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Petawatt Laser Direct Heating of Uniformly Imploded CD Shell Target
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An uniformly imploded deuterated polystyrene (CD) shell target is fast-heated by a Petawatt (PW) laser with-
out cone guide. The best illumination timing is found to be in a narrow region around 80 + 20 picoseconds from the
onset of the stagnation phase, where thermal neutrons are enhanced four to five times by the PW laser of energy
less than 10% of the implosion laser. The timing agrees with the timings of enhancement of the X-ray emission from
the core and reduction of the Bremsstrahlung radiation from scattered hot electrons. The PW laser, focused to the
critical density point, generates the energetic electrons within so narrow angle as 30°, which heats the imploded
CD shell, of which the internal energy is 50 ], to enhance thermal neutrons. The increment of the internal energy
is 15 ], which seems to agree with the energy reduction of the hot electrons. These results first show that the PW
laser directly heats the imploded core without any cone-like laser guide.

Keywords:

ICF, fast ignition, uniform implosion, petawatt laser, thermal neutron

1. i

Basov HAFEWH L7z L —F—BR&EOmMIEd, Hf-
TPAEARED. B LADIENRS Z & D FHI104ETIE
Hb. RERICEAZEZFAZOREERE L —F— Tt
TREFOTATTbMEo7boo, §ICERICIE
ERZBMEEREER R L — T AN TP UE R L
by, BEEFHATAIEMAEOEZEZIIE>TRA. 20
#7210, #\v Brueckner and Jorna O#EFICEE LW 1], 18
WHRED Y F I F 1, BEREZFRED 7LV EBHL
THEEET I A &AERT 5 LR, L—H¥—Hihoik
K3 5SRO & 58 S, TR 7 OFFLISE
HD Ry PANR=T ZERTHEN)BDOTHL. Th
BHEREE 2o T, BRIEBREEDSE D DL > TV
EEBNT . B TNTEH Y P AS—21E, BIET
H55, BRI YEEIMRN., &FE LTREIDNT v
AWENTWLOPHT, EN%EEE isobaric KE & v
3. NFUADENT W R WA, isochoric IRAEIZ 7
5, LAY, ROVEBFIZL > TRy FAN—2 2 HE)
TS % &) DI, B EAR IR~ 5 2 L8
Bt THhoT, EBRSITOLEIARY LTV R, Y

author’s e-mail: yoneyosi@ile.osaka-u.ac.jp, kitagawa @ gpi.ac.jp

S #z g Tt = A Rayleigh-Taylor AL EMED K E LEK &
B, IhEHIEEET S 2 A, RZICKELRPETD
D, [E7 S KPEE National Ignition Facility (NIF) (243
END XHITRETIE, IThad#ids X ICHERs
PETHE-EETELZ TS, Lindl OZFFIZFHELW
[2]. L—¥—%—H, Jloy—4 "y MIBT, £ vyae—
LY X#ERAESET, ThTBMHTL2HATH 5.
WAE, By NAR=T 2 BN OBETH I LPRESN
7o, WEEKREEEEEG & v 3] SE R KENRLG O
B, TV TV ZEEZIEHELTHE. 2oLk
i, Ay PANSN—=IHOERENS Z L 2L T,
Y—m®E, L -> T —REREL%E 2 5. Isobaric
H2 Isochoric & b E A 5. ZTOIRREIL, BHEOKTHOR
HAHF 72TV THEBL, 100 ps HifgHi TH A
J. TITHERS, Fy FAR—=ZEERTERZL, K
PIDORZESEOIEL &2k DS h, EEEREGOH
ERDPWKT 2 THAHH) L) LA, PWL—F—D
B CHRICHERMI T E 2.
ZNIZLTD, ==, ERWIGERFEEMNLE T
L2EGETE W, 103 em P BETH Y, T 7HULME 10%

This article is based on the invited talk at the 21th JSPF Annual Meeting (2004, Shizuoka).

J. Plasma Fusion Res. Vol.81, No.5 (2005) 384-390



Contributed Paper

cm 3 TH Y H2200um Zv LZRE BTV 5.

NPT OEBED L E INZTOMEEENLT, HX)
a7 79 AHICEY NANR— PR TEDLPED
A, FEEADL THHDTIE R,

BCca—v 74 FF&Ekigks —7 v b T, PW L—H%—
FIOF F#@LTHRET2Z kD, mETRAR
OB L72[4-6]. RERLBEEITOLEL T
L—W—%FESE L) LOERT, ZOEE, FLhird
100um UL FTH B, ZDELEIE, 2—VHA FDD
2, BEZ0D 00K, Bitichoz, a—vH A
FZDLDIZOVWTHMIEEINTWB[T7-9]. I—r%& L
TTIARPICT ¥ Y ANVEBELT, L—F—%{nis
AR D ILFMPHIZITbN TS, BI2I1X[10,11]1TH 5.
- HA FESWIRANE, B, B
Frx ANV IHEREEKAEOD SHO L —H— 23
MAIZHELINTERENH)ZELETHH A,

KL TIE, I—YHFAFLLT, L2dbFrorr) >
FU—¥—%LIZ, BEHICPW L —F—CToEEN%
fTo7z. PW L—¥—THAETLRERET - 21320
HETIHEL, 74 FRLTHahE L a7mricFEsy
BHIED, 2RTEDPICYIal—Yarybliifisns
PS5 THAH[12]. PW L —F — 2 BHHBOEXT S L —
F—rafRfse, Lo THHIZBENY A I V7
BEALEEHIENTESL[13]. BMOEXIT 5L —H—I2X
5 EGRBHOMATIX, 1 KotHfkT— F (I-DILESTA) {2
Lo Tirbh 5 [14,15].

W AT TIRINE N2 PW L —H—i%, 2iREDE
T2ERTH. 200keV BLU2MeV THD. Zh b
ZL UV, avRIDENMIRE L, HMMIZIXIZEA
EHEAEREIAETE 2w, SFERIC X - TNEICE
5525 w2 s hs[16]. FEEIA L miE
Fi&, BiH30° DA S G, ZhsaT I A
R ERBBIMEL, DD PHTOREREZEVARAHZD
W (L0£0.6) X105 20 5 (41£1.2) X 10° F THIJN S 72,
L2 b BHith D 80+ 20 ps D& F VEFHIEZ 1T TH 5.

FENERE, 7050 2-3keV X BUESTOBIINL, EREIC
FETREAEY LI V7 —HT 5. BERETHPEERFRIC
W2 L CRAET ZHBRF OB B IFIT KT S, b
OFERD S, PW L —F—2HFEICHFT L2 L1085 T,
Fx RN U TL—F—=R LT, BHIEEMATELZ L
LML o T2,

2. EBREBLEBBNIX—4—

PWL—%—iZ, ZUXNVADLH VNI #TF AL —H—
T, W JJ09Petawatt T&H 5[13]. K85 XA V) v~
F v — 7HEE (Optical Parametric Chirped-pulse Amplifi-
cation: OPCPA) »SPW L —H— 2RO TEA LN, 7Y
JOVARA15Xx10 8 LFIC#HIz 5T 5 [13,17].

W 1053 um T, 7V AIE0.6~07ps, ¥ —7 v b LD
IANFT—IL, RE% lo OFEFETELT, 190+40]
THb. Fig. 112, PW L —F—DOEMELS L TOEMOHE
gL, W XU 55 —7 v FESROGEEZ/RY. filst

Petawatt Laser Direct Heating of Uniformly Imploded CD Shell Target

385

Y. Kitagawa et al.

i

Fig. 1 Compression chamber of PW laser: 11.5 min length and

2.7 min diameter. Beam comes into the other end at the
left upper corner. Hatch on the back end has been used
as the PW Module compressor hatch. You can compare
the compressor sizes between PW Module and PW. Fo-
cusingchamberisinthe middle. Targetchamberisatthe
right hand side, to which the 12 beam ducts from GEKKO
Xll concentrate.
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Fig.2 (a) Setup of PW laser, a CD shell and GXIl beams: RPP,

random phase plate; OAP, off-axial parabola of F/7.6:
XSRC, X-ray streak camera; XSS, X-ray streak spec-
trometer; and IP, imaging plate. IP is distributed on the
equatorial line. A neutron plastic scintillator (NS) is at 3
m apart and 43" backward. (b)CD shell target of 500 um
in diameter and 7 um in thickness with no gasincluding.
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Fig.3 1-D ILESTA flow chart of CD shell: diameter 509 pum,

thickness 6.6 um, GXIl laser 1443 J. Experiment #26615
(solid circles: pinhole-rightside, open circles: pinhole-
leftside, triangle:slit)
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Fig.4 (a) Thermal neutron yield for 47 sr (dot) and the ratio of

beam fusion neutrons (1.5 to 3.5 MeV) to thermal one
(2.451+0.2 MeV)(diamond) vs. PW timing. Flow lines:1-
D ILESTA shell radius ( 0 to 60 um). Horizontal error is
140 ps. (b) DD neutron TOF signals. Upper without PW;
lower with PW laser of 187 J at +80 ps. Dashed lines are
Gauss fittings to upper: —0.68exp{-[(r-129)/2.14]%}, and
to lower; —1.1exp{-[(r-129)/5.5]3}, respectively. T in ps.
(c)DD neutron vs. neutron energy.
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Fig.5 (a) 0.05 to 1.52 keV X-ray emissions calculated by 1-D

ILESTA. Peak is at 100 ps after first shock bounce. (b)
Time history of X-ray core emission from XSS with PW
(bold line) and without or with but at-500 ps (dashed and
dotlines). Peakintensity atcompressionis plotted in Fig.
7. (c) X-ray streak image without PW laser and (d) with
PW at +80 ps. Full scale: 1.3 ns X 620 um. The white ar-
rows show the XSS peak timing.

oDV —27 235 Y, IFHEC Fig 40T —2 & —
T s, WEYIAL—YaroREELLLE, XSS
BT ATRNETHY, MBARICK> TRHEI TS50
VR LAETHE, PWL—H—ZXoTa7imes
N2 EDPREZD.

5. ERETFREAES

PW L—¥— 12X 2 EHEBTDOREMESAI, Fig6
WZHD LIV —F—tlF by M30° T, %EHTHER
5595122D PIC OE#EBFIHESM EERE KT 5.
ML, a7 7IATBLOFOFUTHEENT, bo
EIEMAbOEBbi, #Lo OFEBRL IOy bk
Wolk, br)ETITAFy 7 OBNBICELRY, HIBE
WD AT v VAR R EOMDI07 2L o 72h b TH
5. BEEHE, BAICHBIHIS NS, FOMmSIE, #HD
2 X107 METH B, wAAMIF I A4 XL BMERR % K
7.

Fig. 713 XSS ®iJE% PW L —H—W§# £ 3 > 7i2nt
LC7ay bL72bDT, 80ps & 180ps D -DDE— 7~
1, IEHEIC Fig 40T ¥ —2 & —8 ¥ 5. Fig. 712 %
7, HIH12° (B L 5° (A=) oflEiEHY—2 %27
Ty bFBE, FOBIZ0psAE—2 L~ T 5. D
180ps D=7 DEZATOWPIIBM SN orz, 2
DIYAIVTTE, BP%T, XBITRLOE -7 13A
LNBAH, HIENHEGEICIIES R S h v, EEIIHHENE
B L. HEEIE, 2R )ENTAVF BTG X
A X T, BT, XSS Foti, HERBKy T

388

:‘E':
= 10'r 120
[
> 10°F
‘»
§ 10
g 4
>
® 10°
= R
PW B10° ' :
210
240

270

Fig. 6 Angular distribution of Bremsstrahlung emissions are
plotted in logarithmic scale. 10 different marks corre-
spond to 10 different shots. No dataon 0° axis, because
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trons’ peaksinFig.4(a). Bremsstrahlung (smalldotto 12°
to the PW axis and small triangleto 5°) have a sharp dip
at the first neutron peak.
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Fig.8 (a) The ion density profile around the critical density
usedin 2-DPIC code; (a’) lon density profile snowplowed
by laser at 700 fs, which penetrates 10 um into overdense
region. (b) Electron phase map from 2-D PIC code at 700
fs. (c) Hotelectron energy spectrum in the cone. Hot elec-
tron temperature is 1.3 MeV and cold electron tempera-
ture is 220 keV. Energy ratio of hot to cold is 6:4. x, y di-
rections are PW axial and transverse ones, respectively.
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