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- Stage IV dark energy measurement

Supported by the Department of Energy
. Office of Science
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Redrock for “lron”
23,060,727 coadded spectra
4,827,137 coadded spectra
1,772,694 coadded spectra
16,460,896 coadded spectra
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AGN catalog: still working
Afterburn+quasarnet: 2,847,435



Dark Energy

Contents of Talk s

nstrument

U.S. Department of Energy Office of Science




Dark Energy
Spectroscopic
Instrument

Active Galactic Nuclei

-
n|
o
=5
=
o
3
o
o
!
dc

AGN: INSIDE AND OUT

Marrow
line
region
P NLR
[ 1 (ic-l:ltii
Duisty torus
i 'Y il
‘QHBH/
Accretion
disk
3cm 300um 3um 300A 4keV 400keV I -
2 T T T T T e \\\ ” g // \\
L \/cmfmm} \I\\AIR—NIQ\ \Eoft X-ra)y Ga:n(ma ;'/ \ Narrow Line Region (NLR) Y. ;
- Radio Sub-mm/FIR Optical-UV Hard X-ray - f 1. . - f" \
: [ rons |22 |
or i | || ] f
L 4 ‘-' \.\ ' /
L Broad :
Line Region ¥
i (BLR)
-2 F ]
[ ]
i L ] L ]
1 ) " 10-100 :
- ]
| A Few parsecs light days 2
-4~ s - 'Accretion disc ~ UV,o pti cal :
i Helcgione - ti :
| s ik sl T s el nall " ] continuum "
T N st Dutty toras. Broad .
2 Non thermal radio 7 . x % -
-6 1 1 1 1 1 emission line ¥
10 12 14 16 18 20

logr (Hz) IR continuum



AGN Evolution

Elitzur et al.
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Discover of the Changing-look AGN
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DESI CL-AGN project (PI: Wei-Jian Guo)
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Mid-Infrared characteristic and torus properties
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Radio characteristic

Data: FIRST and VLASS
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Zhi-qiang Cheng(NNU)

0cm fem 1mm 100pm 10pm fpm 1000A 01keV 1keV 10keV 10!

46
| ‘ I f ‘ f ‘ f I ‘ 4 Xioo et ol. 2011
4 Woo et ol. 2010

[ y Q| 4 Gultekin et ol. 2009 b

L .:s.:;y_,:“ . #‘ \: o Frederick et ol. 2019 ;. Fa
~ 1 S e " = e Yuetol 2020 4
\T L < This Work e
] M 8 ' Frariokog ook 2002 ":9‘
0
o o, q ‘«
] »E J “" ‘o
407 7 2 ‘.ﬁ'

L 3 +

< 0 . ‘OQ Lylleg 20 :" o
o L +
° 0 -1 <log Ly, L., <0 i + ":’2':5’

I —3<Iong‘/LM< -1 6 AP o

+/48
log L, /L., <=3 4% e
AL oL L v oo Py oy vy T oMy pn Ty o'y 5
9 10 © 12 13 14 15 16 17 18 1.0 1.5 2.0 2.5

log (v/Hz) log o.[km/s]

Host galaxy characteristic
Data: DESI SDSS WISE

Leader: Junjie Jin (NAOC) Shengxiu Sun (PKU)
Malgorzata Siudek (IFAS)

3.0




5| Dark Energy

Contents of Talk e e B srecrosconic

¢l Instrument

U.S. Department of Energy Office of Science




CL-AGN Selection

Dark Energy
Spectroscopic
Instrument

LN SWnuls I

U.S. Department of Energy Office of Science

110455.17+011856.6

SDSS(3")

DESI(1.5")

10485.24 0 5241048
AR.A(")

ma
A

DESI g CRTS V PSl g PSlt X SDSS(CRTS V) X DESI(ztf r)
DESI ¢ ZTF r
T H T T 1 I T
[ DRI (spectype=QSO) ] T - 7'[ DRI6 (class=galaxy) ] 191 i 7
0 ' i )
2 20f e
DRI (spectype=galaxy) - DR16Q = [ X ]
- al ]
[ Parents sample ] [ i
L 1 I ] HE
BEL flux: spectral integration l — r y : r ; E 5 ; —
S Discard [ & allwise W1 " i ]
‘ia;%iﬂfga)ﬂ &R>LS for ons :;Ev‘;ﬁ‘;:} —— 13.5 ~ w allwis:e-WZ i ~
~—~—— 4 neowise-W1 : ]
l Pass L ! 1
2 14.0F ¢ neowise-W2 : .
[ Remaining subsample ] = b > » ‘* 'S + i ]
[ il g +44 | 1
14.5F * P44 .
BEL flux: spectral fitting l [ + ¢ : + ‘+ + ]
vﬁje-’/p*%%““m% Discard 15.0 __ ”’0‘."’ e’ ‘.fl ¢+ ]
i% R>1.5 for one BEL _;i::?" —————————— L . T L 1 . L 1 " L 1 L .:’ 1 3
T~ — 52000 54000 56000 58000 60000
l Pass MJD
[ Remaining: 924 pairs ] 0F ' i o T
|
i T i
Mg\_\rf”“"pr — -~ Discard ~ c? i
~_ ux di <20% > > T | i i
m%QES—III]ﬂ difference 20/ — IO E 2wk i i |
~—— - 9 i i |
l_ Pass iT i M i i
. oy Smoh T ey LA i
~<_ — — Discard g | kil i :
W e b > TR o Ll ' i
et e A Y S
1 Pass 3000 4000 5000 6000 3000

[ CL-AGNSs: 561 pairs }

Rest-Frame Wavelength(A)

4000 5000
Rest-Frame Wavelength(A)



Dark Energy
Spectroscopic
Instrument

L N IWAaNLs NI

Example of CL-AGN

U.S. Department of Energy Office of Science

| :g:gf Iggzlf PSlg I Psir X RDSS(::RTR v X DT:S'(‘I” " 120447.91+170256.8 ZTF g ZTF r PS1 g PS1r X SDSS(CRTS V) X DESI(ztfr) 143016.06+-230344.5
17.0F ! | T T T T T T T
: | -10.48 5 : -10.48
175F 1 524 16.5F 5 | ] L
% 180} ‘ 1 E o 2170f i T 4%
i g =1 X i é) 0
185F b 5.24 17.5F | ET
19.0F . B} . . X o] 1048 SDSS(3") it 1 e SDSS(3")
T T a T T T T T T T T - T
¥ allwise-W1 | &5 5 -10.48 4 allwise-W1 : .. ..i
# allwise-W2 } ”0,. & E ¥ allviseW? | o* te
13} ¢ neowise-W1 | *Teee ‘oo i 1~ -5.24 1151 4 neowiseW1 | . | ]
& 4 neowise-W2 | n o Q'o \: . & 4 neowise-W2 : .0 ¢+ » i
= | v ! 2 = = * vt
| .8 | 4 120 | S X TN L.
14} : ety g - 5.24 | .- |
*e *e : ’0 L !
NS 10.48 55 [ ; . *eoet . DESI(1.5")
52000 54000 56000 58000 60000 1048524 0 5.24 1048 52000 54000 56000 58000 60000 1048594 0 5.24 10.48
MJD AR.A(") MID AR.A(")
T T A T L B 125 LS I PR Y EE A A i T T Ty T T T T T T T T T T T T T
r 40F T
250F DESI turn-off 1958 — DESI 0 turn-on
- — SDSS 100 b E 0 — SDSS
- 200F =< 100 20
59 75 F 1 T I 1
'c |g 150 | VJ\ :]‘E 5'3 E 75 §
T, 100 [ M\\J\ | 50 F ] LT, 50 AN oL :
T J\\J\ \ g ‘
g 50 o/ \ 25 ] 5 o5
0k L i “X_ 0 . =t ; Bl O 0005000 6000 7000 soo0 o000~ 000 5;'(30 6000 H"m'oo 80009000
3000 4000 5000 6000 7000 3000 4000 5000 6000 7000

Rest-Frame Wavelength(A) Rest-Frame Wavelength(A) Rest-Frame Wavelength(A) Rest-Frame Wavelength(4)



SDSS Fiber Drop!
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Statistical Results: Broad Emission lines
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Statistical Results: BPT
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Statistical Results: Physical Properties
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Recurring CL

18 | Gemini-2025]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, x # i g
P19 ; .
S ‘ 1
X
20 : T
" 1 . " 1 " . 1 " il L 1 L " L : 1 " . "
SDSS g DESI g CRTS V ZTF « PS1r X DESI(ztf r)
'SDSIS r 9 D[::SI : L Z:I‘F g 'Psl g X:.D§S(1?S1 x) .
. allwise- ; “ (2 :
13_5 :—: ai:wise-gi "i’ " “0+. ] -]
%0 - : neowise-W1 ‘ .~:Q
r neowise-W2 1 1
2 14.0F n .‘m.“’“ i E
C i ”e .
145 . 1 A TP TP SR S « ... B
52000 54000 56000 58000 60000 62000
MJD
175 F >'< ' : ' ! Gemini-2025]
t B X YR o 3 o ]
18.0 1 : N
A S :
S 185F | ; -
f ! x
19.0 o H -
. L ll L " " 1 N " N 1 N " L 1 L L i 1 " . "
SDSS g DESI g CRTS V ZTF r PS1r X DESI(ztf r)
-SDYSS :‘ < D‘ESI'r . 'ZTF'g — P%l g >'< SDSS('CRTS Y) T
E allwise- “’ g ) :
125 F 8 siieawa - W N e :
%D 13 0 E L ne:owise-wl i
U F® neowise-W2 1 3
o 1 Lo I
= 13.5 E i o ’“00“. .‘“0. i 3
il : 1 1 1 1 ‘:Q.l
52000 54000 56000 58000 60000 62000
MJD

100 | ! ! i T T :

- — {DESI : 093642.95+551119.3
| —{sDss
sor | i i
| | | :
= b i i
A W ; a
c & : ! i
* E E E
Sm 40T | !
&0 : ! !
I TR i a
20 [ /il | |

AN

i
1HE

3000 4000 5000 6000
Rest-Frame Wavelength(A)
[T~ ' T T 1
[ — DESI 113040.99+022211.5

[

[Ne]

[
T

()]
o
T

S Yl i i o

1HE H

0 L 1 ]
3000 4000 5000 6000

7000
Rest-Frame Wavelength(A)

Dark Energy
Spectroscopic
Instrument

L N IWAaNLs NI

U.S. Department of Energy Office of Science




Dark Energy
Spectroscopic
Instrument

TDE-like flare
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Peculiar Changing-look
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New Classification and physical mechnism

New classification (internal or external)

1) Intrisic variability accretion change vs. obscuration
2) flare or temporary AGN

3) external physical mechnism (Tidal disrupt events, SMBH binary, stellar BH binary in the accretion disk etc.)

(c) Interaction/"Merger”

g

NGC 4676

= now within one halo, galaxies interact &
lose angular momentum

- SFR starts to increase

= stellar winds dominate feedback

- rarely excite Q8Os {only special orbits)

(b) “Small Group”

M6 Group

- halo accretes similar-mass
companion(s)

- can occur over a wide mass range

= Mo still similar to before:
dynamical friction merges
the subhalos efficiently

(a) Isolated Disk

MEI

- halo & disk grow, mast stars formed

- secular growth builds bars & pseudobulges
-"Seyfert” fueling (AGN with Mg>-23)

- cannot redden to the red sequence

SFR [Mg yr™']

- galaxies coalesce: violent relaxation in core
- gas inflows to center

starburst & buried (X-ray) AGN

- starburst dominates luminosity/feedback,
but. total stellar mass formed is small

logy Leso / Le ] =
& = m oM o

®m ©

(d) Coalescence/(U)LIRG (e) “Blowout”

= BH grows rapidly: briefly
dominates luminosity/feedback
= remaining dust/gas expelled
- get reddened (but not Type Il) QSO
recent/ongoing SF in host
high Eddington ratios
merger signatures still visible

|d AT IR BRI BERTTNT

-1 0 1
Time (Relative to Merger) [Gyr]

(f) Quasar

-y

- dust removed: now a “traditional” QSO
- host morphology difficult to observe

tidal features fade rapidly

- characteristically blue/young spheroid

(g) Decay/K+A

NGC

-'

- Q50 luminosity fades rapidly
= tidal feacures visible enly with
very deep observations
- remnant reddens rapidly (E+A/K+A)
- "hot hale” fram feedback
- sets up quasi-static cooling

(h) “Dead" Elliptical

= star formation terminated

- large BH/spheroid - efficient feedback

= halo grows to "large group” scales:
mergers become inefficient

- growth by “dry” mergers
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A Recurring CL-AGN with Asymmetric BEL
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A Recurring CL-AGN with Asymmetric BEL

logR = 2.08

U.S. Department of Energy Office of Science
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Asymmetric Profile
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* Shift
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Multiple Flares
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Obscuration ? Chaotic Accretion in a Ring Disk Model

NLR /-

s ewl |-
Q’IBH/
Accretion

disk

* Complex profile changes solely due to extinction

e Strong radio emission

e The short timescale for CL events

e The mid-infrared color change is less than 0.1 magnitude.
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Summary '
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1: We build a less bias CL-AGN sample with 561 objects.

2: A consistent ratio of 283:278 between turn-on and turn-off events in CL-AGNs

3: BPT diagram reveals no distinct differences between CL-AGNs and SDSS DR14Q.

4: A strong correlation between changes in the luminosity of BELs and continuum luminosity
5: A critical Eddington ratio for CL events is confiremed around 0.01%.

6: we are carrying out the multi-wavelength studies on the CL-AGN.

7: A special analysis would be contucted on recurring CL-AGN

Thank you!




