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The Universe was reionized by the first generation of stars and galaxies.
the reionization process remains elusive.
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How do galaxies 1onize IGM not only during reionization,
but also afterward?
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(Njon : Ionizing photon emissivity)
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Z.oom 1nto Cosmic Noon
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James Webb Space Telescope Cycle 3 AR Proposal 6319

Measuring ionizing photon production efficiency and
characterizing the bursty star formation history of dwarf
galaxies at 0.5 <z <24

GLASS/NIRISS footprint

PI: Anahita Alavi

An archival proposal to use the GLASS-JWST ERS:

* NIRISS grism

* two orthogonal grisms, 3 filters

* These grism spectra will probe the Ha emission line at 0.5 <z <2.3

* Project is in progress: we have identified 147 lensed galaxies at 0.5 <

z < 2.3, all with robust detections in both Ha and UV continuum (SNR >
3 for each).




Analysis

The NIRISS grism catalog with secure redshift confirmed with visual inspection (Watson et al. 2025)

Dust exinction correction for both H-a and UV-continuum based on the Balmer decrement and UV-

contninuum slope following the extinction laws/cuvers commonly employed (i.e., Cardelli+89;
Gordon+03)

Correcting for [NIl] contamination from H-a flux using the factor provided by Faisst+18

Assuming the case B recombination,

L(Ha) [erg s™'1 = 1.36 X (1 = fose) 10712 Nigy [s71]

N: N
Eion = Llon lerg IHZ]
Uuv
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Example Grism; a galaxy at z=2.06
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¢ ion distribution

- Median log(§ ;o) of ~ 25.06 + 0.6, broadly consistent with other studies at similar redshift Emami+20;Atek+22;Pahl+25
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¢ ion distribution

- Median log(§ ;o) of ~ 25.06 + 0.6, broadly consistent with other studies at similar redshift Emami+20;Atek+22;Pahl+25
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¢ ion VS. redshift
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¢ ion VS. UV-continuum slope [3
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- The relationship between € ;o,, and Myy
has been widely studied to determine
whether dwarf galaxies are efficient
producers of ionizing photons (e.g., Atek+24)
or whether there is no significant depdence
(e.g., Lam+19).

- In our galaxy sample, the low-z (0.5 <z <
1.5) subsample does not show an increasing
trend of § ;5 With increasing Myy (orange
circles). In contrast, the high-z (1.5 <2< 2.3)
subsample shows an increasing trend of

€ ion With increasing M yy (blue circles).

c.f., Bouwens+16; Izotov+17; Shivaei+18;
Lam+19; Emami+20; Atek+22, 24 Pahl+25 for

relations between ¢ ;,,, and Myy over a wide
range of redshift (0<z<7)
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¢ ion VS. Stellar mass
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-The trend of &jopWith Mg,y is qualitatively
consistent with that observed for UV
luminosity. Specifically, the high-redshift (1.5
< z < 2.3) subsample (blue circles) exhibits
increasing &jontoward lower stellar masses,

analogous to the increase in &ontoward
fainter Myy.

- Stellar mass obtained from the UNCOVER-
MeGaScience catalog (Wang+24).

c.f., Bouwens+16; Izotov+17; Shivaei+18;
Lam+19; Emami+20; Atek+22, 24 Pahl+25;

Llerena+25 for relations between € ;,,, and M.
over a wide range of redshift (0 <z < 7)
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Demographics of lonizing Efficiency and Bursty Star Formation Across Cosmic Noon
(0.5 <z<1.9) with Roman (+UVEX + Rubin/LSST)

26.5 * Roman grism spectroscopy (HLWAS Medium Tier)

) - Emission-line flux limit: 1.5x101® erg cm2 s (50)
UVEX | . ' - Corresponds to Ha-derived SFR = 1-20 M yr~! at
26.0 1 ' . . 0.5 <z < 1.9 (Kennicutt & Evans 2012)

-—T ! | - Using the SF main sequence (e.g., Speagle et al. 2014), this
O 255 . L corresponds to log(Mgiar/ M) = 8.9-10, probing the sub-M
v . ¥ { . N + galaxy population* (e.g., Tomczak et al. 2014; Weaver et al. 2022)
N
~ iy ¥ & ’ B . Rest-frame (~1500 A) UV luminosity
s I G i Y B - -0.55<2<0.9: UVEX Near-UV imaging to 25.8 mag (planned

Yo L bl ol | launchin 2030)

S - -09<z<1.9: 2-year g-band imaging to 26.0 mag

- [ @® This york, z=0.5-2.3

24.07 ' ’;::; i23,2(2)=:;71-_13.5 * Unique science enabled by the wide survey area
rs = 0.311} p-value=1.3e-4 Matthle+17, z=2.2 - Measuring € _ion and bursty star formation for large samples
23

5 ' ' ' . - - , - Investigating their dependence on:
050 0.75 100 125 150 175 2.00 225 250 . . .
. Environment: from cosmic voids to galaxy clusters
redshift ) .
Morphology: Diffuse, compact, clumpy galaxies

References:Roman HLWAS; UVEX; Rubin/LSST
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https://roman-docs.stsci.edu/roman-community-defined-surveys/high-latitude-wide-area-survey
https://roman-docs.stsci.edu/roman-community-defined-surveys/high-latitude-wide-area-survey
https://www.uvex.caltech.edu/page/about
https://rubinobservatory.org/for-scientists/rubin-101/key-numbers

Bursty star formation histories traced by Ha and UV-continuum
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Summary & Conclusions

- We have been measuring the ionizing photon production efficiency (£ ;,,,) of dwarf galaxies to estimate their
contribution to the ionizing photon budget.

- By leveraging gravitational lensing, we extend previous € ;,, measurements to include very faint galaxies (M_UV ~ -15).
Moreover, JWST’s Grism spectroscopy allows for unbiased sample selection.

- € ion distribution: Measurements of € ;,,, of the entire sample (with grism visual inspection) show the median log(¢ ;55)
of 25.06 £ 0.6, broadly consistent with the literature.

- § iom and redshift: There is a weak to moderate positive correlation, with high statistical significance, between € ;,,, and
redshift in our sample at 0.5 <z < 2.3 —indicating that galaxies at higher redshifts tend to exhibit higher € ;5.

- € ion and UV slope: We also find a weak to moderate negative correlation, again with high significance, between ¢ ;,,,
and UV slope. Galaxies with higher § ;,,, tend to show bluer UV slope , which may suggest that starburst age (burstiness)
plays a key role in shaping both § ;,,, and the UV-continuum slope.

- € jon and UV luminosity and stellar mass: the low-z (0.5 < z < 1.5) subsample does not show an increasing trend of § ;,,,
with increasing M yy (decreasing M ¢44,-). In contrast, the high-z (1.5 < z < 2.3) subsample shows an increasing trend of
€ ion With increasing M yy (decreasing M g;4,-).



