Cosmic Shadow 2018
in Ishigaki
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(e.g., Wolfe et al. 2005, ARAA, 43, 861)
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(e.g., Kashikawa et al. 2014, Ap], 780, 116)
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Mini Halo Model for Lya Forests

Murakami & Ikeuchi 1990, PAS], 42, L.11
Murakami & Ikewchi 2993, Ap], 409, 42
Murakami & Ikeuchi 1994, Ap], 420, 68
Murakami & Ikeuchi 1994, Ap], 421, L79

Superwind Model for DLAs

Taniguchi & Shioya 2000, Ap]J, 523, L13
Taniguchi & Shioya 2001, Ap]J, 547, 146
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HI Absorptmn-hne systems
in the Universe
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(http:/ /enki.phyast.pitt.edu/qso abs.html)
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HI Absorption-line systems
in the Universe

Damped Lya Absorption System:
DLA — N(HI) > 2 x 1020 cm-?2

Lyman Limit Absorption System:
LLS — N(HI) ~ 1017 cm-?

Lya Forests: N(HI) < 1017 cm-2

(e.g., Wolfe+06, ARAA, 43, 861)

What are DLAs ?



Lesson
r=5kpec & M(HI) = 10° M...
V~2x1067 cm3 |

YI(HI) = M(HI)/ m,,
= _é'}c\x 1066 atoms
n(HD)=1 (HI)/V

~ 0.05 cm?3
NHI) =nHI)x 2 r
~ 3 x 1021 cm-?

Oh, DLAs must be galaxies !
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Predictions of galaxy models for DILAs

1. Impact parameters should be
less than several kpc |

AN & )

2. We could easily identify a galaxy

as a counterpart

However .....
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Observational properties of DLAs
are

1. Impact parameters are large
up to several 100 kpc

AN & )

2. Detection rate of counterparts is

only 10 %

(e.g., Wolfe+06, ARAA, 43, 861)

Something wrong !



Another option

Intergalactic Shock Waves
(Chernomordik & Ozernoi 1983, Nature, 303, 153)

Motivated by _models

=D

for the formation of large scale structures
(Ostriker & C owie 81, AplJ, 243, .127; 'keuchi 81, PAS]J, 33, 211)

~1090 ergs explosions in early Universe
made the observed LSSs

But, now we accept ACDM origin of LSSs
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Superwind Model for DLASs

(Taniguchi & Shioya, 00, ApJ, 532, L13 [TS00]; 01, ApJ, 547, 146 [TS01])

' Originally, proposed to explain
1. Origin of Lyw-blobs (TS00)
2. Origin of chain galaxies (TS01)

But, also explains origin of DLAs
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Superwind Model for DLAS

(Taniguchi & Shioya, 00, ApJ, 532, L13 [TS00]; 01, ApJ, 547, 146 [TS01])

observer
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Properties of shocked cool shell - 1
(Taniguchi & Shioya, 00, ApJ, 532, L13 [TS00]; 01, ApJ, 547, 146 [TS01])

Initial starburst in L* galaxy at 2=5
=» Superwind causes shocked shell

Tshen =2.1 Gyr (Zshen = 1.6) <€—¢00ling time
Rshen = 160 kpc (}lg\gge ggpj)act parameter)

NHDshen=15x1020cm-2 (good for DLAS)
Zshen =4x10-4 (note that Zicm=2x10-4)

Chemical abundance pattern:

Type 11 SNe driven
~ consistent with that in DLAs

(a flat universe with Q,,=0.3, 2,=0.7, & h = 0.7)
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Properties of shocked cool shell - 2

(Taniguchi & Shioya, 00, ApJ, 532, L13 [TS00]; 01, ApJ, 547, 146 [TS01])

Shell width: ARghen ~ 24 kpc
Velocity dispersion: Avghen ~ 160 km s-1

Av observed

for DLAs

100 200 300 400
Av (km s

(Wolfe+06, ARAA, 43, 861)



~ Predictions of Superwind Model for DLAs |

(Taniguchi & Shioya, 00, ApJ, 532, L13 [TS00]; 01, ApJ, 547, 146 [TS01])

1. N(HI) is okay
2. Large impact parameters
Also, explains small values
3. Metallicty is consistent
4. Abundance pattérn is consistent
J. Velocity dispersion is consistent

&

' Since host galaxies evolved passively,
they are too faint to be detected.

Everything is fine !!!
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Ideal case for SHOCKED SHELL

[CI]l] mapping of proximate DLA of
 SDSS J124020.91+145535.6 @ z = 3.1

i1 IS YOSHIAKI TANIGUCHI 2013.1.00227.S

_ ALMA Detection of a Superwind-Driven Shocked Shell Associated with the Proximate DLA of SDSS
PROJECT TITLE: J124020.91+145535.6 at z=3.1
Pmlé:_'PAL L b S Yoshiaki Taniguchi PROJECT CODE: 2013.1.00227.S
‘f Cosmology and the High Redshift ESTIMATED - ESTIMATED
4 .
S S LS A Universe 12M TIME.: 140 ACA TIME.: >6h
j CO-PI NAME(S):
Large Proposals only

‘ CO-INVESTIGATOR Shioya; Katsuhiro Murata; Kartik Sheth
| NAME(S):

i SN

SPRESTREAPTRFAN TN

Yuichi Matsuda; Nobunari Kashikawa; Tohru Nagao; Masaru Kajisawa; Masakazu Kobayashi; Yasuhiro

: STUDENT PROJECT?

| : (Yes/No)

% EXECUTIVE SHARES[%)]: . RESUBMISSION?
(Yes/No)
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Proximate DLA of
SDSS J124020.91+145535.6 @ z = 3.1

proximate DLA  proximate DLA host quasar host

N

Verp=2000 km 572 Vexp = 2000 km s~
_

observing line of sight

quasar

“~__ superwind-driven

shocked shell
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Superwind model forProximate DLA of

SDSS J124020.91+145535.6 @ z = 3.1

-2000 km s-1 J A +2000 km s-1

zabS ﬂ zquasar

4210 £220
Wavelenzth (Ang)

(Hennami+ 09, Ap]J, 693, L49)

| Not Lya emission
' but undamped part of continuum



Observational Strategy

Observed range of absorption

P DLAred—edge PD LAcenter PD LAblu e-edge G H
459.450 462.665 465.932 v ( Z)

Red set Center set Blue set

| 461.765 463.565 |

459.1025 460.8275 464.5025 466.2275

( - = 0.9 GHz overlap, =0.15 GHz overlap)
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-~ Cosmic Shadow 2018
in Ishigaki

1. Galaxy Evolution, environment, & QALs
2. GRB, Cosmic Reionization, & QALs

3. HI & QAL Observations with SKA

4. Quasar/AGN, Outflow, & QALs

3. Galactic Objects, ISM, & QALs
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