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We report on the phase-matched high harmonic generation from N, gas cell. By varying the laser focus po-
sition in the gas cell, we observe the harmonics emission in different position of gas cell. Our results suggest
that this source is a potential source for studying ultrafast molecular dynamics.
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Introduction

High harmonic generation (HHG) in molecules
has become an important issue in ultrafast science. On
the one hand, harmonics radiation can be controlled
by manipulating molecular alignment [1, 2]. On the
other hand, the amplitudes and phases of HHG carry
much structural and dynamics information of mole-
cules [3—6]. It is important to improve HHG effi-
ciency for these applications. However, controlling the
characteristics of harmonics emission is crucial and
depends strongly on the interaction geometry. Com-
pared to gas jet [7, 8] and capillary [9, 10], static gas
cell [11—14] provides higher atomic densities and
long medium lengths and leads to higher conversion
efficiencies. In this paper, we report on the phase-
matched harmonics emission around xx nm in a Ny
gas cell. We show that the highest efficiency and the
best spatial quality are achieved by controlling the
gas pressure and the position of laser focus.
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1. Experimental setup

The experimental setup is shown in Figure 1. The
2 m]J, 40 fs, 800 nm 1 kHz laser pulses are generated
by a chirped pulse amplification based Ti:Sapphire
laser. The laser beam is focused by a 400 mm lens and
delivered into a static gas cell placed in the vacuum.
The gas cell provides 5 mm long gas distribution.
There are two pinholes produced by the focused laser
beam on each end surface of the gas cell and vacuum.
Harmonics emission are generated in the interaction
region and then spectrally dispersed by a grazing in-
cidence flat field spectrometer. Finally, harmonic sig-
nals are recorded by an extreme ultraviolet (XUV)
charge coupled device (CCD) camera with 2048 x 512
pixels. The spectral range coved by this spectrometer
is 3—50 nm. In order to avoid overexposure of XUV
CCD, a 500 nm Al foil is placed between gas cell and
spectrometer for blocking fundamental laser.
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Fig. 1. Experimental setup for high harmonic generation in mixed gases
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2. Results and discussion

Figure 2, a presents the captured harmonic im-
ages in Ny. The harmonic signals are recorded during
an integration time of 2 s, corresponding to 2.0 - 10°
laser pulses. Figure 2, b is the corresponding har-
monic spectra from H19 to H37.
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Fig. 2. Harmonic images recorded by XUV CCD in N; (a),
corresponding harmonic spectrum (b)

Figure 3 shows the harmonics intensities varies
with the laser focus position. The cell center position
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Fig. 3. Harmonic intensity as a function of laser focus posi-
tion. H19 (black full squares), H27 (empty circles), H35 (full
up triangles), H37 (empty down triangles)

Z, is located before, after, or on the laser focus
(Z, > 0 means the cell center is before the laser focus
and Z, < 0 means the cell center is after the focus).

As can be seen from Figure 3, harmonics intensi-
ties change with Z, significantly. H19 and H35 har-
monics signal locked at the plateau region keeps
growing with Z, and reach maximum at Z, = 0. Posi-
tioning the cell up to Z, = 2.5 mm, harmonics inten-
sities reduce rapidly. On the other hand, H35 and
H37 harmonics locked at the cutoff region exhibit two
maxima, and there is a minimum intensity when laser
focus is at the center of gas cell.

Harmonics intensities in the plateau region in-
crease with the increase of free electron densities. For
harmonics in cutoff region, when laser focus lock at
the cell center, the free electron density is maximum.
Due to harmonics in cutoff region is more sensitive to
the free electron number [15], much free electron
lead to laser defocusing and result in the decrease of
harmonics signals.

In contrast, when the laser focus is in the sides
of gas cell center, the decreased electron density in-
creases the phase matching condition of HHG. Posi-
tioning laser focus on the exit of gas cell, gas densi-
ties reduce dramatically and free electrons for gener-
ating HHG are low, so harmonics intensities are
weak. The laser focus is close to the entrance plane
and shallower inside the gas cell, the shorter interac-
tion volume of laser and atoms results in the lower
harmonics intensities.

Conclusion

In conclusion, we show the phase-matched HHG
in Ny by using static gas cell. The laser focus is close
to the center of gas cell, the maximum harmonics
intensities in plateau region can be obtained. In con-
trast, harmonics intensities in cutoff region show two
maximum. Our results indicate that it is an effective
approach to obtain coherent XUV emission.

We acknowledge financial support of National
Natural Science Foundation of China (Grant
Nos. 10774033) and Fundamental Research Funds for
the Central Universities (Grant No. HIT. NSRIF.
2010002).

1.Itatani J., Zeidler D., Levesque J., Spanner M., Ville-
neuve D.M., Corkum P.B. // Phys. Rev. Lett. 2005.
V. 94. P. 123902.

2.Wang Y., Chen D., Xia Y., Fan R., Lu F. // Phys. Rev.
A. 2010. V. 81. P. 013830.

3.1tatani J., Levesque J., Zeidler D., Hiromichi, Niikura,
Pépin H., Kieffer J.C., Corkum P.B., Villeneuve D.M. //
Nature (London). 2004. V. 432. P. 867—871.

4.Kanai T., Minemoto S., Sakai H. // Nature (London).
2005. V. 435. P. 470—474.

5.McFarland B.K., Farrell J.P., Bucksbaum P.H., Giihr M.
// Science. 2008. V. 322. P. 1232—1235.

6. Torres R., Kajumba N., Underwood J.G., Robinson J.S.,
Baker S., Tisch J.W.G., de Nalda R., Bryan W.A.,

Phase-matched high harmonic generation in N; gas cell 855



10.

856

Velotta R., Altucc C., Turcu I.C.E., Marangosi J.P. //
Phys. Rev. Lett. 2007. V. 98. P. 203007.

.Takahashi E., Nabekawa Y., Otsuka T., Obara M., Mi-

dorikawa K. // Phys. Rev. A. 2002. V. 66. P. 021802.

. Hergott J.-F., Kovacev M., Merdji H., Hubert C., Mai-

resse Y., Jean E., Breger P., Agostini P., Carré B., Salié-
res P. // Phys. Rev. A. 2002. V. 66. P. 021801.

.Rundquist A., Durfee C.G. II1, Chang Z., Herne C.,

Backus S., Murnane M.M., Kapteyn H.C. // Science.
1998. V. 280. P. 1412.

Gibson E.A., Paul A., Wagner N., Tobey R., Gaudiosi D.,
Backus S., Christov I.P., Aquila A., Gullikson E.M., At-
twood D.T., Murnane M.M., Kapteyn H.C. // Science.
2003. V. 302. P. 95.

11. Constant E., Garzella D., Breger P., Mével E., Dorrer Ch.,

Leblanc C., Salin F., Agostini P. // Phys. Rev. Lett.
1999. V. 82. P. 1668.

12. Tamaki Y., Itatani J., Nagata Y., Obara M., Midori-

kawa K. // Phys. Rev. Lett. 1999. V. 82. P. 1442.

13. Kazamias S., Douillet D., Weihe F., Valentin C., Rous-

se A., Sebban S., Grillon G., Augé F., Hulin D., Balcou Ph.
// Phys. Rev. Lett. 2003. V. 90. P. 193901.

14. Teichmann S., Hannaford P., Dao L.V. // Appl. Phys.

Lett. 2009. V. 94. P. 171111.

15. Dachraoui H., Auguste T., Helmstedt A., Bartz P., Mi-

chelswirth M., Mueller N., Pfeiffer W., Salieres P., Heinz-
mann U. // J. Phys. B. Atmos. Mol. Opt. Phys. 2009.
V. 42. P. 175402.

Lu Faming, Zhang Sheng, Xia Yuangqin et al.



