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Abstract: The ultrafast Kerr-gate optical imaging by means of pump-probe technique through a turbid
media is introduced by using Kerr electro-optic effect in nonlinear crystals. During passing through the
turbid media, a femto-second optic pulse takes different types of trajectories in real space due to random
scatterings, broadening the pulse in the time domain. By using a pump beam of a high energy density as an
ultrafast gate to control reflection/transmission dynamics of the probe beam, the obtained ballistic photons
of the probe beam can make the ultrafast imaging for an object in the turbid media. For the first time, we
propose a new type of ultrafast Kerr-gate optical imaging technique: based on the magneto-optic
Kerr/Faraday effect in a magnetic thin film, a circularly polarized pump beam of a much lower power
density can be adopted to control the reflection/transmission dynamics of the probe beam for more
economical and flexible ultrafast optical imaging.
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Fig.1 (a) Schematic description of Kerr-gate —based ultrafast imaging technique in a turbid media;
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(b) Schematic description of a Kerr gate
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Fig.2 (a) Schematic description of magneto-optic Kerr effect; (b) Schematic description of an ultrafast controllable Kerr gate based on
magneto-optic Kerr effect

1996 4, E.Baurepaire %5 A\ 11 Ni K MREEATRI R, 1 SR T REMEOG K B ids 10 0 DR 5
Jrzfat B0, i HE B.Koopmans f “3T” BB, B« FE- G- HL T MR SRR, ORI ah R 42 JE AR
AR T R T ORI R T, R S AEIX 3 A T ARG TR . R T IR (A A K
PO A) ROBE IR MG IR S s Al T 75 1~ 55 S PR S O RR S A 45055, DAL ks 2R 0 ) ot T TR AR G e, 3K
PRI 1K T Bk 2R GUaR G JR AR AE T 20T B R IN o) )OEA e P 2T 25 (1 AL o Bt 48 2007 4, C. D. Stanciu
S5AE GdFeCo MV ERMEAA R, He T30 () i b S RGN, 1 RSEIL T A6 AR 2 S X2 R GEHEAT T WAL I
AR SRR, RIS [ 0 9% 245 £ 5 R S T AT B A J ) HEATAT R o Dok B B 8 LR P S 4E 1 mafem?
HOm I, P AR ae AR 3 B 7 450 10 ps I 1A) RBE RS0 7 o 4% 2014 4, C-H. Lambert %% ¥ /X 7t Co/Pt
G KA IEAT FePtAQC 4h K ATURLRE it ih B¢ 7 6 FAY e F 6 B Tk 2R 6 ATl A S 10 o Tt ke il s i L6
% 0.1 mifem? Mo g, X ANEUE AR LG AT DR R AR R A O RE ST XA BOR . AR AT g
RN e RGE I, TIAF] 1 ps FE A SR RETE RO, Tk, BRA TR R T RO 2 e T
BRBR (FERI A AT T ) RERLH (EBHA BT 1T80R, HTHBURES 130 T prdkid 3 T 51
IR IR R TTHR

K 2(b) iR T #ESCRI R NERLEE 1T R G EEA AR, Horp B MR/ Bl C-H. Lambert A 7 i1
Mk HE L)L, TGRS, BISFETSHAL AT, HAHIEAT (o 25K probe 4z “ 57
ff. b T ik probe JGiE i fhifk s P2, FRATBEUHFI S — W pump B dROG CANKR—BerE, RATZEROL) Bk
36



F3TH FHSLM \Vol.37 No.S1
2015 £ 12 A AR Be AR = YR VA 5T P B s 24 5 Dec. 2015

WEVERDRE, AT AR R AR B e s D T KGR s T (@) AR BR Jd I ) G 82 PRy s TE G B 70, A T80 v R ) I e
FEA S I3 3R pump Dt CREE) VEERE WAL T 1) PR PR S e, AT SRS probe Dt “ o6 4. i e
PITR pump 62 8] (RN TR TRT R T, AT LR P HIRL R R TTREAL S T T A o % 1 ORI R BEAE T
FER R S AN R 26 T, SRS T8 ARG R R SR DG BT, DT SEEBL T i) SEZ e 2 P £ vt RS
I IR o

Bigt

FATE L WS TR K AR LK = ma B 5 S0 AT R A R AR SCRE s o i A JE 2R
AT 2y )5 IR A 51 W

S k-

[1]1 Dunsby C, P. M. W. FrenchTechniques for depth-resolved imaging through turbid media including coherence-gated imaging[J]. J. Phys. D: Appl.
Phys.,2003, 36: R207-R227.

[2] Linne M. Imaging in the optically dense regions of a spray: A review of developing techniques[J]. Progress in Energy and Combustion Science, 2013, 39:
403-440.

[3] DasB B, R R. Alfano Ultrafast time-gated approach in optical biomedical imaging[J]. Current Science, 1999, 77: 885-893.

[4] Schaefer, Zane Donald. Ultrafast time-gated ballistic-photon imaging and shadow graphy in optically dense rocket sprays[J]. Appl. Opt.,2009, 48:
B137-B144.

[5] Purwar H, Said Idlahcen, Claude Rozé, et al. Collinear, two-color optical Kerr effect shutter for ultrafast time-resolved imaging[J]. Opt. Exp., 2014, 22:
15778-15790.

[6] Tan W, Zhiguang Zhou, Aoxiang Lin, et al. High contrast ballistic imaging using femtosecond optical Kerr gate of tellurite glass[J]. Opt. Exp. 2013, 21:
T7740-7747.

[71 Mathieu F, Reddemann Manuel, Palmer, Johannes et al. Time-gated ballistic imaging using alarge aperture switching beam[J].Opt. Exp., 2014, 22:
7058-7074.

[81 Chen Y S. On-chip Spin Control in Semiconductor Micro-/Nano-structures[D]. Ph.D dissertation, University of Duisburg-Essen, 2012.

[91 Sugano S, Kojima N. Magneto-Optics[M]. Springer, Heidelberg, 2000.

[10] Beaurepaire E, Merle J-C , Daunois A, et al. Ultrafast spin dynamics in ferromagnetic nickel[J]. Phys. Rev. Lett., 1996, 76: 4250-4253.

[11] Koopmans B, Ruigrok J J M., Longa F Dalla, et al. Unifying ultrafast magnetization dynamics[J]. Phys. Rev. Lett., 2005, 95: 267207-1-4.

[12] Stanciu C D, Hansteen F, Alexey Kimel, et al. All-optical magnetic recording with circularly polarized light[J]. Phys. Rev. Lett., 2007, 99: 047601-1-4.

[13] Kirilyuk A, Kimel Alexey,V; Rasing Theo. Ultrafast optical manipulation of magnetic order[J]. Rev. Mod. Phys., 2010, 82: 2732-2784.

[14] Lambert C-H, Mangin S. , B’ S D Ch S Varaprasad, et al. All-optical control of ferromagnetic thin films and nanostructures[J]. Science, 2014, 345:
1337-1340.

[15] S Alebrand, Alexander Hassdenteufel, Daniel Steil. Interplay of heating and helicity in all-optical magnetization switching[J]. Phys. Rev. B, 2012, 85:

092401-1-5.

37



