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Abstract:

Cool core clusterBI[>MDBCG nuclei/Ha filament[Zxt L, long-slit
SIERZITL, BEfRflux, AXHRE, BRERFZRSELZ. TL
T, X#R, HaRi8 T —2EEHE T, Ha filament DB FFHE.

X EEE S Extended filament - flat(~300 km/s) & smooth.

FXHEEES: Compact filament = rotate-like
R BCGOLBENDIZREST, fila !:@‘
PEEREZITHE R SF + Cooling plaspagh\duett B
> EBREEBRTE2E1H5,
> LA, ©OER IR 15 QD |
PEER TSR SF + Shock model H AN .
> 1E§R L7 s B TE 5. Shock fraction=0~40%.
- BB DFWHM~200 km/s&V,, ,=100~400 km/sIEEET 5.

FilamentD#EJR: Buoyant bubblelZLAICMMD5|E=F Y, L _E
[£? Cool ICM cloud D& T? 2

HMIE kL5 5.

T —oOBEBETILETTE,
rEER L (X ERBATEZ0N.



Introductionl1: Cool core cluster
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ICM: Intra Cluster Medium
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D hot ICMIE, [F[F 87K £ TE1.

%IJEJJﬁ&%T’CX‘fi(E"'keV T~107 K)&RSfL,

AE S [EARBD S [EH<E
}’%fﬂﬁFaEkHubble time® £R ;7] &

5 71 > BA1E(Cooling flow).

- ‘Cool core’ cluster.



Introduction2: Cooling flow(?)
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¢ K heating
BCG
2

ﬁ Coolingflow __---7 Cooling flow(?)

Cooling flow model(rabian 94) > dM/dt=100~1000 M /yr!!
ICMIZE, ZE(XZAEIZE>TZLY? S Cooling flow problem.
Reduced cooling flow model(voigt+04) > dM/dt=1~10 M /yr.
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Hydra A(Abell 0780):
Chandra/ACIS, VLA(4635 MHz), CFHT&DSS
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Introduction2: Cooling flow(?)

dM/dt = 100 M /yr@cooling flowh3, At = 10° yrf=[H L =15 &
> Mgy = 100X 10° = 10" M, D EFARNMEZEE.

> BERIAANRAIBE EREFE? > HafilamentE = (F, 1047 M,
S DFHRSBEEIZHEST-DTIE? -> BCGDHT—ILTRLO.

MR BEVERHE/SEEER O, 1-10%BEEITRAE,
BHS—CHS.

£OT, ICMIEFATZIZEDTEELY?
> RIS DIMELEITETE?



Perseus A(NGC 1275):
Chandra/ACIS, VLA(328 MHz), HST/ACS

Introduction3: Ha filament

Chandra X-ray + Ha imaging(Z&> T, & D ZEM a7 mhH
— 9 H5F (BRI ZF0 > TL V% (Mcbonald+2010,11a).
ZDT—R3EYN, AR T —2EMA TIERZEREI1TLY,
cooling flow&Ha fllamentd)fF%IH’EnﬂETé

Cool core clusterl&, multi-phase(Hot ICM, OVI, Ha, H,).

UV, opt, MIR®D &5 8| Hvis, Eﬁ/}ﬁliéﬂh\sﬁﬁmuéhfla\é
=SFR/(Cooling plasma dM/dt)=1~10%.
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Magellan telescope: Las Campanas Observatory in Chile.

Data, Reduction:

Ha imaging(Maryland-Magellan Tunable Filter)

X-ray data(Chandra archive)
Long-slit spectroscopy:

— Magellan telescope(6.5m)/IMACS, A=

5000~8000 A.

— Keck | telescope(10m)/LRIS, A=3500~7500 A.

IRAF reduction

Redshift, BCG—>filament®) #H %t 1|

Z(v), line FWHM(o,),

emission line flux([Olll], HB, [NII], Ha, [SII], [OIl]), E(B-V).
Galactic extinction(Cardelli+89, Schlegel+98)
O, atmospheric absorption(A~6870, 7620 A)
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optical line ratio
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10914 ([o M]/HB)

Result1: opt/ca/ lme ratio
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ICS

gas kinemat

Result2

10 kpc kpc

A0780

£
i
10 kpc
2 ad e fe S159-03
* =200 km/s
0 km/s Oo

O 400 km/s (o)

O

& .

' mentl:l: smthf

A2597

IO kpc

Omlm!/a

+. =400 km/s

" =200 km/s .
L Okm/s .

» mm/l ",o Wi
lO Mkm/s

* 10 kpc, kpc

. A1644

+« =400 km/s
*» =200 km/s

0 km/s
o 200 km/s
O 400 km/s

o =400 km/s -
B -mum'/s ,
Okm/s

O 200 km/s

| N4325

dompact fllament cG nuclellt-,t rotate |Ike££i2,#ﬁ$

" 10 kpe 10 kpc

12



Distance<0 -> Filament R.A.H'BCG R.A. &Y /PNELY.
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ICS

gas kinemat

Result2
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Result2: gas kinematics
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Figure 10. Left: similar to Figure 8, but now showing optical line width as a function of radius for individual clusters. Right: optical linNwidth as a function of radius
for all nine galaxy clusters. There is a strong correlation, such that the warm gas in the very center of the cluster is highly turbulent (FWHM\~ 400 km s—') while the
thin, extended filaments have very narrow lines (FWHM < 200 km s—'). This trend suggests that highly elongated filaments can only survive I regions with minimal
turbulence. Shown in blue is the stellar absorption line width in M87 from Murphy et al. (2011).
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Discussionl: sources of ionization

Star forming
Cooling plasma

Shock
Conduction

Al

. Cosmic ray

v' AGN -> not likely.

".") Low [OIN]/HB7EMD T, AGNDF 5 (5501 .
ZIhbIE, ETIVER.
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lonization parameter:

y . ionizing photon number—hydrogen atom number.
Star forming.
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IMF, ionization parameter, metallicityZZ 2 TH4A A

SF modeDIEFRLEAE H7ELVEILULNZ, cool core cluster Iy Tl fth D ERBIH S
ERBGEFNBREBIN TS, ZDT1=8, SF model [ LLELEHET(Z,
[composite model ID R AEL TR b. 17



Cooling plasma:

log ([0 1] /HB)

- 'J

Model: T=107 K, N,, 300 cm3,Z=0.3/1/3 2, Log U=-3.9/-4.2/-4.5/-4.9.

log ([N 11]/Ha)

og ([S 1]/Ha)  log ([0 1]/He)

[O1I/HB, [NII]/HalX B<BIRTETL\AS.
[SII]/Ha, [Ol]/HaZx P ELRIEL>TLED.

> FEHRERE

iE, F9FI BHTED!

Cooling
Plasma
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log ([0 I]/HR)
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SF non-detlegtledl
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Conduction:

log ([C 111]/HB)

Ao g :,'r:

~2 —~1 0o -2 —1 0
log ([N 11]/Ha) og (IS I1]/Ha)

5I..J]IILlI.JIIIll..I.IJlI]'.J.

I [ | I. [N Y N N S
-2 -1
log ([0 1]/Ha)

|
LA

BRT—2EBBTETEE > (§

ETILDINGA—RZEFEL LA ERARNTOVGENEIFIZHEZ LD

5 iR &L T)FAN.

.]IJlI.l.l.]JII.lI.l.JJl_

£

Conduction

21



Cosmic ray:
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Discussion2: composite models

SF + Cooling plasma: HIl region in a condensing plasma.
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Discussion2: composite models

SF + Shock: Hll region in turbulent cooling flow.

Shock

Star Formation + Shocks fraction
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Discussion3: The origin of the filaments

ICM trails buoyant bubbles

AGN feedback

(radio jet) /’

-

ilament

v

AGNHYradio jetZMEST > X-ray cavityDFERL > ZFAMER - CavityICMAZ L F.
CavityDEFIZ, ICMMAERFE S > Ha filamentfZ BX.

> AR E: Cavity&filamentD I E %, REIZZ R K 25



Discussion3: The origin of the filaments

ICM is uplifted by buoyant bubbles

AGN feedback
(radio jet)

) .

Ha filament

AGNHYradio jetZMEST > X-ray cavityDFERL > ZFAMER - CavityICMAZ L F.
CavityD AT AIZ, ICMAIEEE S > Ha filamentfiZ L.

> AR E: Cavity&filamentD I E %, REIZZ R K 26



Discussion3: The origin of the filaments

Free falling cool clouds
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)ﬂl R‘ Ha filament

Cool clouds

S Hvidcool cloudsHFF > ICMIZ B H=YEE > E AN ZECRIIZ/EY B INE.
- Ha filamentf2 k.

> $5I1Z, AT 4L, 27



Summary:

Cool core clusterd I3 BCG nuclei/Ha filament[ZXTL, long-slit
FICERIZ 1T, IEERflux, fEXTERE, RERFZEELE. €L
T, X{&, HURBT—2EEHE T, HafilamentD IR ERAE.
FE>%FEEE 15 Extended filament - flat(~300 km/s) & smooth.
xR EELS: Compact filament = rotate-like.

RS BCGMOEEN BIZHREHS T, filamentDFWHMI T 3EL 745 5.

FEER 2SR SF + Cooling plasma model+,]. o
—DDEMETILEEITTIE,
> ERLZTZHRTELRLHS. FEAR LL 1L BHBA TR,
> LHL, ROEREERILEZIECRBEL>TLES.
YRR 2SR SF + Shock model BAR X .
> EFREEF B TE . Shock fraction=0~40%.
> BB DFWHM~200 km/s&V,, ,=100~400 km/sIZEEET 5.

Filament®D&j&: Buoyant bubble[Z&AICMD 5= Y, #HIL Lt
[£? Cool ICM cloudD & T? 28




