A giant galaxy in the young Universe with amassive ring

Tiantian Yuan'?*, Ahmed Elagali®?, Ivo Labbé', Glenn G. Kacprzak!?, Claudia del P. Lagos®?+,
Jonathan H. Cohn?, Kim-Vy H. Tran®'*, Karl Glazebrook!*, Brent A. Groves™®?, Kenneth C. Freeman®. Lee R. Spil!ttrl“'::"*,

Caroline M. §. Straatman'!, Deanne B. Fisher!%, Sarah M. Sweet! 212

CTonkHoBUTEeNbHLIE Korblia

i) ) .
W24 Leo Y. Alcorn™®,

-

arXiv: 2005.11880v
Nature Astronomy

Arp 141




HST ACS + WFC3 (V/IIR) HST WFC3 + Magellan (J/H/K Sw) Rest-Frame (FUV/NUV/Optical)

Change in declination (arcsec)

4 2 0 -2 -4 | 2 0 -2 -4 4 2 0 -2 -+
Change in right ascension (arcsec) Change in right ascension (arcsec) Change in right ascension (arcsec)

a detailed study of a ring galaxy at a look-back time of 10.8 Gyr

COSMOS field of the Id of the FourStar l']: — 211"91 Cmnpiredhwith nu;r] MiIIIkzlfr‘;"fal,:u thij galﬂ]:::.v hasl -; si;né
. ilar stellar mass, but has a stellar half-light radius that is 1.5-2.
Galaxy Evolution survey(ZFOURGE) times larger and is forming stars 50 times faster. The extended, dif-

BusyanbHbin nounck cnupanen ~4000 ranakTuk, 3a04HO HALUSN KOSbLO, YSIEH rpynnbl
BHYTpU ~40 KnK, oueHKa BpemMmeHu nponeta t>40 Myr

Konbuo: SFR (IR+UV)=80 M/yr, log(M*)=10.4, 12+log(O/H)=8.6-8.8 (no Ha/[NII])
Paguyc konbua — 5 Knk (ManoBaTo oTHOCUTESNBbHO n3BecTHbIX CRG, npn 6onbLluom
R(disk), npotsxxeHHaa andodysHast MopdoiorMm n BbICOKOWM MeTanfIM4HOCTU

=> BO3MOXHO, 3TO Yy>Xe BTOpOe KOJbLO, a NepBoe - “paccocarnocb”

OnddysHbIn oH — oT npeablaywmnx cnuaHum - EAGLE simulations?

Bosmytutenb: SFR=123, M*=10.4 gBonHoe s4po, npunneHaa mopdonormg
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Pasmep ranaktmky —
BONM3KN BepxHero npegena
pacnpegeneHns Ha 3TOM Z



B 10 Bpems, kak nokansHble CRG BbigensaiTca no SF 0T M30NMpoBaHHbIX ranakTuk u nexar

BbILWWE MS, Ha z~2 kOonbLO COOTBETCTBYIOT OKpPYXXaloLWMM ranaktmkam
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Supplementary Figure 11 — The location of R5519 on the M.
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V(rot)=90+/-75 km/s  HO CKOpPOCTW paclunpeHusi, aKobbl B 2.5 pasa BblLLE:
Vrad=226+/-90 km/s

A 3TO NoTOoMYy, YTO yaayHo 3adomkcuposanm PA=28, i=29 n npoBenu ase cuHycounabl
no Tpem Toukam (Keck/MOSFIRE - slit, Keck/OSIRIS — IFU+AQO)
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B kayecTBe 3akroueHns1, CNekynupyoT, YTo U No HabnwgeHnsam, n no cumynaumam EAGLE
obbemHas nnotHocTb CRG Ha z=2 — Takas e maneHbkas, 4to n Ha z~0 (0.01%). YTo
NPOTMBOPEYUT NpeabiayLmM oueHkam (pocT Ha 1-2 nopsiaka):

We speculate that a combined effect of a rising merger rate, a decreased fraction of large

spiral disks, and the lack of local-like galaxy groups at high red- shift could cause the slow
CRG number density change in the past 11 Gyr

Moé BneyaTtrieHne: CIOXHO Takyk Menoyb Habnwaatb ¢ 3eMrin, 0CO6EHHO CrEKYNATUBHBI
oueHkn Vrad>>Vcir (NpoTMBOpPEYUT UMEKLLMMCSH JaHHbIM No z~0)

Hapo »xpgate JWCT. Ho gononHutensHble MaTepuarnbl MHTEPECHbI. Bua n3BecTHbIX 06 bEKTOB
Ha Taknx z - “Kak ecTb’ U C 3BOSMOLUMEN CBETUMOCTU
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Supplementary data: EAGLE simulations, konbuo — peanbHas BosiHa (doopmMmupyeTcd
HOBbLIMUW TOYKaMM): HO AUCCUNUPYET C oMepeaHbIM MEPXUHIOM
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Supplementary Figure 15 — The time evolution of a CRG at z = 2.23 from the EAGLE cosmological hydrodynamical simulations®. The
four columns from left to right denote four time “snipshots™¢ with respect to an arbitrarily defined ring formation time (f = 0 Myr). “Snipshots™
are defined in the EAGLE simulations as having finer time resolution than snapshots. a-d, A 500 x 500 kpc view, through the simulation Z—Y
axes, of the large scale environment in 2D centred on the ning host; red-brown = host galaxy stars, blue = satellite halo stars, and grey=gas
particles. e-h, A 50 x 50kpc zoom-in view of the ring host in 2D, red-brown = young stars with ages < 100 Myr, and grey=gas. i-l, The surface
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Supplementary Figure 16 — The circular and radial velocity of the gas particles in the z; = 2.23 EAGLE CRG. a-h, We show four tin

“snipshots™ with respect to an arbitrarily defined ring formation time (r = 0 Myr). For each time “snipshot”, the circular and radial velocity a
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Detection of the diffuse HI emission in the Circumgalactic Medium of NGC 891 and
NGC 4565
SANSKRITI Dﬁ.s..’ Amy Sarpone,? Apam K. LERD}',Ir’g SMITA I'n--IﬁrrI-mFr.,1‘2 MoLLy GALLAGHER,” NickoLas M. PinceL,? arXiV: 20051 3684
D. J. Pisano.*%7 anp Georce HEALD® ApJ, accepted
B npoLwsioMm roay O6Cy>K_£|,aﬂ|/| BOT 3TO.
HST/COS Observations of the Warm Ionized Gaseous Halo of NGC 891

Zuue Qu, JoerL N. BREGMAN, EDMUND J. HODGES-KLUCK
Department of Astronomy, University of Michigan, Ann Arbor, MI 48104, USA ArXiv:1904.04716
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¢ Main component: log7 = 4.22 + 0.04, logny = —1.26 + 0.51, logNuy = 20.81 + 0.20.
L

size~4 kpc, [X/H]=-0.3+-0.3, Bbilwe, yem no Xray:[Fe/H], [O/H=-0.85
=> 37O CMechb rasa AMcKa W FOpsIYero rano
He akkpeuns (BbICOKa METANUYHOCTL), BTOPbI CKIIOHSOTCA: UTO 3T0 ckopee outflow,
- — ., | uemnpocTo BpalieHue, cpaBHUBas ¢ HI (CKOPOCTU He WAeanbHO CoBNajaloT, aucnepcns
2'23"00° 22m30° 22™00° y S . CKOpOCTelil J0BONbLHO Benuka b~50 km/s)
Right Ascension (J2000)

10, 22 Twp -

Bonblas yacTe rasa rano — B MoHn3sosaHHon pasze: N(HI+HI)/N(HI)=5-10

HI: Oosterloo, Fraternali & Sancisi 07 e
Cevunap VOLGA 15/04/2019, Mouceee High Velocity Cloud: log Vit =19.71£0.36 lognn = ~3.0 £ 0.3
CeMuHap VOLGA 08/06/2020’ Moucees [X/H]=-1.5 (C,Si, Fe) => xonogHasa akkpeyus (CryTHIUK?)

L~5.5 kpc, Log M ~5.0




21 cm, GBT beam 9.1'-> 24-32 kpp, observations 2015-16, Texp=0.1-4.7 h
3aecb HeT npobrembl "Manon 6a3bl” NHTEPGEPOMETPOB, a ECTb BblCOKasi YyBCTBUTENbHOCTb Ha
bonbwunx macwtabax, B To Bpemsi, kak WSRT  yxe “He BuguT” CcTpykTypbl >20 arcmin
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Table 1. Details of observations and the measurements

Pointing'®! RA Dec texp oTg dy logioN(H1)eer'™ Mass'? Vavg log1oN(H1)w srr'®
(J2000) (J2000)  (hrs) (mK) (kpc) (em™*) (Mg) (km s™") (em™*)
(1) (2) (3) (4) (5)  (6) (7) (8) (9) (10)
NGC 801
M(H1)aisk=4.1 x 10" Mg, SFR = 3.92 £ 1.75 Mgyr !, sSFR = 1.3 x 107° yr !, Esrr = 6.5 x 107? Mg yr~ ! kpc™?
center 2h99™33.6°  42°20'58"  0.10 7.8 0 20.701=0.001 3.0+0.6x10° 11401 20.672-0.008
up 0.5 2hoo™m(O8.4%  42°22'44" 033 3.3 13 20.370-0.001 1.440.3%10°  4.1+01 20.393-0.009
down0.5  2R22m58.4%  42°190°00" 0.33 2.2 13 20.306-0.001 1.240.2x10°  1.1+0.1 20.344+0.009
up 1 oh21™43.5°  42°24'42" 050 1.5 26 10.254+0.00570 018  1.1+£02x10°  7.240.5 19.250+0.014
down 1 oh93ma3.6*  42°17°07" 050 1.3 26 10.074+0.00815 028 7.1+£1.4x107 41407 10.195+0.014
up 1.5 oho1™18.7%  42°26'26" 0.33 1.8 30 18.397-£0.047 1.5+04%107  28.045.0 17.952£0.064
18.41040.047F  1.6404x107  40.246.0
downl5s  2%23m48.4% 42°15'14" 226 0.7 40  17.930£0.05275-1L  49+41.3x10° 23.446.3 17.94440.064
17.08040.040f  5.04+1.4x105 50.4+6.0
down2  2M24™14.0° 42°13'21" 357 0.6 53 18.055+0.02570125 6.7+1.5x10°  32.7+4.6 17.458+0.195
18.11440.024F  7.8+1.6x105 63.8+4.2
down3  2"25™04.0° 42°09°36" 357 04 80  17.656+0.0627]7% 2.6+08x10° _T.6FT.7 17.1174+0.427
17.74140.055¢  3.3+08x105  41.4+8.0

Along the minor axis: M(H1)s con = 5.9 & [].Eﬂllg x 107 Mg, Extrapolated to whole CGM: M{(H1)g cqn = 2.24£01 204 x 108 Mg

MM ARRR

EcTb curHan noyTn Bo Bcex HaBeaeHusx!

In the final spectra, we see clear detections of H1 emis-
sion in most of the pointings (Figure 1 & 2). The veloc-
ity width of these emission profiles resembles that of the
disk of the galaxies, as seen from the central pointings
(Figure 1 & 2, gray area). We integrate each spectrum
from -250 to 250 km s—! for NGC 891 and -300 to 300
km s~! for NGC4565 to obtain the intensity in umits
of K km s~!. Because the emission is 500600 km s—!

Cemunap VOLGA 08/06/2020, Moucees

of impact parameter in Figure 3 (blue points). Beyond
40-50 kpec, we detect H1 at 5-18g significance, where
a 1s the statistical uncertainty. After including the un-
certainty in flux calibration (see §2}, the significance re-
duces to 5-13¢. The spread among the jackknife sam-
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Honro n nogpobHo macHukpoBanu u rmaxueanun kyoel WSRT go paspewenusa GBT. Utor
— 3aMeTHbIN n3bbITok NoTokoB GBT single-dish Hag HTepdepomeTpuyeckmmu, T.€. ecTb
anpdysHoe paccesHHoe rano o 100 knk no mano ocu
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YcpenHeHHble npodowunu rano (GBT-WSRT),
CpPaBHUTESIBHO C OUEHKaMK No norrfoweHno B YO
Exp-wkans! rano: 22+-/7 n 36+/-8 knk

A |
T1018) o RS 75 ._
§ 4'437/'//’ I MHTepecHo, yto no HALOGAS N891 - ecTb rasoBoe
i v 4 | rano (oo 15 knk), a y N4656 — Her.
. ////r P ( hay

INnunn gndopysHoro HI — winpokne n Bbnusm Vsys
(3TO HE KapNNKOBbIE CMYTHUKN U HE NPUITUBHbIE

r-. o
| / -, J"
'[— COS-Halos / 4y
107 | HH NGC 891 ’
H HH NGC 4565
0 10

1 CTPYKTYpbl)
50 40 60 8 5 120 1.€.MOX0Xe Ha KBa3npaBHOBECHOE rarno
Impact parameter [kpc] Bo3moxHo ecTb apdekThl inflow/outflow B cnabom

Figure 5. The profile of diffuse, extended H1 column den- CMELEHNN CKOpOCTeVI, HO He BeJIUKU
sity derived by subtracting the convolved WSRT integrated COS noka3bIBaeT, YTO MeTannmnyHocTb rano N891:

intensity from the GBT integrated intensity, and then aver- 0.5 Zo (5 kpC) —0.1 (1 08 kpC) T. 060rau.|,eH|/|e
aging the two sides of the disk. The hatched area is the range _ ) S
nokanbHO BONM3un ANCKa

of N(H1) measured in the COS-Halos sample of star-forming
galaxies (Prochaska et al. 2017). COS-Halos does not include
absorption measurements with impact parameters <20kpc. QLieHKa NosIHOW Macchkl rano: 5 n 2% scero Hl
The areas shaded in red and green correspond to our best-
fit profiles with scale lengths of 22+Tkpe (NGC891) and
36+8kpe (NGC 4565).

4. The sign of the average velocities are consistent

3. The diffuse extended H1 detected along the minor with an outflow or inflow in NGC 4565, and a
axes are 1.4 + 0.3% and 0.5 & 0.1% of the total combination of fountain, inflow and outow in
H1 mass for NGC8&891 and NGC4565, including NGC891. The absolute values of the average ve-
their disks. If we extrapolate these assuming az- locities are much smaller than the velocity width,
imuthal symmetry, these escalate to 5.24+0.9% and indicating the presence of a quasi-static medium
2.0 £ 0.8%, respectively. permeating the halo.
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