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Gas regulator plot im Dunlop, Mark Swinbank, Helen Johnson,
David Sobral, Jorryt Matthee, Alfie Tiley

Madau & Dickinson plot
Tully-Fisher relations

BPT Diagram

David Sobral as collaborator
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Outline

1. Motivation/results from other surveys

’

~ 2. The KMOS Deep Survey

- rotation velocities and Tully-Fisher evolutlon between 0 <z < 3.5
. velomty dlspersmns and evolution between 0 < z < 3 5)
- the decline of rotation-dominated systems

» pressure sypport in the dynamical mass budget

3. Conclusmns + Future Work - attempting to study
| resolved chemical abundances W|th the KDS

Owen Turner - turner@roe.ac.uk I ‘Cambrid [
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Gas regulator model framework

halo

gas inflow into halo

gas inflow into galaxy wind outflow

— A

variable gas reservoir
star-

formation
long-lived stars

Owen Turner - turner@roe.ac.uk
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IES studies probing
multiple epochs

2
redshift
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M e.g. Stott+16,Tiley+16,Harrison+17,Johnson+17 .
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KMOS?0 z ~ 0.9 & 2.3 | __
e Wisn.ioski-i-1l5,Wu|yts1-18,Ul?le'r+'1?,Genzel+17,Lang+:|7
SFR | A |

-SFRMS.IO M.)=10.5 J— OOy
o KMos® e ..

— 10

" Havelocity fields .~

% g Selection of 250 -
N\ of the best-resolved ;/10
z~1 and z~2 galaxies |

8

.
" 1" (8kpe)
’ ’ 10110
o L ' =
Owen Turner - turner@roe.ac.uk I
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SlNS 7 ity 20 , e.g. Forster Schreiber+06,09,11,Genze|+08,Newman.+13
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KMOS

Owen Turner - turner@roe.ac.uk
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The KDS

2
redshift
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Survey Description

=== 7z~ 2.5MS polynomial fit (Whitaker+14)
— 7 ~ 2.5 MS power-law fit (Whifﬁ(er+1 4)
— 7 ~ 3.5 MS fit (Speagle+14) <
*%*% 2z~ 3.5 KDS: [O III] Detected

Ytz ~ 3.5 KDS: [O HijsUndetected

Owen Turner - turner@roe.ac.uk

~ 80 star—'forming galaxies observed with
KMOS K-band in search of [OIlI]5007
& Hf, reduced using our custom pipeline

63 with detected line emission, for
which we produce 2D maps of the

“flux and dynamics
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Analysis

- GALFITTING & visually inspecting
HST H-band images

- Using morpho-kinematic information
we define an ‘isolated field sample
of 33 galaxies

cdfs_lbg_24

arcsec

- Fittirig model velocity fields to providé
beam-smearing.corrected measurements

arcsec

- A single number for the velocit
velocity dispersion is extracte

Owen Turner - turner@roe.ac.uk I _Cambrid :
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Results - velocity vs. mass

=== KDSz~3.5fitto Vo/o;,; > 1
KDS z~3.5fitto Vo/o;,: < 1
¢ KDSz~35Vci/oi, > 1 4
$ KDSz~35Vc/oi, <1 |

e Lower rotation velocities at fixed
- ET mass..than in the local
Universe

=== Fit to z=0 spirals (Reyes+11)
KROSS z~0.9 Vo/oj: > 1
— KROSS z~0.9 Vo/o;,,: < 1

0.f 10.0 105 11.0
log(M,/Mg)

Owen Turner - turner@roe.ac.uk I
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Results - velocity dispersions

= |0g(M,[M;])=9.8 O'(Z,M*)O(fgas(zyM*)

. log(M,[M])=10.3
log(M,[M])=10.6

[O III], [O II] & Ha Tracers

¢
I
A
b
Y
A
*
A
3
o

10.6 - GHASP (E08)

10.3 - DYNAMO z~-2 selection (G14)
9.4 - MUSE+KMOS (S17)
9.9 - KROSS (H17)

10.7 - KMOS3P (W15)

10.2 - MASSIV (E12)

9.8 - MUSE+KMOS (S17)
10.6 - SINS (C09)

10.9 - KMOS3P (W15)

10.0 - LAW (L09)

9.9 - AMAZE:ALL (G11)
9.9 - AMAZE:CLEAN (G11)

@ 9:3- KDs (this study)

redshift

Owen Turner - turner@roe.ac.uk I

 We find a steady increase in the
mean velocity dispersion of
star-forming galaxies with redshift
using comparison samples with
range of sample selection criteria

« Turbulence driven by gravitational
instabilities and/or feedback from
star-formation can also increase .
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Results - velocity dispersions

— logM.Mc)=98  g(z,M,)ocf,e(zM,)
. log(M,[M])=10.3
. log(M,[M])=10.6

[O III], [O II] & Ha Tracers

. L _1
:gg - S;':f;((f:f)z selection (G14) 1 + ( 1 '5 X loa(M* ) (1 + Z)b(M* )+O()
9.4 - MUSE+KMOS (S17)
9.9 - KROSS (H17) ]
10.7 - KMOS3P (W15) 1 26
10.2 - MASSIV (E12) .
_ aMy) =-10.73 +
9.8 - MUSE+KMOS (S17) * .
10.6.- SINS (CO8) 1 + £(10.49-log(M,/M5))/(-0.25) /
10.9 - KMOS3P (W15)

10.0 - LAW (L09) 1.57
Az (1) . b(My) = 1.85 + 1 + (10.35-10g(M,/M5))/(0.19)

> ] %t [ TS @

9.9 - AMAZE:CLEAN (G11)

l. 9.8 - KDS (this study) . - T -
2 : Wisnioski+15 *l' -
redshift e - L

.

Owen Turner - turner@roe.ac.uk
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Results - declining RDF

» The'fraction of galaxies
dominated by ordered rotation is
declining with increasing redshift,
dropping to ~ 1/3 at z = 3.5 (direct
result of increasing dispersions)

10.3 - DYNAMO (Green+14)
9.3 - MKS (Swinbank+17)

10.1 - HR-COSMOS (Pellicia+17) )

10.0 - KROSS (Harrlson-_+17) ".,‘ ;
107 - KAD paren (Rodrpuese © o + « At high redshift it appears thatamany
A S | " typical star-forming galaxies are =
ik K dominated by random motiol

10.6 - SINS Parent (Férster-Schreiber+09)

102 SIGA (Simons+16) Important to understand

10.9 - K3D Parent (Wisnioski+15)
9.9 - AMAZE (Gnerucci+11)

9:8:KDSParent (Turner+17) =+ RDF = —0.2z +1 partitioning between fw'
and ordered rotation:

9.9 - MASSIV (Epinat+12)

Rotation Dominated Fraction

D
A
¢
»
<
<
Y
A
o
@
o
O

redshift

Owen Turner - turner@roe.ac.uk I
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FaC I lltles COU nCl l . Galaxies appear to spin up as they

assemble their stellar mass

= - u Strong mass dependence of
ReSUItS e deCIInln RDF Slmons+1 7 kinematic state known as kinematic
downsizing. Also objects transitioning
Redshift Redshift towards pure rotational support and
1 declining in dispersion support - lag of
less massive galaxies behind most
massive galaxies by several Gyrs.
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Sotat?

9.0 < ]()h M, 7(1/\/ < 10.0
() 0 < log M. .—o/Ms < 10.7 ® DEEP2

< log M, ,—o/ M, < 11.7 € SIGMA
1 I 2 1 1 I. ' 1 .l-.l .l 1 2 l 2 1 1 l.
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Lookback Time (Gyr)

Owen Turner - turner@roe.ac.uk
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I’ SIGMA low-z (Simo

[ AHDG high-z (Miller+11)

z=0.0

__[ SDSS disks (Reyes+11)

__[ SIGMA high-z (Simons+¥6¥1l

1

T L

[z=225

[ SINS (Cresci+09)
- z2=20

>
{e]
o
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LOF —_— .- fitto! 1O — 7=0 ref. - 1 1 1 1 1
i .. fitto! Velom > 1 8 ‘ - ! o
O 1 1 1 X S zlitoor 1 1 L $ L ’ 1 ! . ! ! ' .7'_']
_ 3 9 10 oL . v 3 9 10 1 12 [ Local spirals (Romanows T T
- ] ' . i log(M./M) b Velo log(M./Mg) “Tz=00 ,iL KROSS (Harriso
__| P05 (Pizagno+05) AKS low-z (Swinbank+1 : 5 5 0 ¥ EA— } MASS|Y (Epinat+12) z=0.9
“lz=00 1=0.65 log(M./Mz) q1.2
N “Tz=125 J o
—_ (= £
0k - - F b BH t
=3 T
_— kel r
; (119 1 * - /H sk i
g b y /ﬁ T }ﬁ! |
L i i | fitto all
' # , + TS Al fitto Vel >
jl, — fittoall Lok J it to Velorine <
=« fitto Voloine > 1 4 o LOE — y l 20 ret
v fit10 Velarine < 1 fitto all } ol | Vo w4
o fitto Veloi > 1 1 — 2=0ref. o eepe fitto Velgine > 1 . L . ! ! ' !
T T T T 7 - A Veloine>1 - R T :t):r\:l lint <1 ’ . T T T . IMAGES (Puech+08)
.| Local Sa,Sb (Williams+10) % ] . . . A Voom<1 Lok o L Voloms1 . , -| 3D high-z (Wisnioski+15) 1 Tz=06
z2=0.0 3 9 10 11 12 = b Velow <1 8 d 10 z=23
loa(M./Mx) ! - 1 L. s v log(M./M;
T T T T fa— X L. . .
. HR-COSMOS (Pellicia+17) T T T T T T T 0k
ok “Tz-09 1 1 KDS (Turner+17) [ K3D low-z (Wisnioski+1Q ok Jd__
—_ W 3 z=35 “1z=09 - >
> ; ‘2 g
<3 7 B (! = kel
Ke} 7 A Ke) 1ok
2.0 et -
1ok _ !-‘ ok 1.5 -
< ’ o — fittoall
3 | 1 < -+ fitto Velou
-ttt - [ I ] 8 fitto Velos > 1 Lof — 2=0ref.
1.0} —_— ’ ! } fitto all sk 1.0} — 70 ref. - ¢ Veloim >1
Vel [ L Velom > 1 1 1 1 L !
1 1 1 ¢ 1 l <=e= fitto Veloin > 1 — fitto all 1 1 1 . 1 > 1 S ! 10 1 1
3 m 10 | { fit 1o Velorin: < 1 -+ fitto Ve i 8 9 10 ' 12 log(M./Mg)
|og(M'/M 5) I — 2=0ref. - fitto Vele |og(M'/M o)) » - e i
1.0 3 Veloine > 1 -4 — 20 ref. eeee flo o e _ . . R
b Velom <1 é Veloim > —— 2—0ref. .« o F
? L 1 f‘ ¢ Velowm < ¥ Velome>1 ‘ -
10 I ] 1 L 1 L 1

Owen Turner - turner@roe.ac.uk :
. -_.%i.“'.v".'..»- )

log(M./Mg)

1
10 11 12

log(M,/M)

& - LA™
1 v s .
] T0 11 s 4
log(M./My) - .

P

I ‘Cambridge 2017 E

FUEN

E#iss‘ion Lines with MOS



Science & Technology
Facilities Council

evolution

G F All 1 4 1 1 Voo L > 1 i _.LA' 8.8 - MKS (Swinbdnk+17) U "4 9.3-mks¥swinbank+17)
© 0 —l — L ClUant 9.7 - HR-COSMOS (Pellicia+17) & 9.5-SIGMA (Simons+16) ==
~ - L ] L 2 9.7 - KROSS (Harrison+17) ® 10.0- SIGMA (Simons+16) o
Q B T T ¥ 9.8-MASSIV (Epinat+12) @ 9.7-KDS(This study) 1
- o - L -
| () . 2 — —— —— -
_ ‘ - ‘ - -
] - - -
N . m . -_ m * . - -
QA 0.0FF-- . po---- +&-- ’* ................. X1 Veloine < 1 -
. [ | [ q>
.. . E 3 A F 3 o
o - L -
w . A - ’ - -
 _02k - A - -
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2 . A -_ L -
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. —04k e e 4‘ -
2 " & 10.8-Local Sa-Sm (Romanowsky+12) 9 10.5-K3D (Wisnioski+15) "I % 10.8-Local Sa-Sm (Romanowsky+12) 4 10.5-K3D (Wisnioski+15) "J" y
> " @ 10.3- P05 (Pizagno+05) ¥ 9.9-MASSIV (Epinat+12) I @ 10.3- P05 (Pizagno+05) ¥ 10.1-MASSIV (Epinat+12) T .
> () 6 '_. 11.2- Local Sa,Sb (Williams+10) A 9.9-MKS (Swinbank+17) _' '_ $ 11.2-Local Sa,Sb (Williams+10) A 10.0- MKS (Swinbank+17) _-_ o _'
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O L ® 10.3-IMAGES (Puech+08) ® 10.2-ZFIRE (Straatman+17) . @ 10.5-IMAGES (Puech+08) ® 10.2-ZFIRE (Straatman+17) & o
— _ () 8 A 9.3- MKS (Swinbank+17) ® 10.0-SIGMA (Simons+16) mmlem A 9.4 - MKS (Swinbank+17) ® 10.2-SIGMA (Simons+16) llem - -
()] i 8 10.3- AHDG (Miller+11) 10.5- K3D (Wisnioski+15) o 10.3- AHDG (Miller+11) 10.5- K3D (Wisnioski+15) o .
> . 10.1 - HR-COSMOS (Pellicia+17) $ 10.0- AMAZE (Gnerucci+11) o 10.2- HR-COSMOS (Pellicia+17) $ 10.0- AMAZE (Gnerucci+11) s s
1 (’) .I I 12.0 -IKResSI(HTrisen+1I7) n a I .I 2.8 -IKD§ (Tiis sltUd!) I l. .I I 10I'1 -IKnessI(HTrisgn+1I7) I I I .l 2.8 -IKDE (Tnls sItUd!) a l. .I I B n n a I I n B n l I I I n l B I I I.
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redshift redshift redshift

Turner etél. in prep _ ,.
Unclear whether the relationship evolves or not (in thi

-
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representative of parent +——— z ~ 0 disk analogues

population

4
4
B>
>
A
4
A

TF velocity zero-point offset

@< e

0 1 2
Ve /oin: Offset

Owen Turner - turner@roe.ac.uk

MKS low-z (Vc/oine > 1)
MKS low-z (Vc/oine > 3)
HR-COSMOS (Vc/oin: > 1),
HR-COSMOS (Vc/oin: > 3)
HR-COSMOS (Vc/oin: > 5)
KROSS (Vc/oin:e > 1)
KROSS (Vc/Tint > 3)
KROSS (Vc/oin: > 5)

K3D low-z

MASSIV

MKS high-z

SIGMA low-z

SINS

ZFIRE

SIGMA high-z

K3D high-z

AMAZE

KDS
KDS (Vc/oin: < 1)

Sample selection can be
understood in terms of the median
ratio of velocity to velocity
dispersionfor the star-forming
galaxy samples. Those :
characterised by higher V/c show
positive ‘stellar mass TF evolution.
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z ~ 0 disk analogues «—— representative of parent

population These z=0 disk analogues are a
% small fraction of the parent
¢ = 0 population at each redshift (and not
- representative of the star-forming

‘{‘ no TF eTvqution population at that redshift)

'MKS low-z (Vc/oine > 1)
MKS low-z (Vc/oine > 3)

HR-COSMOS (Vc/oine > 1) o ’
HR-COSMOS (Vc/0in: > 3) The take home - the deg ree of
HR-COSMOS (Vc/oin: > 5)

KROSS (Vo/rine > 1) evolution observed is a

KROSS (Vc/oine > 3)

_ : AP
KROSS (Ve > 5) consequence of sample selection

K3D low-z
kS high-z When evolution is seen it ref
s the build-up of stellar
ZFIRE ol

SIGMA high-z gaIaXieS-

K3D high-z
$ AMAZE
KDS

>

4
4
>
P>
A
4
4
4

TF velocity zero-point offset

o

04 06 08 10 12 1Li L6 RITGEEEEINENe
normalised parent fraction 3

Owen Turner - turner@roe.ac.uk I Cambridge 2
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Results - pressure corrected velocity vs..mass evolution

L 1 1 All I I 4 1 I Vo L > 1 i _.LA' 8.8 - MKS (Swinbdnk+17) U "4 9.3-mks¥swinbank+17)

0 —l — L ClUant 9.7 - HR-COSMOS (Pellicia+17) & 10.1-SIGMA (Simons+16)m

4y . L 3 L 2 9.7 - KROSS (Harrison+17) ® 10.0- SIGMA (Simons+16) o

(%) B > T o T ¥ 9.8-MASSIV (Epinat+12) @ 9.7-KDS(This study) 1

~ () 2 . L L o

— —— —— _—

Q. : o ¢ © O

. @ ’ ‘ E @ . o

| : A ¢ 1 a® Y ¢ ¢ 20 v g :

0.0 §------ccmcmmmmmcaanaaaaan. R 1 -

N . L ] A - -

Q o - . -

- - o - - -

w . -_ - -

CU . -_ . -

o - . -

s _04F 4 4 Voloint <1 -

. o - -

0 [ ¥ 9.9-MASSIV (Epinat+12) T ¥ 10.1-MASSIV (Epinat+12) T ]

> . () 6 - % 10.8-Local Sa-Sm (Romanowsky+12) A 9.9 - MKS (Swinbank+17) -t % 10.8-Local Sa-Sm (Romanowsky+12) A 10.0- MKS (Swinbank+17) -t -

. i ® 10.3- P05 (Pizagno+05) @ 10.1-SIGMA (Simons+16) i | & 10.3- P05 (Pizagno+05) & 10.1-SIGMA (Simons+16) XL i

) | @ 11.2-Local Sa,Sb (Williams+10) 10.6 - SINS (Cresci+09) L & 11.2-Local Sa,Sb (Williams+10) 10.6 - SINS (Cresci+09) L J

.S L & 10.3-DYNAMO (Green+14) & 10.2-ZFIRE (Straatman+17) L & 10.3- DYNAMO (Green+14) & 10.2-ZFIRE (Straatman+17) 1 .
> _ ( ) 8 A 9.3- MKS (Swinbank+17) ® 10.0-SIGMA (Simons+16) malem A 9.4 - MKS (Swinbank+17) ® 10.0-SIGMA (Simons+16) mllem - %

i 8 10.1 - HR-COSMOS (Pellicia+17) 10.5- K3D (Wisnioski+15) 10.2 - HR-COSMOS (Pellicia+17) 10.5- K3D (Wisnioski+15) o

9 10.0 - KROSS (Harrison+17) $ 10.0- AMAZE (Gnerucci+11) i 10.1 - KROSS (Harrison+17) $ 10.0- AMAZE (Gnerucci+11) i o

1 () . <nl 10.5-K3D (Wisni'ski+15) I @ 98-KDS (Tiis study) E 5 ql 10.5-K3D (Wisniiski+15) I @ 298-KDS (Tnis study) T I I I o

0 1 2 3 0 1 2 3 0 1 2 3
redshift redshift redshift

Turner et#l. in prep

Vtot offset from local Universe indicates paucity of stella " m
in relation to dynamical mass at intermediate and hlg

Owen Turner - turner@roe.ac.uk
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/Bz - /Bref

10.8 - Local Sa-Sm (Romanowsky+12) 10.5 - K3D (Wisnioski+15)
10.3 - P05 (Pizagno+05) 9.9 - MASSIV (Epinat+12)
11.2- Local Sa,Sb (Williams+10) 9.9 - MKS (Swinbank+17)
10.3 - DYNAMO (Green+14) 10.1 - SIGMA (Simons+16)
10.0 - AHDG (Miller+11) 10.6 - SINS (Cresci+09)
10.3 - IMAGES (Puech+08) 10.2 - ZFIRE (Straatman+17) 10.5 - IMAGES (Puech+08)

9.3 - MKS (Swinbank+17) 10.0 - SIGMA (Simons+16) 9.4 - MKS (Swinbank+17)

10.3 - AHDG (Miller+11) 10.5 - K3D (Wisnioski+15) 10.3 - AHDG (Miller+11)

10.1 - HR-COSMOS (Pellicia+17) 10.0 - AMAZE (Gnerucci+11) 10.2 - HR-COSMOS (Pellicia+17)
10.0 - KROSS (Hayrison+17) 9.8-KDS (T 10.1 - KROSS (Hayrison+17)

2 ' 1
redshift

10.8 - Local Sa-Sm (Romanowsky+12)
10.3 - P05 (Pizagno+05)

11.2- Local Sa,Sb (Williams+10)

10.3 - DYNAMO (Green+14)

10.0 - AHDG (Miller+11)

Velocity vs. Mass
PO Sl O
D1 @ S o O e

Turr;er et#l. in prep

Owen Turner - turner@roe.ac.uk I

8.8 - MKS (Swinbank+17) 9.3 - MKS ¥swinbank+17)
9.7 - HR-COSMOS (Pellicia+17) 9.5- SIGMA (Simons+16)
9.7 - KROSS (Harrison+17) 10.0 - SIGMA (Simons+16)
9.8 - MASSIV (Epinat+12) 9.7 - KDS (This study)

K3D (Wisnioski+15)
MASSIV (Epinat+12)
MKS (Swinbank+17)
SIGMA (Simons+16)
SINS (Cresci+09)
ZFIRE (Straatman+17)
SIGMA (Simons+16)
K3D (Wisnioski+15)
AMAZE (Gnerucci+11)
9.8 - KDS (This study)

2
redshift
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Conclusions - from KDS and other surveys spanning 0 < z <3

e Sample of main-sequence galaxies-observed,' with IFS at z ~ 3.5

e Strong dynamical evolution of typical star-forming galaxies. Random - |
motions begin to dominate over rotation at z > 3 and form a significant
part of the dynamical mass budget

 Evolution of scaling relations like the stellar mass Tully-Fisher relation
dictated by sample selection criteria. Taking this into account can .
resolve literature discrepancies | _ s

* These observatlons are consistent with a hot, turbulent formatl o] '
-plcture, after which star-forming galaxy disks gradually bU|I d &
settle into entities supported by ordered rotatlon

Owen Turner - turner@roe.ac.uk I ‘Cambridge
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Results - pressure corrected velocit

| --- KDSZ~35fitto Ve/ou > 1
KDS z~.3.5fitto Vo/o;,,: < 1
- ¢ KDSz~3.5Vc/o, > 1

" § KDSz~3.5 Voo, <1

L = .- KDS ZN3.5 ﬁt tO VC/Uillt > 1

_ KDS z~3.5fitto Vc/oint <1 === Fitto z=0 spirals (Reyes+11)_

¢ KDSz~3.5Vciioin: > 1 -  KROSS z~0.9Vc/oin: > 1
—  KROSS z~0.9 Vo/o;,: < 1 " ¢ KDSz~3.5Vcloin <1 — KROSS z~0.9Vc/oin < 1
B B B B l a B 'l B B B I B B B I l l I

aal aal 2 PR A a2 3 L 2 3 2
10.0  10.5 11.0 5 9.0 9.5 10.0 10.5 11.0
log(M,/Mg) log(M,/Mg)

=== Fit to z=0 spirals (Reyes+11)
—— KROSS z~09 Vo/ojpy >1 7

Owen Turner - turner@roe.ac.uk
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cf. Kassin+07,12 So.5s parameter
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