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Stacking and Analyzing z ~ 2 MOSDEF Galaxies by Spectral Types:
Implications for Dust Geometry and Galaxy Evolution
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1. Introduction 43 =13 11.0 e mz_:gfwl/omsﬁ)“o s o lo%fa(srk:a?(mn};) 0 807 22 128;4Inglom) &
+ crucial measurements (metallicity, dust-corrected SFR) require detections of the faint HB line  ,, _ 80§ *[r=08s *[r=o87 *[r=07s
. . . . . < - 2=2.3 MOSDEF (Shapley+ 2022)
«*Hp grows fainter in dusty galaxies which tend to be more massive 5 -85 B"Ooo 108 4] 0 MOSOEF stocks (Rncor 2022) | 4 |
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=>large samples can be leveraged by stacking spectra and photometry to increase the signal 2 ° Faad 9 5% e ) 23 °/' 23 i
- risk of stacking : combining galaxies with different properties & washing out spectral features 0 g 6’0 'S % -9.5 106 éz- gz 5; .
=use photometry to group galaxies with similar spectral types 05+t é)o £-10.01 8 A dJ | 4o °Od °
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=study of dust and metal with differentgalaxy types e m; o XN i ol y 0 +7% 4
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2.Data V4 10g10(M+ / M) 1023 10g10(M+ / Mo) 10910(SFRya) (Mo /yr) 12 + log(O/H)
- 660 galaxi es from MOSFIRE Deep Evolution Field (MOSDEF) Survey L5 T Kewiey+ @013) e L ] §1 Figurf:.ﬁf Top row: Sutllnr ..\\' .(tlcn\'«l from Prospfctjor composite s%-:[) I.i|>) Ve mass (Icl'(.), SFR (center), and
. . . . | «eee Shapley+ (2015) 9.0 T MOSDEF 2223 L] | metallicity (right ]‘nu the 20 galaxy groups. ‘Bulh)m row: Nebular Ay (derived from stacked spectra Balmer decrement)
+ ~1500 H-band selected galaxies in CANDLES fields using MOSFIRE spectrograph g O[T z 10.0 vs mass (left), SFR (center), and metallicity (right). Symbols and colors are the same as in Figure 3. Correlation
. T coefficients are listed in the top-left of each panel. For the nebular Ay vs. mass and SFR (lower-left and lower-middle),
* need coverage of Haand HB lines s 05 % 5 3
=137 <z<1.70,2.09 < z < 2.61 (Hafalls in a band of atmospheric transmission) & 55 o8 = . TS N e
+ 408: 3o detected Haand HPB, 196: only 3o detected Ha, 56: neither line detected at3c §_05 R I o e 57 wo| = # b
3. Data Analysis : B g, IEIRY Y% 30 Y
. . . . 5 -1.0 H : 2 5 | @0 © 5 90
group galaxies by SED shape, using spectroscopic redshifts and observed fluxes % 1 e o0 65 o nis Thes : o7 &’ N v
- form composite SEDs in each group log(N[1l] 6583 / Ha) 10g10(M- / Mo) : 2 : 2 L
- stack spectra : median-stacked in the rest-frame Figure 4: Overview of basic properties of the galaxy groups (color, with the same size and symbols as Figure 3) — — = 5, m& l/DM; e s 4o |“<:m'?m 1Iv5) 56
. . . . . rospector Stellar Ay 10g10(M+ o 10g10f Hal o /yr]
+ fit6 emission lines (HB A4863, [Olll] M960 and A5008, Ha A6565, [NII] A6550 and A6585) in each Figure 7: Symbols and colors aré the saine as in Figure 3. Left: Nebular Ay va. stallar Av. The propertios are well-
stacked spectra correlated, with nebular Ay being larger than stellar Ay by roughly a factor of 2 for all groups with H3 detections.
Middle: Nebular Ay — stellar Ay (Av excess) vs. mass. Right: Ay excess vs. SFR. Uncertainties are shown as
>Ha/HB, [NII]A6585/Ha, [OI111]A5008/HB, O3N2 5. Discussion ' ¢
+ calculate dust-corrected Ha SFRs for each composite SED groups - most massive group
*Ayner = Ry, X 2.32 X loglo(H:gZﬁ) (R, = 3.1) » compute the dust corrected Ha luminosity - offset from star forming sequence in the UVJ diagram => evolutionary path along the UVJ diagram
_4137M®yr'-1 s + galaxies grow in stellar mass and their sSFRs drops
" SFR = L(Ha) x 107~ erg 51~ dust-comected SFRs 20| [ =retoune e ~>drop down the starforming sequence before moving to the quiescent side
* measure metallicity $175 S ) * decrease in sSFR, stellar Avand nebularAv
[01111A5008/HB 5150 ' 100y =high-mass galaxies shut down star formation and expel or destroy ISM dust
*0O3N2=1lo (— , 12+1o 0/H) =897 —0.39 X O3N2 & . Lo
810\ [NTT[x6585/Ha g}o( /H) 212 o, 05 042 . HaSFR s higher than SED-based SFR
* measure SED-based SFRs and dust properties £ 1.00 A 02 =some Ha emission may originate from AGN or hot evolved stars
* fitthe SEDfitting code Prospector > composite SED > SED-based SFRs  £45 L | (1008 . poth stellar and nebular attenuation strongly correlate with galaxy mass
* reasonable agreement with Ha SFRs (Figure 3) 8050, § 98 - more massive galaxies form more stars over their lifetime and have larger gravitational potentials
4.Resu ‘lts _ 0.25 9.6 ~release more metals and dustinto ISM
+ UVJdiagram (top-left of Figure 4) —‘g . dN . 1'd o SFR? 94 >higher metallicity gas leads to a higher dust-to-gas ratio
. R H i H rospector Normalize . . o . . .
moremassive galaxgs towards top-right of the star-formation sequence 0 needs ) >higher dust column density in new star-forming regions where the bulk of the attenuation takes place
* most massive group is offsetfrom the sequence, towards bluer V-J Sigure 3 brospector SR derived Trom compesite . excess of nebular Av correlates with SFR
* HasSFRs vs mass (top-right of Figure 4) the stacked spectra. Point size scales with the number  + at high SFR, a significant fraction of the star formation would occurin highly-obscured regions
* HasSFRs are in good agreement with SFMS (Leja etal 2021) >produce strong nebular attenuation and little contribution to the stellar Av
+ BPT diagram ~excess nebular attenuation
+ strong agreementwith individual measurements of MOSDEF galaxies (Shapley et al - atlow SFR, there would not be highly-obscured star-formation

2015)
* mass-metallicity (bottom-right of Figure 4)
* tight relation with higher mass galaxies showing higher metallicities
- results (mean z=1.9) are consistent with previous MOSDEF mass-metallicity relations g conclusion
* dust properties : compare stellar Av(measured from the composite SED) and nebular Av composite SEDs and stacked spectra enable measurements that are not possible forall individual galaxies
(measured form Balmer decrements) - SED-based SFRs seems predict Ha SFRs
- Figure 6 ) ) ) ) o - composite SEDs represent multiple evolutionary stages of galaxies
+ stellar Av : moderate relation with SFR, strong relation with mass and metallicity - stellarAv correlate with stellar mass and metallicity, nebularAv correlate with stellar mass and SFR
* nebular Av : strong relation with mass and SFR, moderate relation with metallicity - excess Av correlate with SFR
* Figure 7 ) - By JWST, precise measurements of emission line in individual galaxies, access for Paschen lines, and precise observations of the
* nebular Av is largerthan stellar Av by roughly a factor of 2 location of the galaxies
+ strong trend between Av excess and SFR

~nebular Av and stellar Av are produced from the same regions
>excesstowards 0
* the highly-obscured star-formation region may take place in the star-forming clumps or galaxy centers
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