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Why High-Field THz Pulses?

Study non-linear effects in materials (E >100kV/cm).

Displace atoms in polar solids (especially in systems
near to a structural phase transition, e.g.

ferroelectrics) (E =1MV/cm).

Induce large transient currents e.qg., exceed critical
current in thin film superconductors (E =100kV/cm).

Modify magnetic moments / spins to follow their
dynamics
(H=0.1T orE=HXxc =300 kV/cm)

And others




Pulsed THz Sources

Conventional sources using short pulse lasers rely on pulse generation in a
solid and are generally limited to (WJ/pulse.

Higher energies per pulse can be generated at accelerator facilities with intense
bunched electron beams via synchrotron or transition radiation.

Recently, intense THz pulses with energies in excess of 100 wJ/pulse have
been generated as transition radiation by a laser generated and accelerated
electron beam passing from plasma to vacuum.

Our scheme for THz generation involves the creation of miniature corrugated
plasma channels (period ~ 40 um) that act as slow wave structures.

Offer possibility of high efficiency of conversion of laser pulse energy to THz.



Excitation of Plasma Waves by Laser Pulse
Ponderomotive Force
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Work Done by Ponderomotive Force
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* For radiation fields in a homogeneous plasma

V-E=4rgn=0

« Radiation requires inhomogeneous plasma
* Phase matching would be nice too:

¢ >u, =w/k, forradiation, u, pulse speed



z!'f?" - ,:
1R Yi.&‘l

Disc-loaded Structure

0.4
(Courtesy E. Nelson, LANL, S. Cooke, NRL)

Add nonuniform plasma

Conditions Can be Met in a
Periodic Structure

0.35

al

|
\
\

Phase matching

0.25

ﬁ 0.1 0.2 0.3 0.4 0.5 0.6
k/k0
Structure
dispersion ky =2m/d

relation



University of Maryland Channel Formation Scheme

C. G. Durfee, IIT and H. M. Milchberg, Phys. Rev. Lett. 71, 2409 (1993)

gas flow
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gas feed from 10 Hz pulsed valve at ~30 atm

Generation of a plasma waveguide in an elongated, high repetition rate gas jet
J. Fan, T.R. Clark, and H.M. Milchberg, Appl. Phys. Lett. 73, 3064 (1998)



Plasma Waveguides

University of Maryland Channel Formation Scheme

l

A\

moderate intensity
fibre generating pulse:
100-500 mJ, 1.064 um
100 ps

Jkr
30 L

plasma channel

Heating «

electron denslty (10

n axis\&“ \
i

6
[ -

—1-33ps
——6G6ps
—266 ps
——600 ps

{b)

—1ins
-——=2ins
—31nms
——32ns

\'\.

0 @
radius (pm)

B0

radlus (um)

Electron density

Radially expanding

nl] 2‘[! ﬂ‘[l 60 80 100 12 ShOCk WaVe




Modulated Channels
J. Cooley, et al. TBP-PRE
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Modulation Instability
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The Heating rate U, is proportional
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Modulation Wave Number to |E |
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Imposed Modulations

Interference makes spatial modulations

Heating rate ~
2

U, = A|E, + E,é®™

Ok_= k(cosB, —cos0,)



Overlap region
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Modulated Channels
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Power Conversion

Power converted to radiation:

2
2 wu =
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Power converted to plasma waves

Pe py = %jdzxi [k; “Z(Xi’wp)‘z + ‘VLVP(XJ_’(UP)F}
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é-@g Pump Depletion Rates (Gaussian modes)
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Conclusions

« Ponderomotive driven currents couple to THz radiation in
inhomogeneous plasma channels

* Such channels can be formed hydrodynamicaly

« Pump depletion rate due to radiation generation can exceed that
of scattering and plasma wave generation

« Radiation generation can be enhanced by modulational
instability



