Cooling and AGN feedback
N giant elliptical galaxies

In thermally unstable giant ellipticals, more massive black holes
produce stronger jets

Norbert Werner (Masaryk University)
Based on work by Tomas PlSek et al. 2022



ACCRETION AND JET POWER IN GIANT
ELLIPTICAL GALAXIES
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DETERMINING THE JET POWER
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DETERMINING THE ACCRETION RATE

r (arcsec) r (arcsec)
1 10 100 1 10 100
' L : ' ' L | ' ' L L L | 2.0"""I : ' ' L L | ' ' oo
| |
1 : NGC 4649 - : NGC 4649
| : 1.8} | -
|
|
| |
| 1.5k i -
R :
| T
' : 1.2 ' n
0.1F | - - |
| > |
| 2 i ! 5 -
| \ : =< 1.0 |
| - > | — I__._|-.-|+"'**'*""
@ ' |
e \ _ 0.8 i
2! NS ‘
0.015- 85 - 0.5k i i
@ = 0.53 \ %i
| — B=0.47,r,=0.21 kpc \ 0.2F = i
— n=21,r,=1.9kpc ~ éi
o1 1 10 00 0. 1 | 10
r (kpc) r (kpc)

PlSek Werner et al. 2022



ACCRETION AND JET POWER IN GIANT
ELLIPTICAL GALAXIES

1 ] LRI LRI
10461 Ha+|Nil| emission Fitting method _
= No — LINMIX  :
Nuclear UltraNest
%5 v Extended
‘T: "
o 10%E E » Strong correlation between the Bondi
= ; accretion power and mechanical jet power for
O : :
S calaxies with thermally unstable atmospheres
Q 1043_ =
1044k E
: il Ha+[Nl] emission: p = 0.96 905 °
: all points: p = 0.70*21% (p = 0.76 7002
o I I ! N
10% 1042 10% 10%

Piet (erg s™') Pltek Werner et al. 2022



ACCRETION AND JET POWER IN GIANT
ELLIPTICAL GALAXIES

Pjet < V]2 14£044 Prondi &« M2 K=3/2 Pt 7 f(K—B/Z)
Jet -
: ] T T T T T — 1045; — T | T T T T T =
" Ha+[Nn] emission Fitting method f Ha+[Ni] emission: p = -0.46 729! -
= No — LINMIX : tae o — +0.49 +0.45) _
10%4E Nuclear UltraNest - i 2l points: £.=-0.5% 032 (P =069 020 I
- v Extended : 1044 + Ha+[Nui] emission -
i | . | ® No ;
—~ 104l : _ —~ | } | Nuclear _
” : _ " | } v Extended
> : : > 10431 | | -
S i o | Q i : } ! -
_"ql - //h [ - "01 : %‘ T
10%2E T ; - g
Y LS | | s
i : , ] 10425_ | } : ; ' ¥T }4 —
i - : N
1047 i +0.05 : | + - :T ’
Ha+[Nu] emission: p =0.937;5, 3 }
| - i T j :
all points: p = 0.43%92L (p = 0.47*019) - 10ML = Y | __
o , o L A B | . A B
109 1010 0.5 1 2 5 10
M. (M) K (keV cm?)

PlSek Werner et al. 2022



10%

Piet (erg s™)

P

ACCRETION AND JET POWER IN GIANT
ELLIPTICAL GALAXIES

o M2.14£044

Ha+|Nil| emission

B No
Nuclear
Vv Extended

Fitting method

— LINMIX

- UltraNest

3 +005

Ha+[Nu] emission: p = 0.937 73,

all points: p = 0.43 t%-%é (p = 0.47 i%‘_éi

L g o
10°

M. (Mg)

BT

- Strong correlation between the central black
hole mass and mechanical jet power for
galaxies with thermally unstable atmospheres

P' M.
= = a + fSlog ;
10° Mg

where @« = —0.55+0.14 and g = 2.14 + 0.44

PlSek Werner et al. 2022



ACCRETION AND JET POWER IN GIANT

10

ELLIPTICAL GALAXIES

o
g3 i
— I: -
» L=%T |- 1
i | D)
Pt —I ]
Ll
EEII
|1 Hi )
Einl
Ha+[Nii] emission =
2 No % E H 1 )
Nuclear 3!
v Extended §:
Q_I
l : l oo l
4 6 10 20
mln tCOOl / tﬁ

PlSek Werner et al. 2022



10%4

1043

Piet (erg s™)

JET POWER AND COOLING IN
GIANT ELLIPTICAL GALAXIES
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SOME CONCLUSIONS

- In thermally unstable galactic atmospheres, the jet power correlates with the mass of the
central supermassive black hole.

- The thermodynamic properties of the hot atmospheres provide an ‘on/off switch’ which
determines whether the atmosphere will be thermally stable or not - and for the
thermally unstable systems, the jet power Is set by the supermassive black hole mass.

- T'he accretion must be relatively stable and continuous to produce the observed
correlation



THE BLACK HOLE - X-RAY ATMOSPHERE
CORRELATION IN BCGS
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THE BLACK HOLE - DARK MATTER HALO CORRELATION
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JET POWER - HALO MASS CORRELATION
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JET POWER AND COOLING ACROSS MASSES
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- We have confirmed the presence of a correlation between the Bondi accretion power
and the mechanical jet power In early-type galaxies reported by Allen et al. (2006)

- A particularly strong correlation holds fo

- galaxies with t

as Indicated by the presence of cool gas -

NE

‘raced by Ha+

/\

NI

mally unstable atmospheres,

emission and with min(Zcool/

tr) < 10, while for the whole sample of galaxies the correlation 1s weaker.

- We find a strong correlation between the mechanical jet power (Pet) and the mass of

the central supermassive black hole (M.) and, although poorly constrained, a hint of an

anti-correlation with the specific entropy (K) of the ambient gas inside the Bondi radius.

- The results indicate that at least for thermally unstable systems, the jet power Is set

ﬁ

primarily by the supermassive black hole mass. Since the central black hole mass of X-ray
luminous early-type galaxies correlates with the total mass of the host halo, more massive
systems undergoing thermally unstable cooling will naturally have larger jet powers.




