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Abstract

Electron acceleration by a circularly polarized Hermite–Gaussian (HG) laser beam in the plasma has been investigated
theoretically for the different transverse electromagnetic (TEM) mode indices (m, n) as (0, 1), (0, 2), (0, 3), and (0, 4).
HG laser beam possesses higher trapping force compared with a standard Gaussian beam owing to its propagation
characteristics during laser–electron interaction. A single-particle simulation indicates a resonant enhancement in the
electron acceleration with HG laser beam. We present the intensity distribution for different TEM modes. We also
analyze the dependence of beam width parameter on electron acceleration distance, which effectively influences the
electron dynamics. Electron acceleration up to longer distance is observed with the lower modes. However, the higher
electron energy gain is observed with higher modes at shorter distance of propagation.
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1. INTRODUCTION

The intensity distribution of laser beam in its propagation
region is important because it determines the laser–plasma
interaction process. Intensity varying two regimes defines
the electron energy gain from laser fields during the
laser–electron interaction (Hartemann et al., 1995). First,
the lower intensity where laser field is weak and net kinetic
energy gain by electron remains lower. Second, the higher in-
tensity where laser field is stronger and electron energy gain
as well as acceleration is higher. Accordingly the electron
trapped in a laser field gets accelerated to high energy due
to strong laser field. The laser beam parametric variations
have been investigated theoretically and several experimental
models have been presented for high energy gain by elec-
trons during the interaction with the laser pulse (Erikson &
Singh, 1994; Sprangle et al., 2000; Geddes et al. 2004; Lee-
mans et al., 2006; York & Milchberg, 2008; Esarey et al.,
2009; Hooker, 2013). In an experiment with a laser-driven
plasma accelerator, the acceleration gradient of about
10 GeV/mwas reported with emergence of a mono-energetic
and low divergence electron beams in 100 MeV–1 GeV range
(Erikson & Singh, 1994). Fortin et al. (2010) studied the de-
pendence of energy gained by the electron on the power of

laser, laser beam waist, and duration of laser pulse for electron
acceleration. Gaussian profile of laser pulse proves its suit-
ability for electron acceleration because of its ability to gener-
ate high energy, narrow divergence electron beams of
constricts energy spread (Fortin et al. 2010; Ghotra & Kant,
2016a). The fields of lowest order radially polarized Gaussian
laser beam were employed to accelerate electrons to energy
range of GeV (Salamin, 2006; Gupta et al., 2007). The
Gaussian beam fields are determined by laser beam frequency
ω, radius of beam waist r0 at the focus, and Rayleigh length
ZR = kr20/2. Feng et al. (2004) studied the vacuum accelera-
tion of electron with a Gaussian laser pulse. They proposed
that the evolution of the laser beam waist cannot be ignored
when the electron-drifting distance is of the order of Rayleigh
length. Thus, the electron can efficiently be accelerated and
drawn out by the longitudinal ponderomotive force due to
Gaussian laser beam. The electron energy gain of few MeV
was realized with a Gaussian laser beam of intensity above
1019 W/cm2. Propagation properties of Gaussian laser
beams directly influence the electron acceleration. The pres-
ence of external magnetic field, polarization characteristics
of laser pulse and frequency variations of laser pulse enhance
the electron dynamics and energy gain during laser–electron
interaction (Ghotra & Kant, 2015a, b). The mode index-
influenced intensity variations were investigated and reported
(Belafhal & Ibnchaikh, 2000; Nanda & Kant, 2014; Alpmann
et al., 2015). A Gaussian beam when involves a product of
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Hermite and Gaussian functions forms Hermite–Gaussian
(HG) beam. The field distribution of such beam in its
lowest mode comprises TEM00 mode and represented as a
Gaussian beam. In another study, we presented the polariza-
tion effect of a Gaussian laser beam on electron acceleration
in vacuum (Ghotra & Kant, 2016b). We reported a higher
energy gain by electrons with a circularly polarized (CP)
laser beam than that with a linearly polarized (LP) laser
beam. The higher-order modes of the HG beam are designated
as TEMmn HG modes, where m and n are the mode indices.
Recently, Flacco et al. (2015) conducted an experiment
using the HG laser beam with distinct modes such as (0, 0),
(0, 1), (0, 2), (0, 3), and (0, 4). They reportedMG ordered per-
sisting magnetic field driven by the relativistic electrons in a
plasma. Gaussian TEM00 mode has an intensity peak at the
propagation axis, so the electron scatters away with low
energy due to a strong ponderomotive force in the transverse
direction. A static inhomogeneous magnetic field controls
the trapping of electron at the focus of TEM00 mode of Gauss-
ian laser pulse for effective acceleration (Saberi &Maraghechi,
2015). However, the higher-order TEM modes of HG beam
posseses the characteristics intensity distributions, which en-
force a better trapping of electron at the focus than that with
TEM00 mode even in the absence of an external magnetic field.
In this paper, we present the influence of different mode

indices of Hermite polynomial on electron acceleration by
using a relativistic three-dimensional (3D) single-particle
code with CP-HG laser beam in the plasma. We investigate
the effect of a laser beam width parameter and mode indices
of HG laser beam on electron acceleration with variation of
laser intensity. High-energy gain is realized in the presence
of high-intensity laser pulse. We compare the acceleration
distance in term of Rayleigh length for different values of
the laser beam spot size. The greater count of Rayleigh
length in terms of propagation distance is observed for a small-
er beam spot size and vice versa. The laser’s beam width pa-
rameter increases with propagation distance. The electron
gains high energy with a small beam width parameter due to
strong laser field and losses its energy with a large beam
width parameter due to weak field at the large propagation dis-
tance. We plot the electron energy gain variation for the dis-
tinct transverse electromagnetic (TEM) mode indices (0, 1),
(0, 2), (0, 3), and (0, 4) with a propagation distance. With a
lower-order HG laser beam, small electron acceleration has
been observed for longer distance and vice versa. The content
of the remaining part of this paper is arranged as follows. Sec-
tion 2 explains the electromagnetic fields of a HG laser beam,
Section 3 explains the distinct modes with intensity of HG
laser beam, and Section 4 presents the electron dynamics re-
quired to study electron acceleration. Outcomes are discussed
in Section 5. Finally, conclusion is drawn in Section 6.

2. FIELD DISTRIBUTION FOR A CP-HG BEAM

The transverse electric field components for a CP-HG laser
beam propagating in the z-direction, under a paraxial

approximation can be written as (Belafhal & Ibnchaikh,
2000; Nanda & Kant, 2014; Alpmann et al., 2015):
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where E0 is the amplitude of an electric field of the HG laser
beam; f is the HG beam phase; Hm,n is the Hermite-
polynomial function; m, n are the mode indices associated
with Hermite-polynomial; τ is the laser pulse duration; ZL
is the initial position of the pulse peak, r2= x2+ y2; r0 is
the minimum laser spot size, and c is the velocity of light
in vacuum; f (ξ) is the laser beam width parameter and can
be expressed as:

f (ξ) =
�������
1+ ξ2

√
, (3)

where ξ= z/ZR is the normalized propagation distance, ZR =
kr20/2 is the Rayleigh length, k is the laser wave number, φ =
ω0t − kz+ (m+ n+ 1)tan−1(ξ) − zr2/(ZRr20 f 2) + φ0, ω0 is
the laser frequency, (m+ n+ 1)tan −1(ξ) is the Guoy phase
(Flacco et al., 2015), and f0 is the initial phase.
To express the laser fields correctly, in addition to the

transverse electric components, the longitudinal electric
and magnetic components are express by paraxial ray ap-
proximation as:
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We consider a plasma with a density about 1023 m−3, and a
laser pulse of the wavelength λ= 1.054 μm. Therefore, the
plasma frequency and the frequency of laser pulse are ωp=
1.8 × 1013 rad/s and ω0= 1.8 × 1015 rad/s, respectively.
Hence, ω2

p/ω
2
0 ≈ 10−4. It has been experimentally proved

that at this plasma density (with pressure ≈1 Torr), plasma
effects such as wake-fields, plasma instabilities, and modifi-
cation of the amplitude can be neglected (Moore et al.,
2001).
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Table 1. Hermite polynomials (Hm, Hn) and intensity factor I∝ (HmHn)
2 with different mode indices (m, n) for the CP-HG laser beam
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Fig. 1. Normalized intensity I(ξ)/I0 distribution plots with normalized longitudinal distance ξ and normalized radial distance r′/f (ξ) at
a0= 5 and r0′ = 300 for TEM modes (m, n) as: (a) (0, 1), (b) (0, 2), (c) (0, 3), and (d) (0, 4).
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3. INTENSITY DISTRIBUTION FOR DIFFERENT
TEM MODES OF A CP-HG LASER BEAM

For a Hermite polynomial Hm,n(
��
2

√
r/r0f (ξ)), the intensity of

the CP-HG laser beam is expressed as:
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The intensity of a CP-HG laser beam for different mode in-
dices has been obtained using Eq. (6). We write the Hermite
polynomial (Nanda & Kant, 2014) and intensity proportion-
ality with different mode indices for a CP-HG laser beam in
Table 1.
HG modes are designated as transverse electromagnetic

modes, that is, TEMmn. The lowest order HG mode is
TEM00. This mode represents a Gaussian beam. The Guoy
phase of a TEMmn mode is stronger than that of the TEM00

mode by a factor m+ n+ 1.

4. ELECTRON DYNAMICS AND RELATIVISTIC
ANALYSIS

The momentum and energy of electron are expressed in terms
of the following equations:

dpx
dt

= −eEx + eβzBy − eβy(Bz), (7)

dpy
dt

= −eEy − eβzBx + eβx(Bz), (8)

dpz
dt

= −eEz − e(βxBy − βyBx) (9)

dγ

dt
= −e(βxEx + βyEy + βzEz), (10)

where ( px, py, pz) are the (x, y, z) coordinates of the momentum
�p = γm0�v; (βx, βy, βz) are the (x, y, z) coordinates of the nor-
malized velocity �β = �v/c; γ2 = 1+ ( p2x + p2y + p2z )/(m0c)2
is the Lorentz factor, −e and m0 are the charge and rest

Fig. 2. Variation plots for electron energy gain for the mode (m, n)= (0, 1) with normalized propagation distance ξ and beam width pa-
rameter f (ξ) for the distinct values of laser spot size r0′ and intensity parameters a0= 5, 25, and 50. (a) r0′ = 75, (b) r0′ = 150, (c) r0′ = 300,
and (d) r0′ = 450. The other parameters are τL′ = 70, f0= 0, p0′ = 1, zL′ = 0, xi′ = 0, yi′ = 0, and zi′ = 0.
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mass of electron, respectively. The dimensionless variables are
expressed as follows:

a0 � eE0

m0ω0c
, τ′ � ω0τ, r0

′ � ω0r0
c

, zL
′ � ω0zL

c
,
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c
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c
, z′ � ω0z

c
,
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c
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c
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vz
c
, t′ � ω0t, p0
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,
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,

pz
′ � pz

m0c
, and k′ � ck

ω0
.

Equations (7)–(10) are the coupled differential equations.
These equations have been solved numerically with a comput-
er simulation code for electron energy.

5. RESULTS AND DISCUSSION

We have chosen the following dimensionless parameters for
numerical analysis: a0= 5 (represents laser intensity I∼
6.92 × 1019 W/cm2), a0= 25 (represents the laser intensity
I∼ 8.5 × 1020 W/cm2), a0= 50 (represents the laser intensi-
ty I∼ 6.8 × 1021 W/cm2); r0′ = 150 (represents the laser spot
size r0∼ 25 μm), r0′ = 300 (represents the laser spot size r0∼
50 μm), r0′ = 450 (represents the laser spot size r0∼ 75 μm),
τL
′ = 70 (corresponding to laser pulse duration of 200 fs); initial

position of pulse peak zL′ = 0; initial electron position xi′ = 0,
yi′ = 0, and zi′ = 0; initial phase f0= 0, normalized initial mo-
mentum of electron p0′ = 1. The peak power of the laser pulse
corresponds to intensity parameter a0= 5 with r0′ = 150 is
about 0.67 PW.

Figure 1 represents the normalized intensity I(ξ)/I0 distri-
bution plots with normalized longitudinal distance ξ and nor-
malized radial distance r′/f (ξ) at a0= 5 and r0′ = 300 for
distinct TEM modes (m, n). This corresponds to a peak
power of about 2.7 PW of laser pulse. These days the laser
pulse power in PW range is feasible experimentally (Dabu,
2015; Turcu et al., 2015).

Fig. 3. Variation plots for electron energy gain for the mode (m, n)= (0, 2) with normalized propagation distance ξ for distinct values of
intensity parameter a0= 5, 25 and 50 with laser spot size: (a) r0′ = 150, (b) r0′ = 300, and (c) r0′ = 450. Rests of the parameters are as
referred in Figure 2.

TEM modes influenced electron acceleration by HG laser beam in plasma 389

https://doi.org/10.1017/S0263034616000239 Published online by Cambridge University Press

https://doi.org/10.1017/S0263034616000239


As depicted the intensity goes on decreasing with propaga-
tion distance. A strong intensity distribution close to the
radial center appears with the lower mode, which becomes
irregular with higher modes. This indicates the strong field
near the center with lower modes. The presence of strong
field keeps the electron close to the axis for longer distance.
Hence, it plays a significant role in maintaining the resonance
for longer distance.
Figure 2 represents the variation of electron energy gain

with respect to normalized propagation distance ξ for the
mode (m, n)= (0, 1). This gain has been examined for the
distinct values of laser spot size, r0′ with intensity parameters,
a0= 5, 25, and 50. Higher-energy gain appears with higher
intensity for same spot size.
Figure 2(b) depicts the electron energy gain of about

600 MeV with a0= 50 and r0′ = 150. Hartemann et al.
(1995) reported the role of the beam focusing for achieving
the high-energy accelerating particle. The beam width pa-
rameter plays a vital role in determining the accelerating dis-
tance by influencing the order of Rayleigh length with a

focused Gaussian beam. We have plotted the variation of
laser beam width parameter f (ξ) with respect to normalized
propagation distance and observe an increase in the beam
width parameter with the distance of propagation of laser
pulse in the plasma. Smaller the value of beam width param-
eter, stronger is the electron acceleration and vice versa.
Hence, high acceleration is observed with a small beam
width parameter. We observe the acceleration and decelera-
tion of electron while interaction with a HG laser pulse in
the plasma.
It is due to the asymmetry in the intensity of the CP-HG

laser beam, which enforces the trapping and acceleration of
the electron for longer distance. The electron first gains high-
energy during interaction with the leading part of the pulse.
The gain saturates till reaching to the trailing part of the
pulse. The electron acceleration distance calculated is about
three times the Rayleigh length with a LP chirped laser
pulse of a large spot size r0′ = 900 in vacuum (Ghotra &
Kant, 2015c). One can observe the acceleration distance
with a CP-HG laser pulse, which is about six times the

Fig. 4. Variation plots for electron energy gain for the mode (m, n)= (0, 3) with normalized propagation distance ξ for distinct values of
intensity parameter a0= 5, 25, and 50 with laser spot size: (a) r0′ = 150, (b) r0′ = 300, and (c) r0′ = 450. Rests of the parameters are as
referred in Figure 2.
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Rayleigh length for a smaller initial laser spot size, r0′ = 300
in the plasma as depicted from Figure 2(c).
Betatron resonance, which is set up between accelerating

electron and laser pulse during laser–electron interaction in
the plasma, enforces electron acceleration for longer distance
of propagation. Figure 2(d) presents the electron energy gain
with a large beam spot size. In such case, the electron initially
gains high energy while interaction with the laser pulse and
soon decelerated due to weakening of the laser field with the
increase of the propagation distance. The electron is acceler-
ated where the laser field strength is high in the vicinity of
sharp focus, and decelerated where laser field strength is
weak. This makes an effective acceleration of electron in
the plasma.
Figure 3 represents the variation plots for electron energy

gain as a function of ξ for distinct intensity parameters and
normalized laser spot size for the mode index, (m, n)= (0,
2). The variation has been expressed graphically for different
intensity parameters a0= 5, 25, and 50. After reaching to the
maximum energy gain, the electron is decelerated slightly
due to weakening of field with increasing beam width

parameter. The electron energy gain then saturates. The elec-
tron retains significant amount of energy even in the weak
laser field. One can observe from Figures 3(a), 3(b), and
3(c) that the accelerated electron retains high energy for
larger distance.

Figures 4 and 5 represent the variation plots for electron
energy gain with respect to the normalized propagation dis-
tance ξ for distinct intensity parameters and normalized
laser spot size for the mode indices (m, n)= (0, 3) and
(0, 4). In Figures 4(b) and 4(c), we see the variation for
two different values of r0′ = 300 and 450. The electron
energy gain first increases while interaction with the laser
pulse. After attaining the maximum energy gain, the electron
is decelerated due to increasing laser beam width parameter,
and then energy gain is saturated for larger distances. An
energy gain of the order of 1 GeV is achieved with laser in-
tensity a0= 50 (corresponding to I∼ 6.8 × 1021 W/cm2)
and spot size r0′ = 300. The electron energy gain greater
than 1 GeV is achieved with the same intensity, and larger
spot size r0′ = 450. We have calculated the accelerating dis-
tance of the electron, which is about three times of the

Fig. 5. Variation plots for electron energy gain for the mode (m, n)= (0, 4) with normalized propagation distance ξ for distinct values of
intensity parameter a0= 5, 25, and 50 with laser spot size: (a) r0′ = 150, (b) r0′ = 300, and (c) r0′ = 450. Rests of the parameters are as
referred in Figure 2.
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Rayleigh length.We find that with higher modes the electron
gains higher energy quickly. However, retains a smaller por-
tion of energy for larger distance. This is due to the variation
of intensity with higher modes, which results a weak field at
larger distance. Hence, the electron losses its gained energy
with higher modes at larger distance.
Figure 6 represents the variation plots for electron energy

gain with respect to the peak power of laser pulse for modes
(m, n)= (0, 1) and (0, 4). The electron energy gain increases
with laser power. As depicted the electron energy gain is
above 1.5 GeV with mode index (0, 4) at peak power of
10 PW, whereas it is about 0.5 GeV with mode index (0,
1). It is clear that the electron energy gain is high with the
higher mode index for the same power of laser pulse. Niu
et al. (2008) observed an electron energy gain of about
262 MeV with a CP Gaussian laser pulse of peak intensity
∼1020 W/cm2. We have observed higher energy gain with
higher mode index at the same intensity with the CP-HG
laser pulse. Our results show higher electron energy gain of
about 650 and 1350 MeV with mode indices (0, 1) and (0,
4), respectively, for a CP-HG laser beam of peak intensity
8.5 × 1020 W/cm2. Magnetic field was employed with a
CP Gaussian laser beam to achieve energy gain of above
100 MeV (Gupta & Ryu, 2005; Sharma & Tripathi, 2009).
However, we have observed electron energy gain of the
order of GeV with the higher mode indices with a CP-HG
laser beam in the absence of any external magnetic field.

6. CONCLUSION

In this study, we have highlighted the importance of intensity
distribution of TEMmodes and laser beam width parameter of
a CP-HG laser beam on electron acceleration in the plasma.
We have noticed an enhanced electron energy gain above
1 GeV for the laser intensity a0= 50 (corresponding to I∼
6.8 × 1021 W/cm2) with laser spot size r0′ = 450(∼75 μm)

for mode (0, 2). We have observed the role of different
modes on the electron energy gain. It is the intensity variation
in different TEM modes, which influences the electron energy
gain during a laser–electron interaction. Although, the energy
gain with higher modes remains high, but the electron de-
phased at shorter distance. With an appropriate selection of
laser beam spot size, and mode index, the electron can be ac-
celerated upto the order of GeVenergy.

REFERENCES

ALPMANN, C., SCHOLER, C. & DENZ, C. (2015). Elegant Gaussian
beams for enhanced optical manipulation. Appl. Phys. Lett.
106, 241102.

BELAFHAL, A. & IBNCHAIKH, M. (2000). Propagation properties of
Hermite-cosh-Gaussian laser beams. Opt. Commun. 186,
269–276.

DABU, R. (2015). High power femtosecond lasers at ELI-NP. AIP
Conf. Proc. 1645, 219–227.

ERIKSON, W.L. & SINGH, S. (1994). Polarization properties of Max-
well Gaussian beams. Phys. Rev. E 49, 5778–5786.

ESAREY, E., SCHROEDER, C.B. & LEEMANS, W.P. (2009). Physics of
laser-driven plasma-based electron accelerators. Rev. Mod.
Phys. 81, 1229–1285.

FORTIN, P.L., PICHE, M. & VARIN, C. (2010). Direct-field electron ac-
celeration with ultrafast radially polarized laser beams: Scaling
laws and optimization. J. Phys. B: At. Mol. Opt. Phys. 43,
025401.

FENG, H., WEI, Y., PEIXIANG, L. & HAN, X. (2004). Electron acceler-
ation by a focused Gaussian laser pulse in vacuum. Laser Sci.-
Tech. 6, 2492–2495.

FLACCO, A., VIEIRA, J., LIFSCHITZ, A., SYLLA, F., KAHALY, S., VELTCH-

EVA, M., SILVA, L.O. &MALKA, V. (2015). Persistence of magnet-
ic field driven by relativistic electrons in plasma. Nat. Phys. 11,
409–413.

GEDDES, C.G.R., TOTH, C., TILBORG, J.V., ESAREY, E., SCHROEDER,
C.B., BRUHWILER, D., NIETER, C., CARY, J. & LEEMANS, W.P.
(2004). High-quality electron beams from a laser wakefield ac-
celerator using plasma-channel guiding. Nature 431, 438–441.

GHOTRA, H.S. & KANT, N. (2015a). Electron acceleration to GeV
energy by a chirped laser pulse in vacuum in the presence of az-
imuthal magnetic field. App. Phys. B 120, 141–147.

GHOTRA, H.S. & KANT, N. (2015b). Sensitiveness of axial magnetic
field on electron acceleration by a radially polarized laser pulse
in vacuum. Opt. Commun. 356, 118–122.

GHOTRA, H.S. & KANT, N. (2015c). Electron acceleration by a
chirped laser pulse in vacuum under influence of magnetic
field. Opt. Rev. 22, 539–543.

GHOTRA, H.S. & KANT, N. (2016a). Electron injection for enhanced
energy gain by a radially polarized laser pulse in vacuum in the
presence of magnetic wiggler. Phys. Plasmas 23, 013101.

GHOTRA, H.S. & KANT, N. (2016b). Polarization effect of a Gaussian
laser pulse on magnetic field influenced electron acceleration in
vacuum. Opt. Commun. 365, 231–236.

GUPTA, D.N., KANT, N., KIM, D.E. & SUK, H. (2007). Electron accel-
eration to GeV energy by a radially polarized laser. Phys. Lett. A
368, 402–407.

GUPTA, D.N. & RYU, C.M. (2005). Electron acceleration by a circu-
larly polarized laser pulse in the presence of an obliquely inci-
dent magnetic field in vacuum. Phys. Plasmas 12, 053103.

Fig. 6. Variation plots for electron energy gain with peak power of laser
pulse for the modes (m,n)= (0, 1) and (0, 4). Rests of the parameters are
as referred in Figure 2.

H. S. Ghotra and N. Kant392

https://doi.org/10.1017/S0263034616000239 Published online by Cambridge University Press

https://doi.org/10.1017/S0263034616000239


HARTEMANN, F.V., FOCHS, S.N., SAGE, G.P.L., LUHMANN JR., N.C.,
WOODWORTH, J.G., PERRY, M.D., CHEN, Y.J. & KERMAN, A.K.
(1995). Nonlinear ponderomotive scattering of relativistic electrons
by an intense laser field at focus. Phys. Rev. E 51, 4833–4843.

HOOKER, S.M. (2013). Developments in laser-driven plasma acceler-
ators. Nat. Photonics 7, 775–782.

LEEMANS, W.P., NAGLER, B., GONSALVES, A.J., TOTH, C., NAKAMURA,
K., GEDDES, C.G.R., ESAREY, E., SCHROEDER, C.B. & HOOKER,
S.M. (2006). GeV electron beams from a centimetre-scale accel-
erator. Nat. Phys. 2, 696–699.

MOORE,C.I., TING,A., JONES, T.,BRISCOE, E.,HAFIZI, B.,HUBBARD,R.F.
& SPRANGLE, P. (2001). Measurements of energetic electrons from
the high-intensity laser ionization of gases.Phys. Plasmas 8, 2481.

NANDA, V. & KANT, N. (2014). Enhanced relativistic self-focusing of
Hermite-cosh-Gaussian laser beam in plasma under density tran-
sition. Phys. Plasmas 21, 042101.

NIU, H.Y., HE, X.T., QIAO, B. & ZHOU, C.T. (2008). Resonant accel-
eration of electrons by intense circularly polarized Gaussian
laser pulse. Laser Part. Beams 26, 51–59.

SABERI, H. & MARAGHECHI, B. (2015). Enhancement of electron
energy during vacuum laser acceleration in an inhomogeneous
magnetic field. Phys. Plasmas 22, 033115.

SALAMIN, Y.I. (2006). Electron acceleration from rest in vacuum by
an intense Gaussian laser beam. Phys. Rev. A 73, 043402.

SHARMA, A. & TRIPATHI, V.K. (2009). Ponderomotive acceleration of
electrons by a laser pulse in magnetized plasma. Phys. Plasmas
16, 043103.

SPRANGLE, P., HAFIZI, B., PENANO, J.R., HUBBARD, R.F., TING, A.,
ZIGLER, A. & ANTONSEN, T.M. (2000). Stable laser-pulse propa-
gation in plasma channels for GeV electron acceleration. Phys.
Rev. Lett. 85, 5110–5113.C36.

TURCU, I.C.E., BALASCUTA, S., NEGOITA, F., JAROSZYNSKI, D. & MC-

KENNA, P. (2015). Strong field physics and QED experiment
with ELI-NP 2X10PW laser beam. AIP Conf. Proc. 1645,
416–420.

YORK, A.G. & MILCHBERG, H.M. (2008). Direct acceleration of elec-
trons in a corrugated plasma waveguide. Phys. Rev. Lett. 100,
195001.

TEM modes influenced electron acceleration by HG laser beam in plasma 393

https://doi.org/10.1017/S0263034616000239 Published online by Cambridge University Press

https://doi.org/10.1017/S0263034616000239

	TEM modes influenced electron acceleration by Hermite--Gaussian laser beam in plasma
	Abstract
	INTRODUCTION
	FIELD DISTRIBUTION FOR A CP-HG BEAM
	INTENSITY DISTRIBUTION FOR DIFFERENT TEM MODES OF A CP-HG LASER BEAM
	ELECTRON DYNAMICS AND RELATIVISTIC ANALYSIS
	RESULTS AND DISCUSSION
	CONCLUSION
	REFERENCES


