Emission lines from galaxies in the
Epoch of Reionization

Simona Gallerani
Emanuele Sobacchi, Andrea Ferrara, Livia Vallini,
Andrea Pallottini, Carlotta Gruppioni, Andrei Mesinger

NORMALE _ _
SUPERIORE Monte Mario, Roma, SPICA workshop, 5t April 2016

‘ SCUOLA



ssion lines from galaxies in the
Epoch of Reionization

Em

Emanuele Sobacchi Livia Vallini Andrea Pallottini

Scuola Normale Bologna University Cambridge University



Open questions from the dark ages of the Universe

EPOCH OF RECOMBINATION z=1100

What are the properties of first galaxies?

When did they form?

Vel afe i s
EPOCH OF REIONIZATION Can SPICA help us
| answering these question?

- t=4,000,000,000 yc




MIR emission from the first objects

Roto-Vibrational lines from H,
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Are these lines detectable
with SPICA/SAFARI?

34 um< A, <210 pm



MIR emission from high-z molecular hydrogen

Galaxy simulations

Roto-Vibrational lines from H,

]
SFR =10 M, yr!
SPICA detection limit

_ _ 7x10Y erg s'icm™?
RT calculations with

CLOUDY ﬁ .y

Vallini et al. in prep., 2015, 2013
( allini et al. In prep., ’ ) Lthreshold =6XI09L‘mn

M, = 1015Msun ! — (1 hr observing time)

Only extremely rare objects
can be detected with IR roto-vibrational lines from H,



MIR emission from high-z molecular hydrogen

. Galaxy simulations
Roto-Vibrational lines from H,

SPICA detection limit
7x101 erg s'tcm™

RT calculations with

CLOUDY ﬁ .

Vallini et al. i ., 2015, 2013
( ST ER e ITPTER ) Lthreshold =6X109Lsun

M, = 1015Msun ! — (1 hr observing time)

But...
Supernova feedback not included in these calculations



MIR emission from shock-heated H,

PAY Massive stars form and evolve
e in the high density regions
W pAS of high-z galaxies

Ciardi & Ferrara (2001)



MIR emission from shock-heated H,

Massive stars form and evolve
in the high density regions
of high-z galaxies

Shocks
of the galactic gas
due to SN explosions

Ciardi & Ferrara (2001)



MIR emission from shock-heated H,

Massive stars form and evolve
in the high density regions
of high-z galaxies

Shocks
of the galactic gas
due to SN explosions

QX

H, is efficiently formed
in cooling gas behind shocks
produced during the blowaway (rerrara 1098

Ciardi & Ferrara (2001)



Zoom-in simulations of high-z (=7) galaxies
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Full treatment of SuperNova feedback

Pallottini et al., in preparation, 2015, 2014



MIR emission from shock-heated H,

Pallottini et al., in preparation, 2015, 2014



MIR emission from shock-heated H,

Pallottini et al., in preparation, 2015, 2014



MIR emission from shock-heated H,

Pallottini et al., in preparation, 2015, 2014



MIR emission from shock-heated H,

M, ., =108-10°M,

halo
Roto-Vibrational lines from H, 3> SP|CA DETECTION LIMIT (1 hr)
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Flux,,, = 108 erg st cm™ M, . = 1010-1011M_

; Flux,, = 1017— 10 erg s cm=

1-2.5 hour are required to detect with SPICA
Roto-Vibrational lines from H, in z=7 galaxies with M, ,,, = 10'°-101' M_,
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MIR emission from shock-heated H,

M, ., =108-10°M,

halo
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Detecting H, in 101°-10!! Msun galaxies at high redshift...

 Follow up observations

e Searching for new sources? Where should we point our telescope?



Morphology of cosmic reionization
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EPOCH OF RECOMBINATION

\ lonized bubbles

. . I driven by ionizing photons
= _ " form the first luminous objects
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Morphology of cosmic reionization

Higher energy Spin
Z state i
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THE SPICA-SKA SYNERGY

We can look for the
highest redshift sources
in the ionized bubbles,
namely in the dark part

of the 21 cm maps

Mpc

Sobacchi et al. in prep., Sobacchi et al. (2016)
21CMFAST by Mesinger et al. (2011)



THE SPICA-SKA SYNERGY

Mmin=10""M_, 2=8

Sobacchi et al. in prep., Sobacchi et al. (2016)
21CMFAST by Mesinger et al. (2011)



THE SPICA-SKA SYNERGY

Sobacchi et al., in preparation

10° < L | ‘

=~ 10 galaxies 2
(1 hr observing time)

=~ 1000 galaxies

(2.5 hr observing time)



THE SPICA-SKA SYNERGY

=~ 10 galaxies
(1 hr observing time)

=~ 1000 galaxies

(2.5 hr observing time)

Sobacchi et al., in preparation
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But...

SPICA/SAFARI
IS a pointing spectrometer

Too many pointings are required!

dng/dz (Mpc?)



Galaxies in the epoch of reionization can be detected
through (shock-heated) molecular hydrogen with SPICA

SPICA can follow-up high-z (candidate) galaxies detected
at different wavelengths in 1-2.5 hr

Work
in progress

SPICA can provide information on the molecular gas and
SFR of galaxies in the EoR



