Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

. Institute of Physics, CAS

AR B RN AT IR T AR
Igz I MHKAL RFPLE HET

Manipulation of lattice vibration by ultrafast spectroscopy
Wang Jian-Li Guo Liang Xu Xian-Fan Ni Zhong-Hua Chen Yun-Fei
5| Fi{Z K Citation: Acta Physica Sinica, 66, 014203 (2017) DOI: 10.7498/aps.66.014203

TE2 7132 View online:  http://dx.doi.org/10.7498/aps.66.014203
2 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/11

A R R LA S E
Articles you may be interested in

B F AR K AP kP AR5l CO F3 1 AR R g 25
Directional bond breaking of CO molecules by counter-rotating circularly polarized two-color laser fields
PP 2EH%.2016, 65(22): 224209  http://dx.doi.org/10.7498/aps.65.224209

BT FERLINT -1 P R K Sk e 6 £ T8O 2 Gt i HH R
Output pulse compressibility of the chirped pulse fiber amplification based on the dissipative solitons
VP22 4%.2016, 65(8): 084203  http://dx.doi.org/10.7498/aps.65.084203

TRk O IR A 287 A2 BRI S 0 8 B ] 5 % A S 6 B

Study of the time-resolved emission spectra of the ejected plume generated by ultrashort laser ablation
of graphite

YE % 4.2015, 64(21): 214201 http://dx.doi.org/10.7498/aps.64.214201

2 VR R 5 € AR M (1) 7. 8 fs AR R AT O A%
All chirped mirrors long-term stable sub-8 fs Ti:sapphire oscillator
Y22 H%.2015, 64(14): 144204  http://dx.doi.org/10.7498/aps.64.144204

T 54 BBO h A B G2 A AL A I S 3 S BN AR
High efficient CEP-stabilized infrared optical parametric amplifier made from a BBO single crystal
PP 22H%.2014, 63(21): 214203  http://dx.doi.org/10.7498/aps.63.214203


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.014203
http://dx.doi.org/10.7498/aps.66.014203
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract69014.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69014.shtml
http://dx.doi.org/10.7498/aps.65.224209
http://wulixb.iphy.ac.cn/CN/abstract/abstract67068.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67068.shtml
http://dx.doi.org/10.7498/aps.65.084203
http://wulixb.iphy.ac.cn/CN/abstract/abstract65620.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65620.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65620.shtml
http://dx.doi.org/10.7498/aps.64.214201
http://wulixb.iphy.ac.cn/CN/abstract/abstract64677.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64677.shtml
http://dx.doi.org/10.7498/aps.64.144204
http://wulixb.iphy.ac.cn/CN/abstract/abstract62295.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62295.shtml
http://dx.doi.org/10.7498/aps.63.214203

32 % R  Acta Phys. Sin. Vol. 66, No. 1 (2017) 014203

= —_— y s7 35 '-‘-'*
ISR IR SIS R
FaRID HmED AELY RBEE) HEEY
1) (AR RN LR SR, VLA A E VBT 3B SHiE R sei =, Ml 211189)
2) (HEE R AU LR, Pt 47907)
(2016 4 4 A 18 HYZF; 2016 £ 10 A 13 HUREIMEHH )

KOO hIE kR T BiaTes WMy 1.856 THz B 75 TAHT4RSD, J& PRI &3 2] 73
PEJEREN(E 5. 454 Raman Gilf, #ie ZdRENy Al XARIRENBE AT 1. 1 9 BIZRL IR 3 1
YTz, fEdhie a2k 7 Rk I A, 3 i s ) 2R R A AN R IR 1] TR] B A R B LU P R B e 0. B TR
HFY, 2405 SR e £ 160 % e TR DA R 01 27 7 4 3l JE BT 1 2 A e, TR P RO O R B LA, P RASERR A,
A IR B 10 56 A R 208 T4 Y SRk 1 e B A DR B A2, 49 31 T IRl ot 1) BEa e 1) (R A2 A it 28, 15 B8 73
BrAF e, SR —DAESE 1 AT PG TE A TR @M IR B AT ATk, AT WE FEA4 KL 4 B0 PR B B A% i A
R T AT B

KA KPPEOL, WiEIRsh, ket BT, IRz

PACS: 42.65.Re, 78.47.jg, 82.53.Mj

15 =

PRENE B R T A7 AL — R IR FEHLI
FURALE  EAR TR @ Is M sE U, ka2
PegE T BUH MR 2 FERIOW A B R T R
TAE P AL B TR BN, X AR IR B B AR B
A AN AR AN R R B A B I, IX 2R S AR Axt
BT AR Bl A RE RS I AR o, He o
HIAS R 7 o L — s 3l WO 22 1, WA
OB . TR AE 7 WL =2 Vi B
W, IREN A AR AR AR B R 1 2
FRE, —EMEE NS TR AG. NTED ZE
SRR S, 8 H T LI T L B JE i 2 gt 1.
MEZT, BT RSN IR 2%, FOWE T # ik
Bzl R e R R T B, OIS - R
BOR, WOR AT 7 (R SR IR 3h), I3 Hik
AT RALAN 1%,

GNP R EATITIE YN ERS A A A YT
I8z (61 ot 45 By R AR RS AE 17| s 3 B0 I )22
55455 5 g (51 0 0 00 ) 5 X IS B AH T 2 R,

* [E K H AR G (HILHE S 51476033) BEBIRERAE.
T #E/E#H. E-mail: wangjianli@seu.edu.cn

© 2017 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.66.014203

A IE N GHz, M 065 75 1 1 IR 30 4 2 38
N THz, W5Z01E 8 & i (8] 2y HF R (WRD) & 4F F A
REWLIAS 2. X T R Bk WL ELHE W FeFy AT MnF,,
I 7 BT LI 21 45 2 6] B 9 THz B9 AE T+ BG4k
T 10100 4T RO R S 3138 B Bk 2 3 B A R
F M, Weiner 2 M2 A TR0 FreE g — 4
2 B Raman BUR R, BT NSO RS & 200
RN}, MR ZE LI 5 TR AR A, &5 7k
WILIRI K. Zeiger 25 112D 3R HA AL FS B0R FH 18 R R
B RED BB A 32 B A LR T A2 B A 0l 2
BT AT ReE R TR B, REHRT AN
HERIE B 3, = e iR 28 2 T SE P 47
B sl 8 TSRS Wi B/ ek, R
Wibi 7 —F, 15/ NERAE P B R Rl R 110, B
JE B 90 O X PR A RO G — B AN ER
FEZR S 0100 B AR S R A R Tl 2 75 1 11
JE LA RAH R, AH BT A7 75 75 1 - 75 1 Z [ A AH
TEFH, @& AR TR EBAETEBE S, HR 2 e 5K %
W, A IR BB U AR A B R E, T
A S 2 Gl I I e e I AR A T AR T A A% FH
JeHRZNIEFE, 1T 15 B AL S 5 IR AR N A R PR

http://wulizb.iphy.ac.cn

014203-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.014203
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vo

1. 66, No. 1 (2017) 014203

R 2545 B UL SR B Ot iz -HIE AR, B4
#Bi [ Sb8] GaAs[' BiyTes ¥ BigSes 1],
Si o1 g 8 P mgggh ok i (221 S el b 0L 1) 1
L1

AT o — MR R IR Eh TR 2, RIFE
W R ARB) E A, FlungosRe & 2R, BRiT
HLT R 2, X AR A B, iR 3 e 1t oK 1181
PRENIBHJE R E S MBS RAE O, W SR RA7 A
W, BELJE R K, PRahFEmim i o g 2 W
WO BIRE MR AR AL E (S E) L ES), ¥
ML A FBRER OGS A 1. R 2 OG5
T SR T I (R AN[A], 65 78 - B A R AR A 22
Ft, W RRBN T A, DRI AT DL i 8 2 K
T D R ) ) o of A 1 iR 3 g R 5 124 3k DL B
P OARSCN E 7 BioTes 44 K 8 1B 78 P HOEOE ik i
HESRE T AH 0l 2% P - 4R 2 5 55 ok e 1) oG B ] )
A, BB SRS 1 K.

SEI6 R FH il 0t g s 4RI C AP O O &
GOk SEBUAH TS T IEUR S, sEit ki an
K1 AR, 7R3l fE s, Bl SRR R &
G R AT 5 kcHz Jik 58 2958 50 fs [0 ki,
BT R B K BE R N 2 mJ. Bk TR & R LG,
K FH 43 SR 0 2 A E 6 PRI S SR O,
HAENE A IR &, A 5 s e 2A
A IR s e 1 Je &l Bk B 2%, AR5 K
545 5 7K (BBO) 22 1 400 nm #1356, I H € A
IEIEFE AR 11800 nm iz M, &8It MM =6 AR 85
Ja (AHIAIE N 500 Hz), SN —REEFEER
NSRRI, AL Al g LU 3N %
S HARNZE, (552w BROK, &4 MBI
RARHEIN.

X B RS -
AL & e B
PIRER S IEEE) U "
V) 5\ I > Emrm o
it R
A e
g | e [F?E
]((ﬁl Z
<
= SRR LN
< A
2y 4
HUREER &
N LY
> T CcCcD
Py -
St T
i
1 (MFEMS) s BRI RS2 R 40

Fig. 1. (color online) Schematic diagram of the femtosecond pump-probe reflectivity measurement.
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Fig. 2. (color online) Temporal profiles of single pump
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pulse and double pump pulses with separation times
at 1614 fs, 1748 fs and 1883 fs, respectively.
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Fig. 3. Temporal evolution of reflectivity trace after
single pump pulse illumination, the insert shows the

corresponding coherent optical phonon oscillation.
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Abstract

The ultrafast pump-probe spectroscopy allows us to make movies of the dynamics of the carriers and vibrational
excitations on the timescales shorter than the typical scattering time. In general, the temporal evolution of the reflectivity
change is comprised of the oscillatory and the non-oscillatory components. The former corresponds to the coherent lattice
vibration, while the latter is related to the complex cooling process of the hot carriers. To investigate the dynamics of
the hot carrier and the lattice vibration, it is necessary to decouple the two parts in the detected signal. Comparatively,
the manipulation of the coherent lattice vibration is easier in spite of its super-high frequency and subatomic vibration
amplitude. In this work, the behavior of the coherent lattice vibration in BizTes single crystalline film with a thickness
of 100 nm is studied by using the double pump-single probe ultrafast spectroscopy. Firstly, the coherent lattice vibration
with the subatomic amplitude and a frequency of about 1.856 THz is simulated by a femtosecond pump pulse, and its
damped oscillation signal is detected by the reflectivity change of a probe pulse. Compared with the Raman spectrum,
this vibration is confirmed to be the coherent optical phonon with A%g symmetric vibration mode. To manipulate this
lattice vibration, a pulse shaper is then installed in the pump-beam arm to generate double pump pulses with the
different separation times and the intensity ratios. The resulting reflectivity change is found to be a superposition of the
pulse train: the oscillation amplitude is enhanced when the separation time is matched to the period of the oscillation;
if the separation time is the odd times the half-period of the oscillation, the Aig vibration mode can be completely
cancelled out after adjusting the intensity ratio. Finally, by maintaining the same intensity ratio, the amplitudes of
the oscillation signals after the second pump pulse are measured with different separation times. The results agree well
with the theoretical predictions: the amplitude of the oscillation after the second pump pulse shows a cosine function of
separation time with a period of about 1080 fs, which is the twice the period of the oscillation illuminated by a single
pump pulse. This work suggests that the lattice vibration can be optically manipulated, thus provides an effective way to
disentangle the lifetimes of the phonons and the interactions with the excited carriers in the ultrafast energy relaxation
process in semiconductor, which is extremely important for a number of interesting phenomena such as the non-thermal

melting and the insulator-to-metal transition.
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