DLAs and Galaxy Formation

~ Ken Nagamine
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What are the Goals!?

O, HQW C|IC| gas transform mto stars
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® Self-consistent model of galaxy formation
(disk & bulge) and BH formation
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OUTLINE

1. What are DLAs? observations

2. Effects of SN feedback on:
*  Qmi, f(NHI)

DLA cross section, rate-of-incidence (AN /dz)

) o

physical size & # density
mean DLA halo mass, DLA--LBG
metallicity

how are DLAs distributed in halos?
implications on high-z SF

X XX X X%

3. [Cu] 158 micron emission



WHAT ARE DLAS?
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log f;;(N,X)

DLA Statistics

Hi column density distribution
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Strong constraints for
galaxy formation models

Prochaska+ ‘05 SDSS DR3
>500 DLAs
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RATE-OF-INCIDENCE
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NEUTRAL GAS DENSITY
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COSMOLOGICAL HYDRODYNAMIC
SIMULATIONS

e model galaxy formation from first principles in a ACDM
universe

e GADGET2 Smoothed Particle Hydrodynamics code
radiative cooling/heating, star formation, SN & galactic wind feedback

e |BGs@z=3-6, massive gal@z=1-2, DLAS, .... (KN+ 04ab, 05ab)

Table 2. Simulation Parameters

Run Boxsize N, MpM m € wind
p gas

O3  10.00 2x 1443 242 x 10" 3.72 x 105 2.78 | none
P3  10.00 2 x 144% 242 x 107 3.72x 105 2.78 | weak
Q3  10.00 2 x 1443 242 x 107 3.72 x 10° 2.78 |strong
Q5  10.00 2x324% 212x10% 3.26 x 10° 1.23 |strong

[h~"Mpc] [h ™' M) [h~'kpc]




~400 kpc comv

NHI

Q5 z=3




NHI "r

My = 2.6 x 10 Wh=tMm ~>I2.4 X 100 M ~ 2.4 x 1 0°h M O]
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DLAS IN COSMOLOGICAL
SIMULATIONS

physical |}
+28h 'kpc

Z

Z:
Mialo = 2.6 x 1010, M KN+ 2004a,b



STAR

Four criteria
for SF
in a cell

Each star ptcl is
tagged w/

(m*a tforma Z/ZCD)

FORMATION MODEL

9 0
V-u<0

Mgas > M Jeans

tcool = tdyn

:

t* e maX(tcoola tdyn)

*

(overdense)

(converging flow)
(Jeans unstable)

(cooling fast)

AESN — €SN Am* (32



03 (no wind)
P3 (weak wind)
Q3 (strong wind)
Q4 (strong wind)
Q5 (strong wind)

4 .
redshift : redshift
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DLA CROSS SECTION

ODLA X Mk(llalo C\IG
Q.
4
o~ 1 e
=
<
=
Stronger tfeedback 5
Z

suppresses opra for
low mass halos

l 8§ 9 10 11 12
log M,... [h" Mq]

a > 1
KN+ ‘04a



DLA DISTRIBUTION
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DLA--LBG CONNECTION

EpLarsc(r)

_ DDLADLBG o DDLARLBG o RDLADLBG + RDLARLBG
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THE NEW PICTURE
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FAINT GALAXIES IN UDF
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No extended SF region detected at high-z.

Wolfe & Chen ‘06, in prep



DIFFERENT SF THRESHOLD
AT HIGH-Z?
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NUMBER DENSITY OF DLAS

Log M, . [h'M,]
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More DILAs than LBGs

down to Rap=30 mag
if ApLa<b kpc




Can we detect DLA gas
directly?



WHY Ci?

C Il Structure

Dominant coolant of MW — 203/2
A D;,,
Complementary to opt-IR
(cf. Lyman break galaxies @ z~3) 133453 A 113§’§5§§’1AA
A new window for high-z SF I
using DLAs N(CII* 2p
8 NNy~ N((HI)) hv 4, 158 um § ng/2

(Wolfe+ ‘03)

Cosmological galaxy
formation study with ALMA




LocAL OBs OF [Cii]

BO°15"00°" — NGC 6946 ISO =3

Contoursi+ ‘02
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Contours: CII line emission Leech+ ‘99
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Image: 5-8 micron ISOCAM



MULTI-PHASE ISM MODEL

J background
vV

\ Po, Vb

CNM

¢ FUYV radiation T~100 K
ok

/E' fM7 fV
*—= 4
(n~10cm™?)
(LBG) \
McKee & Ostriker ‘77
Wolfire+ ‘95
WNM Wolfe+ ‘03
CNM preferred for DLAS T.8000 K

(Wolfe+ “03b; Howk+ “05) Ow (1 ~0.1cm?)



CNM MASS FRACTION

pcVo + pwVw = poVo  (mass conservation)
(CNM) (WNM)

Vo + Viw = Vo (volume conservation)

e e
Po Vo

L — o o)
o )

fm

(CNM mass fraction)

Given P0; PCs PW, =i fr
KN+ ‘06



PHASE DIAGRAM

Equilibrium:
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CNM MASS vs. HALO MASS
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Given po; Yx, Z from simuluation,

and PC, PW from the model,

Mcenm = 25 farpoVo

Semi-analytic model of
Mo, Mao, White (1998):
disk mass fraction = 0.05

Simulation suggests lower
neutral mass fraction in halos.
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CIll LUMINOSITY VS.
HALO MASS

log M, [h_l Mgl
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(= 10 erg/s (no feedback)
C= 10 erg/s (strong feedback)




log S, [mJy]
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Cll FLUX DENSITY VS.
HALO MASS
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FLUX DENSITY PDF
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ESTIMATES FOR ACTUAL
DLA GALAXIES
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CONCLUSIONS

DLAs are useful for high-z galaxy formation study
Numerical modeling challenging

Mean DLA halo mass: log (Mppa) >~ 11.5 —12.5
possible DLA -- LBG connection

SF threshold different at high-z?

[Cir] 158 micron emission: ~1 m]y for bright gals

--> Future project for ALMA & SPICA



