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Introduction

Numerical Simulation
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Purpose

_Purpose:

Study outflow of star-forming galaxies at z~0-2

Method:

1. Large sample size

2. Same analysis

3. Same stellar mass range



Analysis
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Samples

Large sets of optical spectra

Normalized Number of Galaxies

Sample | z0-sample 'z1-sample z2-sample
Data SDSS DR7 DEEP2 DR4 Erb+06b,c

z E0.05<z<O.18§1.2<z<1.5 52.0<z<2.5
Line ENa 1D EMg |, Mg Il ECII,CIV
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Compare absorption lines that have

similar lonization energy (IE) and depths
z~0-1 : NalD & Mgl (IE ~ 5 eV)
z~1-2 : Mgll & CIl (IE ~ 20 eV)
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Estimate outflow components

Individual spectra

Stacked spectra
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Redshift Evolution (v

N N o
o)) o) o

N
N

2.2

04 06 08 1.0 1.2 14 1.6
log(SFR [Mgyr])

2.8 —
: Z~2
26F —Ae—

04 06 08 1.0 1.2 14 1.6
log(SFR [Mgyr])

out’ max)
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Outflow velocities increase
with increasing redshift.
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Mass Loading Factor n

Standard outflow model

O Fitting results N(H) A Cr
C't, Vout, IV (X")

O Assumption
R inner radius of outflow (effective radius)
(): solid angle (4m)

Vout?
Mass outflow rate o)
Moyye = mpQC RN (H)vout 4N
mass loading factor -
N = Mou/SFR ‘R

representing efficiency of outflow



Redshift evolution (n)
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n increase with increasing redshift
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Explanation of Outflow Evolution

Best-fit relation
v o (1 i Z)0.59j:0.03

Analytical relation
Shibuya et al. 2015

roc (1+2)71
At fixed SFR,

D SFR X (1 —|—Z)2 _
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Heckman et al. 2016 (z ~ 0) log(SFR [Meyr ™)
$1/3° 14 2/3
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Evolution may be explained by low-z relation.
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Summary

Sugahara et al. (submitted) arXiv:1703.01885

Purpose: Study redshift evolution of outflows

Methods: Use samples of star-forming galaxy at z~0-2
Derive outflow velocity U & mass loading factor 7}

Results:
1.V &7} increase at z~0—2 2. explained by low-z relation
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