The future (and past) of
ground-based galaxy

evolution spectroscopic
surveys in the JWST* era?

Is there one!

Karl Glazebrook

*not TMT/GMT :~(
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Deep photo-z demographlcs
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e.g. Stellar mass function evolution

SFGs / QGs
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TOPiCS | will focus on (an_incomplete list...)

® Stellar populations
® Photo-ionisation
® Environment

® Kinematics
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Topics | will focus on

® Stellar populations
— rest-frame optics absorption lines, star-
formation histories, abundances, ideally for mass-
complete samples

® Photo-ionisation

® Environment

® Kinematics

Karl Glazebrook, SUT
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The recent revolution

MOIRCS

X-SHOOTER
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24 quiescent galaxies z~1.6 (Onodera+2015, MOIRCS)
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Zspec=3.7 1 7 quiescent galaxy — pure ZFOURGE
absorption line spectrum (8h MOSFIRE) '
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Zspec=3.7 1 7 quiescent galaxy — pure ZFOURGE
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Zspec=3.7 1 7 quiescent galaxy — pure ZFOURGE
absorption line spectrum (8h MOSFIRE) '
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Observed ancestors’
Need SFR > 1000 Moyr' at z>5 - =
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Topics | will focus on

® Stellar populations (JVVST wins)

® Photo-ionisation: puzzles

— z>2 emission lines now ‘easy’ from the ground
— we don’t know what is going on in the ISM...

® Environment

® Kinematics

Karl Glazebrook, SUT



‘Easy’ z~2 emission line spectra
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The GOOD news:
‘Easy’ z~2

SF galaxies
ONLY, |-2h with
MOSFIRE
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‘Easy’ z~2
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The BPT debate: what is up with ionisation!?

KBSS; Steidel et al. (2014) MOSDEF; Shapley et al. (2014)
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Kewley et al. (2013a,b) Kewley et al. (2015)
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Issues papers have raised: Denser SF regions?! Density

bound? Binaries? Stellar rotation? Abundance variations!?
IMF?
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Stark talk (Monday)

High lonization Emission Lines are Common among

Low Mass Lyman-alpha Emitters
Mainali+16, submitted, arXiv:1611.07125
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Madau & Dickinson (2014) Carilli & Walter (2013)
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Madau & Dickinson (2014) Carilli & Walter (2013)
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Usual SFR measures (demographics) assume
standard IMF and stellar populations...it’s been
a very convenient assumption for the last
decade but is it right?
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IMF of SF galaxies ZFIRE (Nanayakkara, KG,+2017)
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IMF of SF galaxies ZFIRE (Nanayakkara, KG,+2017)
N SPIMF
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IMF of SF galaxies ZFIRE (Nanayakkara, KG,+2017)
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i Line + continuum N = 46

—0.2 0.0 0.2 0.4 0.6 0.8 1.0

| J




IMF of SF galaxies ZFIRE (Nanayakkara, KG,+2017)

A Lineonly N = 56
i Line + continuum N = 46
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Photoionisation problems

® To explain hi-z ISM we really
just want to produce more/

harder ionising photons per
unit SFR

® Resistance to IMF change is so
we don’t have to re-calibrate
our terribly convenient SFRs,
stellar masses etc.

T'm right there in the room, and no one even acknowledges me.”

® However alternate solutions: e New Norker, 5, 18/00

Stellar rotation
Excess binaries

Also require us to recalibrate!
More palatable ...?

Karl Glazebrook, SUT




Topics | will focus on

® Stellar populations (JVVST wins)

® Photo-ionisation: puzzles (to be solved by
MOSFIRE etc. soon)

® Environment
— ‘the killer app?’

® Kinematics




log (1+delta) Over—density

Peng+2010 (SDSS, z~0.1)

3 ‘; I} T L]

v — ;j"-ri '1.

pa—y

log (1+delta) Overdensity

-1

9.0 | 10.0 ' 110 9.0 100 11.0

log Mass log Mass
__— _ .
0.4 0.6 0.8 1.0

dogSFR> What abOut Z>O 577 Red Fraction



fop

op

op

~~
()
.Z
(7))
wn
(qv)
o
~~
()
.Z
=9
O
«
N
.—

Peng+2010 (SDSS, z~0. |)

w0 LD (mass— motched)
—%— HD

Se'0525160

—%— LD

e LD (mass—matched) 3

—%— HD

=0 HD (mass—matched) 3

st

T —

CEi o

060523080

BT o

o VIPERS

9.0 o 10.0
log Mass

log (1+delta) Overdensity

log, Mass
1

11.0

0.4 0.6

0 1 0.0 0.2 ‘
w5 what about z>0.52? Red Fraction




Discrete objects

Shimikawa+2014 (MOIRCS)
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Number

— Spitler+2012

20
15

10

K< 24.8%2=2.1-2.3 -
(=)
()
O
S
o
o
Al
=
O
O
A
I BCGD || [BEG-AT [BCGC ' BCGE,

Red: Q,=3
Black: Q,=2

0=552 + 52 km/s-
f, from 57 members:
I

!

200 2.05 2.10 2.15 2.20 2.25 2.30
Spectroscopic Redshift

N
&)
S

N
N
ol

2.20

"""""""" R = = = | | =
= 1 arcmin = 500 kpc (z=2.09)
O z =2.09 members L
[ . Q,=2,3specz x. ®
F xQ,=1 o ! - D
° o // . \\
- 8.9 -
. P g~ -
GgUP‘F Group-E @ :X/.“.A o
: ®.@ @@/:’/:B@%@\\ .
@@ /C/,KE\/\ 1\ ¢ { @ /I @l
" @® ST e pr EJ'X,"“.'\'X"@@;"\I";'/"""""-'
.° b o x | o b \ | Xo\:\./// ) -
[ . . @ g@\/@d‘ ..
. N ° \\\ _ 6 "
i X X “@ %/ @‘ .
. fer e ‘@ .
i o®® -
------------- - - - - l -
150.20 150.15 150.10 150.05

RA (J2000, deg)

z=2.095 cluster
Yuan+2014

Yes you can do this with

emission line redshifts!
(1-2h exposures)




Spectroscopy (photo-z v spec-z)
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(Plot by Simon Driver) Photometric Redshifts (GAMAI)



Spectroscopy (photo-z v spec-z)
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SDSS at z~| needs to be done!

2

Prime Focus Instrument Wide Field Corrector

Karl Glazebrook, SUT



Topics | will focus on

® Stellar populations (JVVST wins)

® Photo-ionisation: puzzles (to be solved by
MOSFIRE etc. soon)

® Environment (PFS wins)

® Kinematics

— resolved spectroscopy, angular momentum
and small-scale kinematics/morphology
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TFR not that interesting...!?

Raw Methodology corrected
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Angular momentum: From haloes to galaxies

1700 A M, \**
Jnt =1 205 \0.04 ) \ 10120,

-------
____________
------------

4
>
M, p— M = fmMy
J= fjn
jA
.
>
M

Karl Glazebrook, SUT



First M-j measurements (Fall 1983)

Haloes

w
(8}
|

= fi~1

A catastrophe!
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| 1 1 | | |
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log (M/M@)

Adopted from M. Fall (Conference Proceeding 1983)



‘Replacing the Hubble Sequence’?

Romanowsky & Fall (2012)
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‘Replacing the Hubble Sequence’?

Romanowsky & Fall (2012)
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|6 ~M* spirals (THINGS) with well
1) Mass-Spin-Morphology plane measured j (HI, CO, stars)

'NGC 4736

0.3

.
N

Morphology
o

. o\ .
] 10 100 1010
Baryon Mass

Obreschkow & Glazebrook (2014) j — SPeCiﬁC GngUIar momentum U/M)



Does angular momentum
determine everything?

.9 SFin gg alaxies (KROSS)
9 Median (KROSS)

Early Type Galaxi es
S

pirals (discs) [median]

Decreasing : 93

e

* Does angular
momentum drive

morphology?

e ...and star formation
history*?
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Sersic index (n)

(Bower talk)



Does angular momentum
determine everything?

* Does ang:
momentu
morpholog

for fixed mass

e _..and star
history*?

for fixed mass

Sersic index (n)

(Bower talk)



DYNAMO Sample z~0.1

clumpy disks, ~30% molecular gas
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Ha flux [erg s' cm™]
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DYNAMO Sample z~0.1 clumpy disks, ~30% molecular gas
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o C22-2
M e D13-5

S o GO4-1
\ o G20-2

jS 0.¢ (1 _|_ Z)_l/z . / Regular disks:
e THINGS
[T 0.2

-

DYNAMO objects have low js
e for their mass Obreschkow, KG+(2015)




Relation to halo angular
momentum

* key guestion in galaxy
formation physics - how is disk between z=0 and z=1
AM related to the halo AM

® z~0.9 SFing galaxies (v/oy)>1 (KROSS)
z~0.9 SFing galaxies (v/o,)<1 (KROSS)

v z=0 Eanly Type Galaxies

m z=0 Spirals (discs)

Hy 1011 M

. ~1/3 2/3
Js,pred 4 0 —2/3 H[Z] M
kpe o 2.95 x 10 fjf* ( ) |:

Dutton et al 2010

* f+is fraction of gas that forms
stars; fjis fraction of angular

, 1. ' Isothermal halo
momentum retained , 2=0.035
) . fs(M,):Dutton+10
: : 10 11 12
* Why are jhalo and jstar related?

log(stellar mass) [My]

(Bower talk)

Harison et al 2016; Burket et al 2016
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Angular momentum explains HI content!

Obreschkow, KG+(2016) _ foam = min{1, 2,512}
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Summary

® Stellar populations (JVVST wins)

® Photo-ionisation puzzles (to be solved by
MOSFIRE etc. soon...?)

® Environment (PFS wins, SDSS at z~1, finally)

® Kinematics (ULTIMATEly a bright future from the
ground)




