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Baryon Cycle (1n the eyes of an artist)
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Baryon Cycle (in the eyes of an astrophysicist)
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.. Hubble Frontier Fields & ey 2
Abell 2744 & ’ ' ‘ el .‘ -~
Hubble Space Telescope, /v . ;
[ " ACHRWIC FS14W + WFC3/IR FIOSW . . 3 o .
Primary Target and B e o8 W B2 .

Observing Modes

NIRISS Wide Field Slitless
Spectroscopy R~150 (F115, F150W,
F200W): 35ks

Parallel NIRCAM imaging (FO90W,
F115W, F150W, F277W, F200W,
F356W, F444W) 30ks; mAB~29

NIRSPEC MOS R~2700 (F100LP,
F170LP, F290LP): 52ks

Parallel NIRCAM imaging (FO90W,
F115W, F150W, F277W, F200W,
F356W, F444W) 50ks; mAB~29.4

GLASS-JWST




 JWST and HST
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JWST/NIRISS Slitless Spectroscopy of Abell 2744

Based on JWST-ERS-1324, PI: Treu



JWST/NIRISS Slitless Spectroscopy of Abell 2744
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Example spectral extractions by Grizhi
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The first spatially resolved analysis from JWST grisms

GLASS—ZQI‘adl M, surface density map [O IT]AA3726,3729 map [O ITJA5008 map
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The first metal gradient with sub-kpc resolution at z=3

Redshift
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Spectral stacking analysis of 1D grism spectra

Stacking the optimally extracted 1D spectra of multiple sources within
the same stellar mass bin to achieve higher SNR

Measure the correlation at the population level
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The mass-metallicity relation at high redshifts
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The mass-metallicity relation at high redshifts
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ISM density measurements from NIRSpec Spectroscopy

NIRSpec/MSA coverage for emission lines

[S TT]A9531

S 111])190@9

[S TA6732]

S II]AG?IS' -
Ha ==~

[O TIT]A5008
HB

[O TI1]A4363

Redshift




ISM density measurements from NIRSpec Spectroscopy

« ISM electron density (n_e) can be probed by the flux ratios of the line doublets of
[OI1]AA3727,3730 and [SII]JAA6718,6732

* Isobe et al. (2022) measured n_e using Oll doublets from high/medium resolution

NIRSpec data
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ISM density measurements from NIRSpec Spectroscopy

 GLASS-JWST acquires 17.7k sec in all three high-res gratings (12 exp per grating)
« data reduced using the msaexp software with optimal extraction
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ISM electron density measurements from NIRSpec Spectroscopy
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Evolution of ISM density with sSFR and z Li Sijia, XW et al. in prep

=== LS(k~ 1.65)
14logsSFR+2.2 I ML

] — k~2

. k~1

] B alldata

-1.0 -0.5 0.0 0.5 1.0
log(sSFR/M oGyr—1)

* positive correlation between n_e and sSFR * redshift evolution of n_e

=> dense ISM conducive to star formation consistent with galaxy size
evolution




A He II A1640 emitter with blue UV spectral slope at

‘ -

2,

7=8.16 Wang et al. 2022b

 a strong emission-line galaxy at z=8.16

 lensed by the foreground galaxy cluster
RXJ2129.7+0005 at z=0.234

 data acquired by DD-2767 (PI: Kelly)
FI50W

, | RXJ2129-z8Hell

-

Zspec = 8.16%3 '

-

30 arcsec




A He II A1640 emitter with blue UV spectral slope at

Wang et al. 2022b
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—— JWST/NIRSpec e JWST/NIRCam ¢ HST WFC3+ACS
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Extremely blue UV spectral slope
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RXJ2129-z8Hell 1s one of a kind!

1. It shows a strong He II A1640 line emission, with one of the largest equivalent
widths (~21 A in the rest frame) and high flux ratios versus metal/hydrogen lines.

2. It has one of the steepest continuum slope of rest-frame UV spectrum among
galaxies spectroscopically confirmed in the epoch of reionization.

3. It belongs to the intrinsically faint galaxy population (below the characteristic
luminosity), has high flux ratio of the triply and doubly 1onized oxygen lines ([O
III]/[O II]) 1n the rest-frame optical with high equivalent width.



Strong He II A1640 line

* One of the highest redshift He II s . this work
detection in the literature: ” -
e line flux (corr. for magnif and r(zR,Zzﬁﬁ
dust): 120+£22 x102%erg s 'em ™2 8 1 Muse 1o
« equivalent width: 2144 A - o <> @ 7~2-4

» Possible causes for strong He 11
emission:

02(EWhert [A])

* Wolf-Rayet stars, stripped stars

tage [yr] = 10° 10%° 107 107 108

* X-ray binaries og(ZZo)=5e4 & O O OO
. . . log(ZlZo)=5¢-3 0 O O O O
 active galactic nucleil oa( 21756

¢

» Pop III stars (high-mass, metal- 10 = TS "
free, first generation stars) frert/ fo1v




Photoionization models for Pop III stars
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Clumpy morphology
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Poplll star formation rate and total mass

RXJ2 129-28HeII

//

Zspec

IMF mass range  Mass Loss

Lnorm_,] 640
[ergs s7!]

1 S M/M; <500 No Sl

50 S M/M; < 500 No 3.5 x 10*

1 S M/M, <500 Yes 1.8 x 104

50 < M/M, < 1000 Yes 1.4 x 10%

SF RPO[}[I] f PoplIl

M, yr']

5.9 62%

1.0 10%
1.8 19%

0.2 2%

— 8 ° 1 623 » based on the Poplll stellar evolution models of Schaerer 2002

» observed line ratios well reproduced by the Pop Il models
with mass loss and one tenth ISM metallicity

« total mass: 7.8 + 1.4 X 105M@ assuming Eddington limit



Conclusions

« Part |: Metallicity radial gradients from NIRISS WFSS.

« secure first metal gradient measurement at z=3 with JWST

 inverted gradient caused by low-Z gas inflow from tidal interactions

 JWST's exquisite resolution and sensitivity resolve z~3 dwarf in 250 elements
« Part ll: ISM electron densities from NIRSpec high-resolution spectroscopy.

e obtain n_e for 10 galaxies based on [SII] flux ratios

 find positive correlation between n_e and sSFR

« sharper redshift evolution of n_e derived from [SlI] than that from [Oll]
« Part lll: An intriguing He Il A1640 emitter at z=8.16.

« one of the highest He Il detections in the literature

« one of the steepest UV slopes among spec. confirmed galaxies at z=7

 enticing implication for the coexistence of Poplll and normal stars



Thanks for your attention!
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Spectral stacking analysis of 1D grism spectra

« Stacking the optimally extracted 1D spectra of multiple sources within
the same stellar mass bin to achieve higher SNR

 Measure the correlation at the population level

He Xianlong, XW et al. in prep



Line flux of LMfit vs Grizili

Grizli models higher emission line flux lg(grizli) = lg(/mfit) + (0.168 £ 0.021)
or:grizli = Imfitx (1.473%-07¢

® Pearson/Spearman r correlation: 0.889,0.872, with p-value both ~1e-16

residul

— ref — 3*nmad
== 3% Oumap :
— linear fit
4 low z individual
#  hige z individual

Imfit)/mfit

=
5
=
7]
=
N
-
[

{grizli -

10718 -16.8 -16.6 -16.4 -16.2 -16.0 -158 -156 -15.4
Imfit line flux log(flux), from Imfit




The diverse chemical profiles of high-z galaxies

metal-poor
center

metal-poor
outskirts

el

12 + log(O/H) gas-phase

8.4

SR metallicity

(1202) wes) Yy 710+ ‘Yoinoded ‘suowis



The reason for GLASS-Zgrad1 showing inverted gradients

o(O/H) median
GLASS-Zgradl, z=3.06
8.1 82 83 84 85 86 GLASS-Zgradl std | z_:
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iInner galaxy disks induced by the
strong tidal torques of close

gravitational interactions
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motivation of having both NIRISS and NIRSpec spectra

HST RGB . [O III] 1.173 Um

2=1.34
ID 00893
A2744

 real data from HST WFC3 grisms (proglD 13459, PI: Treu)
e slit size: 0.2°x0.46°, red on bulge, blue on disk
 clear metallicity, dust and SFR gradient from bulge to disk



motivation of having both NIRISS and NIRSpec spectra

JWST NIRISS vs. NIRSpec 12+1log(O/H)

— global: 8.37f8:8§
— slit 1: 8.48+9:93
— slit2: 8.17+3:92
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« slit spec suffers from slit loss, measurement bias, etc. Observed wavelength [ym]




combined NIRCam mosaics of A2744

combing the NIRCam data
from multiple programs

GLASS:

« mAB ~ 29-29.4
UNCOVER:

« mAB ~ 29.8
Chen DDT:

 mAB ~ 29




Discovery of strongly inverted metal gradlents at hlgh Z

« analytical chemical evolution model | Pilkington et al. (2012)
of galaxy formation assuming inside- o
out growth predicts initially steep
negative gradients flatten over time
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Discovery of strongly inverted metal gradients at high z

- analytical chemical evolution model R Erem—"  ———s
of galaxy formation assuming inside- SR - St 0]
out growth predicts initially steep  HENETIMEN Ma et al. (2017) f»&
negative gradients flatten over time [R&E R

il ':I‘ ‘rillf:::",..‘t.-b"-7~.s R .-"u‘.".:"".“,. T \f.'\”, \.\\I‘v‘wml.\‘_j-ﬁ "rl -\‘\‘
« cosmological hydrodynamic R N

Cosmic Time [Gyr]

simulations instead predict that
metallicities are initially well mixed
by strong feedback and later locked
into a negative slope




Discovery of strongly inverted metal gradients at high z

12+log(O/H) median conservative uncertaint

« analytical chemical evolution model
of galaxy formation assuming inside-
out growth predicts initially steep
negative gradients flatten over time

* cosmological hydrodynamic
simulations instead predict that
metallicities are initially well mixed

Q
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8
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by strong feedback and later locked B/ Mo)=.0% _1}97’ P 037,5,1»
into a negative slope | NIRE 3 ) % h
» we obtained the first measurements
with sub-kpc spatial resolution of {%
strongly inverted (i.e. positive) metal
gradients in dwarf galaxies log(O/H)/Ar
1

source plane galactocentric radius [kpc]



The reasons for galaxies showing inverted gradients

1. metal-enriched gas outflows .
triggered by powerful galactic % 12(1’;2;2
winds that transport metals from | = 2kpe
galaxy center to outskirts 8F - 1ID03751

M;

M\ F=2)~f(0=20)]/ (a—fit,)
Z =21 [1 — (—9)

Erb (2008) chemical evolution model

0.6 04 02
Gas fraction

gas inflows alone cannot explain



The reasons for galaxies showing inverted gradients

. metal-enriched gas outflows net gaseous outflow map

triggered by powerful galactic
winds that transport metals from Wang etal. (2019)

galaxy center to outskirts

Zyg = [Zo + yTqu(l — exp(

: [1 =

Toq = ! :
e(l1 —R+ )N

Peng & Maiolino (2014) chemical ;
evolution model




The reasons for galaxies showing inverted gradients

1. metal-enriched gas outflows .
triggered by powerful galactic Li, Wang et al. (2022)
winds that transport metals from '
galaxy center to outskirts

2. centrally-directed cold-mode gas
accretion driven by the massive
dark matter halos underlying
galaxy protoclusters
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The reasons for galaxies showing inverted gradients

1. metal-enriched gas outflows
. . 4 protocluster: this work (individual galaxies)
trlggered by powerfUI gaIaCtIC : & protocluster: this work (stacked spectra)
winds that transport metals from #  field: MOSDEF (Sapders+21)
galaxy center to outskirts

2. centrally-directed cold-mode gas
accretion driven by the massive
dark matter halos underlying
galaxy protoclusters




The reasons for galaxies showing inverted gradients

12-+log(O/H) median

1. metal-enriched gas outflows ] G552 GLASS Zgradl, 73.06
triggered by powerful galactic
winds that transport metals from
galaxy center to outskirts

2. centrally-directed cold-mode gas IS e et s
accretion driven by the massive
dark matter halos underlying Wu etal. (2022)
galaxy protoclusters

3. metal-poor gas inflows to the
iInner galaxy disks induced by the
strong tidal torques of close
gravitational interactions

Alog(O/H)/Ar=0:165+0.023 [dex/kpc] 17-8

Wang et al. (2022b) 17
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