i

| A ¥
e H -
o g e, . i e
- B
2 , \
L R -

[k
4
i
)
i
B

i

&

PFS-SSP Galaxy Survey Workshop



7'1 YYYYYYYYY TY'Y?.’ YYYYYYYYYYYYY T’YYY'.’
4

4+ Tremonti+ (2004)

My-Z relation

a0 The Mx-Z relation atz ~ 0.1 is
determined by the

spectroscopy of ~ 53,000
galaxies (SDSS).

Recent spectroscopic galaxy
surveys (zCOSMOS, DEEP?2)
determined the Mx-Z relation
at z > 0.b.

o ~ 103 galaxies per Az ~ 0.1

a0 Smaller than SDSS but .;W,.ff DEEPZ, 2 -~ 0.8
T ot o Zahid+ (2011)
statistically sufficient. O

12 + log(O/H)




"71 ??????? TY'Y"? YYYYYYYYYYYYY T'YYYY?
4

4+ Tremonti+ (2004)

My-Z relation

a0 The Mx-Z relation atz ~ 0.1 is
determined by the

spectroscopy of ~ 53,000
galaxies (SDSS).

Recent spectroscopic galaxy
surveys (zCOSMOS, DEEP?2)
determined the Mx-Z relation
atz> 0.5. > |
a ~ 10° galaxies per Az ~0.1 & |

o  Smaller than SDSS but DEEP2, z ~ 0.8
B o ’ Zahid+ (2011)
statistically sufficient.

12 + log(O/H)




Metallicity Indicator

a QOptical spectrographs do not
cover Ha, [NIl]6584 @ z > 0.5

o R23 = ([Oll]+[Oll])/H B
o pivalued

(7002) A9TMOY RANOTUNQOY]

a not metallicity sensitive
at 12+log(O/H) ~ 8.5

Extinction correction iIs
Important.

12+1og(0/H)

! | ! | ! | !

0 Shimakawa-kun’s talk - 95 10 105

log[M/Mg]




O

Metallicity (Z) of star forming
galaxies correlates with Mx and
also SFR (Ellison+ 2008)

Galaxies at wide variety of
redshifts agree with one relation
(Mannucci+ 2010; Lara-Lopez+
2010).

o Fundamental Metallicity
Relation (FMR)?

12+log(O/H)
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a

No evolution?

If the Mx-SFR-Z relation really
does not evolve, It constrains the

mechanism of galaxy evolution
(e.g. Lilly+ 2013, Forbes+ 2014).

Many spectroscopic galaxy
surveys double check the M10
relation.

Some agree with M10,
some disagree with M10,

others agree in log(O/H) value
but not in the gradient.

12+1log(0/H)

« [Nm) S/% 30 % Stacking Analysis

30 > [NN] S/N 2 1.8

L ] [Nu)S/X <15

* . " Mannuccl+10

10
log(M,)-0.32l0g(SFR)

Yabe+ (2014)




Impacts on Other Fields_

a

stellar explosion studies

a

SFR and metallicity are essential
parameters to understand the
production of GRB and SN lbc.

< 0.3 GRB host galaxies are low-
mass & low-metallicity.

a  small sample number

At z ~ T, number of GRBs increases.

Host galaxy properties also changes.

Understanding of SFR and
metallicity at Is necessary to
understand what is happening.

3.6 um absolute mag.
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Evolution Track of Galaxies
in 3D (M4 SFR, Z) Space

0 There are Mx-Z relation, and main
sequence (Mx-SFR) relation of galaxies low redshift £

at each redshift. F\ I
|

0 The relations evolve with redshift. high redshift \ \

Galaxies from various redshifts form a
surface in the Mx-SFR-Z space.

a This surface can be reproduced
without any SFR-Z correlation.

Testing the agreement of galaxies at
various redshifts to a surface in the 3D
space does not test SFR-Z correlation.
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Evolution Track of Galaxies
in 3D (M4 SFR, Z) Space

o There are Mx-Z relation, and main -
sequence (Mx-SFR) relation of galaxies - ~—
at each redshift.

O The relations evolve with redshift.

Galaxies from various redshifts form a
surface in the Mx-SFR-Z space.

a This surface can be reproduced
without any SFR-Z correlation.

Testing the agreement of galaxies at
various redshifts to a surface in the 3D
space does not test SFR-Z correlation.




Evolution of M4-SFR-Z relation

0 The Mx-SFR-Z relation of SDSS

galaxies in very narrow redshift bins
0z = 0.02 (Niino 2012).

Galaxies at z < 0.1 have higher

metallicity than galaxies at z > 0.1 with
the same Mx & SFR.

o The SFR-Z correlation exists even in the
Az = 0.02 bins.

o  The relation in each bin is different
from the relation of all galaxies.

Mx=10.25+/-0.05

. z=0.08+/-0.01
P : I

et
z=0.12+/-0.01 =

log Ms /Mgy, = 10.25 +/- 0.05

0.07<z<03
------------- z =0.08 +/- 0.01
R z=0.12 fr/- 0.01

0.4 0.0 0.4
log SFR [Mg,, yr'']




Evolution of M4-SFR-Z relation

log Mgiar/Mgyn = 10.5, log SFR [Mg,,yr '1=0.8 |
0.07<z<0.3
9.06 |

9.04

Only a small range of redshift
around z ~ 0.1 can be tested
with the SDSS galaxies.
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Systematic error may play a role: -
: _ Fraction of Flux in Fiber
a  fiber aperture (unlikely) T R —

a  Malmaquist bias (unlikely)

[Nelll]
. HL  Call  He

a  continuum S/N (unlikely)

f, ferg/sicm?/A)

0 More tests are necessary.

4300 4400
wavelength [A)




With fixed M, higher-z galaxies , SDSS, 2<0.1

have higher-SFR & lower-Z (green). ‘ ‘SDSS, Z >0

The SFR-Z correlation at each
redshift can be different from the
other surveys
Z.— S
@

green curve.

Metallicity may depend on both SFR

and redshift. M* fixed Z

g |n current studies, the two >
effects are degenerated. log SFR

0 |t can also evolve with redshift.

o The SFR-Z correlation is not
well constrained beyond z ~ O.1.

E
NS
Q
(@)
O
+
Q\/




With fixed M, higher-z galaxies , SDSS, 2<0.1

have higher-SFR & lower-Z (green).

The SFR-Z correlation at each
redshift can be different from the

green curve. other surveys

0 |t can also evolve with redshift. z~0.5

o The SFR-Z correlation is not
well constrained beyond z ~ O.1.
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With fixed M, higher-z galaxies , SDSS, 2<0.1
have higher-SFR & lower-Z (green). SBHSS 7 >0

The SFR-Z correlation at each
redshift can be different from the

green curve. other surveys
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With fixed M, higher-z galaxies , SDSS, 2<0.1
have higher-SFR & lower-Z (green). SBHSS 7 >0

The SFR-Z correlation at each
redshift can be different from the

green curve. other surveysg,

0 |t can also evolve with redshift. z~0.5

o The SFR-Z correlation is not
well constrained beyond z ~ O.1.
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Metallicity may depend on both SFR
and redshift.

0 |n current studies, the two
effects are degenerated.




Degeneracy
Between Parameters

12+10g(0/H)

o  Gas-phase metallicity of a galaxy
depends on Mx, SFR, and redshift.

10 10.5

= M*s SFR, and redshift also | " log(M.)-0.32 log(SFR)
correlate each other. AP AAAN

30> [NH) S/N 218
L] [Muls/N<1s

@ L
©

a  We need to solve complicated
degeneracy between parameters
to understand metallicity
evolution of galaxies.

a 2D projection is not preferable.

8.6
|

12+log(0/H)

8.4

8.2
—

10
log(M,)-0.32l0g(SFR)




Requirements

Determine log(O/H) of galaxies at
each Mx, SFR, and redshift.

o |ndependently from SDSS

e o)
> ¢

™
o]
R e

12+log(O/H)

<]

a  without 2D projection

(0102) +oonuUEp

What survey do we need? " log SFR

III‘]

Need to cover wide AlogSFR. - cumer

* Not clumpy

i

Below completeness

o dlog(O/H)/dlogSFR ~ 0.1 T F o200

o galaxy number drops outside of
the main-sequence.

o :‘ ,‘.', N

' oe -
.~. -

o AlogSFR ~ 0.5 (=10 of MS) — i L

10° 101°

Alog(O/H) ~ 0.05 Stellar Mass [M,]

(Z102) +wes
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Requirements

Assuming:
® ~ 1030 logMx [Mpc-3] below M-
V ~ 1070z [Mpc3deg]
owms ~ 0.3 dex
Ologo/H) ~ O.1 dex
O logMx%=0 logSFR=0 z=0.1

Error of mean = 0Oiog0/H)/Ngal'/2 < 0.01
requires Ngal > 100.

a (atx1 owms) qurveystample > 10 d692
[NI[] ~ TO-'7 [erg s''cm~]
e SERI=FC) [I\/onr'1], L = 09, fext = 0.5

(€10¢) +uozpineg

+ Not clumpy

Below completeness

(Z102) +wes

Stellar Mass |[M_]




o0 TJo understand the Mx-SFR-Z relation at z > 0.5, we
will need:

a [wavelength range from [OIl]3727 to [NIl]6584
a uptoz~0.9with PFS

Iarge SUrvey area qurveystample > 10 degz

0 good enough statistics with in small enough
parameter bins

o expected [NIl] flux ~ 1017 [erg s cm~2]

o not very challenging (?)







Spectroscopic fiber may cover
larger area at higher redshift.
Outskirt of a galaxy is metal
poor than its center.

o [arger covering fraction

log Ma /Mgy, = 10.5, log SFR [Mg,yr '1=0.8 7

star'"V'sun

may result in low-Z. | ooremeod
In reality, galaxies with larger
covering fraction show higher-Z.
O possibly due to the ref-Z

relation (Ellison+ 2008)

The gradient effect looks

weaker than the reff effect (~ - 080 we0 o4
the redshift effect). Fraction of Flux in Fiber

12+log(O/H)




z2=0.08 +/-0.01
0.14 +/-0.01

log Mg /Mg,, = 10.5
" log SFR [M,,/yr) = 0.8

a The limiting magnitude of the SDSS
spectroscopic sample (r< 17.7/7) may
play a role.

o The Ha S/N requirement doesn't
affect the high SFR population.

normalized number of galaxy [mag"‘. dcx"]

4.0 ¢

Separate z=0.08 sample into bright/
faint subsamples at Mr = -21.5.

4a1.2 418

Iog LH.a

a The bright and faint samples at
z=0.08 are consistent to each | =

. 0.8 | log M, /M, =105

other (Pks=0.31). F | i

a The bright sample @ z=0.08 is !
iInconsistent to z=0.14 sample
(Pxs=0.037).

).08, faim

0
08, bnght
14

12+log(0/H)




o

N0|se and Contlnuum Subtractlon

| composite spectra z=0.08 —

a  Galaxies with similar Mx and SFR would o
have lower S/N at higher redshifts. o | Mool Pararmeterc

z = 0.08, exponential SFRH (t = 5 Gyr)
age = 4.8 Gyr, E(B V) =0.24
Mgigr = 1 7x10" MSun SFR = 3.0 Mg,,/yr

v ikt S AR AR UL

a  Compose average spectra to obtain
very high S/N.

o  continuum S/N = 100
a  Rz3 and [Nll]/Ha of the average spectra a1 AR ;gem;;gggngpgavl)SFgT; 5 Gyn)

Mstar =2.4x10" M,Sun SFR = 4 2 Mg, /yr

evolves In a consistent manner. * * 00 e s 000

wavelength [A]

f, [erg/s/cm?/A]

10716

E\III]/HOL ' ’
[Nelll]
H; Call He

/\/\’\/\/\N\\A\ /\,\/y /\//\/\/V\,
l

1.8x10° 16
>

Q
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|
\ [Nelll)
HO  Hn . HE  Call  He |

log [NII}/Hox
f, [erg/sicm®/A]

8.0x10™"7

_“log Mx/Mo = 105
log SFR [Me/yr] =
0.10 0.12 0.14 . . ' ) . 4:;00 ‘ 4400

redshift wavelength [A)




Is it significant?

o The systematic difference
of Z In different redshift
bins Is tiny.

o -~ 0.0b dex

nanks to large sample of
SDSS galaxies we can
detect the evolution with
high significance.

o Pks <0.002

fraction of galaxies [< 12+log(O/H)]

log M, = 10.5
log SFR = 0.80
z2=008,014 _

pKS =2.1X 101/

v '... _,1—"_/
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’ I3

7

e
S

low z sample -
high z sample

9.0

9.1

12+log(O/H)

v

log Mgy, = 10.25
log SFR = 0.65

z=0.08,012

Prs=7.7x10" 7

. . i.' o
gr—
—

8.9

9.0

12+log(O/H)

log M,,,, = 10.0
log SFR = 0.50

z=0.08,0.10
Pys = 0.0015

8.9

9.0

12+log(O/H)

lOg M:;!ur =10.5
log SFR = 0.35
z2=0.08,0.14

9.0

12+log(O/H)




124log(O/H)

12+log(O/H)

- log Mgi,/M

sun=10.0 +/- 0.05

0.07<z<0.3
z =0.08 +/- 0.01
z=0.10 +/- 0.01 o

0.0 0.4
log SFR [Mg,, yr'']

lo-g SFR [M.‘.u;‘ yr"]'z 0.1

Iog M:slu/.M

0.12 0.14
redshift

-

0.50

0.65 -

0.80
0.95

sun

=105

-
L

log Mys Mg = 10.25 +/- 0.05

— 0.07<z<03
z=0.08 +/- 0.01
z=0.12 1—/- 0.01
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