a), the reflectivity obtained from PIC simulations is displayed as a function

of the laser amplitude a for a given e−e+ plasma density ne = 0.1nc. We find that the
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Figure 7. (a) The reflectivity R, and (b) the reflected light frequency ωR as functions

of the laser amplitude a in the relativistic-induced opacity of an underdense e−e+

plasma with ne = n+ = 0.1nc. The theoretical reflected light frequency estimated by

Eq. (10) are compared with the PIC simulation results for both the linear polarization

(LP) and circular polarization (CP) cases.

reflectivity is quite high in the relativistic-induced opacity scenario of e−e+ plasmas.

More importantly, the reflectivity increases with the increasing laser amplitude a. This

indicates that the relativistic-induced opacity of an e−e+ plasma is more obvious at a

higher laser intensity.

3.2. Potential Applications

Firstly, it is worth pointing out that the reflected light will be red shifted as follows

ωR = ω
1− βb
1 + βb

(10)

due to the relativistic Doppler effect, where ωR is the reflected light frequency. As

illustrated in Fig. 7(b), the reflected light frequency ωR estimated by using Eqs. (3)

and (10) are in good agreement with those obtained from the PIC simulations in both

circular and linear polarization cases. More importantly, the reflected light frequency

ωR is significantly red shifted to one fifth or even one tenth of the frequency of the

incident light. With a larger laser amplitude a, the red shift of the reflected light is

more obvious since the laser-plasma interface (as the reflector) moves faster in this case.

This may provides an alternative approach to the generation of intense mid-infrared

lights for broad applications. On the other hand, the red shift of the reflected light
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Figure 8. The mean energy of the accelerated positrons as a function of the laser

amplitude in the relativistic-induced opacity of an e−e+ plasma with ne = n+=0.1

nc. The theoretical energy estimated by Eq. (4) are drawn for comparison. The

accelerated electrons have the same mean energy.

may also provide a useful approach to the diagnostics of the relativistic-induced opacity

effect in the experiments.

Secondly, we notice that the e−e+ plasma as a whole can be accelerated to a

relativistic speed in the relativistic-induced opacity scenario. We want to emphasize

that the positrons and electrons are accelerated together and directly by the laser

radiation pressure in this scenario, since they have the same masses. Further, there

is nearly no charge separation in the e−e+ plasmas. More importantly, the positrons

and electrons can be efficiently accelerated to high energies by such a direct radiation

pressure acceleration (RPA) due to their small masses. This is different from the so-

called RPA of ions in the interaction of intense laser pulses with electron-ion plasmas.

In the RPA of ions, the laser radiation pressure first pushes the electrons forward and

results in a charge separation between the electrons and the ions, and then the ions are

actually accelerated by the charge separation field. The mean energy of the accelerated

positrons and electrons is plotted in Fig.8 as a function of the laser amplitude for a

given plasma density ne = n+=0.1 nc. Moreover, the accelerated positron and electron

beam may not suffer from the Coulomb expansion since the accelerated e−e+ plasma

always remains quasi-neutral. Therefore, the direct radiation pressure acceleration in

the relativistic-induced opacity of e−e+ plasmas may be a novel efficient mechanisms for

the generation of energetic particles in the universe.



CONTENTS 13

0 0.2 0.4 0.6 0.8

n
i
/n

e

0

2

4

6

8

10

a
th

LP

CP

Transparency

Opacity

Figure 9. The threshold laser amplitude (ath) for the relativistic-induced opacity

of an underdense electron-positron-ion plasma as a function of the percentage of

the ion charge number. The ions are assumed to be the protons with a mass

mi = 1836me, and an initial temperature of 100 eV. The plasma remains quasi-neutral

with ni + n+ = ne = 0.1nc, where ni is the ion number density.

3.3. Effect of Impurity Ions

Since a certain amount of ions will often coexist with the positrons and electrons,

we also investigate the relativistic-induced opacity of underdense electron-positron-ion

plasmas. If the percentage of the ion charge number is less than half, we find that the

existence of the ions has a weak influence upon the threshold laser amplitude (ath) for

the relativistic-induced opacity as shown in Fig.9. However, ath increases dramatically

with the increasing ion charge number ratio if the latter is more than half. Specifically,

ath goes to infinity if ni/ne → 1. This means that the relativistic-induced opacity

cannot take place in an underdense conventional electron-ion plasma. In an overdense

electron-ion plasma, however, the physics will be richer and more complicated. With the

increase of the laser intensity, an initial overdense electron-ion plasma will first become

relativistically transparent. With the further increase of the laser intensity, however, this

relativistically transparent electron-ion plasma will become opaque again at extremely

high laser intensities (a ∼ 1000) [38].

4. Summary

In summary, we have found that an initial underdense e−e+ plasma can become opaque

under the irradiation of a relativistically intense electromagnetic wave because of the

efficient pile-up of the electrons and positrons at the front of the relativistic laser pulse.

This relativistic-induced opacity of e−e+ plasmas is in marked contrast to the relativistic-
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induced transparency of conventional electron-ion plasmas. The relativistic-induced

opacity of e−e+ plasmas is essentially a one-dimensional effect, and it will take place

in multi-dimensional cases as well. More importantly, this relativistic-induced opacity

effect may provide an alternative way to the generation of intense mid-infrared lights

and the production of energetic positrons. As a fundamental effect in e−e+ plasmas,

this relativistic-induced opacity of underdense e−e+ plasmas could be of wide interest for

both plasma physics and astrophysics. The construction of multi-PW lasers, such as the

Extreme Light Infrastructure (ELI) [46] and Centre Interdisciplinaire Lumière EXtrême

(CILEX) [47], may offer the opportunity to generate high density e−e+ plasmas for the

experimental verification of this relativistic-induced opacity effect.
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