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Abstract

cantilever piezo valve, and the highest repetition rate could reach 3 kHz. The interaction between intense
femtosecond laser fields and nitrogen molecular beams were studied, in which the molecular beams were produced

The authors successfully generated pulsed molecular beams with high repetition rate by using a

by cantilever piezo valve. Strong fluorescence emissions, which could be assigned to N, (B-X), were observed.
The performance of pulse valve was characterized based on the measurement of the fluorescence emission as a
function of the repetition rate and the time delay of the pulsed valve. The results demonstrate that pulsed molecular
beams can be generated with high quality and high repetition rate. The combination of such pulsed molecular
beams and high-frequency kHz femtosecond lasers will promote the experimental study of molecular dynamics
driven by intense femtosecond laser fields.
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Fig. 1 Pictures of high repetition rate cantilever piezovalve (a) and its mounting vacuum flange (b)
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Fig. 2 Experimental setup for studying the interaction

between kHz pulsed molecular beams and kHz
femtosecond laser pulses
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Fig. 3 Fluorescence spectra of N, (B-X) produced by intense femtosecond laser fields
and nitrogen molecular beams with different repetition rates
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Fig. 4 Fluorescence intensity of N, (B-X) as a function

of time delay between the pulsed valve and the
laser pulse

AL ok o B A5 5 1T L T AR 7E 3 KHz,
3 i

FRATHI A e Pk ol i), FESC 50 28 3RS o
AR Sy REPRBOCAE, SREZ
ok o 7 A B R T AR AR R R T T
FEIEIE, Xk AR PR REAE R EA T RAE: i Bk vl i
RERT LA TAEFE Bk bt X, ol DL T AEAE 2=
TARTERK P X, S A AR 2 ml i, MR
T LLRE] 3 kHzo il X H N, (B-X)ZE 61,
AV AR EE IR 1 15 CRNEOEAE ™
A2 B4R EE FDG TS T AR LA AR [R], (H 2 &
SR K ooy RS T i R REP O AR, KR
b 4 e S A SR AR AR . XS TS0 R,
e £ SR K o G A DR/ XA o 1) T R 1) (] s
REEAIR T X B8 SR AL A ZEoR . 3k vy 02 A0 ik o 4
TR, RSl REPRBOCIR S 1 53+ 8 12
1T R SEER Y

£ % 3Lk

[1] Yamanouchi K. The next frontier. Science, 2002, 295:
1659-1660

[2] Niikura H, Légaré F, Hasbani R, et al. Sub-laser-cycle
electron pulses for probing molecular dynamics.
Nature, 2002, 417: 917-922

[3] Niikura H, Légaré F, Hasbani R, et al. Probing
molecular dynamics with attosecond resolution using

correlated wave packet pairs. Nature, 2003, 421: 826—



V4 5

kHz Jik v 3 F A 7 £ AR 5 39 TR T 40 7 4 LS 56 o i BT

(4]

(5]

(6]

(7]

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

829

Stapelfeldt H, Seideman T. Colloquium: aligning
molecules with strong laser pulses. Rev Mod Phys,
2003, 75: 543-557

Lein M. Attosecond probing of vibrational dynamics
with high-harmonic generation. Phys Rev Lett, 2005,
94: 053004

Baker S, Robinson J S, Haworth C A, et al. Probing
proton dynamics in molecules on an attosecond time
scale. Science, 2006, 312: 424-427

Meckel M, Comtois D, Zeidler D, et al. Laser-induced
electron tunneling and diffraction. Science, 2008,
320: 1478-1482

Blaga C I, Xu J, DiChiara A D, et al. Imaging
ultrafast molecular dynamics with laser-induced
electron diffraction. Nature, 2012, 483: 194-197

Liu P, Yu P, Zeng Z, et al. Laser intensity dependence
of high-order harmonic generation from aligned CO,
molecules. Phys Rev A, 2013, 78: 015802

Li J, Liu P, Yang H, et al. High harmonic spectra
contributed by HOMO-1 orbital of aligned CO,
molecules. Opt Express, 2013, 21(6): 7599-7607

Wu C,Wu C, Song D, et al. Nonsequential and
Sequential Fragmentation of CO,’" in Intense Laser
Fields. Phys Rev Lett, 2013, 110: 103601

Wu C, Wu C, Yang Y, et al. Coincidence imaging of
photoelectrons and photo-ions of molecules in strong
laser fields. J Mod Opt, 2013, 60(17): 1388-1394

Wu C, Wu C, Liu X, et al. Application of coincidence
measurement in the experimental research of strong
field atomic and molecular physics. Sci Sin-Phys
Mech Astrom, 2013, 43: 1206-1211

Irimia D, Dobrikov D, Kortekaas R, et al. A short
pulse (7 micros FWHM) and high repetition rate (dc-5
kHz) cantilever piezovalve for pulsed atomic and
molecular beams. Rev Sci Instrum, 2009, 80(11):
113303-113310

Irimia D, Kortekaas R, Janssen M H M. In situ
characterization of a cold and short pulsed molecular
beam by femtosecond ion imaging. Phys Chem Chem
Phys, 2009, 11: 3958-3966

Corkum P B. Plasma perspective on strong field

multiphoton ionization. Phys Rev Lett, 1993, 71:

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

1994-1998

Paulus G G, Grasbon F, Walther H, et al. Absolute-
phase phenomena in photoionization with few-cycle
laser pulses. Nature, 2001, 414: 182-184

Itatani J, Levesque J, Zeidler D, et al. Tomographic
imaging of molecular orbitals. Nature, 2004, 432:
867-971

Alnaser A S, Voss S, Tong X M, et al. Effects of
molecular structure on ion disintegration patterns in
ionization of O, and N, by short laser pulses. Phys
Rev Lett, 2004, 93: 113003

Smirnova O, Mairesse Y, Patchkovskii S, et al. High
harmonic interferometry of multi-electron dynamics
in molecules. Nature, 2009, 460: 972-977

Wu C, Zhang H, Yang H, et al. Tunneling ionization
of carbon dioxide from lower-lying orbitals. Phy Rev
A, 2011, 83: 033410

Yao J, Li G, Jia X, et al. Alignment-dependent
fluorescence emission induced by tunnel ionization of
carbon dioxide from lower-lying orbitals. Phys Rev
Lett, 2013, 111: 133001

Tong X M, Zhao Z X, Lin C D. Theory of molecular
tunneling ionization. Phys Rev A, 2002, 66: 033402
Pavi¢i¢ D, Kevin F L, Rayner D M, et al. Direct
measurement of the angular dependence of ionization
for Ny, Oz, and CO; in intense laser fields. Phys Rev
Lett, 2007, 98: 243001

Petretti S, Vanne Y V, Saenz A, et al. Alignment-
dependent ionization of N, O,, and CO, in intense
laser fields. Phys Rev Lett, 2010, 104: 223001

Brian K M, Joseph P F, Philip H B, et al. High
harmonic generation from multiple orbitals in Nj.
Science, 2008, 322: 1232-1235

Haessler S, Caillat J, Boutu W, et al. Attosecond
imaging of molecular electronic wavepackets. Nat
Phys, 2010, 6: 200-206

Wang Y, Wu C, Liu Y X, et al. Fluorescence emission
from excited molecular ions in intense femtosecond
laser fields. Front Phys, 2013, 8(1): 34-36

Zhang H, Jing C, Yao J, et al. Rotational coherence
encoded in an “air-laser” spectrum of nitrogen
molecular ions in an intense laser field. Phys Rev X,
2013, 3(4): 041009

595



