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MaNGA (~10k galaxies)
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CARMA EDGE-CALIFA (125 galaxies at z—O 006-0.03)
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KMOS>P survey
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Disk modeling in KMOS?3P

in Wuyts+16 paper,
we derive Mdyn and 0o by contrasting the data with convolved disk models

data M disk model
LINEFIT code contrast DYSMAL code

(Davies+09, Forster Schreiber+09) (Davies+1 |, Cresci+09)
| extracting spectra in each spatial pixel characterizing morphology
or aperture re: effective radius 4
2. Gaussian fitting to derive rotation n: Sersic index from HST 0.2"-
velocity and velocity dispersion h: scale height resolution map
i: inclination v

PA: position angle

characterizing kinematics
v : rotation velocity (Mdyn)
o: velocity dispersion




high-z disks are highly turbulent

pressure support (asymmetric drift)

hydrostatic equation Burkert+10
2
Urot 1 dp
- = r)+ —— ’ 1
5 fe(r) o dr (1)

gravitational force pressure gradient (thermal pressurelS &R T= %)
l v; = f; X r (zero-pressure)

5 , rdp , 1 d (02). )

Vot = Vot —— =Yg+ ——— P

o dr o dinr

exponential disk
(see Burkert+10 and Binney&Tremaine 08)

circular velocity
r
2 11,2 2
Vd

observed
rotation velocity Pressure support

o KEWFERDTDEIIEEREHNIEL 185




Position-velocity diagram
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Dynamical mass

Wuyts+16 240 star-forming galaxies at 0.6<z<2.6
stellar mass fraction baryonic mass fraction
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DM halo mass

Exponential Disk within an NFW Dark Matter Halo (Mo+98) Burkert+16

+
DM halo parameter NFW Dark Matter Halo (Navarro+97)

(Mo, R Voo, ) oM ) = A + /)2
N (1) = Vi (P20) TS LA
DM 200\~ In(1+c)—c/(1+c)

disk parameter Exponential thin disk (Freeman+70)

(Mdisk, Rdisk, Vdisk, O°0) Y(r) = Xy X exp (—é)
malA Vi (1) = 4 GZo 10y [1o(y)Ko(y) — I () K1 ()]
2 A 2 RS N fcbEmnRE ICE W T,
Vire = Visk T VDM
CTer dTISk bM — disk CEtFH CE 3 L\ &
IFUELRIT—% HSTEAIT—% DMMNSDHFSEEZZ D

JRIERYIC (FEH] T — & H S halo mass & halo spin parameterh‘i§ 515

halo mass halo spin parameter
3

2 . —1
Ry 3
MDM _ Vvirial al _ Wyirial \ — /2 % ( Rd ) % ( Jd )

G 10GH (2) Ryirial JDM



Monte-Carlo search of halo parameter

T T I | T T T TR T T T Burkert+16
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red: observed properties and uncertainties
cyan: mean of converged disk-halo models
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Outer rotation curves
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V.. (km/s)
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turnover radius~2.16 rq

HX RCs of 2155 low-z disk galaxies
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Exponential thin disk (Freeman+70)

2(r) =Xy X exp (—L)

Fd

brighter
in |-band magnitude

V2 (r) = 41 GZo ray [ Io () Ko(y) — (MK ()]



Outer rotation curves

Genzel+17

c Major-axis offset (kpc)
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- outer rotation curves drop beyond the turnover radius

are they representative of high-z SF galaxies?



Outer rotation curves

Lang+17 stacking of 101 high-z SFGs Genzel+17
R/R,
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- falling rotation curves can be explained by two affects
1. high baryonic fraction
2. pressure support



Genzel+17
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Comparisons with low-redshift results

DiskMass survey (Martinsson+13, Bershady+10)
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- passive galaxies are probably the descendants of massive star-forming

- the low dark-matter fractions may be preserved in the properties of the

local passive population

IC0782

Sb
NGC2695

®
‘-

0 -
NGC4251

-

SO



Tully-Fisher relation (TFR)

Uebler+17 I R B N N T T T T [ T 1 |
- Reyes+2011 (z~0) — = Lelli+2016 (z~0) —
— (a=3.60, b=2.36) — (a=3.75, b=2.18)
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- at fixed velocity, higher baryonic mass and similar stellar mass at
z~2.3 as compared to z~0.9

- zero point offset is not monotonic



Toy model of baryonic TFR

I. DM Halo (Mo+98)
Vh3 Vi
= N Rh =
10G - H(z) 10H (2)

‘ Moar = my - Mp 5 Rbar =77 - R
constant

Mpar/ma=C1xRFH(z)?

3)

My,

2. Exponential disk (Freeman+70)

Veire () = V2, () + 12, (1), (D4)
¥ fom(r) = vEy (1) Ve (1)

Vbar2= ( 1 'f DM ) Veir®

vi (1) = 4nG ZoRyy [ Io(y)Ko(y) — [1()K1(y)], (D5)
ochar/Rd

Mpar/R=C2x ( 1 'f DM ) Veir?

_ vgirc(Re) [1 — fpm(Re, Z)]3/2 .
bar H(Z) m61i/2(z)

C 4)




Interpretation of TFR zero-point offset

Uebler+17 mgq is a dominant factor fpmMm is a dominant factor
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Tacconi+17
Baryonic TF relation  zero-point offset term = 2. disk mass fraction (Mba/Mpm)
R, 1 — R..z 3/2 mq=0.012 at z=0: Moster+ 13
My, = Clrc( Al fDl\l/I(z e: 2| C (4) mq=0.05 at z=0.8<z<2.6 Burkert+16
- H() m./*(2)
Stellar TF relation 3. dark matter fraction (Mpm/Mpbar at Re)
= B )25
~ Cer(R ) [1 _ fDM(Re, Z)]3/2 [1 — fgaS(Z)] C, (5) fDM(Re) =0.7 CXp[ (0.5 2)=7]
" H(z) /2 (2) ’ z=0: Courteau&Dutton 2015
d z=0.9,2.3: Wuyts+16




CO observations with ALMA

credit: ESO/NAOJ/NRAO
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z=2|c ¢ 5 E VR0 [&slow rotatorlc /s ?

Observations (Vealet16)
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a stronglv—lensed quiescent galaxy at z=2.6
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CO(J=1-0)

HIII-HHI GARYA EDGE

Bolatto+2017

CO(high-J)

CO velocity
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fine structure lines

a ULAS J1319+0950, z=6.132

[ClI] map

Carilli+2013
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