[HuHammueckoe
MOAeSTUPOBAHUE MaNAKTUK
C paccorsacoBaHHOU
KUHEMATUKOU

"fopaaxaHos B.C.



Bbrbopka ranaktuk

NGC 524 (SAURON + DESI z)

LEDA 2220522 SMaNGA PGC 21856 (MaNGA + PGC 35706 (MaNGA +
+ DESI z DESI 2) DESI z)




counts

dotomeTtpusa: MGE-pasnoxeHue

LEDA 2220522

- &
s s 99: P
L]
o e Ig_i.:-‘ afes®e
——— =2 73" ®
3 22 o o
AA N “" o0
— = =y 90° )
— \ o e e.a&a'
107! 10° 10! 107! 10° 10!

arcsec

arcsec

counts

102
10!
10°

102 1

10!

PGC 21856

PGC 35706

| ————— L
= e
E%i o L ‘s
(J ..
e 7
B g‘ % o
{——— o 1a®
i o
1
= — 24°
i = S o
i \
) ———o. 37°
1 S- o e
E|
=_weq, 59°
1 ®
k|
f | — 90°
1 e
E|
1071 10° 10t 107!

arcsec

arcsec

counts

— 0° - 20
= ° - 0
Paape _©
Pgp
20
d - 9 = 0
6 G e
o8 i
20
e
® e o 00
%
20
4
= ° o“‘c“e!\' to
20
{ ]
° B e o 0
20
P e
le P Y 1) 0
|
o 0
1071 100 10! 10-1 100 10!

arcsec

error (%)



TTepBaa utepauus: AxXuUHCOBCKOe mopaenuposaHue JAM

LEDA 2220522 PGC 21856 PGC 35706

inc=27.0; beta[0]=0.40; i =70.0; beta[0] = 0.40; kappa inc=40.0; beta[0]=-5.0;
kappa=1.00; M/L=2.24; = 1.00; M/L=6.97; kappa=1.00; M/L=5.06;
BH=2.2e+08; chi2/DOF=9.86 BH=7.0e+08; chi2/DOF=7.46 BH=5.1e+08; chi2/DOF=1.99
Total mass MGE (MSun): Total mass MGE (MSun): Total mass MGE (MSun):

4 907e+10 2.267e+11 3.644e+11




Bropas utepauus - moaenmuposaHue metoaom Lsapuwmnbaa

Npea metona (opbutanbHoe BOCCTAHOBMEHUE):

e 2

e 2

v

paccmatpuBaem ranakTuKy, KOTopas umeeT 3aAaHHOe TpexmepHoe
pacnpeaeneHue NNoTHocTU p(Xx).

AeNM MPOCTPAHCTBO, 3aHMMaemoe rasIakTUKOM, Ha K sa4yeek, Tak YTO macca B
j-" a4yelike obbema V pasHa m; = p (x ) V

paccuyuTbIBaEM I'pClBMTClLI.MOHHbIM nOTeHuman FANAKTUKU U UHTErpupyem
6onbwoe konuyectso N opbuUT B 3TOM NoTeHUMare B TedeHUe BpemMeHu t,
HamHoro 6onbluero, Yem Bpems nepeceyeHus. N oTmeuaem aonro P

BpemeHu t, koTopoe i-a opbuTa NpoOBOAUT B j-U a4elike

Habop Takux opbuT HasbiBaeTcs 6ubnuotexoir opbut

Ha KaxA0M opbute HaxoamuTca 60nblIOe KONUYeCTBO 3Be3/, pdBHOMEPHO
pacnpesesieHHbI X 0O opbuTanbHOU @ ase, U YTo 0bLas macca 3e8e3a Ha
opbute i cocTasnsetr w.M, rae w, - Bec, KOTOpbIA HYXHO onpeaenuTb, a M -
obLaa macca ranakTUukm



Bropas utepauus - moaenmuposaHue metoaom Lsapuwmnbaa

Naoea metoaa (Op6VITCU'IbHO€ BOCCTAGHOBIEHUe):
-> macca B j-U a4elike byaet pasHa MZw. P
- TaKasa cxema 6y.n.eT npeacTaBnATh coboit .EI.QMCTBMTeJ'IbHYI-O AVHAMUYECKYHO

moaesib YCTOMLIMBOI"O COCTOSHUSA AGHHOU raNaKTUKKU npu ycnosmum BbI60pG
BECOB.

- = - N
0=A=m-MI%_ wp,

-> 370 Habop K nuHenHbIX ypasHeHuU ans N HemseecTHbIX BecoB W, . Ycnosue
Z m, = M noapasymesaert, uto Z w. = 1. Bce Beca H€OTpMLI.ClTeJ'IbeI

>  He BbIroaHo cTaeuTs N PABHBIM Ku pelwaTk 3TV ypaBHEHWs CTAHAAPTHLIMM
MeTOAAMU NTUHEWHOW anrebpbl, Tak Kak Nosy4YeHHbIN BeKTOp pelueHUs w
MOYTU HaBepHsaKa byaeT coaepxaTb oTpuLIaTeslbHbIe KOMMNOHEHTLI. TTyTb
Brepes COCToUT B TOM, UTobbI B3aTb N > K - ropa3ao 6onble opbut, uem
NPOCTPAHCTBEHHLIX S4eeK



Bropas utepauus - moaenmuposaHue metoaom Lsapuwmnbaa

Npea metona (opbutanbHoe BOCCTAHOBMNEHUE):

- HeoTpuuaTtesnbHoe peweHue w, > O 6yaeT CyluecTsoBaTb, €Cn 3T0
noANpoCcTpaHcTBO pasmepHocTu N-K npoxoaumT yepes o6nacTb, B KOTOpOU
BCe KOOPAUHATLL NOSIOXUTeNbHBI. PeleHnt moxeT He 6bITb, a MOXeT bbITb
peleHUIn CIULKOM MHOTO

>  yTO06bLI BLIOPATL OAHO peleHUe BBOAAT 06 BbeKTUBHYHO PYHKLNO ¢(w). CambI
APOCTOMN CNOCOb e€ NoUCKa COCTOUT B TOM, UTO 3Ta PYHKUUS NUHeHa, d(w)
= 20w,

- pacnpepefieHUsa NOTHOCTU OTAEIbHEIX OPOUT UMerOT Ha CBOUX Kpasx
CUHTYIISPHOCTM C KBAAPATHBIM KOPHEM. CneaosatenbHO, BKMAA p;; OPOUTLL B
AGHHYHO 94eUKy CUJIbHO 3aBUCUT OT TOrO, NeXUT NN 3Ta a4eiika BHYTpM nunm
BHe opbuTLI. B pesynbTate moaenu nonyyaroTcs WyMHBIMU U
4yBCTBUTESbHBIMU K BbI6OPY CeTKU U bubnmotexku opbut




Bropas utepauus - moaenmuposaHue metoaom Lsapuwmnbaa

Npea metona (opbutanbHoe BOCCTAHOBMNEHUE):

= Ecnu 6ubnuoteka opbuT HeadekBaTHa, He byaeT pelleHUs ypaBHeHUI
OrpaHUYeHUU C HeoTpULaTeNbHEIMU BeCaMU. BO-BTOPbIX, MBI YGCTO XOTUM
NUCCNenoBaTb BeCb AUANA30H MOAeNen ranakTuK, KoTopble CornacyroTes ¢
HabnFoAeHUSMU, NOCKONbKY 3TO MO3BOSISIET HAM HA3HAYUTL AOBEpUTESIbHbIE
WUHTepBanbI AN NPOU3BOAHBIX BESIMUMH, TAKUX KaK OTHOLEHUe MACChI K
cseTy. Ha npakTuke Ang co3aaHUs BbICOKOKaYecTBeHHOU 6ubnunorteku
Heob6X0AUMO UCMOb30BATL UHTYULIMEO U ONBIT

> LOSVD+s .EI.ClHHOM TOUKE 4BNSETCA IMHENHOW (PYHKLMe Beca OpbUTbI w,
NO3TOMY X° , OMUCHIBAFOLLAS PasHULy mexay HabnFoAaeMbIM U MOJJ.eJ'IbeIM
LOSVD, asnsertcs KBap.paquHom (PYHKUWen w. . CnenosatesibHo, Mbl MO>K€M
MUHUMU3UPOBATL X° , MAKCUMU3UPYS OG‘bZKTMBHYI—O PYHKUMFO (W) = -X° ¢
MOMOLLbHO KBAAPATUYHOIO NPOrpAMMUPOBAHUS
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BuaHo, uto:

e BoccrtaHoBneHue opbut metopom LLeapuwmnbaa nydwe onucsIeaeT
AVHAMUKY AUCKOB C pacCoOrnacoOBAHHOMN KMHEMATUKOU

e Bo BCcex ranaxktukax HabnroaaeTcs 3HaYUTENbHOE YUNCNO OpbuUT ¢
NpOTUBOBpALLEHUEM UNU BOBCE B UHBIX MNOCKOCTAX

LEDA 2220522 PGC 21856 PGC 35706

1e8 M_Total= 1.5e9 M_sun 1e8 M_Total= 2e9 M_sun 1e9 M_Total=5e9 M_sun
—— mass of co-rotating component —— mass of co-rotating component —— mass of co-rotating component
mass of counter-rotating component 3.5 4 mass of counter-rotating component 1.0 mass of counter-rotating component

—— mass of all stars —— mass of all stars —— mass of all stars

weight,M_sun




Uncovering the formation of the counter-rotating stellar discs in
SDSS J074834.64+444117.8

[#%)

Min Bao “',"*? Yanmei Chen *',"?** Meng Yang *',** Ling Zhu *,* Yong Shi “''*>? and Qiusheng Gu “ '*
1School of Astronomy and Space Science, Nanjing University, Nanjing 210023, China

2Key Laboratory of Modern Astronomy and Astrophysics (Nanjing University), Ministry of Education, Nanjing 210023, China

3 Collaborative Innovation Center of Modern Astronomy and Space Exploration, Nanjing 210023, China

4Shanghai Astronomical Observatory, Chinese Academy of Sciences, 80 Nandan Road, Shanghai 200030, China

Accepted 2024 January 19. Received 2024 January 4; in original form 2023 September 25

ABSTRACT

Using the integral field spectroscopic data from Mapping Nearby Galaxies at Apache Point Observatory survey, we study the kine-
matics and stellar population properties of the two counter-rotating stellar discs in a nearby galaxy SDSS J074834.64+444117.8.
We disentangle the two stellar discs by three methods, including Ca 11 48542 double Gaussian fit, penalized pixel fitting (pPXF)
spectral decomposition, and orbit-based dynamical model. These three different methods give consistent stellar kinematics. The
pPXF spectral decomposition provides the spectra of two stellar discs, with one being more luminous across the whole galaxy
named primary disc, and the other named secondary disc. The primary disc is counter-rotating with ionized gas, while the
secondary disc is co-rotating with ionized gas. The secondary disc has younger stellar population and poorer stellar metallicity
than the primary disc. We estimate the stellar mass ratio between the primary and secondary discs to be ~5.2. The DESI g, r, 7
colour image does not show any merger remnant feature in this galaxy. These findings support a scenario that the counter-rotating
stellar discs in SDSS J074834.64+444117.8 formed through gas accretion from the cosmic web or a gas-rich companion.
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Figure 5. Line-of-sight velocities as functions of radii along the major axis. The circles represent the velocities from the pPXF spectral decomposition, with
primary and secondary discs in red and blue. The red (primary disc) and blue (secondary disc) crosses represent the velocities from double Gaussian fit on
Call 28542. The grey squares represent the gas velocity traced by H @ emission from the MaNGA DAP file.
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Figure 7. Fitting LOSVD along the major axis in orbit-based dynamical model. First panel: the binning map showing the ids and positions (in arcsec) of all the
bins shown in the following panels. Other panels: the blue solid line and shadow are the LOSVD and +1¢ error obtained with BAYES-LOSVD, the red dashed
line are the best-fitting model, and the black dotted line are the symmetrized data for comparison because the model is axis-symmetric.
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No evidence for excess AGN activity in recently quenched massive galaxies
at cosmic noon
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ABSTRACT

We present an analysis of AGN activity within recently quenched massive galaxies at cosmic noon (z ~ 2), using deep Chandra
X-ray observations of the Ultra-Deep Survey (UDS) field. Our sample includes over 4000 massive galaxies (M, > 10'%3 M)
in the redshift range 1 < z < 3, including more than 200 transitionary post-starburst (PSB) systems. We find that X-ray emitting
AGN are detected in 6.2 + 1.5% of massive PSBs at these redshifts, a detection rate that lies between those of star-forming and
passive galaxies (8.2 +0.5% and 5.7 + 0.8%, respectively). A stacking analysis shows that the average X-ray luminosity for PSBs
is comparable to older passive galaxies, but a factor of 2.6 + 0.3 below star-forming galaxies of similar redshift and stellar mass.
The average X-ray luminosity in all populations appears to trace the star-formation rate, with PSBs showing low levels of AGN
activity consistent with their reduced levels of star formation. We conclude that, on average, we see no evidence for excess AGN
activity in the post-starburst phase. However, the low levels of AGN activity can be reconciled with the high-velocity outflows
observed in many PSBs, assuming the rare X-ray detections represent short-lived bursts of black hole activity, visible ~5% of
the time. Thus, X-ray AGN may help to maintain quiescence in massive galaxies at cosmic noon, but the evidence for a direct
link to the primary quenching event remains elusive.

Key words: galaxies: evolution — galaxies: formation — galaxies: high-redshift — galaxies: active.



N3yyeHne akTUBHOCTU aKTUBHBIX a4ep ranakTuk (A4lN) B HeaasHO
"NoTyxXwWwux" MacCUBHBIX ranakTukax (NocT-38€3n006pasyrowmx,
PSB) Ha kpacHOM cmeleHuu z ~ 2 ("Kocmudeckui nongeHso"),
UTObLI NPOBEpUTL FrIMNOTe3y 0 cBa3u ALl ¢ npoueccom
npekpalleHuns 38e3n006pa3osaHUs.
MeToabr:
e Vcnonb3oBaHbl rnybokue peHTreHoBCKUe HabnroaeHUs nons
Ultra-Deep Survey (UDS) ¢ Teneckona Chandra.
e BbIaeneHbl IpU TUNA rANAKTUK: 38e38006pasyrolume,
naccueHbie U PSB (nocT-38€3a006pasyrowme). b
o TlpumeHeHbI MeTOALI POTOMETpUYeckoro aHanusa (PCA) ana O R
KNACCUPUKALUM FaNaKTUK U onpeaernieHUs Ux CBOUCTB e T T
(macca, ckopocTb 38e34006pa3oBaHUs U T.4.).
e TlposenéH aHanu3 KaK UHAUBUAYANbHBIX AETEeKTUPOBAHHBIX
ALT, TaKk U ycpeaHEHHbIX AaHHbIX (stacking analysis) ans
HeAeTeKTUPOBAHHBIX UCTOYHUKOB.
Bor6opka: 6onee 4000 maccmeHbIX ranaktmk (M, > 1019°M ) s
AvanasoHe 1< z < 3, B Tom uncne 6onee 200 nepexodHbIX NOCT-
38€34006pa3yrolmx ranakTuK.

log (M*/My)

log (M*/M)

log (M*/M,)
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Figure 2. The X-ray detected fraction as a function of redshift for the three
primary galaxy populations, for galaxies with high stellar mass (M, > 1010-5
Mp). Redshift bins of width Az = 0.5 are used in the range 0.5 < z < 2, with
a single bin for the range 2 < z < 3. Points are plotted at the mean redshift
within each bin. The upper plot is based on all X-ray detections, while the
lower plot is restricted to AGN with luminosities Ly > 1043 erg s71(0.5-8
keV). This X-ray luminosity corresponds to the approximate detection limit
at z = 3, allowing a fairer comparison of X-ray activity between redshift bins.
Note the difference in scale on the two figures. All bins displayed contain
a minimum of 50 galaxies. For clarity, the low-redshift PSB bin containing
only two galaxies is excluded. One of these PSBs is detected by Chandra at
low luminosity (see Figure 1).
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Figure 3. The mean 0.5 — 8 keV X-ray luminosity as a function of redshift for the three primary galaxy populations, determined for galaxies at high stellar mass
(M, > 10'03 Mp). The unfilled points denote the average luminosity from a stacking analysis, excluding individual X-ray detections. The filled points combine
stacked data and individual detections to produce the overall mean X-ray luminosity for each population. Redshift bins of width Az = 0.5 are used in the range
0.5 < z < 2, with a single bin for the range 2 < z < 3. Points are plotted at the mean redshift within each bin.

B PSB ranaktukax obHapyxeHo 6.2+1.5% A4rl, uto
NPOMEeXyTOYHO Mexay 3Be3a006pasyrowmmm (8.2+0.5%) u
naccueHeIMU (5.7+0.8%) ranaktukamu. CpeaHsas
peHTreHoBCKas ceeTumocTb PSB ranaktuk cxoxa ¢
NaccuBHbIMU, Ho B 2.6+0.3 pasa HUxe, Yem y
38e34006pasyrowmx.



log (Ly )/ erg s7!

log (Ly )/ erg s7!

>
—_

42 |

B3
w
= T

B
N
T

0.5<z<1.5

.t
//,%\/0
@ Star—forming B
@ Passive

O PSB

1
log (SFR/Mgyr~1)

43 L

41 |

1.5<z<3.0

i

HH @
Lo
H&H

O

/QS;OQ
s
40
A
@ Star—forming B
Passive
O PSB

| |

1
log (SFR/Mgyr~1)

Figure 4. The mean X-ray luminosity as a function of star-formation rate for
the three primary galaxy populations, determined for galaxies at high stellar
mass (M. > 109 Mg). The unfilled points denote the average luminosity
from a stacking analysis, excluding individual detections. The filled points
combine stacked data and individual detections. The dashed line denotes
the expected relation if the X-rays are produced by processes related to star
formation (e.g., massive X-ray binaries), from Aird et al. (2017).
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Figure 5. The mean X-ray luminosity for quenched galaxies (PSB and passive)
at high stellar mass (M. > 10103 Mp), binned as a function of time since
the last burst of star formation. Burst ages are determined from the SED
fitting outlined in Section 2.2. We caution that these ages are derived from
photometric data, so may be subject to degeneracies between the age and
strength of the burst (see Section 4.3). Four equally spaced age bins are
used up to 2 x 10? years, with the points plotted at the mean age within
each bin. The unfilled points denote the average luminosity from a stacking
analysis, excluding individual detections. The filled points combine stacked
data and individual detections to produce the overall mean luminosity for
each population. The numbers denote the number of galaxies within each bin.

B PSB ranaktukax
obHapyxeHo 6.2+1.5% A4r,
UTO NPOMEXYTOYHO Mexay
38e3n006pasyrowmmu (8.2
+0.5%) n naccusHeimu (5.7
+0.8%) ranaktukamu. CpeaHsas
peHTreHOBCKas CBeTUMOCTb
PSB ranaktuk cxoxa ¢
MAcCUBHLIMU, Ho B 2.6+0.3
pasa Huxe, Yem y
38e34006pasyromx.



Hanuuume apkux AT MoXeT UCKaXaTb (POTOMETPUYECKYHO
KNACCUMPUKALMIO FranakTuK. B uactHoctu, oTHocuTenbHoO rony6oe
usnydeHue AL moxeT NpuBecTU K OLUIMBOYHOMY OTHECeHUHo
"noTtyxwen" ranakTUKK K 38e38006pasyroim cuctemam. Mez
paspaboTanu NpocTyro MOAesb AN U3yYeHUs 3TOro 3PeKTa,
nobasnaa ceet Al kK cnekTpanbHOMY pacnpeaeneHuro sHeprum
TURUYHOU PSB-ranakTuku nepes NOBTOPHOM OLIGHKOM eé
KNACCUPUKALUU MeTOAOM FraBHbIX KomnoHeHT (PCA). dtor
npoLecc NOBTOPANCA ANA PA3SINUHLIX YPOBHeM akkpeuum AT u
3HaYeHU NokpacHeHus aapa. OCHOBHbIE 3TAMNLI MOAETUPOBAHUS
cneayrowme:
1) MonenuposaHue usnydyeHusa A4l [na onucaHus
LUMPOKOMNOMOCHOTO u3nyyeHua ALl ucnonesoeanock SED
paanocnokouHoro keasapa (Elvis et al., 1994), nononHeHHoe

AAHHbIMU B Y® 1 cpeaHem UK-aunanasoHax (Assef et al.,
2010).
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Figure 6. The upper figure shows the PCA ‘supercolour’ diagram, used to
classify galaxies into star-forming, passive and PSB categories (Wild et al.
2014; Wilkinson et al. 2021). The black curves show the impact of adding
AGN light to a typical PSB (initially located at the red cross). Four curves
are shown, representing AGN reddened by dust with Ay = 0,1,2 and 5.
The small and large black points (linked by dashed lines) represent accretion
at L/Lggq = 0.1 and 1.0 respectively. The lower figure shows the impact
on galaxy classification for this typical object for a wider range of Ay and
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2) Hopmuposka SED ALl TTpeanonaranocs, 4To
bonomeTtpuyeckas CBETUMOCTb CO3AAETCS YEPHOU AbIPOU,
U3nyJyaroLen ¢ PUKCUPOBAHHOW AONen OT 3AAUHIT TOHOBCKOU
ceeTMmocTU. Macca YEPHOM AbIpbI OLIeHUBASIACh UCXOAA U3
cooTHoweHuns My, /M, = 0.15%. Mcnonb3osancs Wmpokuia
ANANA30H Temmos akkpeumu: L/L = 107-1

3) Yuér noxkpacHeHusa aapa: bonbwuHcTeo A4T,
O0b6HapyXUBAeMbIX B peHTreHe, CUNTbHO NMOKPACHeHbI B ONTUKe
(Lawrence & Elvis, 2010). Moaenuposanoch nokpacHeHue ¢
3HaveHuamn A o1 0 4o 5. ina NpoCcTOTLI NPUMEHANCA 3aKOH
3KCTUHKUMKU MneuHoro Tytu (R, = 3.1)

4) BnusHue Ha knaccugukaumro: TTonyyeHHbie SED A4l

pobasnanucb k SED PSB-ranaktukm (z # 1.5, M = 10M ), nocne

Yero aHanM3npoBasIoOCb UIMeHeHUe e€ NONOXeHUs Ha
Anarpammax PCA v UVJ.

Koppekuma cuctematuyeckux owmbok: Okono 20% PSB u
naccueHeIX ranaktuk ¢ L,>10% apr/c u AV < 1 moryt
"mackmposatbca' noa 3se3noobpasyrowme. TTocne nonpasku

cpeaHaa CBeTUMOCTb PSB 1 naccuBHLIX ranakTuk yBenuumeaeTtcs

Ha 0.09 u 0.14 dex cooTBeTCTBEHHO, HO UX COOTHOLWeHue co

38e34006pa3yrOLUMU FANAKTUKAMU coxXpaHaeTca (x2.6 u Huxe).
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Figure 7. This figure shows the rest-frame UVJ colour-colour diagram, with
the classification boundaries from Whitaker et al. (2012). Galaxies classified
by the PCA supercolour technique are overlaid for comparison. Rest-frame
UVJ colours are determined from the best-fitting supercolour SED for each
galaxy. The black curves show the impact of adding AGN light to a typical
PSB (initially located at the red cross). Three curves are shown, representing
AGN reddened by dust with Ay, = 0, 1 and 2. For clarity, curves with stronger
dust reddening (Ay > 2) are not shown, as these lie entirely within the PSB
region and strongly overlap the curve at Ay = 2. The small and large black
points (linked by dashed lines) represent accretion at L/Lggq = 0.1 and 1.0
respectively.



PesynbTater moaenuposaHus:

1) Macca ranaktuk: OcTaerca OTHOCUTENBHO YCTOMYUBOU NpU YMepeHHOU akTuBHocTUu AT
(L/Lgyy < 0.1), c owmbkamum < 20%. CyliecTeHHbIE UCKaXeHWS (¥2) BO3HUKAFOT TOMbKO Npu
3KCTpeManbHLIX Temnax akkpeuun (L/Lg,, > 0.8).

2) Temnbr 38€30006pazosaHuda: CUNbHO 3aBUCUT OT ceeTUMocTb AT nNpu HU3KOM
nokpacHeHun (AV < 1). Hanpumep, npu L/L;,, > 0.1 SFR PSB 1 naccueHbIX ranaktumk
MOXeT 3aBbIWaTbCs B 2 1 6os1ee pasa. [na cunbHO nokpacHeswmnx AT (A, 2 2) BnuaHue
Ha SFR npeHebpexumo mano.

3) Knaccuopukaums ranakiuk: PSB moryTt owmnbouHo knaccuepuumpoBaTtbCs Kak
38e34006pasyrolume, ecnmn coaepxat HesateHeHHbie AAl c A, <1u /L, >0.1. TTpu A > 2
KNACCUMPUKALINA OCTAETCA HAAEXHOW.

Buisoa:

PoTOMETpUYECKME MeTOALI MOTYT NPOMYCKATh YACTb MNOTYXLWUX FANAKTUK C ApKUMMU, MANO
3aTeHeHHbIMU AT,

OZHAKOo Aaxe C YYETOM 3TOTO 3(PEPEKTa OCHOBHbIE BEIBOABLL CTATbU (OTCYTCTBUE
n36bITOYHOU akTUBHOCTU AT B PSB) ocTaroTca B cune.



ABTOpbLI CTATbU MpefynpexAdeT O BO3MOXHBIX AR T AR B
OrpaHUYEHUAX UCCNEA0BAHUS, CBA3AHHLIX C CUMbHO i L% S ST
3aTeHEHHLIMU (B TOM YMCe KOMMTOHOBCKU TONCTBIMM) 05 - 1K i
AT, KoTOpbIe MOFMU OCTATbCA HeYUTEHHBIMMU. ABTOPLI - R0 i 1]
OTMeuaroT, YTO PeHTreHOBCKMEe MeTOAbL MOryT NponycKathb
80 50% 1akux o6bekToB, 0CO6eHHO Ha paHHUX CTAAMUAX
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I
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pOCTA YEPHBIX AbIp. XOTS aHANU3 NoKasaTenen XECTKkoCcTm s ity IS 2 31"
U3nyYeHUs He BLIABUN pasnuumii mexay PSB, P s | '
38e34006pasyrolMm U NACCUBHBIMU FANAKTUKAMMU, Manas L L
BbIbOpKa PSB ocTaBnger 3TOT BONPOC OTKPLITLIM. 05 ! S anir 25 3
TToaueEpknBaeTCa, YTO TeKyLume pe3ynbTaTbl MOru

HeAoOoLUEeHUTb UCTUHHYHO GKTUBHOCTb A4l B PSB- Figure 8. The Chandra X-ray hardness ratios as a function of redshift for
FanakTUKax. [1ns OKoHUGTENbHLIX BLIBOAOB TPebyroTCs st P Dot anarm haieped i
AOMOSTHUTESIbHbIE UCCIIEA0BAHMS C 6OMbLIMMMU cotalogue of Kocevsks f . (2018, We find o vidence ht the PSBs show
BbIGOPKAMU, BKNHOUAA CMEeKTPANbHbIN GHANU3 U AGHHbIE P i S

NK-auanasoHa (Hanpumep, ¢ TWST/MIRTI). Pasaen
CINYXUT BAXHBIM METOA0IOTUYECKUM NpefocTepexeHnem,
HO He OTMeHseT OCHOBHbIX BbIBOAOB paboThl. TTpobnema
3aTeHeHHbIX Al ocTaetcs knroveson ans byaywmx
WUCCNeaoBaHUM MeXaHU3MOB ranakTuyeckoro "saryxaHua".



ABTOpPbLI YTBEPXAAFOT, UTO UX Pe3ynbTaTbl COrnacyroTcs
C HEKOTOpPLIMU UccnenoBaHUaMu PSB-ranaktuk, roe
TaKxe He 66110 06HapyXeHO 3HaYUTesIbHOro U36bbITKA
A4l -axkTnBHOCTU (Georgakakis et al. 2008; Lanz et al.

2022). OnHAKO OHU pacxopaarca ¢ HeAABHUMU
otkpbiTuamu JWST, rae B Hebonbwmx BbI6OpKAX

"noTyxwux" ranaktuk npu z > 2 661 06HapyxeHbI
npusHaku sbricokou gonu AQl (Belli et al. 2024; Davies
et al. 2024). 310 pacxoxaeHne moxeT 06BACHATLCS
PA3HLIMU MeTOAAMMU OT6Opa UNU TeM, YTO OnTUYecKkUue
UCCNeAOBaHUS YyBCTBUTENbHBI K 60nee AnmuTesnbHbIM
BpeMeHHbIM maclitabam aktusHocTu A4l no
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Figure 9. An illustration of a plausible scenario for the co-evolution of AGN
activity and star formation in a recently quenched galaxy, consistent with our
Chandra observations. AGN activity broadly traces the SFR (displayed with
arbitrary scaling), but there is no excess of X-ray activity associated with
quenching. Occasional stochastic bursts of nuclear activity (visible ~ 5% of
the time) are sufficient to couple strongly to the surrounding gas and drive a
powerful AGN-driven wind. If the AGN duty cycle is short, the relic outflow
can persist for significantly longer than the visible X-ray AGN. Continued
bursts of activity may eventually deplete the gas reservoir.



MHorue maccusHeie PSB nemoHcTpupyroT
BbICOKOCKopocTHbIe (>1000 km/c) mexssésgHble
BbI6pOCHI. [laHHbIe NOKAa3bIBAFOT, YTO okono 5% PSB
copepxat akTusHere ASIC (L~ 5x10*33pr/c) B AaHHbI
MOMEHT BpemMeHU. DHepreTUYecku aaxe Takux
KpaTKOBpeMeHHbIX BCMbIWeK (MpU 3¢pgeKTUBHOCTU
ceasu 1-5%) poctatouHo ana cosaaHmsa HabnroaaembIxX
BbIbpocos. Ecnu ALl aktueeH ~ 1 mnH ner, a BbI6pocC
suaeH ~ 10 MnH neT, 3To 06 BbACHSET YacTbie
AETeKTUPOBAHUSA BLIOGPOCOB NpU peAKkux obHapyxeHUsax
AKTUBHBIX a4ep.
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Figure 9. An illustration of a plausible scenario for the co-evolution of AGN
activity and star formation in a recently quenched galaxy, consistent with our
Chandra observations. AGN activity broadly traces the SFR (displayed with
arbitrary scaling), but there is no excess of X-ray activity associated with
quenching. Occasional stochastic bursts of nuclear activity (visible ~ 5% of
the time) are sufficient to couple strongly to the surrounding gas and drive a
powerful AGN-driven wind. If the AGN duty cycle is short, the relic outflow
can persist for significantly longer than the visible X-ray AGN. Continued
bursts of activity may eventually deplete the gas reservoir.



ABTOpbI He_MOTYT UCKNHOUYUTb YCUNIEHHYO GKTUBHOCTb
ASl" Ha cambIX paHHUX cTaauax "3atyxaHus" (nepeble

~250 mnH net). PoTomeTpUyeckme metToabl

naeHTUPUKaumm PSB umerot orpaHuyeHHoe BpemeHHoe

paspeweHue (~ 1 mnpa net). byaywue

cneKkTpockonu4yeckue uccneposaHmusa ¢ JWST cmoryT

TOYHee OTCnexmsaTb 3sonroUmo AT -akTUBHOCTU | arburst , SFR
OTHOCUTENbHO MOMEHTA NpeKkpalleHUs |
38e34006pa3oBaHUA.

Quenching
/Ninds, turbulence?
Efficient coupling. Episodic AGN

Drives wind
Aty << Btying

e eaen _—

Knrouesoi BbIBOA: HabFoAaeMas HU3KAS GKTUBHOCTb
A4l B PSB coemecTuma ¢ nx nepexoAHbIM CTATYCOM,

eCllI1 YYUTLIBATb KpATKOBPpEeMeHHbIE, HO MOLLHbIE 7 Al S 1
BCMbIWKU aKTUBHOCTU. OAHAKO NpsMoOe A0KA3aTenbCTBO Time; since starbunst (Gyr)
ponu AAl" B nepBoHayanbHoOM "3aTyxaHumn" octaerca

Figure 9. An illustration of a plausible scenario for the co-evolution of AGN
HeynOBMMbIM activity and star formation in a recently quenched galaxy, consistent with our

Chandra observations. AGN activity broadly traces the SFR (displayed with
arbitrary scaling), but there is no excess of X-ray activity associated with
quenching. Occasional stochastic bursts of nuclear activity (visible ~ 5% of
the time) are sufficient to couple strongly to the surrounding gas and drive a
powerful AGN-driven wind. If the AGN duty cycle is short, the relic outflow
can persist for significantly longer than the visible X-ray AGN. Continued
bursts of activity may eventually deplete the gas reservoir.
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Figure 9. An illustration of a plausible scenario for the co-evolution of AGN
activity and star formation in a recently quenched galaxy, consistent with our
Chandra observations. AGN activity broadly traces the SFR (displayed with
arbitrary scaling), but there is no excess of X-ray activity associated with
quenching. Occasional stochastic bursts of nuclear activity (visible ~ 5% of
the time) are sufficient to couple strongly to the surrounding gas and drive a
powerful AGN-driven wind. If the AGN duty cycle is short, the relic outflow
can persist for significantly longer than the visible X-ray AGN. Continued
bursts of activity may eventually deplete the gas reservoir.



