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We use laser spectroscopy to measure
the optical properties of gases and
aerosol particles that are important in
atmospheric remote sensing.




Ser spectroscopy to measure the optical
gases and aerosol particles that are
atmospheric remote sensing.

et information about something without coming in contact with it.

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
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Remote sensing of carbon dioxide is important
because it provides information about changes in local,
regional, and global concentrations.

Credit: NASA JPL, NOAA



- success of your company is tied to large
e needs to be some sort of validation.

Remote sensing can be the “validation.”

However, for remote sensing campaigns
to be successful they need high-fidelity
spectroscopic reference data.

redits: EPA, NASA




P'r]Ji'f':lf‘JJ ticsa Light is switched on and off periodically;
HOUICHIght abso fﬁrbﬁ causes periodic thermal expansion in
i J lu [iErdgas; which generates sound that a microphone detects

scattered
light

Animation: Keith Gillis
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The absorption coefficient we measure, «(A4),
is the product of (1) and N. o(4) is the a(l)=oc(A)x N
absorption cross-section which is fundamental

optical reference data.




PHOLOACOUSTIC Spectroscopy: Study a sample’s optical
dsOIPHoNas a fitnction of wavelength by detecting the
generated sound

»instrumental response needs to be deeply understood.

o = Absorption coefficient (cm-1)

S\, = Magnitude of the photoacoustic microphone signal (\Volts)
Ry, = Relaxation parameter

W, = Peak-to-peak modulated laser power (Watts)

C. = Cell constant (Pa/W-cm1)

b, = Calibrated microphone sensitivity (V/Pa)

Cqys = System constant (V/W-cm')




Weshave designed and implemented a new
pe off photoacoustic resonator

2r.= 30 mm L.=50 mm
2rg =6 mm Ly =100 mm

This design has a very useful property.
It's significance lies in the fact that we
can calculate C_ really well.

We don’t use a very sensitive microphone (~12 mV/Pa @ f,,,4)-
We don’t have a very large resonator Q factor (~30).

We have a very predictable system.
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FutureWork - Ultrasensitive Trace
Analyzers oft Noble Gas Isotopes

ra d ice in the range of approximately 10° years.
t of nuclear fission. Monitoring the isotope can be
ge nuclear weapons treaty compliance.




EuturerWork - Ultrasensitive Trace
nalyzers ofi Noble Gas Isotopes

alled Atom Trap Trace Analysis (ATTA) can be used to measure Kr
es. Problem — It currently requires a lot of water!
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Bailey, T.P. O’'Conner, L. Young, R. Lorenzo, B.M. Kennedy, M. van Soest, Z. El Alfy, B. El Kaliouby, Y.
Dawood and A.M.A. Abdallah (2004) One million year old groundwater in the Sahara revealed by krypton-
81 and chlorine-36, Geophys.Res. Lett. 31, LO5503.

X. Du, R. Purtschert, K. Bailey, B.E. Lehmann, R. Lorenzo, Z.-T. Lu, P. Mueller, T.P. O’'Conner, N.C.
Sturchio and L. Young (2003), A new method of measuring 81Kr and 85Kr abundances in environmental
samples, Geophys.| Res. Lett. 30, 2068.



EuturerWork - Ultrasensitive Trace
Analyzers off Noble Gas Isotopes

oton source will improve
d may enable routine

Our proposed contribution: Support the
development of ATTA with the precise
determination of Kr-H,O collisional energy

- transfer rates between the 5p[3/2], and
5s[372]°, 5s[3/2]°, states. Also perform basic
5s[3/2]°, Ifundamfental re?e/aagh to ur;ders[ta/n?
Y relaxation from 5s[3/2]°, to 4p®, 5p[3/2], to
Metastable 5S[3/2]9,, and 5p[3/2], to 58[3/2]%,.
124nm Experimental method: Perform two-photon
photoacoustic spectroscopy with a 124 nm

4P6 VUV source and a tunable 819 nm diode
Ground laser.

Energy level diagram for Kr
(reproduced from JLAMP VUV/Soft
X-Ray User Facility proposal)




ummary.

ers to study how small molecules and particulate matter
Imary applications of interest to us are atmospheric
hange.

] a novel and powerful photoacoustic
0 obtain high-fidelity spectroscopic
e collisional relaxation rates.

ta as well as to

n advanced photon light soL ce would enable an interesting
laxation project on Krypton isotopes. Results would support
nent of “next-generation” environmental isotope sensors.
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