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Electron Acceleration by 200TW-30FS Laser Pulses in

Plasmas
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The laser-plasma acceleration of electrons is studied by using one of the world’s most
intense lasers, with a power of 200 TW and an ultra-short pulse duration of 30 fs, aiming
at the production of high-energy mono-energetic electron beams.

The present experiment has been perforrﬁed using the Ti:sapphire laser system at
Laser Fusion Research Center, China Academy of Engineering Physics. The laser light
with central wave length of 795 nm was focused onto a spot of 14 pm in radius on the
helium gas jet. The path length through the jet is varied from 4 to 10 mm. By tuning
the laser focal positions and the gas densities, electron beams with energies up to about
100 MeV, approximately following the Maxwell’s distribution, were observed under the
conditions of the laser peak intensities of 1.6-3.1x10'® W/cm? and the plasma densities
of 0.7-3.0% 10 em~3. In three laser shots out of many trials, electron beams containing
mono-energetic components at 40-80 MeV were observed. The most outstanding peak
was at 46 MeV with a spread of 5 MeV in full width at half maximum (FWHM), and
a vertical angular spread of 0.33° in FWHM.

The observed peak energy was, contrary to our expectation, much lower than the
world’s record at the time of experiment, 170 MeV achieved by using a 30-TW laser.
For qualitative understanding of the present experiment, a two-dimensional particle-in-
cell (PIC) simulation has been performed. In the simulation, various parameters were
tuned around experimental values and did not show any mono-energetic peak, which
observed in the experiment. Mono-energetic peaks, however, grow at early stages in the
time-propagation and eventually decelerated in later phase.

Encouraged by this simulation, optimal parameters for producing mono-energetic
electron beams using the same laser power are discussed.



m X DBEEMROEE

BB TRORXIIL—Y— - TIXIYMERBOBITICEATSIHOTH D, L
—F— « TS TIMEEIL -T2 X0 TS ATEEHREL. ZOEDORT >
Ty )V THBRTFEMET 2 HOT, ZOHFAOEAICKVB/NEIGE T X)L
F—MEBROERNFEEIND, BEEARL —Y—HERKREANDE/ UL XIE
THHH, 200TW- 30fs EnD, HAE/NIVAROEEANS, HEEETHoEH
HAERRL —T—2AWEL—Y— « 7T XIMEEBRNEETONZ. K
X3 Z DEBROFEFEZROHE > TND,

BEEDOL—F— - TSAIMETIH., E—LIXNF—0AHARST, Bt
ZHEELTBY. BEOF v > EF L F—F 340 - 40fs DL —F—ik>
TESNE 16eV - 32000 OBEAEY—LATH 5. SEHO 2000V L —F—ITkDE
BRTELNEZDIZ., LMLERS, B4R AIRILF—HK 100MeV - 380pC i
AR FIVERFDE— L, 5 40-80MeV - 120pC DHEAE—LTH o .

HRZDOHPBH TR, FryoEFT—FEEBIDICHEAT. HIRFTHRODRWV
KB EOMBIN BB I 0ICINZERANH o7z, BEKIL, FELLWHERNE
SNEN-ERER. TOEBNERRBOMEZFE DL —F—Tirbk
NPZICEBETHDI L2 T0REL. COERBEREZFHHL LD EHAT.

HNWRHEEBEBTENINTBY., FaRICRESE2ETRL -7 53X7ZN
FNOWEN, BEIETRL VT IXATOMEBERPBISNS. B4
BIEBEBOLD., 5 BIIERERETOBENAERORRIZIHTSNT
W5, EIZESED (D HASOBGET—FE2MESNZETFOERMIA -
IRNF—HHAERT SO0 ARILH P THD, E6ETIIERER
BB, BTETIHEBRONTIA—HFIZLDI I al—a  #ERNRIN,
ESETRENRERNEREINS,

BHBOET-8 BB WTHEREIL,  40-80MeV BEE—AEWIHERIIERT
FAWETSARBECI2MEEHETHEATE., Z<0EEMSHFE SN
BIBIEFBELRWI EERLE, £V I al—3arTR, L= X1
LU TERTAE T4 I5AT—2a 0FEE5HH->T. WoltABRENIZE
BE— ANEKHICRBELTLE S /20, YZEBRLGETEREAE—LNZ
EANEBRIEINERN o EEHETES, ExDARZE

ZOEI, SEOERKE BTN ROEROEE FICHDHDE L THRS
Nk, $hbsd, HRLIVDHB—HHEHIDOKRERL —T—EHNTH, EBRIER
IIREREZ SN TELMEAN L LOHBE CHHATESL ZE2HLNT L,
RiIcnooiERE25EA2, 20 200TW - 30fs L—Y—DHEEEEN T RiBE/L
TIAREME LT —IGEEHE (L—T—NT—FE) 2RELTNVD,



KIS EOERZTOBDITIIFEEL L TEO—FIZSMLZIZEEz N,
FNBITEROUE - EBREBOREFEREICEAT 28 NIIRAKTH 5.
Fle, KNEARYXTRALEZEZER, BLUOIIal—2a itkd/NTA—%
=R REDHEDPEEALTNEN, EREEBELZL> TEREREDEE
WHET 2R ER TRINEZBEETMTE, LOMEEZERD &
T, SBDBIONBFHL2VWIBEESFORBIIHFESTHIL2HEL T, B
B2 E—HTHERTEOARBXNMELOBMICET 2 S HE Lz,



