B RTE SRR v ¥ — SRUEE FREEE

[I. FHYEGRIBM

1. A2—
Hifz MEpt ez, RAE &,
HEZ% R, KE F, HI B
Bh# Wagner Alexander, f&5 B
S~ mK — (CCS) , & N GIHEAT s InH AT X)),

IR HEA (RHFEARATSE A) , AR 528 (RIOTEAARATSE A)
NI FRAR (BHPEEAEATIE A) , RBRR (RS (RMOPELZRRAESE A)
RS (R BARESE A), BT/Ese Eth (RIZERIATIE SRS 3E)

A KFFeA 28 4
A 10 4
oA 1 4

2. =

KR, BT NV—T1L, 7T v 7 R—) VBRGSO RIHEOMSE, — A ima R
VY~ CHESTEE G R A O TR R RS TR O X SRR B OISR, RZER A RlET 5 7
T JIR— DI AREE DI, % T VA OBGRMEAER A 5] S Z RS
TRCIE AR DAITE, T4~ o HOPHRICERE REFT U T ¢ B, JFAAERMEICE
FLHEIE XA MR, BERWEY T m— L M3LIERE A b U — LD ESEH, Dark Matter
Sub-halo D )5k, ¥ —2 ~ 22— T m—fHREII LD ¥ — 7~ F—RZEW DOIERIETE,
FUGIRIHTZ AR Y R 2 b—3a v, BEIR M| 7 T 7 4 —DOEAEIIZE, A —sR—a
Va— 2 gEeNWEFHERBE#E LR T2 =2— ) JOBEI I2L—ay, FiH
KHEREETERRI KT D =2 — MU 2 DF1FRIE%E, AGN feedback: The interactions of AGN
radiation, jets and winds with the host galaxy, ZFEAIZIS T DEEFEA ) FBfEOMFZE, %17

277,



BUERF FHRARE TS o 2 — AR RS

3. BIRMR

[1] h— - TS5 v R—I ABEDBBRREEEROHR

IEBISTEE S X BB & W o 7c a2 037 M@ r o X —RKIEO= L ¥—JFIX, 77
I IR— NSO HAFEEFERCTHDEZZHNTND, ITH, =7 4 Mo REEZBZ DN
FEA R T RIRICIE, BEREERSTET LD E PRIND, BEREEROMEIL, BisL
TWRNWT Ty I AR—)V (a7 VIV 8T Ty 7R—/V) ZHOIATOILTE LR,
7Ty R—ANEEE L TWAES (I— 77 v 7R —) IZOWTIEHFELELHARDLN
TV, Z 2 CARIFETIE, B— - 77 v 7 A —)VJE BH OB ER S B 5t O — B kT i B g
WWRRE N Fr I ab—a v aFE Lz, ZOMRE, 77 v 7 R—Ln@EdIic BT 5
EE, ZRVX—LHNR (BETDOIHAOERT LT =T RSN D=3 F—
DEIE) MREL 2D ENbhoTz, £z, ABRLTWRNWT T v 7 A— 104, =X
JLF— RS CREM S A DIZH L, @HICBEET 27 7 v 7 R— IV OGHEIIRA 7
4y777y&xmiéizw%~MM#im%f%5:&ﬁbﬂoko:mm,@%%ﬁ
LTI IR —VOBEIBERINFX — 2R &k T T R+ — K« v 7R B3 EHANT
WL EDEFIETH D, Fio, BHBEL V= y bXT =D D, —HOBENRE X #
FUZ, SRS A — « 7T v 7 AR— VR GFIET DA REMERH D Z ENbho T,

[2] ARmt L EREHAICE DTS vIR—ILALT S ARDEFREOHE

ARV RTARY T LAA—TZLDT T v 7 h—VORGEIAICLY, 77>
F—VOFEITZ L E LY, 7T v 7 R —)VELOWERRS ORER R 12D 5o 5,
LvL, 77 A~HOBBFREL, oz b riigear 7 b oBELE I L CHEE AL
7 MR A A —VICHBEEE RIETICH 0 b 6T, L bho TR, £2
TAMZECIE, — xR TR R OT — 2 & 4 L TR 8 T O — A xR iR
ENEEGI R A FER L, 77 v 7 R—/VEAHOERRC M L ORI mZ Rz, &
OFER, EMFECITEICBHE IS Y=y hO RN, FFEGIRCHIOY = » T
BB SND Z ERbhroTz, ERMEIESIAWVEETEL 5 b 00, KIEMEE A @i
LEICT 7 T T — Rl E ST 5 Z ETHRNITR DD, 7y 7T —HEEEZ T VWY o
v PO TSN ELDRERE 0D, —FH, MR, RFROY =y S TERIIZHK
WA, 77y 7R NVEBOERERTY 7 77 —EHEZ 5L THELD, 25 LTHE
BRI & FHREDODBENE Z 0, £72, ZOHBEHXE FRESHIKFET D RN bhroTo,
MFL & BRI OFEMZRBLANC LV, 77 v 7 R—VELT T X~ OB IREICHIRZ 5
ZHZENARETHLHZ L ERLTEDTHS,



BUERF FHRARE TS o 2 — AR RS

[3] R ARO— AN RVERBSRENZE S aL—2ay  EBTI TV FUAF
BE M1 EDHE

7T w7 R VA OREEMBE OISO T, RN BRI E I F Y 2
L—2a URAMETHD WO THEDO/NSOHBEZRRLS) R i e S A
FHETHEEDER T L7020, WHOOKE—A L bR L 1T RE—2A L FEMS MI
IRBIAE b TE 2, LaL, MBI PRI HE S @GS T e 5813 E LWk %
o ENEELW D, L0 EMRICEENTZ KD 5 720113 iE S s R BACHR < Tk
MLETH D, I TARIETIE, WHEGRXEENTT o M RT 2R HEH)
TT 4 NORTFIEICL DY I ab—va vy B FERL, K0 IEMRREEZRD D LR ML L
DFER L DWW AT T2, TORER, EHLLOHEEZAWTY, 77 v 7 h—/VEBOME
ML 22O RAETLIT U M7 —2HBlT 2 2 LITRRETH 525, IO [EIHERE T O
RN RE L B D Z B bh o7, M1 ETIXMBICTEE 22 7 238 < B4 — F L ¥
— DAL D DIZK L, BETT ¢ N UKL TS T 2R 5 Z Edbo Tz,
MLETIE, MBOSES MG RIGENIEBEMICRE Y, £, Y=y PNEORK
ER MRS N Lt b, ZO/RE, 77 v 7 VEBOBREMNEST U b7 —
ZIEMEICHTHR D 720X, BT ¢ FCRFEEZHWDLZENEE LN ERbholz,

[4] — AR AE* ARAIERST#NE R 0 — F"CARTOON" DF%E

7T v 7 A= VIR O S OARH A RS E TR T2 i O — fRHR el i AR S ki = — R
[ CARTOON ( Calculation code of Authentic Radiative Transfer based On phOton Number
conservation in curved space-time) | ZFHUCBHIE T L Z LTk L7z, 2= —FTlL, 77
v 7 A= VIR PO #7235 7o IR IR > T AR GRS it SRR MR <o b ERAF
PMEFES DT VA Y X AEHNTN D, ZAMO R EFEEHIERICBIT 2% o —L
Y MEELZ R L TV D, BIEIEEA/NE <, e, ZRAF—REBRIESNLD &0 D Fr
BbdH D, 77 v 7 R—VFEICBT 5WMELHFEOT A MEHRZEm L-L 25, FEDAL
EEATIE L —B L, A EBITEmAEROMPHICEET H5ET—ETHD I LN HRT
oo £To, TR AUy FUZEHIET L LI LT,

[6] Lya ARAERER EFFINVERSFORGBRIEFEBFIME (FHEGHERPELE)
TR BRI, BEGRMEATH D LELE DAINFEL, ERICB W UIXEENERIN D,
LinL, AmEWlT 27 I 7B LAICRESNTEY, ZOHEBITEMERSE bIZ,
FEHOE L Lo TND, ZTORBEOEME LT, BITHEICBWTKET A~ o L
TORIZHEWT, LS U< D APNERMICAER I LD AT ER S Tnb, 22
T, KFEFA~r o MEAPFHEMTENLS HWEIET 2 O0MRIT 572012, B HZ2H]



BUE R FHRRLE T o 2 — BTN AR RS

ORI XV EEFN L T2 F A MR KL DHELIC DWW TR 2 D T\ b, ZHNE TDE
VT AR R A OIS, KFET A~ o TIEMAREEE T 10% %282 55
MR R AR SIS Z ERDrosTE, BRHEMTOX A NIHETLDO—D2ThD
MRN 534fi (EECERE DS & A R ag 1S LT, aaq > ERD0940) 2RELTVWDRN, %
DOHTEDYA ZXDZ A NRL1-H3 @ PR ERKIZTF S L TWANEFIRTZ, 2k b &,
&S PRCEAERIZHE ST 24 A A X%, REREEEY S22 BRY A KTy ~
0.025 um TH Y, TNLE Y KE WY A XDF A MRIFOBELDETIX, A A XA kEL
2% 280, MRCEITIRE LR S IEADMEEZ LV, HHElX o ~E#nid 25 Z &8 bh
ST, 7o, RERF A MRIIZBIT5 1 BOXEBELC X2 REE L, REREEOS & T
FRATRCEH L, HELA KO, KOH#EFT TR & & A MR- ORI 223 IOV T ORTEE
MM LTz, ZORRELERDZET, ~0.025 um OV A ADX A MR8 5 EELED
ML, REEREOEEEVEEL & 5 2 &3 ph -7 (Fukushima, Yajima, Umemmura,
MNRAS ~#F5tH),

[6] RIARERFARICETHEARPOF R FEE (FHEMHHERSEES)

Compact#] F Fluffy#i+
10 - ' w0* - v

R
N
N
\
\\

L 10° [ y
0} L 1 10 1
10 { 1 10' r
| ST s i ] SRERL AT
- 10’ «‘:' b 10’ w'
stepsl steps?
021 ° T yI5-sn 75T

1 RRHMFHROBREL (7 (FPEE) . FERRLEAFAS IR
BREYT S5 EDND

JTARER R R ML, LB SNIEREOE Y 2 RS 2MHETH Y, T A L BB
T (FAR) oK ESND, FARRERMNBEEE T VIZENT, iy 7 n s
YA ZADE A FINEEREEBRYIRT ZLICE T, MEPRAELIZESND, LLan
5, T AFIERIENE (LA V2D OREWVRRELTLRIEIZ 2> TWD Z ENMbNATEY,



BUERF FHRARE TS o 2 — AR RS

BLEIC Z > TN S 6N F XA FOFEENRELS 0D, 207D, HERIZEkIRY
RENLELT L, AAFXAMIIY A—F = A XL EICHRE TE R &0 D KRR
23D (Ormel & Cuzzi. 2013), S HIZ, HAFFLEMY 297477 F —E CREE LT
WDHTZD, A RNITRA L OHEAEC LD EZT, AESREA KR, KA 100 4 TH.D
BIZHETLTLEYMENRSH D (Adachietal. 1976), T D728, XA NMBHLEIZETFTT D X
D HEHIF CTHERE E TRET OLERH D, TOMRKE LT, SLitimrbE i sns
BIF-EDO/NSWEATNCEE D Bl TAZ U 7 LEENR5) 2 & THERENED
LWV A= XEDBWFIEEI TS (Pan et al. 2011), SEEE, JGITHFSEC, ELIEOEBEEIER
RIS EMRFOER 22 2 2 L—3 g > LR, RO AR B 2540 B9 =
TOBRP TR LY bEE/NE <, ZD5AAIE Gaussian 1 Tld 72 <, Stretched-exponential !
2720, AFPERR BN D Z L2 > T % (Ishiharaetal. 2018), AHBFZETIE, 4096° {H D%
FREMNT, T2 =7 ZHBRAOEHBEFE LTI 28Ik D, SLA /v 28
FLifE (Re = 36500) % FHL L, BB OEMER -2 21 2048 HOEHD I 2 L— 3
AT 0T, ZORER, =AM T A —OEWETIE, RFECMHERD DR, =
Z b\ T 4 = HPMERWEIR O FUNIME BN SO EESFE L, Bk 7 A% U & 70 R D e
WT&ETZ, £, MTBEIRRTEIORREL D2 LN nholz, SHIT, Re=16100
DEFTITIBNT, FURE SICRESN 10247 FOEMR FOEBZHE L, (f5EAK
THZELILRVZDOY A RREHERELSTDHY I 2 b= a UEITROTEHER, REK
FLERFEEZORMEREL, T2 a7 0 —O/NSWEIRCIEKR S DA S 5
ZENRGIoTL, TRHORERLY, BT TAX Y UL 5T, BEO/NIWESHR
BT, XA MIEREEHRL, REL ROTRAD/NI VYA ZDORF 2BV A, S BHIT
RE BT Z NIRRT D Z &3 o,

[71M31 NA—DEER b)) —LEBARED Y > JHE L ORER

IAEOREEBIANC L0 7> R A ZE (M31) JHII2IE, @EOHRIT & OMALER O
EMNZHRE AL INTETEBY, 71T, /~2—>0 Andromeda Giant Southern Stream(AGSS) <°
TAATD2EY TR L o TSR ZEOIEHN & WL 5 D REE DB & BRER I > i
MUZFI~ BTV D, AGSS 13 M31 DO HULA 5 100 kpe LLEIZ S &> THIR < i 5 BER
ST, WMEOHEMEHEDENR THL EEZLNTWND, LNLRRDL, ZDOBAMIZDONT
1%, KEEHFELOMEZE72 L% 2% Major merger . (Hammer 2018) & /[VE &R0 D22
72L& 2 % Minor merger i _ DDRINARFBZ HALTI Y, RIZREDB DV TR,
AMFFETIL, S ZEILE D FRRIMBN T 27125 2 DB 235~ BEDT
4 AV DIES B HBT D720 O&MERDTZ, ZORER, 10°M sun ZREMAD LD 7K
HEOH BRI OBROFHENMEIIERN Z L AVR ST,



BUERF FHRARE TS o 2 — AR RS

F 72, Blocketal.(2006) 1%, M31IZH AL XA RNTT&7- 2 HY V7R AL, A
ERIT D M32 A3 200 {EAFFRERTIC head-on 22 L CEZDOHEEN TE /2 L2 ERL TS, L
L, %5 IREZE L2 M32 DB REIEM31 OB ED 105D 1 FE (~10"'M sun) 72
EFRERR DT TWAED, ZOX I R RKEEOERFNELE LIZSGE, ETREIIET A7 O
JEEBNERL, BEOCEBIEFET D, £ 2 THAI/INEREOF RPN OMEZEIZL Y AGSS
E2HEY) U IEEORBMEICOWT NA/SPH 2 = L—y 3 k- TN, ZOREE,
EBE N5 ~10""M sun 10 H—H/NE72 ~10'"M sun FREEDREERIAY, M31 D LMt
TR UEZRT 2 H5CEIEZ E RS BRTELZ 2 AL,

[8] #—4 <& —/\O—DHEHE L & RIS

A=)V NE— 7 < 2 —FET MIET D REEREEZRICIBWT, B/ R ORE &4
— < A= — X EORIERICB T D ELT 1 7T ay s b L CEEREEZ R L,
ZOWELHNEZTHET D2 L3 X— I~ —DWHEEMD IO DL 2D,

AR, EEHIA2S 100 5225 100 (ERBEBEREICH 2N A XD F—7 <~ X
— =0 i L EEEC R, EFOBEOMETHRIOINAE I 2L —a 07—
BIRNT ATV, F DL & NERREE ISV CEEIC 72, 2 2T, 27 B o 4RiR
A ADRA N =7 < Z—= " —DESRT v VIR SN 30 HlEOX—7 <
2—H T a—DF—ZEHH L, VT m—ORKEHEERE & ZFOMEOMHLOBET 28
FIRUICHRNT L7z, I, K —OWNEREORIE L LTHLEPEDNRT A —F L n—
DT 4 YTIVEEEORBRRETNT, EORER, SEATHIFED Ishiyama and Ando (2020) THE%E
SNz ¢ - M BROEADBSRIOFE R L FERRVERN ST, IHIZ, ZZTHLNE
BT S & BN D ERTHI OB T — Z 2 bl - RETL, ZoZ4 LR Lz, o
BN X 2 S0 O [z f Ry 07— 4, SRITEE - SR O BHR A A0 5 X A0 T
— 2 KOS DOE L o AR O RO T — T~ Z— o —DOE B OT — 55, THi
O ESEEHATa— L N =~ 2 —ETFADOTEN, BllEZFERHBHTESZ &
ZHOMNZ LT, IS, "a—WNHOIEN I A TR TH L D0, aT7BIRTH LD E
Vo T W Z BLE WA 2 72 DI & 7 DB RREIZ DT, BRI DN D i
L7,

[9] Formation of dark-matter-deficient galaxies and dark-matter-dominated galaxies

SRITTE R ORI T 5 22—V R ¥ — 7 ~ 2 —|Z L 5 BEREIE G T, #icix
TEREEOK) 100 FLLEDO S =7 < Z—DFEL TN EEX LR TE Y, BWRARBLIHER
MENZRELTND, LL, IR THRNIC TSN —r v —HELV b
JERIRIC D7 W& LR e WS — 7 = 2 — RZEH, FFH TEEER I N TE



B RTE SRR v ¥ — SRUEE FREEE

(vanDokkum et al. 2018,2019), /12T, HI UV »» F 72 6 2™ UDGs (Mancera Pina etal. 2019) <>,
PNUF L INKERY 7R 19 [E OB/ (Guo etal. 2020) NHE SN TS, 2D K 9 7R A
FAET 2 Z &%, BUED a—)V ¥ — 7 ~ & — % BRIZ U T AR ESRIR B i O #iiles CIIIE R
CNEETH Y, TNODBR YT U A ZRRRETT 20 ENH D, AR TIIATA L H—7
~ S —OYEHEE OBVNCER L, FAZEGAEY — 7~ Z—F 7 o —[FLO#ERIC &
STH =7 < Z—RZB PR EN LW LA LTz, —RTiIRET WIZ K 5%
PN X —r <8 —REZGHIRHT — 7 ~ & — %% GRS 1 5 E9SHE D &M%
REL, ZRuIER I ab—a U b X — 7~ 2 —RZBNMDBIBERLESND Z & &R
Lz, TLT, TDOX D RERNFEAET DB Z RITHIC RO 5 FITE LT, £ DfER,
Milky Way FE2EEOE EDOIRINATRET 54— 7 ~ & — o —[E L O/%EE, K 1 EFIC—E
RIIDR EBRAETLIEN A SN,

[10] MHAFRICETEXRHERAOHREEHRHEA D =X LORR

EFEOY z—ARA0 =y 7 FHEREICL 2B IV, KRGS 8 B x 2 ¥HFHD
PR Z S FR SN, NPT OFITIE, 2ERE, BEEENIEFICRKENLO
R, TTIER ST T AW EROLOREPERINTND, LLRR D, FERA O
BIERE LT OWALIZE L TIZ R > TOARY, Foxid, FE RS ISR 5
R EEIRICE R L, FHRNENTASI R AT o7, FRZ, ¥—r~v¥—I=m—LK
BRI %[RRI R ATRE 7R B 24T 2 BT, 2 =/ a—NOHE I R OAL, @R
IZ XD FEOEILHREFGY, £ L TREESNNTORSREEERERE T4 B L GGHET
LEICEH LT, fERLE LT, FxOFREOET ML, ¥ o— b AT =y 7 FHLERE
THERLINIZRTGREE 10-14 OO L BEREY L HHRTLIER o7, —F
T, FRITRBA 16 TER SN TV DINNIBIEOFE THIT 2 FNE#HL <, BFAR, £
BELHIZ, MU EYIalb—rva TSN ERGhole, T, vYIalb—va
Y CIEFBLHPRE TV RN R X — =2 MERECTEENSNTIE OFFER &, BHiTo/2 A T = A L3
BATODAREEZ RE LT 5, T, EFECEBREIC OV T LT EZITo7, &
LT, SROEEENKE L RDITONER I Z2OEEHGITHAD LTnE, bl
IREROBBRRH D Z LB oTz, T, BIISHTVD &) Z2REEN 107° RABE
O TH, B ESNEIMRO—EITEBE N Z2ICE52 b0 THHIEERE L, Zh
D OFEFRITHBLE MNRAS FEICEFR T TH D (Yajima et al. 2023, arXiv:2211.12970)



B RTE SRR v ¥ — SRUEE FREEE

[1] ESREHE BB EBICEDERRA A —D U THR HEATALYFAMIVX
EER  HERNAFTAA—D0Y)

FHE A7 WS Lo ns s OB R R 21T o 7o, BHARRRGE & LTI E 2 &
B EENUIMI T TN Z —RRIEE & L, 2o T2®ke7 Y vy F&EZ, mE (R
WRIAR) ZBdiE L, St/ 2N D RS 2 Fi~To, £, SEINE@EFHRIC X - T, B
DRI~ >~ T aAER L, FEWR ORI L T ﬁ%ﬁko%®&,apﬁzi5&%ﬁ
BADOHEIZLY, FEOBEHEICOVWTHREEZIT 7, MRE LT, FHIXESET TR -

JEPT A L7223 5, *%@%ﬁiﬁﬁif%b@@ﬁﬂ%?%é%ﬁ%ﬂoko%Lf,%@
B DR S 7 F N DRI E 21TV, B E O ET VAR LTz, fRe L
f,@ﬁ®ma,ﬁﬁéﬁ%é@ﬁﬁ:%bf%,%<®%E&%K%w?9m*~tyku
LR THENR TH 2 F 2R Lic, WNEEGIR, HWEHEZ SR C8EmIciE M L
FHRGNI N E TEY, L723-> T, Hx ORFERITCEEDNBIINE A A —2 0 7S]
RECTHLIELZRLIZEHERFITHD,

F7z, Bex NBHF LIRS EEEH R = — K TRINITY %E&E& L, BKE wavelet Z AV CHE)
WO A4 By fiRe 22 B R 2 & 91 U7e, s it BV TiE, BELBRICs W THE
BT 2N—THERR MRy 7 Lo, LNLRBL, KA A=V 71280 T, A
RN L —F— L2 TH DL T & &, BOATHREL A FFFEFHELDNE X 57205
WA FESTREENRD BN D, —H T, HEICW ICONIEFIGHITE T ICIT- S0 TV & EU
JERIRREIIMEE L 72 72> T, £ 2T, BKif wavelet Z HIVWVT, %270 v FRIZBIT HF
SGOIEEFEOER VI L D AESRED L~V E HEIPICEL S D 5EH 2 — REB%
L7z, ZThICRY, FRBELE L STICEHREEL 350 LED 2 I LT,

[12] FERABBERRICHT S5=a—F) / ONEHEE

777 HEROESEEEY S 2 —va BN, BEAFH S =a2— ) J OFHEK
BUSHREE T RATRET 2 B O IE 21T > 12,

AEEL, =a—R ) /Oy Ial—yvaryFEELTIRNETRASNTERENGEKTI
2 — g EHABNWOTEMA L Viasov I 2 L— g VO EREE -HEax 25
DIFEMR ATV, FHARHEMEOBEER O E DT =AY MUVERRDFE L L

TIFERDONE Y I 2 b= a3 U THHORFREBENMFONL OO0, =a— ) O
RO EO/NT =AY M =a— ) ) OBERE - ==— b J#ifielo=o2—h
U R RS T EZ LT DOEY I 2 b—a FEL L TENKY I b
—Yar iV Viasov 2 b—a VOFPKRERICENLTWD Z L 2R LT,

Fo, =a— M) VEEBAEOHERDET TG EIZ=a— N J OB EHEEOFEH
WNFH KBS EO LTSN D 0%, BEEICERO=2— Y ) O5REE



BUE R FHRRLE T o 2 — BTN AR RS

[om) tos ve{odty snm [OIM] velocity dispersion
- P — :

Voglkme-

-
e
Zikpe]
\
oolllergs 'pc i

“Tx el

- bl
Xtkpe)

¥ 2: Location, morphology, and kinematics of shock-ionized gas produced by powerful
jets propagating through the clumpy interstellar medium of a forming, gas-rich galaxy.
From left to right: volume render and sketch of the system; [0I11] surface brightness;
[OITI] line—of-sight velocity shift; [OIIl] velocity dispersion down-sampled to
resolution typical for VLT observations. The right three panels are viewed along a

[ine of sight parallel to the mid-plane of the galaxy.
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3: Comparison of ionization mechanisms: photoionization by the central AGN versus
collisional ionization through shocks driven into galactic gas by jets. Left: in all
of our simulations A to E, collisional ionization through shocks dominates the
ionization mechanism of atomic gas. Right: the ionizing photons can pass through
holes and cavities in the interstellar medium created by the jet, casting ionization

shadows into the halo of the galaxy.

[14] AGN feedback: The interactions of AGN radiation, jets and winds with the host galaxy

The supermassive black holes in the centers of galaxies accrete gas and launch jets and fast winds,
or emit bright radiation. The jets, winds, and radiation may impact the gas in host galaxy on scales
ranging from fractions of parsecs to hundreds of kiloparsec. This cycle of matter and energy affects the
evolution of galaxies and is termed the "“feedback cycle of galaxy formation". It leads to a regulated
history of star-formation, evidenced through the luminosity functions of galaxies, and to the co-
evolution of the central supermassive black hole and the galaxy, evidenced through the scaling relations
such as the Magorrian relation. We are pursuing a numerically intensive project running 3-dimensional
relativistic hydrodynamic and radiation-hydrodynamic simulations with multiphase gas aimed at
elucidating the physics of the mass and energy transfer in the feedback cycle and the effects of jets,
winds, and radiation on star-formation and black hole accretion. In recent work we:

1. modelled the observable signatures of jet-ISM interaction and investigated the line emission and
gas kinematics in jet-impacted discs and halos of gas (Meenakshi et al 2022b and see Fig.2 above). The
analysis revealed intriguing observational signatures which have already been seen in recent
observations and which are informing observational astronomers in the acquisition and interpretation of
new data. We found:

(a) strong dispersion (~ 800 km s_l) in ionized gas along and at large distances perpendicular to
the jet;

(b) strong distortion of gas rotation curves; and

lnq«nlm- "
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(c) that jet-galactic-disc geometry can be constrained from IFU data of ionized gas outflows and
radio data of jet.

2. We investigated the relative contribution of two ionization mechanisms of the interstellar gas by
AGN: photo-ionization by the radiation field produced by the AGN and collisional ionization in shocks
driven into the interstellar gas by the AGN jets. In almost all cases, even for weak jets, photoionization
is subdominant and line emission from ionized gas is due to shocks driven by the jet (Meenakshi et al.
2022a and see Fig. 3 above).

3. We have performed an in-depth comparison of our highest resolution simulations with LINER
radio galaxy NGC1167, the Teacup galaxy, and the giant radio galaxy J2345-0449 to gain insight in to
the astrophysical consequences of the interactions between the radio jet and the interstellar medium in
the galaxy. This work employed our new simulations of galactic scale low-power jets in massive
galaxies, a combination thought to occur frequently in galaxies, but difficult to model as the interaction
times are very long.

(a) Our simulations of jet — ISM interactions explain the overall morphology and spectra of the X-
ray emission in NGC1167 observed with NuSTAR and Chandra (Fabbiano et al. 2022).

(b) We observed and modeled how the central molecular region of NGC 1167 is cleared by a trapped
jet and a strong molecular outflow accelerated by jet is generated (Murthy et al. 2022).

(c) Feedback perpendicular to the disc is particularly strong also in the Teacup galaxy, which ex
hibits enhanced T32/T21 temperatures (first time ever discovered) and velocity dispersions in regions
away from the jet axis, but where the jet can stream out and release its pressure, as predicted in our
simulations (Audibert et al. 2023).

(d) We obtained VLT/MUSE optical imaging spectroscopic data of J2345-0449 that provided
spatially resolved line diagnostics, revealing globally reduced star-formation by a factor of 10 due to
jet-induced turbulence. High electron density regions coincide with sites of young stars and star-
formation embedded in a galactic disc of low-star-formation gas, very much like the complex star-
formation distribution and history predicted by our models of jet-driven turbulence in the ISM (Drevet-

Mullard et al. 2023).
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