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Conjugate rotation smoothing scheme for laser quad based on
dual-frequency laser and spiral phase plate

Zhong Zhegiang,  Zhang Bin
(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Conjugate rotation smoothing scheme for laser quad based on dual-frequency laser and spiral phase
plate was proposed. The dual-frequency laser provides frequency shift among the beamlets, the spiral phase plates with
same helical charge but opposite sign transform the beamlets into Laguerre-Gaussian beams, and the polarization
control is applied to make these beamlets coherently superposed on the target plane. On this basis, the conjugate
continuous phase plates are adopted to enable the beamlets with different central wavelength and orthogonal
polarization form focal spots with rapid rotation. Moreover, the spatiotemporal focal spot of the laser quad looks like
conjugate spin light because of the frequency beats. It is indicated that, the scheme enables the fine-scale speckles
within the focal spot rotate in a period of a few picoseconds, and even exhibit different intensities and wavelengths at
different time and different positions. Hence, the novel scheme can effectively smooth the irradiation uniformity of the
laser quad and even has the potential to mitigate laser plasma interactions.
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Fig. 1 Schematic illustration of conjugate rotation smoothing scheme for laser quad based on dual-frequency laser and spiral phase plate

Bl 1 MR ERSE TR

RN, L 3 R R & AR 570 2, 4 M), M FRATRAF 31 1, 3 A0, 857 1 OB LI 45
G RTRA = W T IR TR R — e, FAT1 e Z 0 CPP (1445 (Al A #E B RHOR, 153 70 1, 3 TR ST 1)
6534 A

E,(rt= ex(g)m exp(—g_—zz)exp (il +iw;t) 1

Kl e W IR ALK A r= (P4 )") "% 0 W TE; LN IREMTEG 0=arg(x+iy) BT AL 0,(j=1,3) 2 FH 1,31
qj":)ﬁ}/{ii%o

ARG 5y J7 i, Alg BIE gt 4k

E;;(x,y,t) = _&EPIT) exp(lk ) fj( )m exp (——)exp (16 +iw; t)[ f (xxf +yyp)

ﬁ*w;zmg=1w%¥ﬁ13ﬁﬁ-0=Lwﬁ¢wﬁk4ﬁ%mouyﬂmmm%ﬁ%ﬁﬁ%ém%ﬁo
AR 22 2K, i 225 (2) itk

dxdy (2)

r2

i
E;(r,n =ex(1) exp (——2) exp (ilp +iw;f) =
(%

" .\ 2
e ( ) (cosp+ising) exp(—ﬁ)exp(lw ) =e (x+1y) exp(—r—z)exp(iwt) (3
o o? o o

011012-2



PR IRAR . HETOQUSU YRR I8 e A AL B BN B SR R ST T R

g~ X¢ IO'yt

R RAR(2), Su=x+ sz w=y S AR Q)

2 !

urive X i)
)) 27

u> +v?

e..exp (ik;f) i+
—_— exp|——

E;;(x,y,1) = —fo:xp(ia)jt)exp(—k20'2()C4f2

)dudv (4)
o

fe st (@) h, (u+iv)exp(—%)7%ﬂﬁj\ﬁ 0 i 75 B, BT AT 38— 2 T

i/’c2

i
(Yt ixe)

u? +v?

> )dudv =

E;;(x,y,1) = HL(lkf)exp(iwjt)exp(—kz(rz(M)) fj

4 f 47 exp(_

1k0'
2 2

e.exp(ik;f) . x2+y? uw+v
Tf’exp(let)exp ko’ f4f2 J = xjfexp -— dudy =

[ iko?

(Yf I.X}

£-oxpUk;J) (ik; ) exp (iw;t) exp ( —k2o2 ( X+ )) X 0 (5)

if

FR 4 R HE S A e —ixe = —i(re'), AT E—20 20 (5) e A

rinokexp (ik f)
2072

RT3 PR 2 5, WG 758 vl fij Ak

2
I (x,,1) = le Eq +e,Eq| = [(rt;;r;zk : )eXP(— af /r,;z Uz)
o (7) R, FEBE 650 o A0 2 e A P e e, HL L A IR O P R DAL . R, TR 2, 4 1R
BESEaR A AT LA X (7) Fom, (Bl F R0 R EH, it 5 1, 3 BE Mo, F
JE, TR 2, 4 OB S0 ] 2R ol
rmoky 7
) [( 2412 )exp (_4f/k2202)

FEB A (7) M2 (8) AT LAFE Y, 13 2, 4 WY E5R 70 Aii 15 19 1, 3 19 G50 7 A 7 16 90 4 2 [ AR 3 22, PR T
F ez (8] b AME TS, HICRERS A — 2. OGS RO 204 W D W B AEAR T2, Bl

2
E; (xp,y5,1) = ex(—i)l( )exp(— di )exp (iles +iw;t) (6)

if /o>

2

{2+2c0s[20+ (w; —w3) 1]} 7

2

{24+ 2c0os[20+ (wr — w4) t + 1]} (8)

I,f(x’y9t): y

2

{2+2cos[20 + (w, —w3)t]}+

remok 1
fom (e =l Loy = [( P )eXp (_W)
1

rmok, 7 ’
[( e )exp(—4f/k22 2) {2+2c0s[20+ (w, — wy) t+ 7]} 9
AN S AR B Y B[R] B, A S (9) W RNILE RS JE W R T=12%cAde E— 20 Hh, FRATT 5 & CPP 1925 [] 3 4
I, W EEBE A G50 o3 i 2 m
I oy, 1) = I (x,y, ) FT [exp (i1Pepp) | + I} (x,y, ) FT [exp (1 (21 — Pcpp)) | (10
Ao FT 2m il B rH A8 e @ A F; depp A1 CPP B 23 8] 457 41
MAF(S) FN(6) AT AT Hh, SO ER HR ) FE B0 40 A7 [R) B 52 B 8% i AN $MAr B2 i . B RIS SE R 5T 7

?—?Tﬁijt%ﬁ (1) B FAABRLNL, T 1, 3 F1 2, 4 5 £ BERY LUSBURS ek Ay ke 2 90 30 D S g 2 , T 36 ok 30 5 AR kgl
RE WS A0 Ji& i o) S0 R B ps; (2) T3 1, 3 1 2, 4 (Y R RETE e i 2o R vb DR A 5 () b B AMILSE

2 REBRFESHT
SEF R ST 9 BASR , JRATT R 0 4 T R B S R B P R o R R LR S R ¥ O R

011012-3




#oW ok 5 BT K

SJUREE R IF VG, 20 BT OCHE S B OIStk /i 1 25 5 0 81 i RIS A 81 0 45 ) 1) 5% o) SRR o R, B X — B &
#0500 5 (RS PEATECH]
2.1 REERESMHE
Shy B Tl 2R A RO R B0 B R, FRATTHE 2 CPP 23 (Al L MBS T RCR IO AT R, 48 T 48 R AR BE A i 43
i, W 2 fros o BT S E0N : SPP M Bk 1= £1, K 250 0.3 nm. R FRIER W, T30 1~4 (e ik
K30 41 ,=351.0 nm, A3,=351.2 nm, 45T HAYEH 424 360 mm X360 mm, B HFEH K 7.7 m.

t—O ps t—O 5 ps t—l 5 ps =2. 0 ps

Fig.2 Focused intensity distribution of the laser quad at different time (without continous phase plate), red areas denote the intensity distribution of beam

1 and beam 3, green areas denote the intensity of beam 2 and beam 4
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Fig. 4 Surface shape of an original CPP (a) and its conjugate CPP (b). (c) is the far-field intensity distributions of a same laser beam
after propagating through these two CPPs. Red regions shows the speckles generated by the original CPP, and green regions
within the focal spot show the speckles generated by the conjugate CPP
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Fig. 6 Comparison of the conjugate spin-light smoothing scheme at different combination of helical charges with smoothing by spectral dispersion.
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Fig. 7 Focused intensity distribution of the laser quad at different time (without CPP), red areas denote the intensity distribution of
beam 1 and beam 3, and green areas denote the intensity distribution of beam 2 and beam 4
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Fig. 9 Focal spots at different time without the use of continuous phase plates, when both spin-light smoothing scheme and radial smoothing are adopted
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Fig. 10 Variation of the contrasts of the focal spot with the integral time and FOPAI curves with the integral time 20 ps
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