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Prospects for X-Ray Amplification with Charge-
Displacement Self-Channeling

JOHNDALE C. SOLEM, TING SHAN LUK, KEITH BOYER,
aMp CHARLES KIREKHARM REHODES, rFELLOW, IEEE

(fmvired Paper)

Absiraci—We develop an analytic theory of charge-displacement self-
channeling: a mechanism that can dynamically trap a short intense
pulss of light. We focus our attention on the case of most interest [or
X-ray amplification: the strangly saturated channel, for which all free
elecirons are expelled from the channel core and the channel walls are
averdense, Some curious resulis are: 1) the intensity al the channel
walls is independent of the total luser power, 2) the radivs of the chan-
nel increases veryslowly with Laser power, asymplotically s the fourth
root, and 3) the power in the channel wall is a constant, The channel
is energetically stable in ihe sense thai a bifurcation will cause & net
increase in the electrostatic potential energy, bui is only marginally
stable against relativistic flamentation in the walls. We also find that
ihe channel is an efective waveguide for all secondary radiation. Scal-
Ing studies show @ substantial advantage exists by using the highest
frequency driving laser avallable. Since very large energy-deposition
rates from multipholon coupling are expected, the channel is ideal for

generating coherent short-wavelength radiation, perhaps well into the Johndale C. Solem
X-ray range. 1 9 8 9

LANL Robert Oppenheimer Ch3a3ir
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Observation of Relativistic and Charge-Displacement Self-Channeling of Intense
Subpicosecond Ultraviolet (248 nm) Radiation in Plasmas

A. B. Borisov,!'? A. V. Borovskiy,?) V. V. Korobkin, ?» A. M. Prokhorov,'? O. B. Shiryacv, "’
X. M. Shi,"" T_S. Luk,™ A. McPherson, ™ J. C. Solem,’ K. Boyer, ™ and C. K. Rhodes "
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D General Physics Institute, Academy of Sciences of Russia, Moscow, [ 17042, Russia
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Original Observation

VOLUME 68, NUMBER 1 PHYSICAL REVIEW LETTERS 13 APRIL 1992 EXCEPTIONAL
SIGNIFICANCE
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FIG. 1. (a) Experimental apparatus used in studics of propa-
gation. See text for description. (b} Data concerning the pal-
tern of propagation observed with a single pulse in M2 at a den-
sity of — 1.35x 10 cm ™% The maximum intensity is half the
detector (COCD) saturation. The radiation is incident from the
left. Inset: Photographic data with a vertical spatial resolution
of — 10 gm. The graph illusirates the one-dimensional axial
profile taken along the direction of propagation (=) of the pho-
tographic data (inset). The spacing of the maxima, &=200
& 20 g, s indicated.
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Samarkand, Uzbekistan / May 1990
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B —
T. 55, N 4 CEPHH OHU3NYECKASA 19914
V]IK 533.8 © 1991 r.

T. C. JIYK, A. MAK®EPCOH, I'. H. T'NECOH, K. BOEP,
Y. K. POYJIC

HCCJIEJJOBAHHA MOJIEKYJIAPHBIX X-JIABEPOB *

Ilpepnoxena wosas KoHuenuusa moaexyasapuoro X-zasepa. Oma mxaw-
vaer: 1) HOBY0 CYONMKOCOKYHANYIO NAICPHYIO TOXHOAOIHI CBOPXBMCOKON
APKOCTH, 2) HENAaBHO OTKPHTHII MexaumaMm BOADYKACHHA MOAOKYA B CHAL- |
MOM noje; 3) noBblil peRHM KAHAXMPOBAHHOrO PACHPOCTPAHCHHA AAICPHOTO ~
nu;:ﬁynbca. Mosekyanpuslit MOAXOX NO3BOAAET AOCTHYL BRICOKOrO YPOBRHA
BO30YKCHNA B IJIOTHON XOMOAHON Cpejie M OCYWECTBHTH NepecTpoilky wa-
croTel X-Jnasepa. .
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First Observation of Cluster X-Ray Production

Multiphoton-induced X-ray
emission at 4-5 keV from
Xe atoms with multiple
core vacancies

A. McPherson, B. D. Thompson, A. B. Borlsov,
K. Boyer & C. K. Rhodes

Department of Physics (M/C 273}, Unreersity of llincis at Chicago,
845 West Taylor Street, Chizago, lllinols GOG0T-T050, USA

SEVERAL recent experimental findings'™ have pointed to a possible
route for making an X-ray laser, which conld in principle provide
an imaging system capable of molecular resolution®, The method
involves the maltiphoton excitation of atoms in van der Waals
chsters or in molecules to vield dons  with core-electron
vacancies'”, which can then decay by emission of X-rays, in con-
Junction with a sell-chanelling propagation mode of eleciromag-
metic radiation”. The multiphoton excitation may be stimulated by
ultrahigh-brighiness, subpicosecond pulses of laser Iighl". We have
previously observed® emission of X-rays from L-shell transitions
in core-excited krypton atoms nsing this approach. Here we report
the multiphaton production of Xerays of wavelength 2-3 & fram
highly ionized xenon atoms which possess a large number of inner-
shell vacuncies while retaining several electrons in relatively
weakly bound outer orbitals. Atoms with this ‘inverted’ electronic
configuration are designated *hollow atoms™, We find that gener-
ation of hollow atoms cam become the dominant excitation mode

NATURE « VOL 370 25 AUGLIST 1904
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FIG. 1 Kray images produced by a single exposure with 1he double
pinhole camera, The upper and lower pinholes correspand to the Ke(L)
and Xe(M) emissions, respectively. The pinholes had & diameter
~100 pm, Emiting the spatial resolution 1o thal value. The stagnation
pressure.of the pulsed jet was 75 pounds per sguare inch above atmos-
pheric pressure and the temperature of the nozzle was 233 K. The
Bpproximate location of the focal region s indicated along with the
correspanding Rayleigh range of the focusing System (/3] The more
restricted  spatial distribution of the shorter wavelength amission
|fpe > 3.5 kW) 1S expected, as significantly higner intensities are
necded for the L-shell excitation relative to those reguired for the corre-
sponding M-shell escitation’*. Intensity grey scale is presented in
[ ea T
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Detailed Geometry of the von Hamos Crystal Spectrometer

P.N. Lebedev
Physical Institute of
the Russian
Academy of Science

Alexander Petrovich Shevel'ko
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Ultrabright multikilovolt coherent tunable x-ray
source at A ~ 2.71-2.93 A

Alex B Borisov', Xiangvang Song’, Fabrizio Frigendi®,
Yevpeniva Koshman®, Yang Dai’, Keith Boyer! and
Charles K Rhodes!-=+4.5
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Proposal Summary

New heretofore unstudied states of plasmas, embodying both high electron
density and exceptionally high specific power densities, can be produced with
modern femtosecond laser technology. Preliminary experiments have shown that
such plasmas are unusually powerful sources of radiation in the x-ray range. This
radiation can be used for both (1) basic studies of this new high-density plasma and
(2) a range of important applications involving condensed matter. Among the most
significant applications foreseen is the development of a high-resolution microholo-
graphic imaging technology applicable to structural assays of living material for
biology and medicine and an understanding of the detailed structure of advanced
materials. The scientific expertise and technologies necessary to advance this new
area of research are assembled in a complementary fashion by the joint participa-
tion of two internationally prominent groups, one at the Lebedev Physical Institute
in Moscow, in cooperation with the Institute of Applied Physics (Nizhny
Novgorod), and the other at the University of Illinois at Chicago. The former
represents extensive experience in x-ray spectroscopic instrumentation and relevant
theoretical aspects of plasma dynamics while the latter provides advanced high-
power laser technology and broad experience in applying it to the study of physical
interactions. This effort unites these two groups in a collaborative program which
mobilizes the research toward important peaceful endeavors. We foresee the
development of attractive career opportunities in the civilian sector for all
participants with the proposed program.
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Appendix F

M LEBEDEY PHYSICAL INSTITUTE

ACADEMY OF SCIENCES The scientific expertise of the participants from both sides
m promise the new findamental scientific results.
" |
[LH.Jvledéns
L
Ramrnky Prmpect 31, 117F4 Mo
T u?t:n"::‘:lllummi:w E Dmc tor
Fax: (095) 135 78807938 .
£11§ og%mc.m.nis_é?;:} of the Lebedev Fhysical Institute
. academician L.V.Eeldysh
International Science and Technology Center | g or’ Il’ich Academician-Secretary
lapproval of the project proposall , of the General Physics and Astronomy
Sobel’man Department of the Russian Academy of

Sciences

The administration of the P.N.Lebedev Physical Institute of
Russian Acedemy of Sciences submit to the Imternational Science
and Technology Center the proposal for the joint research entitled

"XUV Spectroscopy of LIP at Extremely High Power Inputs"
The Jjoint research will be carried out during two years (from
January 1953 till December 1994 by the investigators from
University of Illinois at Chicago (Prof. C.K.Rhodes and coworkers)
and from the Optical Division of Lebedev Imstitute (Prof. I.I.
Sobelman and coworkers) with participation of the scientists from
the Institute of Applied Physics (Nizhny Novgorod).

The proposed project is based on the leading directions of
research of the Optical Division of Lebedev Institute which are
comnected with modern applications of atomic spectroscopy. The
development of the project will be of great interest for the
Lebedev Institute and the administration of the Institute will
support the efforts of participants.
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Emil Gilels Sviatoslav Richter, ca. 1935
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Performance: Rachmaninoff: Prelude No 5 in G minor Op 23, USSR,
1943
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Y10 eCTb UCTHUHA?

Xpuctoc u lNunat, Hukonan Hukonaesuu e, 1890 r. (“What Is Truth?” Christ
and Pilate, by Nicolai Ge, 1890)
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