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The Need for Laboratory Astrophysics

data needed

absolute line centers

energy level structure and configurations
allowed transitions

isotope shifts

hyperfine structure

transition probabilities / oscillator strengths




undances in Stellar Atmospheres
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Branching Ratios
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Echelle Spectrometer

« Echelle Spectrometer

A

A

the entire spectrum obtained

0 77— ' with one laser shot!
/ =T - o impervious to drift, shot-to-

detector

Grotiog shot variations, other factors
which may degrade relative
easurements




Other Experimental Methods

LIBS is more similar to the HCD
method

* but due to the use of the Echelle,
Is VERY fast (insensitive to
variations in signal intensity)

» because the pulse laser source is
SO easy, any element can be
studied easily

 multiple ionization states and
neutrals produced

« environment of discharge (gas,
pressure, etc.) easily controlled

Disadvantages
 overlap of lines
* N0 selective excitation

HCD lamp method

levels excited in thermal discharge,
FTS typically used to observe emission
Advantages:

«all lines excited at once

egood signal to noise

Disadvantages
slow (due to FTS)
slamps must be specially made
soverlap of lines
*NO selective excitation
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Uncertainties

Source of Uncertainty _Uncertainty (%)

Branch Strength

Strong (>30%) Moderate (10-30%) Weak (<10%)

Systematic Uncertainty

SCF — Deviation Between Fit and Data 3 3 3
SCF — Multiple Day Scatter 4.4 4.4 4.4
Systematic Total (added in quadrature) 5.3 5.3 5.3

Statistical Uncertainty

Branch Uncertainty (combined) 4 5 18

Total Uncertainty (added in quadrature) 6.6 7.3 19




Sm Il Results
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# of # of Upper
Log(gf)s Energies
Cul 192 68
Cull 79 27
Fe 776 108
Fell | 1,453 108
Gd | 587 113
Gd Il 480 164
Gd Il 40 3
Nd | 121 93
Nd Il 460 46
Nd 11l 19 1
Prl 19 19
Prll 551 87
Prill | 7,200 392
Sm 137 70
Smll 713 115
Sm 49 17
Total | 12,876 1,431

Conclusions

LIBS is capable of exciting transitions in
neutral, singly-ionized, and doubly-ionized
states in lanthanides and transition metals,
and of providing accurate radiative

parameters.

Observing hundreds of transitions
simultaneously can lead to blended lines
which are sometimes unresolvable.

LIBS could be a significant technique for
contributing rapid, large scale or single
“measurement on demand” radiative
parameters of interest in astrophysics,

atomic physics and plasma physics.
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Figure 5: A typical section of a neodymium laser-induced
plasma spectrum (390.0 — 411.0 nm). Vertical turquoise
lines denote the wavelengths of known Nd | and Nd I
30439 lines. Insets: zoomed in regions of the spectrum
N showing clearly resolved peaks, demonstrating the
resolution of the Echelle spectrometer is sufficient even
in spectrally dense regions of the spectrum.
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