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Fig. 1. The irradiation angle of laser beam k.
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Fig. 3. (color online) The irradiation nonuniformity calculated when the incident beam with (a) Gaussian

distribution and (b) super-Gaussian distribution using different number of beams.
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Table 1. Orientation of the beams in the 32-beam [9) and 48-beam 19 irradiation systems.

_ 32 WL IR R 5 48 LRI R 5t
78
0/(°) #/(°) 0/(°) #/(°)

1 0 0 21.24 0 90 180 70
2 37.38 0 72 144 216 288 43.64 43.70  133.70  223.70  313.70
3 63.44 36 108 180 252 324 51.31 86.63 176.63 266.63 356.63
4 79.19 0 72 144 216 288 61.92 25.71 11571 205.71 295.71
5 100.81 36 108 180 252 324 73.00 59.45 149.45 239.45  329.45
6 116.56 0 72 144 216 288 83.35 88.41 178.41 268.41 358.41
7 142.62 36 108 180 252 324 96.65 38.85 128.85 218.85 308.85
8 180 0 107.00 67.81 157.81 247.81 337.81
9 110.08 11.55 101.55 191.55 281.55
10 128.69 40.63  130.63 220.63 310.63
11 136.36 83.56 173.56 263.56  353.56
12 158.76 37.26  127.26 217.26  307.26

1 P R ) S AR SR AT 4 A L AT A
F Il (geometric factor) B #) i FEEIH T 2L (Legendre
mode number) FJAZA I Z AT 4 B,

AR 3 O ARCHEA S5 449 T LA X 5 30T ) A2 1k
&, W Gp NI EE U ET I, Giep ¥4
F, Gizp AAEAEFDL B 4K, 32406E R RS
B AR 32 LT 730N Ge, Gieg LN ZE; 48
HOGAR B R G B KB 32U T I08 Gs, Gies
AN, AEAAL BOGR BR T- 300, 75 2 &
BOCHRP 7 S 8o T F M, ST R R
EMARAR; AT R RO K 1 0 LA A
TIUHIULEC R &R, BIARSR ) LA B 7 T ) S Y B0t
PR ERIE SR PYSES

3.3 ASOCRRBIEMAL T

FRAE AR M, ARG GRS & 1 SO R
DR -7 TUAN 2% G 4 RN 38 &) B AT BEAUTH B, N
SPGB -FE IR AR L AR = 0.75, & 2,
H R (Mlm = 4 961). kAL, PTG R
7 HE BRI R B, 9 85%, 95% I B R -1 I
(single beam factor) Fifi 8y 1EAE A 45 ¥ 3 4k ith 25 4
K5 (a) FIIEL 5 (b) B, £ 32 KOG 48 AR IR 5
gt AR IR AN SIRE oo i HE BRI R K AO32AE
2 an &l 5 (c) A& 5 (d) Fras.

Xt LG5 (a) FIE 5 (b) BT 50, N6 AR AL Xt
R SR IR T 1 2 ) 3 3 KT I R R E O,
o B TR DR - TR AR B . X6 B DU A AN [5)N SRiG R
TR ) 50 R R T o 8 L A AR R AR A T 28, P
TR TR I EUE, H 6By —20 Brihikis
BOEARIOR; ZIRADEIRAESE 10 i T %, (HIEEE
12 [ A2 15 B BT AR AR v 357 B R sy A 7R
JERAE 10 T X5 BN E, %A B ERR
Bl 5 (c) FIIE 5 (d) fow, T8 32 OB AT 48 HOBER IR &
girh, B 2 BRI R o B0 AL, P TRADEARON
TURBLE AN BB R G IR AN S — UK, 3
AL Orans < 1%; 117 re 397 28 % 7 oy 197 28 s o)
(1) R G 4R BN ST BE NN 2 oy < 1%. 456 BB
ST, i T A R e T O R AR D N R R R
Aid.

2014 4F A [B A} 25 R K2 AR 29 fE L1+
WXHRAH Ty = 95%MA/R = 0.750 4B 8
e T RO R BOGH R I By A Lk AR AR B
Ak, BB R 2By BR 2R RS
15 () 4 B e 397 2 S o SR Y R B 1 Th B 8 .
TERLN 2 0 AR R HEAT X L, —F B RE, N
T IE B 7 AR SO B B DR T3P B2 1 43 A DA B A
PATH L A

105202-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 10 (2017) 105202

1.8 T T T T
1.6 n, =85% —*— Super-Gaussian
14r A/R=0.75 —o— Gaussian §
E 1.2+ —— Quadratic i
E 1.0 F —v— Flat-top h
g 08¢} d
g
g 06} i
L 04 d
oD
£ 021 h
n
0F i
—0.2 i
—04 ) ) . I(a) ]
0 5 10 15 20
Legendre mode number [
0.14 —— : , : ,
£ 0.12f i
£
8 o010t _
‘g
Z 0.08
g —=— Super-Gaussian A/R=0.75
= 0.06| —* Gaussian N=32 _
E —— Quadratic
= 004}  —v Flat-top ]
K
-
H0.02F e e e aaaa A AAA T
T = e w .(C)

0 ==

0.80 0.85 0.90 0.95 1.00

Absorption efficiency of a normally incident laser 7,

1.8 : : . .
L6r n. =95% —=— Super-Gaussian
1.4 A/R=0.75 —»— Gaussian

1.2 —A— Quadratic

1.0F —— Flat-top

0.8
0.6
0.4
0.2
OF
—0.2F
—04F

Single beam factor

0 5 10 15 20
Legendre mode number [

A/R=0.75
N=48

o

=

=N
T

o

o

st
T

o
o
=

| —=— Super-Gaussian
—e— Gaussian
—— Quadratic

W

o o
(=} o
[\v] w
——

Irradiation nonuniformity
o
=)
=
T
!

0.80 0.85 0.90 0.95 1.00

Absorption efficiency of a normally incident laser n,

0

5 (MAIR ) ARG BAE 45 € 2 80T 19 5O RN 0% FC7E 32 HOG A 48 HOG 4R I R 48 I fE IR AN 3 50 i
(a) A/R = 0.75, 7. = 85%; (b) A/R = 0.75, n. = 95%; (c) A/R=0.75, N = 32; (d) A/R=0.75, N = 48

Fig. 5. (color online) The single beam factor and irradiation nonuniformity of different beam patterns in the 32-beam
and 48-beam irradiation systems for the given parameters: (a) A/R =0.75, n; = 85%; (b) A/R =0.75, n, = 95%;

(c) A/JR=0.75, N = 32; (d) A/R =0.75, N = 48,

£2 MAWEEIERS RN g, = 95% M A/R = 0.75 i, Sk E 1 xR SR R T By (23]

Table 2. The single beam factor B; versus the Legendre mode number [ for the super-Gaussian beam pattern

(m = 4) with ., = 95% and A/R = 0.75 (23]

! B ! B, ! B ! B
1 1.45 5 6.14 x 10~5 9 -0.019 13 0.002

2 1.28 6 ~0.13 10 0.0034 14 7.06 x 105
3 0.82 7 —0.12 11 0.0082 15 3.81 x 1074
4 0.33 8 —0.07 12 0.0055 16 2.57 x 1074
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Abstract

Laser driven fusion requires a high-degree uniformity in laser energy deposition in order to achieve the high-density
compression required for sustaining a thermonuclear burn. Nowadays, uniform irradiation of capsule is still a key issue in
direct drive inertial confinement fusion. The direct drive approach is to drive the target with laser light, by irradiating it
with a large number of overlapping laser beams. In the direct drive scheme, the laser deposition pattern on the target can
be decomposed into a series of Legendre spherical harmonic modes. The high mode (shorter wavelength) nonuniformity
can lead to Rayleigh-Taylor instability, which may result in the failure of target compression. This nonuniformity can
be suppressed by thermal conduction and beam conditioning technologies, such as continuous phase plate, smoothing
by spectral dispersion and polarization smoothing. The low mode (longer wavelength) nonuniformity is related to
the number, orientation and power balance of laser beams, which is hard to suppress by thermal conduction and beam
conditioning technologies. Generally, the nonuniformity of laser irradiation on a directly driven target should be less than
1% (root mean square, RMS), to meet the requirement for symmetric compression. Several methods have been proposed
to optimize the irradiation configuration in direct drive laser fusion, such as truncated icosahedron with beams at the 20
faces and 12 vertices of an icosaherdron, dodecahedron-based irradiation configurations, self-organizing electrodynamic
method, etc. However, limited by the different parameters of incident beams, the irradiation uniformity is often not
satisfactory. Therefore, it is necessary to find new way to improve the irradiation uniformity and make it more robust.
According to the analytical result, the irradiation nonuniformity can be decomposed into the single beam factor and
the geometric factor. Simulation results show that the single beam factor is mainly determined by the parameters of
the incident beams, including beam pattern, beam width and beam wavelength. By analyzing and simulating the single
beam factor with different incident beam parameters, and comparing the single beam factor with the geometric factor,
a matching relationship between them is found by using the optimized parameters. Based on the simulation results, a
method to optimize the incident beam parameters is proposed, which is applied to the 32-beam and 48-beam irradiation
configurations. The results show that there is a set of optimal incident beam parameters which can attain the highest
irradiation uniformity for a given configuration. The feasibility to achieve more uniform irradiation by optimizing the
incident beam parameters is proved. When the single beam factor is optimized in a directly driven inertial confinement
fusion system, the restrictions on the beam pointing error and power imbalance between incident beams can be relaxed.
The results provide an effective method of designing and optimizing the uniform irradiation system of direct drive laser

facility.

Keywords: inertial confinement fusion, direct drive, irradiation uniformity, incident beam parameters
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