R. SRIANAND (IUCAA)

REVIEW OF SCIENCE QUESTIONS
IN CGM AND IGM STUDIES
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SOME NUMBERS RELATED TO THE MGII ABSORBERS

e )\, =2796 and 2804 A. In the case of SDSS/BOSS one can detect it beyond
z ~ 0.28 upto z ~ 2.3. In principle good UV spectrographs allow one to go
upto z ~ 0.1 in the blue.

e Mg I, Mg Iland Mg Il — > 7.646, 15.036, 80.143 eV — In LLS Mg will be mostly
in Mg 11. The corresponding energy for Fe are 7.86, 16.6, 30.651 eV.

e Mg and Fe have identical abundance in Sun. When shielded Mg 11 and Fe 11 will
have identical column densities. W(Fe 11A2600)/W(Mg 11A2796)>0.5.

e For SDSS spectrum with a s/n of 5 per pixel a typical 5o detection limit is 0.6A.
You will be comfortably detecting Mg 11 doublets with rest equivalent width In
excess of 1A. This is the detection threshold for most statistical samples.

b= 10 km/s 20 km/s > 50 km/s

log N(Mg 1) 17.00 16.00 13.5
og N(H 1), Z = Z 3 21.42 20.42 17.9
log N(H 1), Z=0.1Z, 22 42 21.42 18.9

DR 1.00 1.00 2.00




MG | ABSORPTION GALAXY CONNECTION
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REST EQUIVALENT WIDTH AND IMPACT PARAMETER

- . . -
. i | * The Mg Il absorbing gas is associated with
100k s ¢ | foreground galaxies.
f':/ - B USMeu high-z (This work) _
=101} § észngi&j) ' 4 * Atany given impact parameter (D) one has a
= 1 & S0 (e e Stannod 233 : large scatter in W. There are other parameters
107 % o) 1  (stellar mass, star-formation rate, environment
- © PRIMUS (Rubin et al 2018)
- Q DLAs & sub-DLAs

etc.,) at play.

For a given impact parameter

absorption will depend on the
velocity and density field of
gas associated with the
satellite galaxies and gas from
Interactions.




REST EQUIVALENT WIDTH AND SCALED IMPACT

PARAMETER

101

- @ USMg o

' S\ ' |

Instead of impact parameter, one tries to use the

impact parameters scaled by the viral radius.

There is a feeling that the scatter is reduced

when we use the scaled impact parameter.

Still for a given scaled impact parameter there is

large scatter in the equivalent width.

Also are we sure we estinr

radius (Stellar mass—>ha

ate the correct Virial
o mass—>Viral radius).



EQUIVALENT WIDTH DISTRIBUTION AT DIFFERENT

SCALES?
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USMgr11(0.6 < z < 0.8)
USMg11(0.4 <z < 0.6)
USMgti(Literature)
DLAs & sub-DLAs
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5410 M. McCourt et al.

Figure 3. The fastest path to equilibrium is to shatter. We imagine a cooling perturbation with an initial size Ry > csf.001 embedded within an ambient medium,
represented by grey hatching. (fop route): It is commonly assumed (e.g. Field 1965; Burkert & Lin 2000) that such a perturbation will cool isochorically,
reaching 10* K after one cooling time, with little change in the cloud size or density. The resulting cloud is severely underpressured and out of equilibrium; it
contracts on the (much larger) sound-crossing time-scale, only afterwards reaching pressure equilibrium. (botfom route): A much more direct path to pressure
equilibrium is for the cloud to fragment into smaller pieces, each with a scale ~cgfco01; Such fragments can cool isobarically, never leaving equilibrium. (Not

shown.) As these fragments cool, the lengthscale cg#.o01 shrinks; when this happens, the clumps fragment to yet smaller scales, never deviating dramatically
from pressure equilibrium.




Log Csteoor (kpC)
Log L (kpc)
Log cCsteoor (kpc)

- Log ny (cm™3) = -3.6 -++» Log P/k (cm—3K) = 1.89
— Log ny (cm™3) = -3.1 . ~ Log P/k (cm—3 K) = 1.39
- = Logny(cm™3) =-2.6 - = Log P/k (cm™3 K) = 0.89

2
<)
-
o
o
]




A2796
0

dN/dz (W, <W

0.6<Wy<1.2 A
1.2<Wy<1.8 A
1.8<W,<2.4 A
2.4<Wy<3.0 A
3.0<W,<3.6 A

3.6<Wy<4.2 A

(&
o
L
LB
QL
C
o
-
N
(o]
[
'
-+t
c
[\
L]
o
-t
()
L
&
o
-
Q>
-
()
LB
"—_—
o
[ .
(I

Schematic of Galaxy Gas Cross Sections
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11.0 < logM, < 11.5
10.5 < logM, < 11.0
10.0 < logM, < 10.5
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GAS DISTRIBUTION IN REALITY

Diffuse 9as

 \WWhen you measure absorption as a function of D you
are actually measuring the clustering of gas around

| Disk, Disk ha.lo that point.
& S intertace, halo, infall,
outflow e Clustering at different scale is dominated by different

ohysical process.

300 kpc

e How good a given species behaves as a tracer

Gas gravitationally depends on what drives the physics of the tracer.
bound to each galaxy
and bound to the e Metal lines: metal pollution, correct ionization state
group. which makes interpretation very difficult.
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é Fornax

Gas associated with
large scale distribution .
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IMPACT PARAMETER AND GALAXY PROPERTIES:

O | USMgi1 (0.6 < z < 0.8)
@ USMgi (0.4 <z < 0.6)
B MAGIICAT

¢ USMgir (0.6 < z < 0.8)
@ USMgi (0.4 <z < 0.6)
m MAGIICAT

20 40 60




EQUIVALENT WIDTH AND [OIl] LUMINOSITY

GOTOQs
MAGG
MEGAFLOW

USMgir1 (0.4 < z < 0.6)
USMgi1 (0.6 < z < 0.8)

e There is a tendency of largest
equivalent width systems to be
associated with L[OIll]>L*[Oll] galaxies.

e However, Mg Il equivalent width does
not correlate with Oll luminosity. Such
a correlation was proposed to argue
that highly star forming galaxies with
have strong Oll emission and large
reservoir of gas.

e However, unlike HI Balmer lines [Oll
may not be a good indicator ot SFR!




SFR/SFRus

MG Il HOST GALAXIES AND STAR FORMING MAIN -
SEQUENCE

3
10 e |s the absorption based selection (that is
102 4 unbiased) pick different population of
galaxies that are missed by optical surveys?
10!
; o Host galaxies of Mg Il absorbers by and
10 argely follow what has been in the case of
10~ 2 field galaxies.
102 e Mg Il absorbers with large equivalent widths
of o UsMan 06<2 <0 1 do not originate from star bursting galaxies.
075 o UsMgn (0422 <09 Rather some of them originate from
104 | MAGHEAT 0 guenched or galaxies with slightly lower SFR

then expected from the main sequence.

log (M, /Mg)



SOME QUESTIONS | HAVE?

Do you understand the standard statistics of Mg Il systems?

© High—-z galaxies are smaller in size.

* Absorption line studies suggest there were more/strong metal

absorption in the Past (589 uPto 7z~2.0).

- Thc—:rmcore) relative size of metal enriched gaseous halos in comparison

to the oPtical galaxg size should increase with z.
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Sky view 2 Side view
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SOME QUESTIONS | HAVE?

Do we really make any progress by using multiple sightlines?

RXJ0911+0551 WGD J0405-3308

PS J1606-2333 WFI 2033-4723




SOME QUESTIONS | HAVE?

Do we really make any progress by using multiple sightlines?

RXJ0911+0551 WGD J0405-3308

PS J1606-2333 WFI 2033-4723




SOME QUESTIONS | HAVE?

How the emission line mapping of the CGM is going to improve our
understanding?

Are we doing the ionization modelling correctly?
What is the understanding of aligned absorbers?

How to improve the situation of covering limited number of transitions along a
given LOS?



SOME SCOPE WITH NUMERICAL SIMULATIONS?

| have not seen numerical simulations correctly producing observed correlations
with equivalent widths and properties of galaxies.

Upto what scale (time as well as space) the galaxy orientation dictates the ion
distribution.

Probing the gas, metal and ion distribution as a function ot time before, during
after a strong episode of star-formation.

Trying to do large scale clustering using simulated box.

Understanding the importance of local ionising sources and non-equilibrium
ionization. Should one worry about the orientation?



