The cold ISM at High Redshift (z>2)

Reionization : 3 <z <15 - Small galaxies : ‘Absorption’ - The whole universe

Higher z -> GRBs + radio sources

-> Census of OmegaHI in the SDSS
-> Molecules in high-z DLAs
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Quasar (GRB) Absorption Lines -> Diffuse IGM and dense ISM
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Molecules H2 + CI, CI*

-> Density/Temperature

-> UV flux (excitation)
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cvolution o1 the cosmological il density

- Search the SDSS quasar spectra for DLAs
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Evolution of the cosmological HI density

-About 900 DLASs

- Comparison with previous searches (Prochaska et al.)
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Neutral gas cosmological density
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Molecules: Why H2 ?

e First molecule to be formed
« Important coolant in the metal free gas -> low-mass halos

e H2 is ubiquitous in star-forming giant clouds and in the
diffuse interstellar medium in our Galaxy

e H2 1s formed on the surface of dust-grains :What is the
role of dust ?

« Excitation of H2 1n different rotational levels: Signature of
the UV ambient flux + Physical properties of the gas

e Other molecules ? CO, HD
* By-products: variation of p=me/mp

Two things: * Unbiased survey to learn about the H2-bearing DLA population

* Derive selection criteria -> detailed observations



UVES survey

80 DLAs — sub.DLAs
Spectral resolution R=43000; SNR>20 per pixel
H2 detected in 14 systems (15-20%)

Non detection :
f=2xN(H2)/(2xN(H2)+N(HI)) < 10~ - 10”7
Detection threshold ~10'* cm= : 3h exposure
time per spectrum for no detection
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More than 350 hours observations Highest redshift

J1443+2724 z=4.224

Petitjean et al. (2000), A&A, 364, L26
Ledoux et al. (2003), MNRAS, 346, 209
Noterdaeme et al. (2008), A&A, 481, 327



HI Column density
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Presence of dust
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No redshift evolution
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Other Molecules-> Selection: Dust, Metallicity, CI

Normalized flux

o
CNROD~Y

Relative wvelocity (k:nig)l)
15.8 Log N(HI)
Two sub-DLAs ; z=2.42 ; [S/H]=-0.07; [Fe/S]=-1.33
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« Times of India » ...

Devinas DESHPANDE

ere is one more achievement that sclentific in-

stitutions in the city can lay claim to. & city sci-

entist has led a team of researchers in detecting

the carbon monoxide (CO) molecule in a galaxy
located almost 11 billion light-years away. This is a big
feat considering the fact that research was being carried
out in this field for the past 25 years.

Raghunathan Srianand, a professor with the Inter Und-
versity Centre for Astronomy and Astrophysics (IUCCA),
led a team of sclentists from the European Southem Ob-
servatory for this praject. The astronomers have made
use of ES('s Very Large Telescope to detect for the first
time in the ultraviolet domain the carbon monoxide
olecule. This detection will make it possible to obtain
the most precise measurement of the cosmic tempera-
ture at such a remote spol.

A soft-spoken Dr Srianand said, “This research was

a part of the Indo-French space co-operation project
Along with me, there were Pasquier Noterdaeme and Cé-
dric Ledoax from ESO and Patrick Petitjean from IAP,
France, also. We are basically into spectroscopy. This dis-
covery will surely help us more in pursuing our research.”

Interestingly, the team of astronomers aimeéd the UVES
spectrograph on ESCVs Very Large Telescope (biggest op-
tical telescope in the world) for more than eight hours at
awell-hidden galaxy whose light has taken almost 11 bil-
lion years to reach us, *We can determine the tempera-
ture pattern of the era with this discovery, Our findings
coincided with the findings of those drawn from the
maodels developed to verify the Big Bang theorv. These
helps in reinforcing the theory.”

Raghunathan Sriana

ARTI0 (0.0

A professor from Pune has been successful in detecting a carbon
monoxide molecule in a galaxy located 11 billion light years away

The same team had already broken the record for the
maost distant detection of molecular hydrogen in a galaxy
thiat we see as it was when the Universe was less than 1.5
billion vears old.

Incidentally, all the scientists working in this team
have a connection with the IUCAA. While Pasquier No-
terdaeme and Cédric Ledoux had visited the IUCAA as
researchers, Patrick Petitjean is scheduled to come here
in the immediate future.

THE EXPERIMENT

m Some of the molecules and atoms behave like
a thermometer and respond to the temperature.
In particular by looking at the properties of male-
cules like Carbon Monoxide (CO) one is able to
measure this temperature quotient. This experiment
was the first of its kind to detect these molecules in
the distant Universe and then look at the spectro-
scopic signatures to infer the temperature of the
background.

W This is the first detection of three species of mole-
cules from the early Universe. A search was on for
the last 25 years without much success, These ob-
servations will be very important for confirming the
Big Bang theory and understanding how complex
molecules formed and evolved in the Universe.
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Conclusion

-> Go for a larger sample : Selection criteria (deeper) X-shooter
-> (Go deeper in the selection of quasars:

* down 1nto the luminosity function

* detect obscured quasars

* big survey: BOSS — Big-Boss
-> GRBs
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DAlyon USsClHiatlion opecClrosCOopIC oulvey ';:j}l ‘.’i}“

(BOSS) 'y

Started sept 2009

Part of SDSS-1ll, BOSS uses redshifts of 1.6M LBNL Leadership roles in BOSS:
galaxies (z~0.5)and Lyman-« forest of 0.16 M

. : : Pl: David Schlegel
quasars (z~2.95) to determine cosmological
parameters. Instrument Scientist: Natalie Roe

Survey Scientist: Martin White

DSS telescope at Apache Point

Sloan Foundation agreed to support
SDSS-IIl. Proposals pending at DOE
and NSF. MOUs signed or in

negotiations with many institutions:

Arizana LEML
Brazilian group LAML
UC Irvine MPA Garsching
DES LBNL fumiShES ggrﬁglidge HESVL.;JMexiE:D State
CCDs to upgrade the Erﬁwmm NYU
Replace red CCDs on camera at CTIO for DES. i S
SDSS camera with LBNL science role: SNe Portsmouth
wired-sensitive and WL. Detectors for Tae[;liilsse;ggmup ’;‘fi:ggtlg?' rnesten
LBNL/SNAP CC DS, DES now in pdeUCtiﬂn at Johns Hopkins Virginia

making it pOSSibIE to L BNL Micrnsystems = Korean Inst. Adv. Study  Wasington
go to higher-z

e L AWRENCE BERKELEY NATIONAL LABORATORY D



BOSS at IAP and APC

QSO target selection (from photometry) with neurone networks:

New method -> 10-15 QSO/sq deg over 8000 deg : Different methods are complementary

Parameterization of the spectra with NN

Strategy: .
» Predict continuum in the Ly-a 1800
region knowing the red side

< > < o

spectrum (1216-16004) " Blue side Red side
» Training with a multi-layer 1004~ 78 bins
perceptron (n,,:35:35:n,,,) with the -
50 QSO i
» n,, inputs : QSO flux for n,, bins
on red side

> n,,, outputs : QSO flux forn,,
bins on blue side

out
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-> Test the real conditions

in N-body simulations

*

HORIZON regular grid
r=114 Mpc/h *

60 80 100 120 140

BOSS: 160 000 quasars at z>2.2



H2 and CO in GRB080607 z=3.036

!-\J
=
T

Lm
T

=
|

=
L

Relutive Flux {ergls/Anglen)

MMMWWMH |

40001 4500 S0
Wavelength { Ang)

ik r}[ M N} J" ‘*’wMW‘

l['lﬂfl} '.?l'.ﬂﬂ QN
Wavelength { Ang)

Log NHI = 22.7 Estimate of NH2 : 21.2 CO: 16.5; A(1100A) = 8 mag
Res : R=2800

| 4
[iH]
Fell 1613
nopt R
LMJ\I\P Lol
o
05
Mgl 1683
A0 =20 0 W 4w
fative Veloedy (kms )

Relative Flux {ergls/Anglem®)
'y :|~

L‘.. Ia

Tco>100 K; 10<TH2<300K Pb here: trade-off between resolution
N highly uncertain (UVES) and extinction (X-shooter)
Complementarity

Prochaska et al., 2009, ApJ, 691, L27



H2 in GRBs

Ledoux et al., 2009, A&A, 506, 661
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Conclusion

See you 1n 2014 for BOSS and the launch of SVOM...

Big-Boss : 4m telescope g=23 instead of 22
Better resolution than SDSS

Larger volume and 50-70 QSOs /sq degree



