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ABSIRALT

Both Forward Raman Scattering of a 10 6 pm €0y laser using a foil target
and & beal wave experiment with 10.6 um and 9.6 um lines using a gas
target and an intense relativistic electron beam (REBY source me
described for accelerating electrons to muwre than MeV snergies. lhe
former experiment achieved an accelerstion of more than 1 MeV using a
45 am OH foil and 100 J/lns 10.6 pm laser. The latter siarted to
ancelerate 0.5 MeV REB fo more than 10 MeV.

1. INTRUDUCTION

There are two methods by whith a laser in a plasma can accelerate elecivons up {o
10 MeV or more. The first is the Forward Raman Scattering acieleralion u#sing a one fre-
quency laser such as 10 6 pm, which decays under the quarter (ritical density {ne./4) to
the forward electromagnetic wave and to the forward plasma wave of the phase veloacity
almost equal fo the Jight velocity, accelerating the trapped slectrons to more than MeV
energies. At first, we present the Forward Raman Scattering acceleration using foil tar-
gets, since to generate a one frequency laser oscillation as well as to produce foil plasma
is lechnically simple. In this case we observed that elettrons are acrelerated to more
than 1 MeV. Although the accelerated eleciron energy increases as the plasma density is
towered, to decrease the foll target plasma density lower under 108 70c s difficult, Also
the Forward Raman Scatiering instability threshold increases and ihe number of the hot
source eleclrons decreases as the plasma density is lowered, all of whith limit the
acceleration. Al ng = 100%/¢e, the energy is theoretically limited to 2yZm? = 10 MeV,
where v = (T-vyp? /e %)= /% = wiwy and me? is the electron rest energy, about 500 keV.

Secondly, we performed the beat wave experiment named | prouram, using 10.6 um and
9.6 um lines as well as a gas target which is expanded and laser-pre-jonized, providing a
density of around 10V /ce. (allinea 10,6 pm and 9.6 pum lasers beal and thelr pondero-
motive force drives the plasma wave of velocity close to that of light. Ihe situaiion is
infrinsically the same as the First experiment, that is, the 8 6 um laser detays to the
forward 10.6 wn 1ight and the forward plasma wave without threshold at the 10%/ce resonant

density, AL 1(}”1(,«, y is 10, then the enerqgy :?y‘;‘mcé obitainahle for the electvon becomes
100 Mev,
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2. FORWARD RAMAN SLATIERING AND ELECTRON ACCELERATION

We used ane 1.6 wm beam from the [ERKD VIID 10y lazer system  The oantpal energy is

150 J in a 1 ns pulse  lhe heam diameler is 240 mm. Ihe focusing lens is an f/1 5. Ihe
electrun spectrometers (ESM) ae located at the targe! normal (-207), the laser axis ey
and at 45 ©, as shown in Fig., 1. The spectvum of the auvceleraled electron ltemperature
peaks nnt at the targe! normal but al the laser axis, that is, in the forward scallering
dirertion N
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Fig 1 FHS exper iment of full targetls

As shown in Fig, 2, the FSM detected the electron spechium at the laser axis, showing
that the energy exlends to more than 1 MeV, whereas at 45 ° it extends only to 0.5 MeV
The temperature at 09 is alsa higher than at 45 °¢ The threshold te aceelerate electrons
was 1.6 x 10" Wiem', comsistent with the FRS calcuiat fon,
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Fig 2 Accelerated eleciron spectrum vs FSM angle

The dispersion of the FRS shows that the plasma wave v relating to the tyapped elet
trun eneryy increases as the plasma density devreases At }&ggfsx, ¥ is 3, relating to the
1 MeV elecirons, but at 10 fee y is 10 relating to the 100 Me¥ electrons,  Simitaly,
Fig. 3 shows that as the Foil thickness is decveased from 0 11 um to 45 ug, the aicelerated
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intreases From 93 keV to 120 keV.
HISHO requires {as shown in Fiq. 4) the foil thickness to be less than 10w to have a

the 1 D hydrodynamic simulation

density less ihan 10'% /e and so produce higher energy elecirons. However, to make suth a

thin foil is impossible.

by the main pulse.
decreases the density, but the experiment (Fig. 5) shows that the acuelerated temperalure

decreases monvtonically,

the simulalion

in Fig.

deurease of the accelerated eleciron yield,
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Fig 5 Accelerated electron temperature
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Therefare we pre -ionized the foil hy the prepulse laser followed
4 predicts that

delaying the main pulse

implying a reduction of the sourve elevtrons and resulting in a
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3. BEAT WAVE ACCELERATION “] PROGRAM"

We then planned the (0 laser-REB interaction program which had two obiectives. The
first is the FEl and the second the best wave acceleration of REB, on whivh we now report
the present status,

The 9.6 um and 10.6 um laser beal wave genevates the ponderomotive forue in the
plasme, driving the plasma wave whose phase velooity vy, surses with the beal wave growp
velocity, The electric field s limited to 3 x 10% V/em by the wave breaking. Then the
potential to trap the electrons is met o 3%2%:2 190 HMeV in the distance of 3 s, The
Fluid-particle hybrid code simulated the beal wave acceleration, as shown in Fig. 6. lhe
Fluid code caloulated the plasma wave and the particle code calunlated the electron heams
Although the laser beam is Baussian shaped and 300 ps long, only the jnitial 100 ps dwa
tion can ooherently acuelerate the slectrons From §ome to 30 mg, that is, to 185 Me¥, Ihen
the plasmz wave decays. The curve inserifed at the top right of Fig. & shows the Lime-inte~
grated specirum of the initial 0.5 MeV electvon sccelerated up to 15 MeV. Me used the same
taser but al double line.

We produced the double line oscillatinn at 10P(20) and 9P{22), injecting a OW laser
only at 9P{22} to the TEA oscillator. Figure 7 shows the systems. The 10OP(20) and 9P(22)
tines normally osciliate within the timing at less than 50 ns from each other. CGonsider ing
the main amplifier’s yise time For each line, this time difference is sufficiently small tn
produce the two-line 1 ns output at the maie amplifier. Bolh lines, siiced to 1.7 ns
hefure the 1EA preamplifier, are amplified separately by twn F-heam preamplifiers, amd
again combined in the main amplifier, whose output is 100 150 J in each I ns. The output
beam of 240 mm diameter is divected through the wall to annther yoom, where the laser light
is focused by an f/10 Nall lens into the OIRAN interaction chamber collinearly with lhe
electron hean from the REIDEN 111 REB machine, The laser iz fouused to a spot of 1 mm with
2.5 x 10'° wiem®. Figure B shows the [IRAN iplerartion chamber connected to the laser
focusing port and to the REB machine REJDER TI1 al ithe righl. Tthe latter is a pulse power
machine of 0.8 MeV electrons, lhe beam current in the interaction region is 1 KAJI00 ns,
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Figure 9 shows the REB laser interaciion region in the UIRAN chamber in which the REB
s guided by a solenoidal coll of 10 & A puff of gas is infecled at the Jaser focus
point {interactinn point) downstream of which is an electron spectrometer.  The lowey
figure shows the RER orbit in the snlennid at and after the interaction point,  The damage
plate indicates that the REB diameter is less than 6 mn the fouused laser pre-ionizes ihe
puff of gas, produting the 3w diameler plasma, the density bheing vlose to the beal wave
plasma wave resonant demsity  10°7/ec.  Figure 10 shows the result of the He-Ne laser
interferomelry, indicaling that the 1 atw Np gas can yield 104 fee The laser, the REB,
the guiding magnelic field and the gas-puff driver are electvically synchronized through
delay pulsers, The eleciron speclirometer consists of the scintillator and pholomultinlies
atray. The detectable enevygy vange is from 3.1 MeV to 72.6 MeV with eighl channels,
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SUMMARY

(ne frequenny and foil targel accelerated elecivrons to an energy of more than 1 MeV,
prabably due to Forward Raman Scattering But the plasma density and the bhot electron
souvee Himit further acceleration

The beat wave and gas larget experiment |} program has been started whilst the REB
transport, the plasma generalion and double line osciltlations exper iment have heen
vomp feted
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Discussion

i3 vl

1. Katsouleas, UCLA

Do you have an estimate for when you will do the full Dbeal-wave arceleration
gxperiment?

Reply

No simulations have Dbeen made vel but we are now starting hoth simulations and
pxper fment g



