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1. Introduction

We seek to use stellar population synthesis modeling to
resolve the star formation histories of metal-poor star-forming galaxies, in
conjunction with multi-wavelength X-ray observations, to investigate the
plausibility of accreting compact objects within these galaxies (both
present and in the near-past), being the primary sources of He |l ionization.
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2. Data

2.1 Sample Selection: We perform a Chandra X-ray survey of 23 (Figure 2)
nearby (z <0.1) star-forming galaxies that show nebular He Il emission but lack
the spectral signatures of Wolf-Rayet stars originally identified by Shirazi &
Brinchmann (2012).

2.2 X-Ray Data: Chandra X-Ray observations were obtained for 7 new galaxies
and 16 archival galaxies (Evans et al. 2024). The high spatial resolution and
sensitivity of Chandra allow us to locate any detected X-ray sources within
each host galaxy, to then investigate if they are emitting sufficient EUV photons
in the *present* time to power the observed He Il line (Section 5.3).

2.3 Spectral and Photometric Data: SDSS Photometry and Spectra were
obtained for 12 of our 23 galaxies with data over a suitable SNR threshold of 10
(York et al. 2000). This data was used to model the stellar populations and SFH
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4. Stellar Population Analysis

4.1 Stellar Population Modeling: We model the stellar population for the 12
galaxies in our sub-sample by simultaneously fitting their photometry and
spectra using Stellar Population Synthesis (SPS) (Figure 3). SPS simulates the
light generated from a population of stars of a certain metallicity and
convolves their stellar evolution with the rate of new stars born at a given time -
over the entire SFH of the galaxy.

3.4 Tools: We used Prospector (Johnson, 2021), which uses a Bayesian
approach to fit the spectra, adopting empirically derived MIST Isochrone
(Dotter, 2016) and MILES Spectral stellar libraries (Sanchez-Blazquez,
2006)

4.2 Star Formation Rates: It is apparent that the galaxies within our sample
with X-ray detections are emitting as much, or more, X-rays as expected by the
empirical relations described in Sec 1..1 (Figure 4).

5 X-Ray Data Analysis

5.1 X-ray Reduction: All X-ray observations, archival and new, were reduced
using Chandra Interactive Analysis of Observations (CIAO) (Fruscione et al.
2006).

5.1.1 X-ray Spectral Fitting: X-ray spectra were extracted and, we

estimated unabsorbed fluxes with a power-law model ([ =1.7)

and diskbb model (kT =1.2 keV)

5.2 Modeled EUV Continuum: We extrapolated each spectral fit to 0.054-0.3

keV to estimate an unabsorbed EUV photon flux density for each galaxy (Figure
5).

5.3 X-Ray Brightness: Despite being bright in the X-ray due to accreting bodies
(Figure 4), there is still a deficit of sufficient EUV ionizing photons to power the
He Il line for the majority of our sample (Figure 5).
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Statement of the Problem

1.1 Star-Formation Woes: Recent observations from JWST challenge existing
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1.2 Early Universe Analogs: Metal-poor, star-forming blue dwarf galaxies serve
as critical analogs for understanding how early-universe galaxies evolved (e.g.,
Mezcua 2019).

1.3 Spectral Anomalies: A subset of such metal-poor blue dwarf galaxies
exhibit strong Hell A4686 emission lines (Figure 1), which requires the presence
of a substantial ultraviolet (EUV) continuum with energy between 54 to 300 €V;
Kehrig et al. 2018; Ponnada et al. 2020)

forming galaxies that show nebular He |l emission but lacking Wolf-Rayet star signatures, each
color-coded by the measured solar metallicity. The boundaries defined by the Kauffmann
(2003) and Kewley (2001) lines divide the diagram into different regions, which are used, in
conjunction with the Shirazi and Brinchman empirical relationship, to classify the galaxies.

3. Data Analysis
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Figure 4: X-ray luminosity-SFR-metallicity relationship plotted with reference lines from

Lehmer (2010) and Brorby (2016). Upper limits are plotted as triangles for non detections. SFR

taken as the value of the last SFH bin modeled for epochs of 100 Myr and 10 Myr (Figure 3).

Figure 3: Example simultaneous spectra/photometric fit (middle) with residuals (top), and the resulting star formation history (bottom) for two cases - final burst lasting (1) 100 Myr and (2) 10 Myr
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emission line strength, as evident by most data points falling under the 1-to-1 line.

6 Conclusions

6.1.1: Current He Il ionization explanations are limited to the processes
happening at the current time.

6.1.2: Current stellar population (including lack of Wolf-Rayet stars) is an
implausible cause for He Il ionization.
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