
Control of seeding of Raman forward scattering and 
injection of electrons in a self-modulated laser wakefield 

accelerator by a copropagating prepulse 
T.-Y. Chlen 

Graduate Institute of Electro-Opttcal Engineering, National Taiwan University, Taipei 106, Taiwan, 

W.-T. Chen 
Department ofPhysics, National Taiwan University. Taipei 106, Taiwan 

C.-H. Lee 
Institute ofApplied Science andEngrneenng Research, Academia Sinica, Taipei 1 IS. Taiwan 

J.-Y. Lin 
Department ofPhysics, National Chung Cheng University, Chia-Yi 621, Tanvan 

J. Wang and S.-Y. Chen 
Institute ofAtomic andMolecular Sciences, Academia Sinica, Taiper 106, Taiwan 

sychen C? ltl. iams.srn rca.edu. hv 

Abstract: Optically controlled seeding of Raman forward scattering and electron injection in a 
self-modulated laser wakefield accelerator is achieved by introducing a copropagating prepulse 
with proper timmg Seeding mechanisms are identified from the experimental data. 
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Optical seeding of plasma waves and ,injection of electrons F e  key issues in self-modulated laser wakefield 
accelerators, [I]. In tlie cross-modulated laser wakefield accelerator scheme (XM-LWFA) [2] ,  -Raman forward 
scattering (RFS) is controlled by regulating its seed, and seeding of RFS may come from ionization-induced 
wakefield [3,4], Raman backward scattering (RBS) [4,5], or the wakefield driven by the rising edge of the laser 
pulse [6]. In this work, we demonstrated the feasibility of XM-LWFA and laser-injection laser accelerator 171 by 
using an ionizing prepulsk to control the seeding of RFS and injection of hot electrons. 

Two collinearly propagating pulses produced from a 10-TW, 55-fs, 810-nm, and IO-& Ti:sapphire laser system 
are used for the interaction. The intensity and pulse duration are set to be 8x10'7.W/cm2 and 250-fs for the main 
puke, and 8 ~ 1 0 ' ~  W/cm2 and 55 fs for the prepulse. The two pulses are focused onto a supersonic helium gas jet to 
generate plasma waves by RFS, and the plasma waves accelerate electrons up to several tens of MeV. 

Figure 1. shows the first-Stokes Raman satellite intensity and the numbers of accelerated electrons as a function 
of prepulse timing relahve to the main pulse. When the prepulse is leading the main pulse by 50 ps or more, the 
Raman signal is reduced by at least an order of magnitude compared with using only the main pulse. Such a 
suppression of RFS by preionization suggests that the RFS is mainly seeded by ionization-induced wakefield, 
because whether the gas is preionized or not should make little difference for the other possible seeding mechanisms. 
The picture is also supported by the two interferograms of plasma distribution on the top of the figure, which show 
that the prepulse removes the ionization front of the main pulse. 

As the prepulse is moved closer to the main pulse, the RFS signal becomes larger and reaches a maximum when 
both pulses overlap. The 0.045-ps-' rising slope before the arrival of the main pulse is in effect a measurement of the 
decay rate of the plasma wave driven by the prepulse. Since there is no ionization-induced wakefield to seed the 
RFS of the main pulse, this observation indicates that RFS of the main pulse is seeded by the plasma wave produced 
by the prepulse. 

With the prepulse present within 30 ps before the main pulse, the number of accelerated electrons is even larger 
than that with the main pulse alone. It is expected that the hot elecfrons heated by the decay of the slow plasma wave 
excited by RBS of,the piepulse can inject electrons into the fast plasma wave driven by RFS of the main pulse [8]. 
AS a result, when the separation between the prepulse and the main pulse is decreased, the prepulse can seed the 
main pulse with a fast plasma wave of larger amplitude but with a smaller number of hot electrons, and vice versa. 
The trade-off between the two effects results in the peak of electron number at the prepulse timing of -10 ps. 
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FIG. 1 First-Stokes Raman intensity (solid square) and the number of electrons accelerated (open circle) as a 
function of prepulse timing. The dot line is the value for the case of using only the main pulse. Inset shows the 
interferograms measured with a probe pulse arriving at the same time as the main pulse for a prepulse timing 
of (a) -10 ps and (b) 0 ps, respectively: 
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