Flat Rotation Curves of z~1 Star-Forming Galaxies and Evidence of Disk-Scale Length
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MeHsieTca nn oopma Kpuson BpalleHuns ot z (Genzel+17: cnagatoT Ha z~27?)
Mpobnembl npu patote ¢ K aaHHbIMK obtowopoB ¢ KMOS Ha z~1

HeT AO, noatomy paspelieHme 0.5-1" (8 kpc) npu pasmepe ranaktmk 2-3"

Beam smearing (npuwno 13 pagnoHabniogeHnn Ha 21 cm):

- YNIOLWEeHNe rpagueHToB

- yLlumMpeHue JIMHUn

=> 3D-BAROLO (Teodoro & Fraternali 2015): nogroHka kyba ¢ y4eTOM paspeLleHus

Bbicokas TypOyneHTHOCTb ra3a — Hao BbIMOJSTHATL KOPPEKUMIO 3a AaBrieHne
(aCMMMETPUYHBIN apend)
=> Asymmetric Drift Correction (ADC) using the approach published in Weijmans+08

DATA: KMOS: 24 arms with 2.8x2.8"@0.2"/spaxel
KMOS-Redshift One Spectroscopic Survey (KROSS) , Harrison et al 2017
Targets from: E-CDFS, COSMOS, UKIDSS, CF-HIiZELS

409 out of 586 KROSS objects, <z>=0.85:
- F(Ha)>1.5e-17 erg/s/cm2
- No evidence of AGN
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mailto:2.8x2.8''@0.2

e : http://astro.dur.ac.uk/KROSS/
= KMOS Redshift One Survey (KROSS)

Home Team Data Publications Movies

Datacubes and Data Products

Datacubes and data products for the 586 H-alpha detected galaxies in the KROSS survey
Datacubes for all 586 galaxies [1.2Gb] (posted: 24/04/2019)

H-alpha intensity maps [2.7Mb]

H-alpha velocity maps [1.0Mb]

Halpha line-of-sight velocity dispersion (sigma) maps [1.3Mb]

Catalogs (Version 2)
Johnson et al. 2018 (arXiv:1707.02302) combined with Harrison et al. 2017 (arXiv:1701.05561)
+ Version 2 (fits table) (posted: 17/07/2017)
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http://astro.dur.ac.uk/KROSS/

3D-BAROLLO

- tilted-ring i.e. non-parametric: v(r), o (r)
- radial binning

As we have mentioned earlier in the introduction, previous KMOS
work with large samples looking at rotation curve shapes did not
do full 3D-modelling of the datacubes. Instead, they exitracied the
one-dimensional velocity profiles (V(R)) along the major kine-
matic axes of 2D welocity maps. Even the beam smearing correc-
tions were applied with simple systematic corrections using the
technique discussed in Johnson et al. (2018). In our work, we

r

- fixed: (xc,yc), inclination (!)
- PA — usually PA(phot), but in some cases PA(kin)

Model maps:

EMOS H. Image

MMomentl

Moment2

Rotation Curve

Disperssion Curve

T 7 100
Thavipe z1_1821 an
a0 ¢ £ 180
m ‘- _ 200 £
0 b + 3 TE0
] E =
20 b 20 Ut } { 1y E
I % % : q
10 F - e 10 ~200 £ *} } 20
18°C2E" 2 E | .} ]
0 ) L i 0 . K L L 1 Ay
0 20 40 O 20 40 -2 0 2
X pixles X pixaels X pixels R (arcsec) B (arcsec)
EMOS H, Image Momentl Moment2 Rotation Curve Disperssion Curve 100
Tezvipe z1 A7AD ] E
40 | 1 180
200 1
30 F ] ; (] r‘i
0F = {: % 1g B
or o b, ¥ {1 { H }; -
10 F -I » —200 § }{} %}% EJIJ
287028 il
0 1 L L :. JI. E
0 20 40 o 10 20 30 o 20 30 —2 0 2
X pixles X pixels X pixels B larcsec) B (arcsec)

Cemunap VOLGA 11/05/2020, Moucees

(R.), optical radius (R, = 1.89 R.), twice optical radius (Row = R2opr = 3.78 R.)
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ADC

(2008). For spherical symmetric potential, under the assumptions
of Weijmans et al. (2008) asymmetric drift corrected circular ve-
locity (VADC) can be defined as:

dint doz 1
ADC _ 2 _ R R St —1
VAPE =V, Gﬁ[az +op 5 (1 [i,q}] km s (1)

where V; is observed line-of-sight (LOS) velocity, o is observed

velocity dispersion, £ is surface brightness profile , and ag = a"’;V+

is the slope of velocity profile. In Figure B1. B2 & B3. we have
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3.0
[ @& 012 Sample #

')

| 2?2?2without ADC some of the velocities

; {are < 30 km/s
3 {which is not physical ?7?
% éADC — cywecTteBeHHo ansa Vout<100 km/c

1Ha 6onblmx ckopocTsx (rotation

{dominated) v Tak xopowaga Koppenauns

| Vout-ADC

0.5 1.0 1.5 2.0 2.5 3.0
log(V, [kms IJ]

beam smearing has increased the
median rotation velocity by 10-12

Figure 6. Shows a comparison of Asymmetric Drift corrected and uncor- km/s, whereas ADC has increased
the median rotation velocity

For an exponential thin disk, the rotation curve of stellar compo- more than the 50% from its initial
nent of a galaxy follows surface density: Ep (R) = :%?;r exp (if) value
D

(Freeman 1970), where Mp 1s disk mass and Rp 1s disk radii. Un-
Ho He cka3aHo, ansa kKakux Vout!
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BuHbl no 50 km/c no Vout
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ADC and non-ADC RCs appeared the same, but statistical results (variance and
standard deviation) of AD corrected RCs wins over non-ADC Rcs

Pasbpoc RC ot cpegHero ymeHbluaetcs 1.5-2 pasa
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_ _ OpauH n ToT Xe Bknag DM ana z=0 n 1!
Umversal Rc_)tatlor? Curves total mass is same in z~1 and z=0 star-forming galaxies
(URC: Persic+96; Salucci +07) and it does not evolve over past 10 Gyr

\ BUT: z=0.85-1 — age ~7-8 Gyr

z~1: bin 50-100 (42)

z~1: bin 100-150 (52)
z~1: bin 150-200 (59)
z~1: bin 200-250 (15)
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2~ 0: bin_50-100 ® :~1:bin 50-100

z~0: bin_100-150 & z~1:bin 100-150
2~0: bin_150-200 @ :~1:bin 150-200
2~ 0: bin_200-250 @ :~1:bin 200-250
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OBOSIOLUNS pa3mMepa 3Be3HOro AMcka rnpu Tom xe macce?
Bonee 3HayMma anst MaccuBHbIX (BbICTPO BpaLLAOLLMXCS CUCTEM)
bonbwaga yactb 6aprMoHoB — eLlle B popme rasa?
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[nckyccmnsa 0 HOPMUPOBKE KPUBLIX BpaLLeHUs
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Figure Al. Shows the comparison of z ~ 1 normalized RCs with previous

studies. Normalized RCs from this work is shown by Red circles with error
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» BrnepBble ogHOBPEMEHHO Ha DOsbLLION BbIOOPKE Aanekux ranakTuk BMECTE MPUMEHEHbI YYET
beam smearing (3D-BAROLLO) wn acummetpuyHoro gpendya. Btopon addekt — bornee
Ba)XeH, UCNpaBIisieT CPeaHIo KpUBYLO BpalleHns donee yem Ha 50%

» Kpusble BpalleHns Ha z=0 n 1 ranakTuk co 3se3goobpasoBaHneM — UOEHTUYHBLI. OOLas
Macca ranakTuk He 3BOSIILMOHMPpOBara Ha 3TOM MPOMEXYTKE..

e 3HauuTenbHaga 9BOMKOUMSA WKanNbl 3Be34HOro Ancka, Ha z~1 oH elle He “Havan
9BONOLUMOHNPOBATb Kak PyHKUMS NOMHOW Macchl rasno”

Mou 3amevyaHums:
KpacuBo M3rnoxeHo, noaxon K aHannady npasunbHbin, HO:

- HebpexHocTb ¢ undpamu (age 10 Gyr => z=2, He BUOHO NPUHLNMMASIBHOIO YITydLIEeHNS OT
ADC gnsa V>100 km/c, Torga roe a1 50%?, cpaBHuBatT RC <z>=2 1 0.85...)

- HekoTopble npumMepbl NOSIEN CKOPOCTEN — NPOCTO He NOKa3bIiBalT BpaLLEHUS
- icnonb3oBaHue gucnepcum ckopocten moHmsoBaHHoro rasa ans ADC — He oyeBUAOHO

(SAOAYHA ona SIGMA-FPI 1)
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UGC 8508 (SDSS)

ag/v>1
in REGULAR ROTATING
gaseous disk!

He image
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An asymmetric drift correction isn't applicable
to ionized gas motions

Moiseev & Lozinskaya (2012)



Probing the AGN Unification Model at redshift z~3 with MUSE observations of

giant Lya nebulae _
Jakob S. den Brok,!2* S. Cantalupo,! R. Mackenzie, ! R. A. Marino,! G. Pezzulli! arXiv:2005.01732
J. Matthee.! S. D. Johnson.** M. Krumpe.® T. Urrutia.” W. Kollatschny® MNRAS ?2°?

oHM3aUNOHHBIE KOHYCA Ha BOMbLUMX Z, orpaHnyeHne Ha reomeTputo AGN...
HabnoaeHus Y®, casuHyToro B onTtuky, Ha MUSE

Ho ecnu Lya- tymaHHocTten B AGN Type 1 (=QSO) Ha z=3 nssectHo mHoro ( ~100),
TO B Type Il - noytn HeT (cnoxHee nckatb B 0630pax)

3aecb — 4 type 2, z>3 MUSE 1x1 arcmin, 0.2", seeing~0.6"

HanpeHHble B 063opax MUSE-WUDE, MUSE-Deep...

Table 1. Sample of Type II AGNs.

Number AGN Name Obj. ID# R.A. decl. zl_:'at_ ZLye © Exp. Time Lf,;{ c isg
(12000) (J2000) [hr] [ergs']  [mag]
1 Bulb 04:22:01.5 —38:37:19.0 3.0984 20 24.5
2 UDF 09 00005  03:32:30.7 -27:48:50.2 3.072 3.0687 10 8.0x 104 224
3 Cdfs 04 05479  03:32:18.8 -27:51:35.5 3.661  3.6620 1 2.8% 104 245
4 Cdfs 15 06204  03:32:20.8 -27:51:05.9 3.710  3.7027 1 4.5% 104 257

Buibopka cpaBHeHua: 19 type | AGN (Borisova + 16)
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SB Lya [10~18erg/s/cm?2/arcsec?]
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Adra00 ["]

He Il 1640 — in deepest data

Table 2. Measured Nebulae Properties

Name  zf . Line rg. Fhuxe Al
[pkpc] [ergs! em™?]  [A]
Lya 75 6.6 % 10-16 58.8
Bulb 3094 gy 50 4.0 x 10717 40
Lya 62 1.7x10-T6 17.5
T
UDF 09 30687 Y 0 Lpaetl 1ns
4 9 [
cdfs 04 36620 e 48 2.1x 107 39
He1 - _ _
I3 -
Cdfs 15 3.7027 Iﬁz‘]’l 9_9 5.7 X_'fr 48_~.8




OueHKka acUMMETPUYHOCTU pacnpeaeneHus

(uncTo reomeTpudeckm, Ge3 y4eTa Beca ot notoka)

]
e o
_ _ e o
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Mxx . <r—1),My_~p = (r—l ___________ ._'__‘:_df_sil_s:_rie_dl_a_n_trﬂil_-
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Mx}, = ( 2 w 0.6 ~UDF na Median Type Il
§ Cdf 'a:'
D, 0.4 ® s
[w]
1 (Mo = Myy )2 + (2My 2 0.2-
L+ (M = Myy )2 + (2Myy 2
0.0 T | .
42 43 44 45 46
~1
(a=1 — Bce Kpyrnoe) log Liyq [erg s

Figure 4. The asymmetry described by the parameter « based
on the routine described in Arrigoni Battaia et al. (2019) versus

lies below the 25 percentile range of the type I AGN sample.
A Welsch t-test returns a p-value of p = 0.097 indicating
a 10% chance that the type I and type II population fol-

low the same @ distribution. It is interesting to note that
TT 1 4 T & AAT 1 1 1 " 1 1 ry®
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dypbe-aHanms: 3Ha4nMMo BbITSHYTbl BHELWHME obnacTtu (r>25 knk) B 3x u3 4x Type Il AGN

Median Type | sample
bulb

UDF 09

Cdfs 15

Cdfs 04

r [pkpc]

[Toyemy HeT adpdrekTa B Cdfs 04:
LeHTpanbHaa obnactb
CUMMETPUYHas, a ganblue
amucemnga crnabas.

BuayanbHO e — BbITAHYT!
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Tunbl | n 1l Gonee-meHee oaANHAKOBLI MO CBETUMOCTU U pancpeaefieHnto SSpKOCTU B
nnHUn Lya

(ocnabneHne BHelHUX obnacten type |l — 3a cyeT Kpyrnbix anepTyp y BbITAHYTbIX
00beKTOoB)

OTcroaa BbIBO, YTO 3TO HE pasHuLa 3QMEKTOB OKPYXEHNS, a pearibHbIn
reoMmeTpuyecknn adpdekT

Median Type |
Bulb

UDF 09

Cdfs 15

Cdfs 04

10717

10—

10—+ . . .
1.0 1.2 1.4 1.6 1.8 2.0

log R [kpc]

({1+z)/4)* - SB,(2) [erg/s/cm?/arcsec?]
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BoT1 Takon:

Open Ionization Model

9]
to observer O

obscuring high

density clouds

central source

Unification Theory

to observer
]

obscuring torus

BbiBO4 paboThl — yKa3aHMe Ha CYLLLECTBOBAHME KOHYCOB MOHMN3aALMM

(T.e. NblfIEBLIX TOPOB Ha z~2)
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“‘CummeTtpusauma” BHyTpm r<30 KNk BO3IMOXHO CBfA3aHa C TeM, 4YTO Lya — pe3oHaHCcHad
NUHWA, rae 3HaYMMbl 9P EeKThI NepeHoca N paccesHUs

He Il ecTb B ABYyX crnyyasax, TaMm acMMMeTpusa bonee BbipaxeHa

A OTHOLLEHME JIMHUIM YKa3biBaeT Ha MNOYTU MNOSTHY0 MOHM3aLUMID BOAOPOL4A B LieHTpanbHOU
obnacTtu.

TpebyeTcsa gononHUTENbHbIM NCTOYHUK (He AGN, HO OCTATOYHO XXECTKUN)

BOMOXHO — OT MOLLHOro 3Be34000pa3oBaHUs.

OTO paccMoTpAT B crieaytowen paboTte, paBHO Kak U KUHEMATUKY
(noka nuuwb roeoputcs o -300...+300 km/s, FWHM=400-800 km/s)
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