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The Outflow Method (D19) of measuring BH spin has 
been applied to several types of Radio Sources. 
The following quantities are obtained with different 
methods for different source types: 

LdKE = Lj = dE/dt => Lum. Dir. Kin. Energy = beam power 

Lbol =>  bolometric “disk”(matter near BH) luminosity

LEDD => black hole mass



The Outflow Method is Motivate by the Fundamental 
Line of BH Activity  (Daly et al. 2018)

This line is shown here for several different types of RS:

Extended radio sources: 
97 FRIIb sources (Daly 2016) - shown in black 

And compact radio sources: 
80 AGN (Merloni et al. 2003) – shown in red
102 XRB (for 4 BH) – shown in blue (Saikia et al. 2015)  
576 LINERS (Nisbet & Best 2016) – shown in green 

Best fit slopes (A-1):

-0.56 ± 0.05    for 97 FRIIb sources (long-dashed line)
-0.59 ± 0.04    for 80 Compact RS AGN (dotted line)
-0.53 ± 0.02    for 102 XRB (dot-dashed line)
-0.57 ± 0.02    for 576 LINERS (medium-dashed line)
-0.51 ± 0.07    for 15 X-ray Cavity Sources (Merloni &Heinz               

                                                        2007 (not shown) 

There are numerous sources with Lj = LdKE >> Lbol 
Suggests spin-powered outflow; no break or feature in 
relationship => same physics for all sources 
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FP Sources => FLMM = Fundamental Line Mapping Method
Plane is defined by the best fit parameters a, b, and c 

(1)   Log LR = a Log LX + b Log M  + c      (FP Empirical Relation)

Holds over about 9 orders of magnitude in mass! 
=> it is the empirical manifestation of scale invariant relation:

(2)   Log(LdKE/LEdd) = A  Log (Lbol/LEDD) + B   (D16 FRII & M07 Cavity RS)

Adopting standard relationships:

 Lbol  = K LX (2–10 keV);  LEDD = KE M; Log LdKE = C Log LR + D 

D+18 showed that, for best fit FP parameters a, b, and c for any FP sample:

 C = 1/(a+b)   and    D = B - C(c – a Log K  – b Log KE ) 

 model-independent method of determining the beam power! (From Daly et al. 2018)
      (for the M03 sample that includes Sgr A*, the value of C is  0.72 ± 0.08) 
 By identifying eq. (1) as representing the empirical manifestation of the functional form of eq. (2), 
      we can solve for the beam power, Lj, empirically, without adopting a detailed model relating 
      beam power to radio power! 



4 Categories of BH studied 
Daly, Stout, & Mysliwiec (2018)

3 types of supermassive BH + 1 type of stellar-mass BH

=> (LdKE/LEdd) = gj (Lbol/LEDD)A Strictly empirical

97 FRII sources - shown in black (D16) 
80 AGN (Merloni et al. 2003) – shown in red
102 measurements of 4 Stellar-mass Galactic black 

holes – shown in blue (Saikia et al. 2015) 
576 LINERs (Nisbet & Best 2016) – shown in green 
 
Best fit slopes A:
0.44 ± 0.05    for 97 FRII sources (long-dashed line)
0.43 ± 0.02    for 576 LINERs (med-dashed line)
0.41 ± 0.04    for 80 Compact RS AGN (dotted line)
0.47 ± 0.02    for 102 GBH (dot-dashed line)
0.49 ± 0.07    for 15 X-ray Cavity Sources (not shown) 
                        (from Merloni & Heinz 2007)

BH Systems with Disk and Outflow Activity (D+18) 
=> All governed by the same physical processes
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The Black Hole Spin Function, F, is obtained with the Outflow Method    (Daly 2019) 

Detailed empirical studies indicate that  (LdKE/ LEdd) = gj  (Lbol/LEDD)A    (1)     (empirical rel.)

[eg. Merloni & Heinz 2007 for cavity radio sources; Daly 2016 for FRIIb radio sources; & Daly et al. (2018) for 3 samples of FP 
sources including stellar-mass X-ray binaries and supermassive BH – the sample includes Sgr A*]

 
Theory: Spin-powered outflow models, based on very different physical processes (e.g. Meier 1999; Blandford 

& Znajek 1977, …), are described by   LdKE ∝ (Bp)2 M2 F2  (e.g. Daly 2009a,b). This relationship can be re-
written in dimensionless separable form without reference to a particular  model (D19) and is listed in eq. (2). 
This is the “method of functional forms.” 

                                                          (LdKE /LEdd) = gj
   (B/BEdd)2  F2        (2)    (theoretical rel.)

Identifying terms between eqs (1) and (2), and absorbing (Bp/B)2 into the coefficient gj  (which is empirically 
determined), it is easy to show that (B/BEdd)2 = (Lbol /LEdd)A  where BEdd,4 ≅ 6/M8

1/2 

                  The spin function, F, can be obtained from  F2 = (Lj /gj
 LEdd) (Lbol /LEdd)-A

 where the spin function F =  a*/[1+ (1 – a*
2)1/2]    &      (A = 0.41 ±  0.04 for Sgr A* and M87*)



LINERs
FRIIb  RS
Compact RS
X-R-Binaries

(2019)   Introduced the Outflow Method

= a*

**

**
**

**

Log(F)Log(F) =
= a*



From Daly et al. 2024



B radio data (Bower et al. 2015) are single observations obtained contemporaneously with Chandra X-ray data.

C3 and B3 radio data are matched with the flaring X-ray Chandra data. 



Measured spin function F => obtain BH mass components directly from F (Daly 2022).

The measured BH mass = total dynamical BH mass, M = Mdyn. The total BH mass has contributions from the 
rotational mass-energy, Mrot (Mrot = Erot /c2 ),   & the irreducible black hole mass, Mirr : 

(1) M2 = (Mrot)
2 + (Mirr)

2  where Mrot = (Jc)/(2GMirr),   a* = Jc/(GM2)    (Christodoulou 1970; Christodoulou 
                                                                                                                  & Ruffini 1971; Hawking 1971)

Another important quantity is the spin mass-energy that is available to be extracted: Mspin 

(2)  Mspin = M – Mirr    (Penrose 1969; Penrose & Floyd 1971) 

      => (1)   Mirr   = Mdyn [0.5 (1 + √(1 – a*
2) ]0.5        =  Mdyn   [F2 + 1] -0.5             (D22)    

                           (2)   Mspin = Mdyn [1 - 0.5 (1 + √(1 – a*
2))0.5]  =   Mdyn  [1 – (F2 + 1)-0.5]     (D22)

where          (3)          F  = a* [1 + √(1 – a*
2)]-1                        =  (Mrot/Mirr)                        (D22)            

F is the empirically determined quantity with the Outflow Method, and F = (Mrot/Mirr)!       
All other quantities can be obtained in terms from F. 

Working with a* is problematic => mathematical forms require that a* < 1 but measurement 
uncertainties require that we allow for values of a* greater than one. 



Results for Sgr A*  (From Daly et al. 2024, MNRAS, 527, 428) 

Applied relationships between F & mass components Mrot , Mirr , Mdyn , & Mspin  derived by D22 



Dimensionless Spin Angular Momentum Values a* 
Obtained with the Outflow Method for Sgr A*

The weighted mean value for the 3 dimensionless BH spin values obtained during quiescence 
with the “preferred” data set is 0.90 ± 0.06.  

Including all five non-flaring Chandra data sets the weighted mean is 0.92 ± 0.04.

Adding the flaring data set coupled with the Capellupo et al. (2017) simultaneously obtained 
radio data set, the weighted mean is 0.90 ± 0.04.

These values agree with that published by Daly (2019):    0.93 ±  0.15

Measured values of F  =>  the black hole mass components of Sgr A* : Mrot, Mirr, & Mspin :

 Mrot = (2.2 ± 0.3) x 106 Ms Mirr = (3.5 ± 0.2) x 106 Ms Mspin = (0.62 ± 0.16) x 106 Ms 



Summary & Conclusions

The Spin Function (F); Dimensionless spin angular momentum (a*); Rotational mass-energy, Mrot; 
Irreducible mass, Mirr; and Spin mass-energy, Mspin; available to be extracted from Sagittarius A* 
have been determined in dimensionless and physical units for Sgr A*.  

These are obtained in the context of the Outflow Method and thus do not depend upon any 
particular accretion disk model or any particular spin related outflow model. 

The “preferred” values for Sgr A* are:   F =  0.62 ± 0.10;    a* =  0.90 ± 0.06. These imply values of: 

(Mrot/Mdyn) = 0.53 ± 0.06          (Mirr/Mdyn) = 0.85 ± 0.04        (Mspin/Mdyn) = 0.15 ± 0.04    

 Mrot = (2.2 ± 0.3) x 106 Ms Mirr = (3.5 ± 0.2) x 106 Ms Mspin = (0.62 ± 0.16) x 106 Ms 

      for Mdyn = (4.152 ±  0.014) x 106 Ms     (Gravity Collaboration 2019)

Component mass values obtained for Sgr A* can be compared with those obtained for M87* 
(see Tables 4 and 5 in D+2024), and with values obtained for 100 FRII sources by Daly (2022).  





= a*

(Espin /Espin,max)   is the spin energy available to be extracted from a black hole 
(relative to the theoretically maximum possible value)   from Daly (2022)

==  a*
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