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Outline of this talk:

Low-z QSO-Galaxy Pairs ( z <0.2)

Mg 1l absorbers (0.3 < z < 2.0)

Damped Lyman-a systems (2.0 < z < 4.5)
Constraints on €2,: D/H and HD/2H..

Variations of fundamental constants
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QSO-Galaxy Pairs:
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QSO-Galaxy Pairs: Ca 1l absorption

—'l=-i: T - w r g 1 =1 | . T | T |- I -1 I':'
; i :
ﬂ: _;_ = T _:.
b o e RO M —i

= ; :

S as|— t —

=1 2 s E

- | a - i
k- S | S SR 5

=} T T ] -

r |1..|_-|.-.|.-5|~|- = T T

15.{— T & 1 -

i 1 | | 1 i i
- L] = i B

e a0 e

Figuse 5. Flot of Bog|lZTo/fHib, .. wderes ROL. is the palasy's
apical cdhinmestor. verems Lo B A L Syvmiscds have: 1hes samnss mmen g
as in Fez 4 Apare fromn 15683 4 485 all cases of abBsorpdion ase
sorrfirsed] B wsithin — 1 Gl F O JRDO|L o 8, oof albesus 0= of 2%
Hodmbore rads of the salactic comwires. Flowerern, ibhore ars scvcrad
raees of sipghr-Senes wichim phis vabue which cdie nof shosae b cosrprsaor,
=g b epueivalesai-wsdch limids oessll belone thome of dhe positivr
e rmiomes.

Bowen et al. 1991, MNRAS, 249, 145

HRI, Feb, 2010 3



QSO-Galaxy Pairs:

F1a. 1.—An optical image of PKS 1327 206—ESQ 13272041 from Bergeron et al. {1987). Contours show the radio continuum emission from the galaxy and
the quasar at 1.4 GHz, 12" resolution, Contour levels are — 0.8, 0.8, 1.6, 2.4,3.2,9.7, 29, 81, and 234 mJy beam ~ *, Crosses mark the position of the optical quasar (also

marked with a Q), the galaxy center, and the peak of the radio continuum emission from the * 1ail ™ 1o the north, as well as thres stars (o the east of the galaxy used for

astrometry.

FiG. 5—An optical image of 3C 232—NGC 3067 (kindly supplied by H. Arp). The contours show the integrated H 1 coll density for NGC 3067. i
contours are for data at 30" resolution. The dotted contour is for data at 50" resolution. Solid contour levels are 24, 6.1, IZ.“;.“&). 73’98, 122, 184 x i&ﬁ.‘:
em ™7, The dotted contour level is 2.2 » 10*® atoms cm ~ .. A cross marks the position of the quasar, )

iy =l W g

CariLL & van GorkoM (sec 399, 375)

Carilli & Van Gorkom 1992 ,ApJ, 399, 373
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QSO-Galaxy Pairs: GMRT mini-survey

1260 1280

1290 1300 1310 1320 1160 1180 1200 1220 1240
503135 1= B 510850
30| | 45 —
5 L] 5 401~
g8 s¢ 7 g
F £
S oW ] 2 L o 7 ﬂ
o o
g R 8 o
L] 25—
15 L E
L] 20—
10 -
O .
: | | | | | | | | | | |
0821555 55.0 54.5 54.0 53.5 53.0 52.5 52.0 0850 00.0 49 59.5 59.0 58.5 58.0 57.5 57.0 5
RIGHT ASCENSION (J2000) RIGHT ASCENSION (J2000)
1120 1140 1160 1180 1200
I ]
633246 — I I I I I I ]
\
g 44— —
S
S 42— —
z =
o) 40 — 9 —
=
< 38— —
Z
o 36— —
w
a 34 H Q —
32+ —
t | | | | |
12 42 00 4159 55 54

57 56
RIGHT ASCENSION (J2000)

DECLINATION (J2000)

1 1
6.5 560 555

1160

3706 25

20—

15—

10—

DECLINATION (J2000)

05—

00—

1 1 1 1 1

1150 1200 1250

1228 49.0

48.0 475 47.0 46.5
RIGHT ASCENSION (J2000)

1180 1200 1220
T

032155
50 -
45—
20+
35
30+
25

20 —

(9

111028

25 24
RIGHT ASCENSION (J2000)

Gupta, Srianand, Bowen, Roy, Wadadekar & York 2010, preprint

— Typeset by FoilTpX —

HRI, Feb, 2010 5



QSO-Galaxy Pairs: GMRT detections
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QSO-Galaxy Pairs: GMRT detections

E

[t
@]

l|l

N
@)

Flux (10-" erg/s/cm?/A)

N
o

W

@)
II&,IIII
ll|llll|llll

e
@)

1 1 1 1 1 | 1 1 | 1 1 | 1 1 | 1
7000 7500 8000 8500 9000

Observed Wav@heprfag,tﬁé‘&ét al. 2010, preprint

— Typeset by FoilTpX — HRI, Feb, 2010 7



QSO-Galaxy Pairs: 21-cm
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QSO absorber-Galaxy Pairs: 21-cm
Gupta, RS etal. 2010, preprint
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QSO absorber-Galaxy Pairs: 21-cm

e 21-cm absorption is detected in 50% of the cases with [ 7dv > 0.1
km/s when the impact parameter is <15 kpc.

e W(Ca K)> 0.3 A whenever 21-cm absorption is detected.
However, the contrary is not true.

e The detections happen when the line of sight passes through
Isolated disks or through displaced H | gas through interactions.

e However, the sample size is small to investigate the effect of
metallicity, dust, SFR etc.Also the impact parameter range <8 kpc
IS not well represented.
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QSO absorber-Galaxy Pairs: A new sample
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QSO absorber-Galaxy connection: Mg 1l systems
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Galaxy metal absorption connections:low z

The Q0002+051 Field
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Mg Il systems: star-forming galaxies
SO r—————— 71— 1 T T ]
B Zem = 1.762 ]
s LA T
10 | -
0 - ! I ! ! ! ! I ! ! ! ! I ! ! ! ]
> 4000 4500 5000
= 30 -~ T T T T 1 o L L L
20 :_ ‘ ‘ ‘ ‘ _:
oL E
A WWWWW\MWWMW
T T T N T T ST SO ST SO S NN S T Y S NN S ]
5500 6000 6500 7000 7500

Observed wavelength (&)

8000

— Typeset by FoilTpX —

HRI, Feb, 2010 14



Search for galaxy emission in SDSS-QSO spectra:

e Found 90 emission line galaxies at z < 0.7 using emission line
templates.

e There are 19 galaxies in the redshift range 0.4< z <0.7 for which
SDSS covers Mg 11 absorption also.

e 30% of the galaxies show strong Mg I absorption, whenever
covered Fe 11 lines are also detected.

e SFR in the range 0.2-20 M, yr—1.

Noterdaeme, Srianand & Mohan 2010, MNRAS, in press
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Search for galaxy emission in SDSS-QSO spectra?
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Properties of emission line selected Mg

Il systems
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Properties of emission line selected Mg 1l systems
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Properties of emission line selected Mg 1l systems
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Triangulation and Impact parameter
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Average emission lines from Mg 11 systemsat 0.4 <z <0.7
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SDSS-GMRT sample of Mg 11 systems:

e Detection of Mg 11 systems in SDSS-DR7 with W(Mg 11)>1A using
an automatic procedure.

e Select the systems with 1.15< z < 1.45 (2893 systems)
e Cross-correlate the SDSS QSO with NVSS and FIRST.

e Pick the systems with flux density at the redshifted 21 cm
wavelength greater than 50 mJy (37 systems).

e 400hrs of observations are completed-and we now have 9 new
detections. Five systems are in front of radio sources that are
compact at milli-arcsec scales.

TEAM: R. Srianand (PI), Neeraj Gupta (ATNF), D.J. Saikia(NCRA), P.
Petitjean(lAP), P. Notredome (IUCAA)
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GMRT sample of 21-cm absorption:
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2170A dust feature towards J0852+3432
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Redshift evolution of 21cm absorbers:
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Damped Lyman- o systems
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Damped Lyman- o systems
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Molecular content of DLAS
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Molecular content of DLAS
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Begining to detect CO and HD at high-z
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CO absorption and T(CMBR)
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HD/2H5 and €2
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21-cm absorption in DLAS:

Curran et al. 2010, MNRAS, 402, 35
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21-cm absorption in DLAS:
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SDSS-GMRT-GBT sample of DLAs:

e Detection of DLAs at 2.2< z < 3.5 in SDSS-DR7 with using an
automatic procedure (Noterdaeme et al. 2009, A&A,505,1087).

e Cross-correlate the SDSS QSO with NVSS and FIRST.
e Rejected systems that fall in the known RFI affected frequencies.

e Pick the systems with flux density at the redshifted 21 cm
wavelength greater than 100 mJy (12 systems). All sources were
imaged at GMRT in 610 MHz and 320 MHz.

e GMRT observations of 5 systems has resulted in one detection.
GBT data are being analysed. VLBI observations are scheduled
this cycle.

TEAM: R. Srianand (PI1), Neeraj Gupta (ATNF), P. Petitiean(IAP), P. Notredome (IUCAA)
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New 21-cm absorber at z = 3.17:
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Normalised flux

New 21-cm absorber at z = 3.17:
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Star-formation in DLAS:

e Using fine-structure lines and cooling arguments (Wolfe et al.

2003)

e Using high J excitations of Hy (Srianand et al. 2005)

e Direct detection of galaxies either in continuum emission or
through Lyman—a emission.

— Typeset by FoilTpX —

HRI, Feb, 2010 39



Star-formation in DLAS:

Continuum emission
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Star-formation in DLAs: Lyman- « line
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Lyman —a from Lyman break galaxies:
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DLAs: Average Lyman- « emissivity

SEETTHTT T o Mean redshift = 2,877
e FWHM =176 km/s
e F(Lya) =2.8x10 % erg/s/cm?

o L(Lya) =2.04x10* erg/s

r— L(Ly«)
o M =
O.68hl/afLy (1—fLL)Nf7
(Samui, Srianand, Subramanian, 2009)

1210 1212 1214 1216 1218 1220 @ A« =%, <&> %
Rest Wavelength (A) (Wolfe et al., 2003)
Rahmani, Srianand, Noterdaeme & Petitjean 2010, preprint

— Typeset by FoilTpX — HRI, Feb, 2010

43



DLAs: Star-formation rate density
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Lyman —a from DLAS:
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Summary:

e Thanks to SDSS and followup studies we are making good
progress with the QSO absorbers galaxy connection.

e Direct detection of emission line galaxies responsible for the QSO
absorption has openup the possibility to connect the parameters
derived from nebular emission lines and from QSO absorption
lines.

e SFR density contributed by Mg 11 systems and DLAs are subtantial
to the global SFR density.

¢ Indications are that at high redshift the volume filling factor (or
covering factor) of the Cold neutral gas is less.
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e There are indications that QSO are not colour selected when we
detect CO or 2175 dust features. Thus there are possible missing
red QSOs that can probe the central regions of galaxies.

e HST-COS and STIS observations will be very useful.
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