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THE PROBLEM
UV atomic data limits accurate spectral synthesis
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log gf qlﬁerences between databases Synthetic spectra: Teff = 5000 K (top) vs 10 000 K
(Laverick et al. 2018). (bottom).

Automated efforts to recover astrophysical atomic parameters have been quite limited so far, and only in
low-blending regions: Martins et al. 2014 (CE, 8510-8530 A), Shetrone et al. 2015 (1.5-1.7 um), Laverick
et al. 2019 (42006800 A). None in the UV.
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METHOD

Fit every line in a window at once with Computational Intelligence algorithms

Each candidate solution is one vector that contains four parameters per line: A_c (central wavelength),
log gf (oscillator strength), log I'_Stark and log I'_VdW (pressure broadening parameters). The search

space is ¥30 around VALD, with o taken from a VALD-Kurucz cross-match.
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* This is a feasibility test: the “observations” are synthetic spectra from a perturbed linelist (LRP),
so the true answer is known.
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SETUP
A controlled test for algorithm performance comparison

10 A 5 stars* 500 000

A2700-2710 A, plus 1.5 A Sun, a Cen A, Procyon, resolving power,
for strong-line wings. Vega, Sirius A (G-A MS). noise-free spectra.

1273 180 000 S X35

free parameters with o . . .
. - objective-function algorithms x independent
Ir:g?:e(;t J2 U0l [ErE evaluations per run. runs.

* Synthetic spectra computed with the perturbed linelist (LRP), so the true parameters are known.
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ALGORITHMS
GA and CMA-ES lead
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GA

F=134%x102+0.13 x 102

CMA-ES
F=145%x102+0.09 x 102

Frmin

ANOVA: p = 0.22, statistically equivalent

Npop = 100

Npop = 200 ~~
e CE stalls early; PSO and DE are
. . . . . . . . ; . slower. GA and CMA-ES are still
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Objective Function Evaluations x1000 Objective Furction Evaluations x1000 Improving at 180k evaluations.
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Best F vs evaluations; N_pop = 100 (left), 200 (right), for CMA-ES the population
size was defined with an empirical formula; band = o over 5 runs.
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ACCURACY
High-impact lines are recovered tightly
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Medians near zero: 1 x 10 A and

Offset from the true value: start (LIP, red) vs GA (blue) —0.045 dex. The gain concentrates
where lines actually shape the

spectrum.
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RECOVERY
Recovered with accuracy and precision

Recovered = the true value lies within 16_run of the 5 run result, and o_run < the o used to build the reference.

( Against the databases
0
63%
: . Ac uncertainty < NIST: 19/ 28
03‘:5“; /for “”esn";'g;' =L, log gf class = NIST: 26 / 36
| (30 % overall 355) || Iog gf uncertainty < VALD: 12/ 21
48 0/ Damping constants: only 5/ 79 Stark and 8 / 98 Van der Waals
0 recovered, owing to blending and log gf - I' degeneracy in
of |Og gf for lines with | > 0.4 saturated lines.
(25 % over all 741)
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STEP 2. MORE REALISTIC SCENARIO
Testing sources of uncertainty

Same pipeline using the GA.

a N : N
2. Atmospheric
1. Noise and Resolution parametfrs 3" Chromospher.e
Line cores of strong lines can

Coupled, tested together on Errors in Teff, log g and carry chromospheric emission

scenarios based on real [M/H], and a larger set of that photospheric LTE models
Kinstruments. / Kreference stars. / Kcannot reproduce.
a N )

4. Continuum
placement

5. Unidentified transitions

Systematic normalization Fea;_l St’PtT}Ctrngd lines mlssmg: frgm the
bias, typical of the crowded INelist, the may compensale by
distorting nearby known lines.

kUV. / K /
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BLOCK'1

Noise and resolution grid

Resolution: E230H (R = 114 000) and
E230M (R = 30 000), the two HST/STIS
near-UV echelle modes.

Noise: S/N = 50, 100, 150 and 200, with 5
independent noise realizations per case.

For this we convolve to the instrument profile,
then add Gaussian noise.

Output: recovery fraction vs line strength
over (R, S/N).

Goal: an empirical R and S/N threshold to
construct the final reference set of
observations.
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S/N per 10 A bin across 2000-3000 A for some of the candidate
reference stars, estimated from the 98—100th flux percentile as a
continuum proxy (Ayres, 2010, 2014).



BLOCK 2
Building the reference star sample

Archive: S/N and R: Parameters: Dedu_plicate:
ASTRAL + StarCAT per 10 A bin, by Teff, log g, [Fe/H] cluster in parameter
(Ayres, 2010, 2014) ’ space, keep best

HST/STIS spectra echelle mode Spa
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Number of stars with S/N > 100 per 10 A bin
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CONCLUSIONS

Takeaways and next steps

So far

Simultaneous EA fitting of UV line
parameters is feasible; GA =
CMA-ES.

High-impact lines: 63 % of Ac and
48 % of log gf recovered, often at or
below NIST/VALD uncertainties.
Damping constants stay degenerate
with log gf and blends.
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Next

Establish final star sample.
Assessment of different sources of
uncertainties.

Application to real observations and
construction of a new UV linelist.
Building a new stellar spectral
library in the UV.
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