Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BT BRRABOEZSKATEIEHR TR

FBER APHR KW

Novel dynamic wavefront control scheme for ultra-fast beam smoothing

Li Teng-Fei Zhong Zhe-Qiang Zhang Bin

5| 18 & Citation: Acta Physica Sinica, 67, 174206 (2018) DOI: 10.7498/aps.67.20172527

TE£617%)1 View online: http://dx.doi.org/10.7498/aps.67.20172527
A 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/117

AT RE RSB E A L&
Articles you may be interested in

- THI R 125 B ) 278 7 76 T ST WM R 5 R AR AT 9 o e
Advances in the far-field sub-diffraction limit focusing and super-resolution imaging by planar metalenses
PP 2EH%.2017, 66(14): 144206  http://dx.doi.org/10.7498/aps.66.144206

BT OCET O e il A S i AL B 5 52 8 T3 VA AT

Acoustic emission localization technique based on fiber Bragg grating sensing network and signal feature
reconstruction

YE=4.2017, 66(7): 074210  http://dx.doi.org/10.7498/aps.66.074210

BT TR BN AR 1) IR AT BT T 5
A novel radial beam smoothing scheme based on optical Kerr effect
PP 27 4%.2016, 65(9): 094207  http://dx.doi.org/10.7498/aps.65.094207

FT N T T RS B R A e T ARE T
High efficiency all-optical diode based on hexagonal lattice photonic crystal waveguide
VP22 4%.2016, 65(6): 064207  http://dx.doi.org/10.7498/aps.65.064207

M B A B AEAS B RO [R5t 87 W B 2R SR 1R S e B A 1E

Correction of error induced by nonlinear movement of feedback mirror in laser feedback stress measur-
ment system

Y% 4.2015, 64(8): 084208  http://dx.doi.org/10.7498/aps.64.084208


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20172527
http://dx.doi.org/10.7498/aps.67.20172527
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I17
http://wulixb.iphy.ac.cn/CN/abstract/abstract70448.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract70017.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67113.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract66879.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract63887.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 17 (2018) 174206

A THBRRABNSEREEHAR

TR #HUR KM

(MUK 2 B TS B R, HE 610065)

(20174 11 A 24 HIxH; 2018 4E 5 A 31 HWEME A )

St T A O R RN SEBLHO L AR B T B AR 2, kT S DA DR PR ST (ps B4 T 56, HLR 2
A 312 S 3h 25 A6 58 /R BT S 20 20 A1, LIRS 5 3 06 A MR 2248 & I sh AR AT, 32 1 8 o't R
FE S THT ) AR B = 2 SR I DU L 2RI AR A, S A SR BE AR IR SR 500 . iz it 1m0 38 % hy e ke
A, B RN BEBURI NS 2206 5 R BTN, H T4l e A 58 2R A xS 0 B An I e [0 8% 1 £2 20 £ J 39342
BRTEARASE, IR EAR AL 00 A e N (e AW AR A, BT RT DA TR] 25 S IO o AR T AAORE A0 R 1) R A [ DR 49 3,

M B A 20 50 B T o R 22 0 1

KEEIR): L RIRAR, WAl TS, JeTe RN, AT

PACS: 42.79.—e, 42.68.Ay, 42.30.Lr

15 =

FEWOG IR SN BB 1 20 R ZE7E (inertial confine-
ment fusion, ICF) 2% & /1, Jy S I 4E L 1935 5]
X PR R 4, SR T A R A 38 &) M R ) AE 1% DA
P L0200 AR, S B A Th 26 R G A AT e G
SO TR AT e 25 FE AR ST T8, AT PR ARG S [
R A M. Rk, T ELR A 2 R SRR B0
A SR I SR 0 SR AT Y AR, DA S 30 B I
Bisyia i, Hor, PUEZEAHALAR (continuous phase
plate, CPP) JyAUER i) R 211 BOR WA R %
Hl R DAL 2% H xS AR B N AR /N REHIOR, &
BEGE G I R SV BOR SRR PO T I 8o 5
Hi AR LU L HL5) ¥ (smoothing by spectral dis-
persion, SSD) My Mt AARZE, &I H 1% S A4 5
X O IR B I — AN TE 5% 40 A HL B I T8 B A% 1) 2 2
AT, LASEIAEDE N FECRE I PR 43, AT AE —
SE AR 43 IS 1) PN R EE B DA 50 ) e SO FE R . AR
M, 52 bR H O S A 1 R i i (GHz), SSDAEH
ps A BE SR E A A1 RCR 1, st it

* EFKEKED (S JG2017037) F KRG
T #E/E#H. E-mail: zhangbinffQsohu.com
© 2018 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.67.20172527

Jl4 (KIS TR AL ps) M BOR G5 50, TRt
AR R R HT A PRI AT R, 1 i RO I ST
FEfili b SIS A LA AL R A ).

G B IR BN = W AR £k RN, R BN
6 58 IR A TR AT S 2 B s O 9 B R A AR AL
(n = ng + nol(z,y,t)). EEEHME, BT
T SR R 1 W R 8] SRy S 7 b e 4 (101, S T AR A
JR AT S AR I 22 IS 6 AR PR AR, TT
P RO SRR AT i PR B 25 P AT I . X
BOCR A ZhASBAT IR, AR T O s
FRSCR, DA 3878 AT £ X i 5 1 ) R il —
IO C R AR R R 2 K H 9. 20154, 3K
AT 3R H — b ik T 0 5 IR UL A A2 17 29 5 (radial
smoothing, RS)FA 11, F 3= 2 5 #2 | A J& 1A
P2 v 30 JD P B R 58 2R A SR B0 SRR T B
AL A ER T AT, AT 51 A2 FE T PN BB O 14217
A3, BE TR £ A 5 B2 R ). 7R X —H RS
Ti =, iz 06 5 EEOCHAAT A BT R
DX OGN AS € BRI AT, SR, T AE
1113 't R PR 5 I 7 A R B 3K T 8 AR A FR L
/N, AT A BRI R S R A KA e 12, A

http: //wulizb.iphy.ac.cn

174206-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172527
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 174206

ST — AR O B 2R RS SE B0 SR T A B
SERTT %, I LU R U PUE 118 8 H K
TFRE TR TE. %77 SRS 6 LN FE RIS
Z6 50 R, A B RO v R A R R IS
5 EHOCH AL T 17 Z R 5% 1, 3 2O R
TN P B A 17 7 0 0 PRSI P v S AR oz, LS B 3 3
JCIR I B AR T2, 2 T AR AT BRI et 28 PR TR 23
BOR.

2 AR

FE 3T 50 R RONE O TR BN 25 B iR 4% 3R
SITE AR, AR T 2R BRI O R R

s

O
q N -r KRR

ps ig/((jlﬁ%‘% —
JoknpfiAd

izt

BEAT S IR, OB AT D SR, R 5]
72 L ] AR TR 56 52 AT 1) S IR A2 A, AT 8 AR 2 B
[F1) P 5 L 4 R X SO k. AEhIZ e RN 20
SEARI R JT G, FDRODE RS s A 2 ICF %%
B BB A H 05] AR 412 0 e = ¥ K
B 1 B, A Bk HERR S 20 A ilis ek ot e
A1 141 DL S0 PR 50 e i AR A SR AT S
A, EWOCHR S Mz 6 RN E R 6 SR BT, T
Xt EHOE R I PR AR R Bh A& AT EROC R
— LR R TR =AU CPP 5, & HiE
BOREERE L. T EBOCRBGT s A,
5| 7 L T FECRE PR PR S B0, AT R T~ 4 1 £ TR
F e AT P T A

4 Ok

-

umE REEE CPP

SLATB

K1 NIF SRR AL /R A Fn 2 K

Fig. 1. Illustration of optical Kerr medium in NIF beamline.
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Fig. 2. Ilustration of obliquely incident pump laser.
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Fig. 4. The focal spot intensity distributions and related FOPAI curves for several beam smoothing technics when

integral time is 10 ps: (a) CPP, Ceontrast = 1.02, radius of focal is 472.0 pum; (b) CPP with SSD, Ceontrast = 0.59,

radius of focal is 475.0 pm; (¢) CPP with RS, Cecontrast = 0.47, radius of focal is 481.5 pm; (d) CPP with obliquely
incident pump laser, Ccontrast = 0.26, radius of focal is 495.5 um; (e) FOPAI curves.
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Abstract

In inertial confinement facilities, the irradiation uniformity of the lasers is highly required to suppress the laser
plasma instabilities. In order to realize the ultrafast smoothing of the focal spot, a novel scheme by using an optical Kerr
medium and a high-power pump laser is proposed. The principle of the ultrafast beam smoothing scheme is to change the
refractive index of the Kerr medium with the pump laser, which appends a spatiotemporal wavefront to the main laser
beam in the beamline. The dynamic wavefront modulation of the main laser beam further makes the speckles within
the focal spot redistributed rapidly and complicatedly, which contributes to the smoothing of the focal spot. A Gaussian
beam with a temporal profile of a Gaussian pulse train is obliquely incident on the optical Kerr medium at a small angle.
As a result, the spherical wavefront of the main laser beam is rapidly changed in the direction perpendicular to the
propagation direction of the main laser beam. Thus the transverse and the radial redistribution of the speckles within
the focal spot are both generated simultaneously. Comparing with the simple radial smoothing scheme, the spherical
phase of the main laser beam always changes perpendicularly to the propagation direction in the novel scheme, and thus
achieving a more stable beam smoothing effect. Besides, the phase gradient in the center region of the main laser beam
changes greatly over time, making the irradiation uniformity on the focal plane further improved. The optimal deflection
angle in the optical Kerr medium of the pump laser is obtained. By controlling the deflection angle of the pump laser,
the spatial period of the pump laser in the transverse direction is set to be equal to the waist diameter of the main laser,
which is identical with one color cycle in the typical smoothing by spectral dispersion technique. Moreover, a relatively

low control precision of the deflection angle of the pump laser is required.

Keywords: inertial confinement fusion, wavefront control, optical Kerr effect, beam smoothing
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