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Cosmic reionization
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¢ Universe after Big Bang is very hot, gas is fully ionized
¢ As Universe expands, gas cools down becoming neutral

¢ First sources of ionizing photons appear: Pop III stars,
“mini-quasars”, first galaxies

¢ Bubbles of HII grow around sources
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Cosmic reionization
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Recombination

¢ Universe after Big Bang is very hot, gas is fully ionized
¢ As Universe expands, gas cools down becoming neutral

¢ First sources of ionizing photons appear: Pop III stars,
“mini-quasars”, first galaxies

¢ Bubbles of HII grow around sources

e By z ~ 6 H is fully (re)ionized
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Understanding cosmic reionization
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Understanding cosmic reionization

Details of cosmic reionization pertain to:
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Understanding cosmic reionization

Details of cosmic reionization pertain to:
1) variation, in space and time, of volume fraction of HII
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Understanding cosmic reionization

Details of cosmic reionization pertain to:

L

2)

variation, in space and time, of volume fraction of HII

production mechanism(s) of ionizing photons /
properties of sources
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Understanding cosmic reionization

Details of cosmic reionization pertain to:
1) variation, in space and time, of volume fraction of HII

2) production mechanism(s) of ionizing photons /
properties of sources

Variation of volume _ # ionizations # recombinations
fraction of HII — per second per second
dQ HII _ Nion _ CQHII
dt <nH> trec
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Understanding cosmic reionization

Details of cosmic reionization pertain to:
1) variation, in space and time, of volume fraction of HII

2) production mechanism(s) of ionizing photons /
properties of sources

Variation of volume _ # ionizations # recombinations
fraction of HII — per second per second
dQmui Q) Quir
dt <nH> trec

Depends on:
e production rate of H-ioniz. phot.
e escape fraction into IGM
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Understanding cosmic reionization

Details of cosmic reionization pertain to:
1) variation, in space and time, of volume fraction of HII

2) production mechanism(s) of ionizing photons /
properties of sources

Variation of volume _ # ionizations # recombinations
fraction of HII — per second per second
dQHII (ion) Qi

dt (nH)

Depends on: Depends on IGM physical

e production rate of H-ioniz. phot. properties

e escape fraction into IGM
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Reionization: what we (don’t) know

e Current observations (mainly) constrain tail of reionization:
e CMB (Thoms. scatt. optical depth)
e high-z quasar (GP trough, damping wings, “dark gaps”)
e high-z GRB afterglow damping wing
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Reionization: what we (don’t) know

e Current observations (mainly) constrain tail of reionization:
e CMB (Thoms. scatt. optical depth)
e high-z quasar (GP trough, damping wings, “dark gaps”)
e high-z GRB afterglow damping wing

Major questions still to be answered

¢ When did reionization start, and how did it proceed? e.g. rapid
vs gradual?

e Which sources drove reionization? SF galaxies vs mini-quasars
vs Pop. III stars vs X-ray binaries? A (redshift-dependent) mix of
them?

e How did reionization affect formation of first galaxies and
super-massive black holes, and chemical enrichment of IGM?
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The James Webb Space Telescope
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JWST

* 6.5 m primary mirror
* 7x HST collecting area

* imaging + spectroscopy in
0.6-28 micron range
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JWST

4 instruments:

» Near InfraRed Camera

» Near InfraRed Spectrograph
» Mid InfraRed Imaging

4 el » Fine Guidance Sensor +
“T7 Near-InfraRed Imager and
Slitless Spectrograph
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* 6.5 m primary mirror
* 7x HST collecting area

* imaging + spectroscopy in
0.6-28 micron range
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Wavelength | Pixel Scale | Field of
(microns) (arcsec) View
NIRCam 0.6-23 0.032 22 x4.4

“wss | 09 50 | 0065 | 22622

MIRI 5.0-28 1.23 x 1.88’




JWST: imaging capabilities

Wavelength | Pixel Scale | Field of

Instrument (microns) (arcsed) View
NIRCam 0.6 -2.3 0.032 2.2 x 4.4
NIRCam | 2.4-5.0 0.065 2.2 x 4.4
| QO _ & - ~,
NIRISS 0.9-5.0 0.065 S/N = 10, 10 s integration
MIRI 50—28 0.11 photometric performance, point source, SNR=10 in 10%s

Credit: Jane Rigby
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“ Wavelength | Resolving Power Field of View

oo | NRSS [ 1025 | 150 | 22x22
NIRISS | 0.6-25 | 700 | single objec
NIRCam | 24-50 | 2000 | 22x22 _

o 3.4 x 3.4" with
Multi-Object 50k 0.2 x 0.5”

microshutters

slits with
0.4x3.8"

Single Slit 0.2 x3.3”
1.6 x1.6"

~100 at 7.5

microns
NIRSpec | 0.6-5.0 |100, 1000, 2700 3.0x 3.0
 MRI_ | 50-77 | 3500 | 3.0x3.9"

U w7719 | 2s00 | 3sxad
Spectroscopy
MR [183-288] 2200 | 67x7.7




JWST: spectroscopic capabilities

Mode

Slitless
Spectroscopy

Multi-Object
Spectroscopy
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Instrument Wavelength | Resolving Power

(microns) (A A)L)

NIRISS | 1.0-2.5 | 150
NIRISS | 0.6-2.5 | 700
NIRCam | 2.4-50 | 2000
100,

NlRSp(‘(' 0.6 -5.0 1000,
2700

/

S/N =10, 10" s integration
R=600-2400 spectroscopy, emission line, point source
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Cosmic reionization history:
temporal and spatial variation ot
HII volume fraction
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Cosmic reionization history:
temporal and spatial variation ot
HII volume fraction
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Constraints from CMB

Free e in IGM scatter CMB photons = anisotropies in CMB
power spectra

Planck TT

+lensing
+lensing+BAO

Planck TT+lowP
Planck TT+lowP+WP
Planck TT+lowP+BAO
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Planck Collaboration (2015 - XIII)

J. Chevallard - Shedding light on cosmic reionization with JWST
SF2A - Toulouse, 3 Juin 2015



Constraints from CMB

Free e in IGM scatter CMB photons = anisotropies in CMB
power spectra

we—= Planck TT

Planck TT+lowP+WP
Planck TT+lowP+BAO
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Constraints from CMB

Free e in IGM scatter CMB photons = anisotropies in CMB
power spectra

r = 0.0677)0:°

we—= Planck TT

Planck TT-+lowP+WP ¢ Latest constraints from

Planck TT+lowP+BAO Planck: later reionization
than WMAP and early Planck

¢ No constraint on shape of
reionization history
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Planck Collaboration (2015 - XIII) Optical depth of e Volume filling-

to Thom. scatt. fraction of ionized H
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Constraints from background quasars
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Constraints from background quasars

e Photons with Aem < 1216 A emitted by high-z quasars resonantly
scattered by HI clouds at Arest = 1216 A
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Constraints from background quasars

e Photons with Aem < 1216 A emitted by high-z quasars resonantly
scattered by HI clouds at Arest = 1216 A

¢ Different signatures in quasars spectra: GP trough, Lyo forest,
“damping-wing”, dark gaps distr.
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Constraints from background quasars

e Photons with Aem < 1216 A emitted by high-z quasars resonantly
scattered by HI clouds at Arest = 1216 A

¢ Different signatures in quasars spectra: GP trough, Lyo forest,
“damping-wing”, dark gaps distr.

¢ Gunn-Peterson trough: no detectable flux blueward of Lya
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Constraints from background quasars

e Photons with Aem < 1216 A emitted by high-z quasars resonantly
scattered by HI clouds at Arest = 1216 A

¢ Different signatures in quasars spectra: GP trough, Lyo forest,
“damping-wing”, dark gaps distr.

¢ Gunn-Peterson trough: no detectable flux blueward of Lya
e GP Powerful method to probe end of reionization, but:

e probes single lines of sight in a patchy ionized IGM

e saturation: HI fraction of ~ 10 produces 7o ~ 1

e challenging to take rest-frame far-UV spectra of 2z 2 7Tquasars
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Gunn-Peterson trough
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Gunn-Peterson trough
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Gunn-Peterson trough

and with JWST /NIRSpec:

 high S/N, medium res. (R=1000-2700) spectra of bright
quasars, probing rest frame far-UV, blueward of
Lya at z =z 7 (not feasible from ground)

 unique window to study in detail end of reionization

e few objects known today (mag~21-22) (more, fainter, to be
found with JWST?)

Fan et al (20006) m

B 5.5 6 6.5
redshift
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Lya emitters luminosity function
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Lya emitters luminosity function

® See e.g. Stark+ (2010), Taylor+ (2013), Tilvi+ (2014), Konno+ (2014),
Matthee+ (2015), Bacon+ (2015)

¢ Detectability of LAE sensitive to HI fraction in IGM
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Lya emitters luminosity function

® See e.g. Stark+ (2010), Taylor+ (2013), Tilvi+ (2014), Konno+ (2014),
Matthee+ (2015), Bacon+ (2015)

¢ Detectability of LAE sensitive to HI fraction in IGM

e Rapid drop in LAE fraction and LF (can) indicate increase of HI
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Lya emitters luminosity function

® See e.g. Stark+ (2010), Taylor+ (2013), Tilvi+ (2014), Konno+ (2014),
Matthee+ (2015), Bacon+ (2015)

¢ Detectability of LAE sensitive to HI fraction in IGM

e Rapid drop in LAE fraction and LF (can) indicate increase of HI

e Must account for Lyo escape fraction: effects of dust, gas
kinematics, geometry (“covering factor”)
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Lya emitters luminosity function

® See e.g. Stark+ (2010), Taylor+ (2013), Tilvi+ (2014), Konno+ (2014),
Matthee+ (2015), Bacon+ (2015)

¢ Detectability of LAE sensitive to HI fraction in IGM

e Rapid drop in LAE fraction and LF (can) indicate increase of HI

e Must account for Lyo escape fraction: effects of dust, gas
kinematics, geometry (“covering factor”)

® Need calibrate models w. LAE at lower z, where IGM 1is ionized

J. Chevallard - Shedding light on cosmic reionization with JWST
SF2A - Toulouse, 3 Juin 2015



Lya emitters luminosity function

® See e.g. Stark+ (2010), Taylor+ (2013), Tilvi+ (2014), Konno+ (2014),
Matthee+ (2015), Bacon+ (2015)

¢ Detectability of LAE sensitive to HI fraction in IGM

e Rapid drop in LAE fraction and LF (can) indicate increase of HI

e Must account for Lya escape fraction: effects of dust, gas
kinematics, geometry (“covering factor”)

® Need calibrate models w. LAE at lower z, where IGM 1is ionized

¢ Observationally challenging: large areas, incompleteness and
cosmic variance
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LAE luminosity function

z=6.6 UDS+COSMOS

z=6.6 UDS+COSMOS+SA22
2=5.7 Ouchi+08

z=5.7 Ouchi+08 corrected
z=5.7 Westra+06 corrected
z=6.6 Fit to UDS+COSMOS
z=5.7 fit from Ouchi+08

z=5.7 fit to corrected Ouchi+08

42.5 43.0 43.5 44.0
logig L1y, (ergs™)
Matthee et al. (2015)
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LAE luminosity function

¢ LAE number density
decreases from z= 5.7 to 7.3

z=6.6 UDS+COSMOS

z=6.6 UDS+COSMOS+SA22
2=5.7 Ouchi+08

z=5.7 Ouchi+08 corrected
z=5.7 Westra+06 corrected
z=6.6 Fit to UDS+COSMOS
z=5.7 fit from Ouchi+08

z=5.7 fit to corrected Ouchi+08

42.5 43.0 43.5 44.0
logig L1y, (ergs™)
Matthee et al. (2015)
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LAE luminosity function

¢ LAE number density
decreases from z= 5.7 to 7.3

43.0
log L(Lya) [erg s ]

Konno et al. (2014)
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LAE luminosity function

¢ LAE number density
decreases from z= 5.7 to 7.3

e How do we interpret this? HI
fraction vs Lya fesc

43.0
log L(Lya) [erg s ]

Konno et al. (2014)
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LAE luminosity function

¢ LAE number density
decreases from z= 5.7 to 7.3

e How do we interpret this? HI
fraction vs Lya fesc

¢ Need to constrain physical
properties of high-z galaxies

43.0
log L(Lya) [erg s ]

Konno et al. (2014)
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LAE luminosity function

¢ LAE number density
decreases from z= 5.7 to 7.3

e How do we interpret this? HI
fraction vs Lya fesc

¢ Need to constrain physical
properties of high-z galaxies

¢ And better statistics

43.0
log L(Lya) [erg s ]

Konno et al. (2014)
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LAE luminosity function

¢ LAE number density
decreases from z= 5.7 to 7.3

e How do we interpret this? HI
fraction vs Lya fesc

¢ Need to constrain physical
properties of high-z galaxies

¢ And better statistics

e Can exploit differential
evolution of LF faint and

43.0 B bright ends
log L(Lya) [erg s ]

Konno et al. (2014)
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LAE luminosity function

and with JWST:

o
|

: T
= @ NIRISS slitless spectroscopy: identify LAE at z > 6

—

' e NIRSpec: constrain intrinsic Lyo luminosity (hence
| Lya fesc) w. gas metallicity and ionisation state from ;

j other nebular EL

t0 Allow interpretation of LAE fraction and LF evolution
in terms of HI content in IGM

og L(Lya) |lerg s

Konno et al. (2014)
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LAE clustering
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LAE clustering

® McQuinn+2007, Zheng+2011, Jensen+2014, Sobacchi+2015, Hutter+2015
e Clustering of LAE =» physical prop. of HII bubbles
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LAE clustering

® McQuinn+2007, Zheng+2011, Jensen+2014, Sobacchi+2015, Hutter+2015
e Clustering of LAE =» physical prop. of HII bubbles

e Can distinguish among different reionization models, separate
intrinsic evolution of sources and IGM evol.
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LAE clustering

® McQuinn+2007, Zheng+2011, Jensen+2014, Sobacchi+2015, Hutter+2015
e Clustering of LAE =» physical prop. of HII bubbles

e Can distinguish among different reionization models, separate
intrinsic evolution of sources and IGM evol.

Model (i) Model (ii) Model (iii) 1
R T T MR TR Different

Mo NEUB SR NEai an reionization models

& SR
.'.. B NV,

McQuinn et al. (2007)

J. Chevallard - Shedding light on cosmic reionization with JWST
SF2A - Toulouse, 3 Juin 2015



LAE clustering

® McQuinn+2007, Zheng+2011, Jensen+2014, Sobacchi+2015, Hutter+2015
e Clustering of LAE =» physical prop. of HII bubbles

e Can distinguish among different reionization models, separate
intrinsic evolution of sources and IGM evol.
. ) MR o el Different
S | reionization models

Different degrees
of “patchiness”

McQuinn et al. (2007)
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LAE clustering

® McQuinn+2007, Zheng+2011, Jensen+2014, Sobacchi+2015, Hutter+2015
e Clustering of LAE =» physical prop. of HII bubbles

e Can distinguish among different reionization models, separate
intrinsic evolution of sources and IGM evol.
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Different clustering
signal
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LAE clustering

® McQuinn+2007, Zheng+2011, Jensen+2014, Sobacchi+2015, Hutter+2015
e Clustering of LAE =» physical prop. of HII bubbles

e Can distinguish among different reionization models, separate
intrinsic evolution of sources and IGM evol.

e JWST: exquisite sensitivity (can probe faint-end,
small scales), potential limitation is FoV: need 1000
arcmin® (~100 pointings)

e E£.g.: Subaru HSC (ultra-) deep survey better suited

A 4

Different clustering
signal
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Sources of ionizing radiation and their
physical properties
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Sources of ionizing radiation and their
physical properties

A1 — — Qum
dt trec
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Reilonization sources
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
e At low redshift hard UV radiation of quasars keeps IGM ionized
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
e At low redshift hard UV radiation of quasars keeps IGM ionized

e At higher redshift several
possible sources:
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
e At low redshift hard UV radiation of quasars keeps IGM ionized

e At higher redshift several

possible sources: 0-16 rﬁﬁ—r—*—ﬁ——f—T—

___. Galaxies+AGN, I'= 2.5 J
Galaxies+AGN, I'= 1.7

101

¢ “mini-quasars” (Willot+2010,
McQuinn 2012, Grissom+2014)

fract

111 10111Z.

% difference

10
Redshift, z

Grissom et al. (2014)
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
e At low redshift hard UV radiation of quasars keeps IGM ionized

e At higher redshift several
possible sources: SRR EXCLUDED

¢ “mini-quasars” (Willot+2010,
McQuinn 2012, Grissom+2014)

¢ higch-mass X-ray binaries
(Mirabel+2011, McQuinn 2012)
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
e At low redshift hard UV radiation of quasars keeps IGM ionized

e At higher redshift several
possible sources:

¢ “mini-quasars” (Willot+2010, — +minihaloes
McQuinn 2012, Grissom+2014) : -=- <+minihaloes, no Pop III
" No minihaloes
¢ higch-mass X-ray binaries
(Mirabel+2011, McQuinn 2012)

° POp IIl stars (Paardekooper
+2013, Wise+2014, Kulkarni+2014)

10 12 14
Redshift

Wise et al. (2014)
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Reilonization sources

e Need to produce enough H-ionizing photons (E > 13.6 eV)
e At low redshift hard UV radiation of quasars keeps IGM ionized

e At higher redshift several
possible sources:

¢ “mini-quasars” (Willot+2010,
McQuinn 2012, Grissom+2014)

¢ high-mass X-ray binaries
(Mirabel+2011, McQuinn 2012)

e Pop III stars (Paardekooper
+2013, Wise+2014, Kulkarni+2014)

e Pop II stars in SF galaxies

J. Chevallard - Shedding light on cosmic reionization with JWST
SF2A - Toulouse, 3 Juin 2015



UV luminosity function

J. Chevallard - Shedding light on cosmic reionization with JWST
SF2A - Toulouse, 3 Juin 2015



UV luminosity function

¢ Reionization driven by young stars in low-mass SF galaxies
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UV luminosity function

¢ Reionization driven by young stars in low-mass SF galaxies

e Bulk of photons produced in galaxies below current detect. lim.
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UV luminosity function

¢ Reionization driven by young stars in low-mass SF galaxies
e Bulk of photons produced in galaxies below current detect. lim.

¢ Rapid evolution of UV LF at z > 6, steepening of faint-end (e.g.
Atek+2014, Bouwens+2014, Robertson+2014, Oesch+2014)

= -20.27-0.12z fo=-0.79-0.19z ~25¢log ¢ =-1.58-0.31z
+0.42 +0.09 S +0.21 +0.04 +0.30 +0.07%

Finkelstein et al. (2014)
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UV luminosity function
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UV luminosity function
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e Low statisticsatz > 8
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UV luminosity function
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Finkelstein et al. (2014)
e Low statistics atz > 8

e Few constraints at Myv > -15 = extrapolation of LF at
faint mag
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UV luminosity function
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Finkelstein et al. (2014)
e Low statistics atz > 8

e Few constraints at Myv > -15 = extrapolation of LF at
faint mag

e Degeneracies among LF parameters, need more and
better data!
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UV luminosity function

and with JWST:

¢ NIRCam ideal to increase statistics atz > 8
e NIRCam will go deep =» constrain faint end of LF, e.g.
detect turn-over
e ]e MIRI neceded to characterise SF galaxies, e.g.
e] constrain stellar masses at z > 9-10
i

® Degeneracies among LF parameters, need more and
better datal
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fesc of LyC photons with Lya line profiles
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fesc of LyC photons with Lya line profiles

e UV LF = LyC photons produced within galaxies
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fesc of LyC photons with Lya line profiles

e UV LF = LyC photons produced within galaxies
e How many escape into IGM?
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fesc 0f LyC photons with Lya line profiles

e UV LF = LyC photons produced within galaxies
e How many escape into IGM?

Vexp = 50 km/s [ e Optically thin SF regions:
b =20 km/s | log(NHIl) = 17.0 .
og(NH) = 15.C » small peak shift

log(NHI) = 18.5

log(NHI) = 19.0 -
log(NHI) = 19.3 » narrow profile
log(NHI) = 19.6

intrinsic

Verhamme et al. (20195)
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fesc 0f LyC photons with Lya line profiles

e UV LF = LyC photons produced within galaxies
e How many escape into IGM?

e Optically thin SF regions:
all photons

b diff = 0 » small peak shift

nb diff > 0O
Vexp = 150 km/s homogeneous

log(NHI) = 20 5 intrinsic » narrow profile
E(B-V) = 0.1 :

b =20 km/s e Non-unit cover. fact.:
CF = 0.9

» no peak shift

» non-zero flux blueward
line center (does not
account for IGM abs.)

Verhamme et al. (2015)
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fesc 0f LyC photons with Lya line profiles

e UV LF = LyC photons produced within galaxies

e How many escape into IGM?

e Optically thin SF regions:

all photons
'll als o i

— A eamall nealr chift

fact.:
Measurable signals with
NIRSpec R=2700 mode Tueward
=S not
M abs.)

Verhamme et al. (2015)
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Constraining fesc 0f LyC photons

e Other way to quantify LyC fesc: UV slope + Balmer emission lines
e Complications from: dust, metallicity, SFH
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Constraining tesc of LyC photons

e Other way to quantify LyC fesc: UV slope + Balmer emission lines
e Complications from: dust, metallicity, SFH
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Zackrisson et al. (2013)
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Constraining tesc of LyC photons

e Other way to quantify LyC fesc: UV slope + Balmer emission lines

e Complications from: dust, metallicity, SFH

and with JWST:

e NIRCam: UV continuum

(H)

L

e NIRSpec: dust attenuation from ratio of Balmer lines

e NIRSpec: gas metallicity from metal |

e MIRI: disentangle effect of SFH w. rest-frame optical/
near-IR

2.5 2 1.5 1

log, , EW(HB) (A)

Zackrisson et al. (2013)
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Properties of high-z low-mass galaxies
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Properties of high-z low-mass galaxies

e High-z SF galaxies likely play central role in reionization
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Properties of high-z low-mass galaxies

e High-z SF galaxies likely play central role in reionization

¢ JWST can constrain their physical properties at z > 10:
» stellar continuum with NIRCam and MIRI imaging

» emission lines with NIRSpec and MIRI spectrographs
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e High-z SF galaxies likely play central role in reionization

¢ JWST can constrain their physical properties at z > 10:
» stellar continuum with NIRCam and MIRI imaging

» emission lines with NIRSpec and MIRI spectrographs

¢ Challenge: identify suitable EL, since Lya absorbed by HI
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Properties of high-z low-mass galaxies

e High-z SF galaxies likely play central role in reionization

¢ JWST can constrain their physical properties at z > 10:
» stellar continuum with NIRCam and MIRI imaging

» emission lines with NIRSpec and MIRI spectrographs
¢ Challenge: identify suitable EL, since Lya absorbed by HI

e Other UV metal EL can be used, e.g. CIII]A1909 (see Stark+2014,
20195)
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Properties of high-z low-mass galaxies

e High-z SF galaxies likely play central role in reionization

¢ JWST can constrain their physical properties at z > 10:
» stellar continuum with NIRCam and MIRI imaging

» emission lines with NIRSpec and MIRI spectrographs
¢ Challenge: identify suitable EL, since Lya absorbed by HI

e Other UV metal EL can be used, e.g. CIII]A1909 (see Stark+2014,
20195)

¢ Ho measured by MIRI at z > 10
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Properties of high-z low-mass galaxies

e High-z SF galaxies likely play central role in reionization

¢ JWST can constrain their physical properties at z > 10:
» stellar continuum with NIRCam and MIRI imaging

» emission lines with NIRSpec and MIRI spectrographs
¢ Challenge: identify suitable EL, since Lya absorbed by HI

e Other UV metal EL can be used, e.g. CIII]A1909 (see Stark+2014,
20195)

¢ Ho measured by MIRI at z > 10

e Such observations (rest frame far-UV) extremely challenging with
(current) ground-based telescopes
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Properties of high-z low-mass galaxies

¢ 3-sigma detections in 2
galaxies at z > 6

¢ (Potentially) able to constrain
gas and SF properties of high-
z galaxies

F, (10* erg cm™2s'A™)

e Secure spec-z measured from
Lya at lower redshifts

e NIRSpec ideal for such
observations

I
I
I
I
I
I
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I
|

1900 1905 1910 1915
Rest Wavelength (A)

Stark et al. (2015)
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Properties of high-z low-mass galaxies

¢ 3-sigma detections in 2
galaxies at z > 6

¢ (Potentially) able to constrain
gas and SF properties of high-

z galaxies

F, (10 erg em™s™'A™)

e Secure spec-z measured from
Lya at lower redshifts

W
250 |
200 :
5 150 e NIRSpec ideal for such
observations

50

1902 1904 1906 1908 1910 1912 1914
Rest Wavelength (A)

Stark et al. (2015)
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e Identification of
| DYAN O




e Identification of
| DYAN O

¢ Evolution of galaxy UV LF
atz > 8

® Detection of LF turn-over
at faint magnitudes

¢ Did low-mass SF galaxies
drive cosmic reionization?



Summary

® Lya fesc from Lya/Balmer lin.

e LyC leak. through Lya profile \34
e [SM/gas properties from UV @0@@$
metals EL O&@e" XQ&

¢ IGM properties from high-z \)1\&26

quasars spectra

e Follow up of GRB afterglow

e Identification of
| VAN

Q.
&

N

¢ Evolution of galaxy UV LF
atz >3

® Detection of LF turn-over
at faint magnitudes

¢ Did low-mass SF galaxies
drive cosmic reionization?

e Galaxy stellar masses atz > 9
e SFH through Balmer break
e SFR / AGN identification w.

spectroscopy ( Ha,

(OI11] )



Summary

¢ Evolution of galaxy UV LF

® Lya fesc from Lya/Balmer lin.

e LyC leak. through Lya profile \34 at z > 8
: e
® [SM/gas properties from UV & @$ e Detection of LF turn-over
metals EL O‘x«’f’o XQ& at faint magnitudes
e [GM properties from high-z O3 \OQQ’ ¢ Did low-mass SF galaxies
quasars spectra = drive cosmic reionization?
e Follow up of GRB afterglow < QL >
‘q 5195 . %
e, N S, Y
or 17@ QO Q \/Q
Lq 08 G S
% Yo
e Galaxy stellar masses at z > 9
¢ [dentification of o
AR SFH through Balmer break e CMB

e SFR / AGN identification w. e IGM temp. evol

m spectroscopy ( Ha, [OIII] )
e others....
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o JWST will provide us with unique data
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Interpreting JWST observations

o JWST will provide us with unique data

e We need sophisticated models to interpret them!
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Interpreting JWST observations

o JWST will provide us with unique data

e We need sophisticated models to interpret them!

o Large effort of NEOGAL/IAP + NIRSpec Science Team to develop
models tailored to interpretation of JWST observations, e.g.:

high-resolution UV (accounting for interstellar absorption)
nebular emission with non scaled-Solar abundances
state-of-the-art hydro-dynamic simulations and semi-analytic models

new AGN vs SF diagnostics, accounting for variations of physical
conditions in high-z galaxies
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Interpreting JWST observations

o JWST will provide us with unique data
e We need sophisticated models to interpret them!

o Large effort of NEOGAL/IAP + NIRSpec Science Team to develop
models tailored to interpretation of JWST observations, e.g.:

 high-resolution UV (accounting for interstellar absorption)

e nebular emission with non scaled-Solar abundances

e state-of-the-art hydro-dynamic simulations and semi-analytic models
e new AGN vs SF diagnostics, accounting for variations of physical

conditions in high-z galaxies

e Models combined in a self-consistent analysis framework

(Chevallard & Charlot, in prep.) to constrain physical properties
of high-z galaxies
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Interpreting JWST observations

o JWST will provide us with unique data
e We need sophisticated models to interpret them!

o Large effort of NEOGAL/IAP + NIRSpec Science Team to develop
models tailored to interpretation of JWST observations, e.g.:

 high-resolution UV (accounting for interstellar absorption)

e nebular emission with non scaled-Solar abundances

e state-of-the-art hydro-dynamic simulations and semi-analytic models
e new AGN vs SF diagnostics, accounting for variations of physical

conditions in high-z galaxies

e Models combined in a self-consistent analysis framework
(Chevallard & Charlot, in prep.) to constrain physical properties
of high-z galaxies

¢ This tool (named “BANGS”) will soon be available online as a
service to the community
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THANKS !
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