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In this talk

Why gas accretion?

1. Can we detect it in HI emission?
2. Can we detect it in absorption?
3. Theoretical expectations

4. Have your say!
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Why gas accretion?
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Milky Way evidence

Chemical evolution models
G-dwarf problem

Larson 1972, Tynsley 80, Chiappini+ 97,
01, Schoenrich & Binney 09

Deuterium in local ISM appears to be
re-supplied Linsky et al. 2006

Need for gas accretion

at Z<~0.1 Zg
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~ with delayed feedback =--------

-0.5 0 0.5
[Metallicity]

Dauphas et al. 2005, Nature
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Fraternali & Tomassetti 2012, MNRAS
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Cosmology evidence

Assembly of stellar mass in the Universe
Gas depletion time ~ 1 Gyr

Gas depletion time JHENYWAIN

PHIBSS + Dave+12
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| COLDGASS (z=0)
G11,B13 (z~0.4)
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F This work+PHIBSS (2<z<3)
Redshift - Magdis+12 (z=3.2)
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Compilation from Madau & Dickinson 2014 0 1

Saintonge+ 15
Kennicutt+83, Genzel+ 10, Bigiel+11, Genzel+15
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Cosmology evidence

The density of HI in galaxies
» is constant! The density of

Constant HI in galaxies

Noterdaeme elt al. 2012

reo et a1 2005 Exchange of gas between
galaxies does not bring new gas
in the picture, one needs
accretion from the IGM

Braun 2012

Bathtub/sinkharodel

gas inflow into halo N
gas inflow into galaxy /wind outflow

—

>

galaxy| ||
system

Redshift formatio

T O
‘W'Hix lived stars

SFR ~ M,..)—Moutiow + RSFR
Bouché+2010, Davé+ 2012, Lilly+13
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Detection of gas

accretion
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Detect gas accretion

Needed:

1. Mass gas around (M, 4,
2. Evidence for infall

3. Timescale of infall (t. )

Accretion rate
(dM/dt)acc - Min,gas/tin

e .,
TR I P o
Ak

NGC3077 Vine 07
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Genuine (2) HI clouds

NGC 891

DECLINATION (J2000)

Declination (J2000)
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Sancisi, Fraternali+ 2008, A&ARv
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M3 1 clouds

MDavies cloud,HI ~ 1-2 x 107 M@

DiStDavies cloud ~ 10-20 kpC

Declination (J2000)
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NGC891 filament 200 hrs with WsrT

Detectable mass = a few 10° M,
Column densities ~ 107819 atoms
cm?
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10 kpc A Pzl why are all the HI
o clouds close to the galaxies?

2"23™16% 23P00° 22M45° 22M30° 22™15° 22M00° e

Right Ascension (J2000

Oosterloo, Fraternali, Sancisi 2007, AJ NO Significant population of floating
Extraplanar HI: fountain origin HI clouds (M > 10%7 Mg)

Fraternali & Binney 2008, MNRAS e.g. Pisano et al. 2004, Zwaan et al. 2005
Z (Hl) ~ Zg Bregman et al. 2013, Ap/J Chynoweth et al. 2009, Haynes et al. 2011

Right Ascension (J2000)
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NGC 2403 filament

M, ;~107 Mg

Fraternali+
2002

lination (J2000)
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Velocity (km/s)

— 5OI-_ _ —~
ot [ ' 100 {4
o
S B
) 40 r =
S N
© 1l ©
2 65°30'F 1 & 20°
5 )
® —
o
, 4 © Q, 4 |‘{ 4 ‘:Z". 6 | O _ 1 O _20 _
7h40™  38™ 3™ 34m offset (arcmin)

My cpr~ 2 X 107 Mg
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Right Ascension (2000.0) de Blok+ 14
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HI ngh Velocity Clouds

Typical distances: ~10 kpc
7~0.1-0.5 Z4
M ~< 107 Mg
Accretion from HVCs
~ 0.08 Mg/yr

Includes He and factor 2
of ionised gas!

Putman, Peek, Joung 2012, ARA&A

Complex C produced
§<—Cold ™ by a superbubble

that triggered the
W cooling of the corona
, Fountain

cycle ‘
My =7 x 10 Mg
Z =0.27 Solar
Fraternali+ 2015, MNRAS-L E ~ 10% SNe

|Hot coronal
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Several galax1es without large HVCs

‘_ NGC 925

NGC 2541 NGC 3198

NGC 4565

HALOGAS survey
Heald et al. 2011, A&A

Minimum detectable mass: Juette et al., in prep

~ feW 105 M@

Minimum detectable
column density:
~ 107819 atoms cm

Minor mergers cannot feed star formation
Di Teodoro & Fraternali 2014, A&A
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Accretion rates

Let’s assume that they are genuine
accreting clouds
Mcloud,HI = 107 M@

DECLINATION (J2000)

Declination (J2000)

R ~ 10 kpc
t..e > 10kpc/ 100 km/s
~ 108 yr

M ~< 0.1 Mg/yr

acc ,HI

Puzzle: why is HI
accretion missing?

Declination (J2000)

T Lrrd Possible solutions:
Puzzle: if they are accreting 1. Assume most gas is ionised
clouds what’s their origin? 2. Postulate many clouds under
detection limit

3. or hidden
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First questions

42°50

Why is HI accretion missing?

Why are all the clouds closeby?

2000)

30—

What's their origin?

Declination (J

Declination (J2000)

| L | .
ohs0™ oh4o™
Right Ascension (J2000)
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Absorption

studies
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It's not easy to see accretion

Redshifted ISM absorptions
Fell 2586, 2600 Mgl 2796, 2803
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TKRS3974

. ~1000
101 galaxies, z~0.3-1  Rest Velocity (km s

Rubin+ 2012, ApJ

M, ~0.2-3M, - winds Rest Velocity (km s™)
SFR ~1-40 M, y| Puzzle: why is @ no winds / inflow

. inflows .
inflow not seen? SEE also Martin+ 12
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J1330+2813 289_28

Pl: Jason Tumlinson '%g ‘
134 orbits with HST/COS S | Taminsans13; Werks13
. z=0.192
44 galaXIGS p=87 kpc 0_“....I ...................................... e i H 11215

L \ ' L \ ' L \ ' | |
Log M. =10.32 400

0.14 < z<0.35

[] = star-forming
Q= guiescent NN

= non-detections <> B
Point size = column densit)/

Max N, = 10%° I
Min N, = 10145 > '

Line saturation =2

many of these are \\ ' o TS @ -7 )/ PUZZIQ' Why dO
lower limits .
ETGs have cold gas?

NB: Blank space = no data
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Huge correction for ionised fraction

N, after correction

N, before correction

Filippo Fraternali (Bologna/Groningen)

CLOUDY
Assuming
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log Ny [cm™]

[E—
~J

log [N(Si*)/ N(Si™)]

Gas >99% ionised
Very large mass
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Masses and densities

Components of the Circum Galactic Medium ~ Are they in pressure
M, —1022M equilibrium with the corona?
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£ i Puzzle: densities

Hot COM 100 times too low!

Werk+ 2014 Possible solutions:
Puzzle: can there be 1. Too simplistic assumptions

0.0 1.00

Disk

Cool CGM  Warm-Hot CGM

so much cold gas7 2. lonization from galaxies/shocks
3. Corona not isothermal
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Metallicity vs N,
16 < Log Ny, < 19 : Bimodality
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Puzzle: why is the metallicity
of the low Nyy; gas bimodal ?
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Absorbers around the MW

(O Stellar Sightline
[J AGN Sightline

lv,gg!>90km s>

D S ' i 2011, Scionc
.......... | é f - | ~ Lehner et al. 2012, MNRAS

U R Y 1D = Rt

ovi T~3x10° |8

*13.8 < Ny < 14.8
« -400 < v, < +400

* Every directions

Sembach+ 03, Ap]S; Savage+ 03, Ap]S ——
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More questions

winds
@® no winds / inflow
inflows

Why is inflow generally not seen?
What are the COS-Halos cold
absorbers?

How do they survive, do they
accrete?

Why Z bimodality in absorbers?

ieity ..

tur meta

-\

Frequency
N

N\

N
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_20 —-15 —-1.0 —05 0.0 0.5
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Theoretical

expectations
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Hot and cold modes

Classical theory Modern revision

Gas falls into a dark matter halos « In small halos gas does not thermalize
Shock heats to the virial temperature e Falls in cold filaments

* Rapid collapse and disk formation
Quasi-hydrostatic equilibrium corona
cools inside-out and settle into a disk cold mode  _ _———==

hot mode ”
K

I~

infall

Rees & Ostriker 1977,

White & Rees 1978 Binney 1977, Katz+ 2002, Dekel &

Birnboim 2003, Keres+ 2005
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Cold mode

cold streams
in hot media

High z, large halos
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log g (nH/ ¢c)

Cold streams in hot corona

Tweed, Dekel, Teyssier . ( My,

1.14
N 5/2 ~1

-5
100 18 Cold streams

Filippo Fraternali (Bologna/Groningen) Will we ever see gas accretion - Dwingeloo, 1/11/2015




DEC (B1950)

—~
o
e}
[
m

~
[$]
W
o

Line—of—sight Velocity [km/s]

20"

_1Zw

9"30™30° 20

9"30™30° 28°
R.A. (B1950)

R.A. (B1950)
- 7 -
v | /a
km/s

.
i

&

9"30™m30°
R.A. (B1950)

g"30™30° 28°
R.A. (B1950)

Distonce along the slice [arcmin]

Distance olong the slice [arcmin]

Filippo Fraternali (Bologna/Groningen)

KISO
survey

flows

10* 1 0"

kiso5639

Elmegren+ g

2012

Tadpole
galaxies
with
offset star
formation

— /it 2012

¢

12+1log(0/H)

Distance [arcsec]

Sanchez-Almeida+ 2014
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HOt mOde 1/2 1/41/8 0

total - — —
cold mode
hot mode

Keres+ 2005, 2009

For MW halos
z>2 : cold mode
z<2 : hot mode
dominates

Puzzle: Less hot gas than

expected around disc galaxies
NGC6753 NGCB/753 K-band s Anderson & Bregman 2072

0.3-2 KeV =@

Dai+ 2012, Anderson+ 2013
MW Miller & Bregman+
2013, Gatto+13

Mass corona
~ 10-50% missing baryons

-57:00:00.0

-

01:00.0

02:00.0

03:00.0

o
—

04:00.0

05:00.0

06:00.0

Surface brightness, cts/arcsec?

07:00.0

12:00.0 50.0 40.0 30.0 20.0 10.0 19:11:00.010:50.0 O 001

50 Cooling rate ~ 0.1 Mo/yr

on
[ . H
: . . ; , ] Radius, arcsec
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Induced cooling

Zcoronazo'1 Z@
1 pc x 1 pc Grid! Teorona=2X10°K 7, =17,

2x106 K

o S Fountain

Fountain + Accretion
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CONDENSATION

Best-fit Accretion Rate ~' 3 Mgyr'

Mass of cold Compare to SFR ~ 4 Mgyr!

gas increases .
time [Myr] Fraternali & Binney 2008

Lucia Armillotta, in prep.; Marinacci, et al. 2010, 2011, MNRAS
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Questions/puzzles

Accretion in what form?

1. Cold gas clouds/filaments (T<10° K) directly from the IGM

1. Mostly neutral
2. Mostly ionized . Why is HI accretion missing?

Cooling of a hot corona (T, Why are all clouds closeby?
Spontaneous or induced? . What's their origin?

Drizzle? . Why is inflow generally not seen?
What are the COS-Halos cold

Minor mergers¢?¢
absorbers?

Outer discs, just flowing in How do they survive, do they

accrete?
Why Z bimodality in absorbers?

Can we see cold mode at z=07?

NGC 4013

Why coronae have low masses? Can

they cool efficiently?
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Galaxy warps and accretion

NGC 5997 I

lSa/ BT [ B B3 A it
'Sned 4. Lot e o0 1 Very common
Cretlon R . & 5l

Garcia-Ruiz+

disk ‘=

15h17 005 305 15MePos 305 1shesmgpe 303
a (2000.0)

Shen & Se”WOOd 2006 But gas is needed for star

formation in the central parts!

\ ¢

Galaxy discs should act as
accretion discs (?)
Forbes+ 12, Golbaum+ 15

Is this distinguishable from
Ostriker & Binney 1989, Jiang & Binney 1999 satellite accretion?
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Galaxy pairs in HI

WHISP catalogue: ~150 datacubes
21% have dwarf companions

Algorithm identifies main galaxies & satellites

47 dwarfs: 40 already known,
/ new

All with optical counterparts

Declination (J2000)

Declination (B1950)

Number of galaxies

48™

| | . .

48™ 12b50™ 49™

i Il i i i Il i i i
12b50™ 49™
Right Ascension (B1950) Right Ascension (B1950)

Di Teodoro & Fraternali, A&A, submitted | m

8.5 9 9.5 10
LOQ(MH I) [M(.)]

Dwarfs
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Accretion from minor mergers (revisited)

Very conservative assumption:
all satellites merge in the . :
. &€ Upper limit to accretion
shortest time possible
<< 0.23 Mg/yr

Compare to average SFR = 1.35 Mg/yr

w
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Much better | | o
estimates with new 2 4

. _ _ Star formation rate [M_/yr]
Di Teodoro & Fraternali, A&A, submit8dl 3
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