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AR, Y N—1%, EHEBNEFAT LT T 7 v 7 R —VEROM5E, IIRER
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ERGREE, Wi\ — 7~ & — a—H )5 OB SR EE SRR, ISEEREZN L D
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Z BEGAICAENT L T & 7= (Tagawa et al. 2015, 2016) . Z OfiFENT TiX, TR BEISCE D
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S EAGMIX, 2K - BHT2ERICHES 7T h7a—IZ L RN ZE(EL, KD
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BAE OREYER) 2 S TR RPRER T & 5 cold dark matter(CDM)E 7 /WL O KBS O
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X TS, AU TIE, SRITEZE O E ISR K ORI 55T L 2 SR 248 FE 0D A
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e —hEGST 57T v 7 R — )V OIFERREMEIZ OV T L T\ D, AEEE, 7V R
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Uz XD WA EEERFIL, ¥—7~F— ra—EGEEREEENLDT RLF—
DOFRIZE S TIRED EBEZHNTWVDA, FELWINEIERRZ E1I 52 > TH Ly,
2T, SREGEE 7 EOBRNEIC OWT, EEEREE T L EEHT A 2 & T, R
WOH — I~ —ra—EE&x T LT, TORE, AWWEEHEF T, HERKENEDT 5
7%, Mass Loading Rate (B & & B L D) IZEMT 5 Z ERbroTe, T,
/NEESRIE, REESRIZHAT, SRS L 2 2GRN RE N E 2R LT
b, Fio, MNEEHTIE, B~~~ F— o —DEEENMETT LI EBbhroT,
Z OfEAIE, Abundance Matching 72 &, O FEIZ LD PHIEE L —EHLTWVE, &6
2, RARBEZEDOHEZITY &, BRFIREENR T, FUHEERETH->TH Mass
Loading Rate 2ME T35 Z & bnoT-, iU, IRFREIC XL - THECH) 72 ERn] BN HE
WFRNFL 2 B AIEME 2R LTV D,

[7] 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, fast
winds, or emit copious amounts of 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 coevolution
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 have: 1) compared the feedback
efficiency of jet-driven and radiation driven outflows and found that jets have a
systematically higher feedback efficiency (Cielo, Bieri, Volonteri, Wagner, & Dubois
2018); 2) produced a sophisticated 3-dimensional model of a relativistic jet interacting
with the galactic disc of the iconic radio galaxy IC 5063, explaining the physics behind
the dispersion and outflow of molecular gas (Mukherjee, Wagner, Bicknell, et al. 2018);
3) investigated four radio-loud NLS1 galaxies with extreme emission-line shifts,
indicating radial outflow velocities of the ionized gas of up to 2450 km/s, and interpreted
these in terms of a large scale jet-driven wind (Komossa, Xu, & Wagner 2018); 4)
calculated the radio spectra from simulations of young and frustrated radio galaxies that
explain the origin and transition gigahertz-peaked spectrum sources to compact steep
spectrum sources in terms of the free-free absorption characteristics of the multiphase
interstellar medium (Bicknell, Mukherjee, Wagner et al 2018).
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729l C, NEYIab—va 20N INICED b TnWd, 295 LR ELT
9 71 TITEO) e ISR 2 BT DR DD, L LRN D *ﬂx WZERIT I N L e N

H”&iﬂ%iﬁé%’?ﬁi TRTHY, ;ﬂ“b%jj%:l:@fiﬁ%/\?ﬁ?: LTRET DL Z LIRS

‘if£< BUE S WIS O AR BT 203 e T, RIS, KOJIERINIC

RE SN D PR DL ATEW R &R D 2 By OB 2 FF> 2 LR bi T
WD T, BEEOMBR 2RI TEDHZ &ﬂﬁibwoé% , ST OE RS A X, &
%5y OB AR DR EZ T D T2 DITiT, _ﬂ%%‘:if‘ IEETCEDHZ L HEET
HDHM, THLIEELWVHEES sztmﬁxﬁémn— IR LRV,
T2 TH AL, BE OBy & i Ry A bR & L’C%fﬁﬂ‘é*ﬂﬂﬁ*ﬁ#ﬁfaﬂ“ N
MAGI (MAny-component Galaxy Initializer) % PB%& L7=, BRRIFRAKDICOWTIE, 55
Hy 7238 oA 2 UE L Eddington formula % A WN3 A BEIE A 1ERR, Z O AREIEICHE © KL
FoAi BT B Z & T, Burkert, Einasto, Hernquist, King, Moore, NFW, Plummer
model 72 EDZERRET N OERG DY & NP VH IR0 L TRITE S, £z
PR3 2 DWW TR S I EIRE 7 V2 {E L, potential—density pair % EUEAIIZK
DTS, b, EIORRLIEEOMBRS R o Tohi 1R %R TE 5 & 9 gk
o TS, ARSNIRL -2 DORRFFROZEMIZ DWW T ORIE IR T2 2 A, K
FERICIE D ZEME bR CTX 72, LLEDOREIL Miki & Umemura (2018) & L THEHF A
ThV, Fl-V—Ra— LA LTS,

[15] SPHXF5—# Z /= Lyman-alpha JEfRIEHN NS HE 2 — FOBER

BRI SEOND &R RE Lyman alpha (Lya) ﬁﬁ’%fﬂ?ﬁf (Lyman-alpha emitters,
LAEs) OFpZ2BERAIICHGET 272 9121F, WD FFEIZE > TR O IRIET Vi
% LT Lya MR OHERNEXEFE AT S Zgi))&)é fE{TﬂEEJZ/: 2 l—3 3T, kit
EO—FETHVIENEAFTIv I Ly PERVED ZENTES SPH IEREIS Hnbins,
ZD—)7T, Lya iEEEEHE a2 — FIZZNE T mesh XR—ATHEIN TS, ZD7=9,
PER D TFIE CTIITEH LG A OBRIC SPH MR 7 — % @ mesh FV HTHALETH Y, ik
FHE OGS 24872 0 AREMEN B o T2, £ 2T TAMFSE TIL, SPH ki1 Z¥EStstHE 7 U
v RELTHEEAWS Z & T, SPH FHEOHERE Clad kit 5 217 9 meshfree @ Lya
FEAREE B A FH R o — R 2 B% L7 (SEURAT: SPH scheme Extended with UV line
RAdiative Transfer, Abe et al. 2018), 7 A FHEOFEE, Koa— NI —FEHT AN LD
Lya Yo7t A~=2 kb, dusty slab 7250 Lya JtfBHHEROMEITEZ L < HET 5 2
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cE %7~k L, meshfree T Lya BERREESENIEZIE L RIT D 2 & 2 DT, TREHHRIN T 53

B CH/OLNTERFRBERET SR L TARa— RE@A LR, SN0 B0 2 OB
oG A L, Lya BERROR L SAACPLH Y7 AXT ML EnWo 2 8UIEE, Fl—o
B TH- THBIMT D HBIZ L - TEDD Z RN groT-, 512, kD mesh X—2A
a— RO EITo72L 25, mesh HIV Y TOEMIZL > THAOBERIEITE LA
ChH728%, BMHENTAXT MVOEREDLVEDLZ LR,

[16] GPU ’i”)ﬂ‘/‘ﬁ_ N#&EHE=2—FD Pascal A MERE R AL
GPU Wiz wEfb Sz N K55 22— F GOTHIC (Gravitational Oct-Tree code
accelerated by HIerarchical time step Controlhng) % Pascal o GPU [a)iJ 12k L
7. GOTHIC % GPU [miJIcBB SN E YV —a— RKTH VY, BEILFRrMZIA7EDR
Moz CHERELE W mdbn s Tnsd, Lo L, Miki & Umemura (2017)
DIFGEIZB N TR E Sz GPU Ot Fermi, Kepler, Maxwell @ 3 DA TH
D, HEKFD Reedbush-H/L RLH K TH#KFD TSUBAME 3.0 L \Wo 2 KimEA I 7
283 | STV Pascal o GPU it O fcifbidh S T2 dvo -, AHF
72 Clx Pascal X GPU [\t &wEibE LT, ALy Ry 7 H-0ICEHY LM THAL
v R EDa— FNONRT A= ¥ LT=, /3T A =X DOFEEIZHW\TIX, Pre-PACS-
\ZHE#H 472 NVIDIA Tesla P100 # A 7=, NVIDIA Tesla P100 EToOEFHEIL, 4F
THW TV /= NVIDIA Tesla M2090, K20X, GeForce GTX TITAN X & b _TH | \—I—JL"CE}?)
v, ¥FIZ Fermi > GPU T& 5 NVIDIA Tesla M2090 (2L~ THI 8 5D mikfb % 2%
L7ce 2D 8fFE W EFIEM GPU OHUKSE COMGME — 7 PERetk & TEEXIS T 285 T
HY, HERNEHEEDZER TETND Z & 2R T 5,

[17] BRBEBRKAZT—LDRRE

Vlasov FEERZEHEEE I 2L — 3295 Vlasov 2 = L—3 3 > Tl 6 RIT/iFH
ZE B L L CAE VICHE D720, T RVICKEDTERAENVLEL R, HEY I 2
L— 3 Db ﬁ?ﬁ%%ﬁiéﬂi‘ét&)ﬁ Ay v a BT I LI EENTITRY, £ 2
T AV aEESCT DY, RAXT—LAOZEMBE LM S22 & T Vlasov &~
SRalb—varOEEELEERTDH I ENMLETHD, Vlasov v 2 = L— 3 T,
PEARZER DA RITTHTIINC 6 KO H R Z R R E ST 5720, EREREE OB A X
—LERETDH NN ELRD, £z, Vlasov ji*azT@%fEE’]iﬁ% L LT, iﬁ(f fig D
BAGME « FEMEEZRIET 22 ENEETHDH, ZOLIHIREREDL LI, FHald, ZEM 5K
FEEE R O 7 YRS B CHAGAME « A2 RGET 2 mUE B A ¥ — A 2% LT, if:, IRF
IR A X — A2 OV T HIERNBEEDIL TV D TVD-Runge-Kutta A ¥ — A721F Tl
<, IVHEaRXIN/NEL ERED semi-Lagrange AX—AbEHATHZ T, LV
Vlasov ¥ = b—2 g V2 LTEBIRAT — L 208 Lz, MBI T 7 r—va b
L CABIBA%E U7z @ KR A ¥ — L& Jtll, MEEZ2H LB /)R Tld Poisson 2= & #H
BEE 7= Vlasov-Poisson &2 =2 L—3 g v a— K, #EZE T T X~ % Tl Maxwell Jif:
KN EMABDOET Vlasov-Maxwell V2 2 L—v g a— &R LT,

[18])] BMEWKI I —Yara— FOBER

PRI Y R 2 b —araihd e LT, FHYEOMEE CTlX Smoothed Partiele
Hydrodynamics (SPH){EDEARFHHEIZIAS HWLN TS, LML D, SPH (LI
TR OB A E G w2 ETF</ARNT &R0, B L Sz HEnizE F'Hﬁ“lzm/)/t@n/j"fiﬁ%
FOZ LW ol REDPHMOLNTWD, ZNUOITMEDORNEENEEZR D ETREREELE
DOLRBETHY, T E CTITHRA RREDIREINTE 72, 121X, Riemann solver
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% SPH ki O HEAERAFHEIZHAIAT Godunov SPH (GSPH) ¥ X - T, #EfilRE
YNz B Z NG STV A (Inutsuka 2002; Cha et al 2010), GSPH 51X, @@
® SPH VECHEERN ZH 5 T2 DICHE R N THMEHEZNEE LN E W) BfFbio>Twn
%, F1z, Garc1a-Senz et al.(2012) (2 L - THi%E S 417z Integral Approach (IA) (213,
BB O — MMy 2 8 LW FIECTHE T 5 Z & THEBRLIC X - THA T D BE ke 2 i)
L, ZMErRkOBELZ/NSLSTIRND L2 ERHERIN TS, Fixid GSPH EL
IA ZAEDEDLZ LI - T, NLHRBIRIEAZMNE L L2WERE O Lagrange A%
— LD E B LT, TOBRIZ, TA ZMH Lz & ZITMOIZaRE 233847 2 i8Il THED
TR NNl S5 2 b &, T GSPH i S ZERELS, TA AAREICIZ 5
METHLZ xR LE, ZOMEZSEET DI, Bald TA TOMSHEICEHAL
TWEATANCX L TR 2N 72, CORER, WIRKEIROMEEZ L TE L X ooz
TR, HEOT A MNIEIZB W TIEO IA L BWERER L,

BE
[FrEmsC]
< dEm s>
L
<fELFm3r>
1. JbE B
BT OMRERIFHENOIRD T X JBAEX 7 U T 1 K
2. H#E EAE
=B —D2 ==L A —1 7]
3. MRIE PR
Integral Approach Z 7= L\ Godunov SPH £ B ¥
4. I EIR
PR E T 2 BB LI IRETEROBEHE S I 2 L—va v

<FEmsr>
1. B3, @K
T A = a R KIKIZ BT DIREI R O % 5-
2. MW 3
SR ZARRIZB T B 7T v 7 =D Sl - (D) PR~ ORISR
3. T M
SRR AR RBIT D T T v 7 ik — D L - (PR T oA RSt
4. R LR
BEIEREEIIZ 31T 5 Ay 1A OB O BRI 5T
5. AL ZEK
SR A3 O Jict i FEFE (2 331F 5 exact integration scheme D 524
6. LA EH
SIMD f3IZ L 2Ry 2 2 b—y 3 v OE (b
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4. ZH, HNBEE, MHOMEES

SRR &
(&#r, KA, RE - HHEOR], IR, &8, #E4H)
<AEE>

wEENFZE (B)  (—fi%) H27 4EE~H30 FE : MifffEs
[— B AR SRR X B 7T v 7 R — VG G357 & MR B2 O HF5E |
(H29 £ 120 S H /4K 540 1)

R EH TR Je At ¥, H28 45 ~H32 4 « Al
[RA MR CEAMICEY e R0 - BHRREICEET 27 7V r—v 3 B - i
ZeBR%E ) BHIEAURREE, TRBGRANE (G oHiER) oA & KB RNBERELAE O
fiEH] (Efmx EREORI - #b L RERELHOMY) | (F7HED  FAAKE
R DB L & AR IR O BER)
(H29 4FE 1,250 I /421K 4,874 J7 1)

mEAERFZE (C)  (—#%) H26 4 ~H29 £ : friER
MESTRIR S I 2 L— 3 T X DRI R ORE S
(H29 £ 80 KM 44k 520 )
<SyHE >
wEARREZE (A)  (—fi%)  H2T4ERE~H31 4 : fiftite ((RFEH - RKNIER)
[9-1X% HSC & SDSS TRDFHm A7 — /L OWENREER | (2.5 TH)
(H28 53404 2.5 11,/ sy 44k 12.5 T 1)
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[—fxAR R FRI) ART IBIC X D BE R T T v 7 h— VTEEL & R O RFSE
(H28 AR5y H4x 10 T H 444k 20 TH)

mEEFE (A) (%)  H27EE~H31FEE  frER ((vFEH  KNIER)
[971X% HSC & SDSS THEL FH A &7 — /L OWVENEER |
(H29 F£5544: 40 1T/ a4k 52.5 5H)

w5 FZ2E(B) ((vF) H29HEE~H3EE « HE5ER
[EZED S JFAEEE BRI R 5 5 R L O RIS )
(H29 £ 100 5 H)

wHERAO R EIFSE (504)  H284E ~H304E - 5k
[ZMERIZEIC L AT 2 b u A F o O — DBk |
(H29 4FF£ 30 T H)
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