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The results of numeral simulation of plasma wakefield excitation by sequence of laser pulses are presented. It is
shown that if laser pulses are placed through one wavelength, the accelerated bunch of electrons is formed and
accelerated only after the last laser pulse. If laser pulses are placed through two wavelengths, the electron bunch is
formed and accelerated after every laser pulse. Thus the second bunch of electrons after every pulse is non-
monoenergetic or it is not formed unlike the case of one pulse.

PACS: 29.17.+w; 41.75.Lx
INTRODUCTION

The intense plasma wakefield excitation by a single
intense laser pulse has allowed to other authors to
achieve large accelerating field (see [I...8]). At
excitation of the wakefield by one intensive laser pulse
two bubbles are formed at certain conditions after it and
an electron bunch is accelerated in each of them. I.e. an
intensive laser pulse can form a sequence of two
accelerated electron bunches. Also after these two
bubbles wake is excited. Hence it would be useful to
enhance this wake and to use it for the electron bunch
acceleration for increase of number of accelerated
electrons. l.e. the question arises about possibility of
wakefield excitation by sequence of laser pulses. To
address this question the authors of this paper study by
numerical  simulation, using fully relativistic
electromagnetic PIC  code-UMKA2D3V, self -
consistent effect of three short laser pulses on the
uniform plasma with density ny=1.7458-10"" cm™. The
amplitude of each pulse equals b=1, 3 or 5. The
amplitude is normalized on Ey = m.coy/(2re), o is the
pulse frequency. It is shown that, if laser pulses are
distributed through one wavelength of plasma
oscillations, pulses effect on the field steepening and
bunch of the accelerated electrons is formed only after
the last pulse. If laser pulses are distributed through two
wavelengths, after every pulse the electron bunch is
accelerated. Thus, as every second field steepening is
effected by a laser pulse, the second electron bunch
after every pulse is not formed unlike the case of one
pulse or it is non-monoenergetic beams. Thus, although
bubble after the last pulse is excited with a time delay
relatively to first bubble, the accelerated bunches in the
first and last bubbles can be formed approximately
simultaneously, as amplitudes of bubbles grow along
the sequence.

RESULTS OF SIMULATION

At first we consider well-known case of the
wakefield excitation by one intensive laser pulse. At
certain parameters after an intensive laser pulse two
bubbles of plasma electrons are formed and in each of
them an electron bunch is accelerated (Fig. 1). I.e. an
intensive laser pulse forms a sequence of two
accelerated electron bunches.
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Also after these two plasma electron bubbles a wake
is excited (Figs. 2, 3). It would be useful, for increase of
number of accelerated electrons, to enhance and use it
for electron bunch acceleration.
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Fig. 1. Two plasma electron bubbles and two electron
bunches, accelerated by one laser pulse in the time,
when the laser pulse deeply penetrated into the plasma
(see Fig. 2) t=140t,. The amplitude of pulse equals b=35.
The pulse half-duration (normalized on ty) equals t, = 1.
Its half-width (normalized on 1) equals ry = 4. A is the
wavelength and ty = 2w/w, is the period of laser pulse. x
and y on the axes are normalized on A
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Fig. 2. Two plasma electron bubbles and two electron
bunches, accelerated by one laser pulse in the time,
when the laser pulse deeply penetrated into the plasma

Now we investigate a sequence of two laser pulses-
drivers. In the case of two laser pulses-drivers, if they
are distributed through one wavelength of plasma
oscillations, pulses effect on the field steepening and
bunch of accelerated electrons is formed only after the
last pulse (Fig. 4).
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Fig. 3. Longitudinal component of the wakefield excited
by one laser pulse in the time, when a laser pulse deeply
penetrated into the plasma
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Fig. 4. Wake perturbation from two laser pulses,
distributed through one wavelength of plasma
oscillations (through dx=10.49) in the time
t=100t. The amplitude of each pulse equals b=3. The
half-duration of the first pulse equals t; = 1 and of the
second pulse equals t; = 2. The half-width of the first
pulse equals ry = 4 and of the second pulse equals
ro = 2
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Fig. 5. Sequence of two electron bunches, accelerated
by a sequence of two laser pulses, distributed through
two wavelengths of plasma oscillations (through
&=22), in the time, when laser pulses deeply
penetrated into the plasma t=140t). The amplitudes of
both pulses equal b=3. The half-duration of the first
pulse equals t; = 1 and of the second pulse equals t; = 2.
The half-width of the first pulse equals ry = 4 and of the
second pulse equals ry = 2
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Fig. 6. Appearance of sequence of two electron
bunches, accelerated by the sequence of two laser
pulses, in the time t=40ty. The pulses are distributed
through ox=22. The amplitudes of both pulses equal
b=3. The half-duration of the first pulse equals t; = 1
and of the second pulse equals t; = 2. The half-width of
the first pulse equals ry = 4 and of the second pulse
equals ry =2

If laser pulses are distributed through two
wavelengths of plasma oscillations, after every pulse the
electron bunch is accelerated (Fig.5). Thus, as every
second field steepening is effected by laser pulse, the
second electron bunch after every pulse is not formed
(see Fig. 5) unlike the case of one pulse or it is non-
monoenergetic bunch (see Fig. 5). Thus, although the
plasma electron bubble after the last pulse is formed
with a time delay relatively first one, the accelerated
electron bunches can be formed by the first and last
plasma electron bubbles, as it 1is observed,
approximately simultaneously, if amplitudes of plasma
electron bubbles grow along their sequence (Fig. 6).
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Fig. 7. Wake perturbation of plasma electron density,
excited by a sequence of three laser pulses of large
intensity, in the time t=80t,. The pulses are distributed
through ox=22. The amplitudes of all pulses equal b=3.
The half-duration of the first pulse equals t, = 1 and of
the second and third pulses equal t; = 2. The half-width
of the first pulse equals ry = 4 and of the second and
third pulses equal ry = 2

If the third laser pulse follows after the second pulse
through two wavelengths of plasma oscillations, after
third pulse the third electron bunch is also accelerated
(Fig. 7). The wakefield, excited by a sequence of three
laser pulses of large intensity is shown in Fig. 8.

The wake perturbation from three laser pulses of
small intensity is shown in Fig. 9.
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unlike the case of one pulse or it is non-monoenergetic
bunch.
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It is shown that in the case of laser pulses,
distributed through one wavelength of plasma
oscillations, bunch of accelerated electrons is formed
only after the last pulse. If laser pulses are distributed
through two wavelengths of plasma oscillations, after
every pulse the electron bunch is accelerated. Thus the
second electron bunch after every pulse is not formed
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YUCJEHHOE MOJAEJINPOBAHUE BO3BYKIEHUS KNJIBBATEPHOI'O 110JIA B IIVIASME
MHNOCJIEAOBATEJIBHOCTBIO JIASEPHBIX UMITYJIbCOB

B.U. Macnos, U.H. Onuwienxo, E.H. Céucmyn

[TpoBeneHo YMCIEHHOE MOZEIMPOBAaHKE BO30YXKICHHS KWIBBATEPHBIX IOJIEH B IUIa3Me IOCIEAOBATEIbHOCTHIO
Ja3epHBIX UMITYJIbCOB. B cilydae mocienoBaTenbHOCTH JIA3E€PHBIX UMITYJIbCOB, PACIION0KEHHBIX YepPe3 OJHY [UINHY
BOJIHBI, CI'YCTOK YCKOPSIEMBIX 3JIEKTPOHOB (DOPMHUPYETCS TOJIBKO 3a MOCIEAHUM HMITyJbcoM. Eciu nasepHble
HMMITYJIbCHI PACHOJIOKEHBI YePe3 ABE IJIMHBI BOJIHBL, 32 KXKJbIM UMITYIbCOM YCKOPSETCS CIyCTOK AJIEeKTpOHOB. IIpu
3TOM BTOpBIE CT'YCTKH JJICKTPOHOB 32 KaKABIM HMITyJbCOM HE (OPMHPYIOTCS B OTJIMYME OT CiIydas OJIHOTO
UMITYJIbCA WJIM OHM TIPEACTABIAI0T CO00H HEMOHOIHEPIeTUYHbIE ITyUKH.

YUCEJBHE MOJAEJIOBAHHA 35YUKEHHSA KIJIBBATEPHOTI'O ITOJIA B ITIJIA3MI
HOCJJIAOBHICTIO JIABEPHUX IMITYJIBCIB

B.I1. Macnoe, I.M. Onuwenko, O.M. Ceucmyn

[IpoBeneHo wymcenpbHE MOJEMIOBaHHS 30yIKCHHS KUTHBATEPHUX IMOJNIB Y IDIa3Mi IOCIHIZOBHICTIO Ja3epHHX
IMITyJIbCIB. Y BHUMAJKY MOCITIJOBHOCTI JIa3epHHUX IMITYJIbCIB, PO3TALIOBAHUX 4Yepe3 OJHY JOBKHHY XBHII, 3IyCTOK
MPUCKOPIOBAHKX EJIEKTPOHIB (POPMYETHCS TUIBKHM 38 OCTAHHIM IMITyJIbCOM. SIKIIO Jla3epHi IMIYJIbCH PO3TaIlOBaHI
Yyepes JBi TOBXKUHU XBHUII, 38 KOXKHUM IMITYJIbCOM MPHUCKOPIOETHCS 3TYCTOK €1eKTPOHiB. [Ipu 1bOMY ApYyTi 3ryCTKH
€JIIEKTPOHIB 332 KOXKHUM IMITyJIbCOM HEe (POPMYIOThCS HA BiAMIHY BiJl BHMIAOKy OIHOTO IMITylCYy ab00 BOHHU €
HEMOHOCHEPTeTHYHUMH ITy9KaMH.
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