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1 Introduction
 There are many giant X-ray cavities in many central 

galaxies of clusters: e.g., Hydra A (McNamara et al. 
2000); RBS 797 (Schindler et al. 2001) and MS 
0735+7421 (McNamara et al. 2005)

 Black hole mass: ~109 M⊙

 Mechanical energy: 1055–1062 erg

 Mean jet power: 1041–1046 erg s−1
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MS 0735+7421

 Black hole mass: 5×109

M⊙

 Etot: 1.21×1062 erg

 Lkin: 3.5×1046 erg s-1

 LI < 2.5 ×1042 erg

 Age: 1.1×108 yr

McNamara  et  al. (2009)



Jet formation mechanisms
 Jet launching is very sensitive to both the strength and 

the poloidal component of magnetic field. (Beckwith 
2008)

 Blandford-Znajek (BZ)  (Blandford & Znajek 1977)

 Blandford-Payne (BP) (Blandford & Payne 1982)



McNamara  et  al. (2011)

1, LI < 2.5 ×1042 erg
2, A maximally spinning 109 M⊙ black hole contains ~ 1062 erg
3, Hybrid model (Meier 1999, 2001), ADAF



Why we do this work

 1, Episodic activity of jets? Smaller j? Inadequate jet power?

 2, For MS 0735, Lkin/LEdd~0.02

 3, To constrain the jet formation mechanisms



2 Model 2.1. The equations of accretion disk

The metric around the black hole reads (the 
geometrical unit G = c = 1 is adopted):







2.2 The evolution of black holes

 The basic black hole evolution equations can be 
written as (Moderski & Sikora 1996):



2.3. The mechanisms of jet formation
 Model A: BZ process

BP process

 Model B: Livio’ model, Bp’~(H/R)Bp



The total energy Etot
 The total energy released through BZ + BP mechanism

during the outbursts is:

where, t is the time of AGN outbursts



 We solve the sets of nonlinear equations (2) - (5) 
numerically with the initial parameters (M0, a0, m_dot0, α

and β) firstly and then calculate the jet power with various 
models. 

 m_dot=0.25

 The evolution of mass accretion rate m_dot can be 
calculated from Eq. (15) with the initial accretion rate 
m_dot0 as suggested by Hopkins & Hernquist (2009):

3.  Results



 In our calculations, the conventional values of disk 
parameters α=0.1 and the initial Eddington ratio m_dot0 =1 

are always adopted. In order to fit the giant bubbles in MS 
0735+7421, the initial black hole mass M⊙ is chosen in such 
a way to let the final black hole mass be 5 × 109 M⊙ as that 
in the AGN of MS 0735+7421 when the outbursts finish 
(m_dot~0.01) in all our calculations. 















Lbp ~ Bp
2RΩkR ~ (1-β)PRvk,  Ld~αPHΩkR

Lbp/Ld ~ (1- β)R/(αH)





4 DISCUSSION AND CONCLUSIONS
 1. We construct an accretion disk model, in which the 

angular momentum and energy carried away by jets are 
properly included, to calculate the spin and mass evolution 
of the massive black hole.

 It is found that the total energy released in the jets can 
easily reach 1062 erg for model A; For dynamo generated 
magnetic field in the disk (model B), such an energetic 
giant cavity can be inflated by the magnetically driven jets 
only if the initial black hole spin parameter a0 ≥0.95.



 2. EBP is over one order of magnitude more than EBZ for 
both a0 = 0.1 and a0 = 0.95, which is the direct evidence of 
the domination of BP mechanism. 

 Our calculational results support the conclusions of Livio
et al. (1999), the jet power accelerated from accretion disk 
absolutely dominates that from black holes.

 3.  Our calculations show that the final spin parameter a of 
the black hole is always ∼0.9–0.998 for all the 
computational examples which can provide sufficient 
energe for the cavity of MS 0735+7421.




