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Objectives
The goal of Dr Matveev's VISit was to ImtIate a collaboration on resonance lOmzatlOn

spectroscopy, spectfically the Rydberg spectroscopy ofHg, m order to finds ways to obtam a very
high lomzatlon efficiency for the purpose of ultrasensItIve detectIon ofHg and the development of
highly selectIve and sensItIve optIcal (photon) detectors

Research Summary
Dr Matveev had a very productIve year m our laboratory The studies which were proposed

were completed, others were begun and several new tOPiCS fimshed on the Side A total of 11 papers
were pubhshed or are m press We prepared two major proposals (to DARPA and NSFIDOE),
which are presently under reView, mvolvmg the resonance lOmzatIon Imagmg work and we have
submitted one patent apphcatlon Dr Matveev IS presently contmumg thiS work, patd by funds from
the Umverslty of Flonda DIVISion of Sponsored Research, whtle we await the reviews of the
submitted proposals

Resonance IODlzatlOn of Mercury
We began our studies With an evaluatlOn of a resonance photon detector based on laser

eXCited 10mzatlOn m mercury vapor Figure 1 shows the 10mzatIon scheme used The Idea IS to
proVide one or two pump lasers to excite and lOmze any atom which reaches the first eXCited state
A photon entenng an atomic populatlOn ofHg of suffiCient number denSity Will be absorbed With
umty effiCIency and subsequently IOmzed The detectIOn takes place by provldmg an electnc field
to detect the charged patr which results OUf mlual studies proved that the effiCiency could mdeed
approach umty and that smgle photoelectron detecuon was pOSSible 12

In a subsequent project usmg a pulsed electriC field for detectIOn, Dr Matveev discovered
that it was pOSSible to detect the IOmzatlOn by optIcal means as well, via a mechanism of colhslOnal
energy exchange With an mert buffer gas (neon) 34 The excitation process IS IdentIcal, mvolvmg
mltIal resonance absorption of photons at 253 7 nm, followed by one or two step laser mduced
lOmzatIon The charged species which are produced, when accelerated m a pulsed electriC field,
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Figure 1 Excitation scheme for a Hg
resonance IOmzation detector (RID)
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These studIes led to the development of the
resonance IOnIZation Imagmg detector which we WIll
bnefly descnbe ThiS IS a new concept for a
spectrally selectIVe OptICal Imagmg method, based
on the resonance absorption of photons m an atomIC
vapor and subsequent laser resonance IOnIZatIOn of
the eXCIted atoms Calculated figures of ment show
that It has the potential for Improved spatial, spectral
and temporal resolutIOn, compared to avatlable
technIques Our prehmmary expenments
demonstrated the ablhty to detect smgle photons
withm an atomic resonance hne usmg laser mduced
photOlOnIZatlon and excellent Image quality has been
obtained for a fluorescence-based system usmg Hg
Numerous potential apphcatlons eXIst such as the
Imagmg of movmg objects and ultraSOnIc fields,
hIgh energy partIcle detectIOn, hIgh resolutIOn
mICroscopy m the vacuum UV, satelhte trackmg and
opncal commumcanons The concept IS general and
can be apphed to a Wide varIety of elemental and

spectroscopIC schemes throughout the uv-vlslble spectrum We have begun the development and
evaluatIOn of a prototype Imagmg system based upon resonance absorption m mercury vapor A
cell filled With the optimum denSIty ofHg vapor and a buffer gas IS Illummated WIth two pulsed dye

transfer energy to the buffer gas causmg It to emIt charactenstic spectral hnes ThIS emISSIOn can
be optically detected and provIded the possIbIhty of usmg the devIce as a actual Image detector
rather than only as a spectrally selective detector of photons

In order to maxImIze the efficIency of IOnIZatIOn we undertook a study of the spectroscopy
ofthe mercury Rydberg States 5 The spectral charactenstIcs of the Rydberg states (n=IO-42) were
observed Each pnncipal quantum number was observed as a trIplet, and after observmg a quartet
of lmes for n=IO, 11 and 12, these lmes were assIgned, from red to blue, as belongmg to upper
levels IP10, 3P20, 3P10, and 3poO These levels were studied as a functIOn of variable apphed high
voltage between the collectIOn electrodes and vanable buffer gas pressure In thiS way, broadenmg
and sphttmg caused by the mfluence of Stark effects and of mcreasmg buffer gas pressure were
observed for dIfferent n values These observatIOns permItted us to choose the optimum pressure
and voltage and excitation level for the most efficIent IOnIZation ofHg Along wIth these studIes,
we also carned out an evaluatIOn ofthe temporal behaVIOr of the mercury laser enhanced IOnIZation
signal 67

Dunng the course of thiS work, we found that the sensItivity of the IOnIZatIOn process
detection could be enhanced by up to 8000 fold by mducmg an avalanche effect m the IOnIZatIOn
cell ThIS led to the development of a new method for the detectIOn of laser enhanced IOnIZatIon
We studIed the effect of temperature on the colhslOnallOnIzatlOn effiCIency m both argon and P-I0
gases Usmg thIS approach we achIeved a hmit of detectIOn of ~ 15 atoms of Hg m the laser probe
volume 8
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lasers tuned to sequenttal excIted state transItions of Hg (see
FIg 1) A photon entenng the cell Wlth an energy wlthm the
spectral bandwIdth of the 253 7 nm Hg ground state
transItion w111 be absorbed and excIted by thIS two-step
scheme mto a Rydberg level from whIch lOmzatIon takes
place WIth near umty effiCIency The charge pror whIch IS
thereby created IS accelerated m an electnc field and can be
detected wIth excellent spatial resolutIOn by a varIety of
means, mcludmg a conventIOnal charge coupled deVIce The
goal of this research IS to develop a practIcal prototype based
upon resonance absorptIOn m Hg, to optImIze ItS
performance WIth respect to the Important figures of ment
and charactenze ItS usefulness for one type of apphcatlon,
the selectIve Imagmg ofmovmg objects

Prehmmary expenments m a 25 mm dIameter cell
contronmg -1013 atoms/cm3 ofHg m 100 Torr of neon (see
PIcture 1) have shown that the pOSItion of the charged
partIcles created by laser radIation can be detected P t 1

IC ure Photograph of the RIID
SImultaneously by measunng the Images of fluorescence (A'FL cell
= 546 nm) and the optical emISSIOn SIgnal of the neon
dIscharge created by electrons m the cell The pmk neon emISSIon IS generated by energy transfer
from the IOns, whIch are produced along the path of the laser beams, as they accelerate through the
neon towards the extenor electrodes We have descnbed the detal1ed expenmental setup m the
hterature 3 8 As can be seen, there IS a clear correlation of the green fluorescence and red neon
dIscharge mtenslty along the axIS of propagatlOn of the laser beams ThIS mtenslty IS much hIgher
close to the Wlndow ofthe cell and substantIally reduced at a dIstance of 30-50 mm, where the laser
radIation was absorbed by mercury atoms ThIS expenment showed that m pnnClple the same cell

Figure 2 Image of 253 7 nm photons III Bg vapor

WIth or WithOut electrodes can work SImultaneously as a resonance IOnIzatIOn Imagmg detector or
a resonance Imagmg monochromator

In another expenment to demonstrate the Imagmg capab111ty of these deVIces we have
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Iliummated a Hg cell, 3 x 5 x 0 2 cm, wIth an Image produced by a mask havmg the characters
"UF" The second excItatIon at 435 8 nm, provIded by a pulsed dye laser, was made to Illummate
the Hg cell usmg a cIrcle-to-hne fiber optIC bundle and enters the cell from the left m FIgure 2 The
green 546 nm Image of the mask, formed m the Hg vapor, was clearly vlSlble to the eye and was
easIly captured on photographIc film, shown m FIgure 2 We have also recorded thIS Image usmg
a conventIOnal vIdeo camera and observed the appearance and dIsappearance of the Image as one
tunes the 4358 nm laser across the fine structure of the Hg excIted state FIgure 3 shows a
schematIc of the present deSIgn for the resonance IOnIZatIOn Imagmg detector

Dr Matveev also partIcIpated m several other research projects, mcludmg the development
of a technIque based on laser enhanced IOnIZatIOn WIth electrothermal vaponzatIon, to detect very
low levels of Pb and Mg 910 11 Vanous two-step eXCItatIOn schemes were exammed and a hmIt of
detectIOn for Pb of 42 fg was achIeved m dIluted whole blood

Wmdows

Image

I age detector

1

FIgure 3 ExperImental embodIment of the RllD

Benefits
Clearly, Dr Matveev's tIme m our laboratory has been exceptIOnally productive and

beneficial to the research group Several new research dIrectIons were begun and Dr Matveev was
able to pursue projects WhICh would have difficult, If not ImpOSSIble, m Moscow As can be seen
from the authorshIp of the pubhshed papers, several undergraduate and graduate students worked
closely WIth Dr Matveev dunng the past year and benefitted enormously from hIS broad expenence
m laser spectroscopy and opttcs

The projects InvolVIng the ultratrace detectIOn of Hg and the development of resonance
IOnIZatIOn ImagIng detectors WIll certaInly be contmued If fundmg can be found As mentIOned
above, two new proposals have been submItted m thIS regard Iffundmg can be found, Dr Matveev
WIll remam m the host's laboratory to contInue thIS work

We have mamtamed connectIOns WIth Moscow State UnIversity and dunng the past year
submItted a Jomt proposal, WIth Prof NIkIta Zorov, Chatrman of the Department of AnalytIcal
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ChemIStry, to the CIvIhan Research and Development FoundatIOn CooperatIve Grants Program
ThIS proposal was not funded

There IS consIderable possIbIhty for commercIahzatIon of the resonance IOntzatIon Imagmg
technology As mentIOned above, we have submItted a patent apphcatlon through the UntversIty
of Flonda DIVISIon of Sponsored Research and we have also submItted a Phase I SBIR proposal
through a small hIgh technology company, J&D SCIentIfic, to DARPA

Fundmg Aspects
We were able to supplement Dr Matveev's salary to a level of $3000/month for the duratton

of hIS stay Because hIS famIly (wIfe and two chIldren) accompanIed hIm here, thIS was deemed
essentIal Funds for thIS addItIonal pay came from several ongomg research grants m the host's
laboratory, mcludmg an NIH grant and a DOE grant Fmanclal assIstance was also proVIded by the
UntversIty ofFlonda DIVISIon of Sponsored Research

The prOVISIon ofthts CAST grant mItIated an enormously benefiCIal collaboratIon whIch IS
sure to contmue for some tIme Dr Matveev IS an exceptIonally creatIve SCIentIst and has been a
wonderful addItIon to our laboratory HIS commg here would not have been pOSSIble WIthout the
aSSistance of the CAST program
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