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Astrophysical Black Holes (BH) are characterized by their mass and spin. 
To date there are precious few methods to measure spin values   
=>   it is important to develop new methods to measure BH spin values. 

Þ new method, the “Ou.low Method,” proposed & developed by D16, D+18, D19, & D21 (+ D09a,b; D11).

Þ Four samples: 100 FRII sources; 576 LINERS; 80 Local AGN; 102 measurements of 4 stellar mass BH

Key empirically determined ingredients: 
Lj = ouAlow beam power, dE/dt (in kineEc energy), (strong shock method & the fundamental line mapping method)

Lbol = accreEon disk bolometric luminosity,  (from [OIII] and (2-10) keV luminosiFes)
LEdd = black hole mass (i.e. Eddington luminosity), (Obtained with standard, well-accepted techniques)

These quanYYes are combined to obtain BH spin, accreYon disk magneYc field strength, + other properYes. 

Overview



4 Categories of BH considered (D+18): 
3 types of supermassive BH + 
1 type of stellar-mass BH 

100 FRII sources - shown in black (D16) 
576 LINERs (Nisbet & Best 2016) – shown in green
80 AGN (Merloni et al. 2003) – shown in red
102 (of 4) Stellar-mass GalacUc black holes – shown in 
blue (Saikia et al. 2015)

Best fit slopes (A-1):
-0.56 ± 0.05    for 100 FRII sources (long-dashed line)
-0.57 ± 0.02    for 576 LINERs (med-dashed line)
-0.59 ± 0.04    for 80 Compact RS AGN (doaed line)
-0.53 ± 0.02    for 102 GBH (dot-dashed line)
The solid line shows the fit to all sources  (from D+18)

(Lj/Lbol) ∝ (Lbol/LEDD)A-1 Strictly empirical

BH Systems with Disk and OuAlow AcEvity (D+18) 
=> All governed by the same physical processes



4 Categories of BH considered (D+18): 
3 types of supermassive BH + 
1 type of stellar-mass BH 

100 FRII sources - shown in black (D16) 
576 LINERs (Nisbet & Best 2016) – shown in green
80 AGN (Merloni et al. 2003) – shown in red
102 Stellar-mass GalacUc black holes – shown in blue 
(Saikia et al. 2015)

Best fit slopes A:
0.44 ± 0.05    for 100 FRII sources (long-dashed line)
0.43 ± 0.02    for 576 LINERs (med-dashed line)
0.41 ± 0.04    for 80 Compact RS AGN (doaed line)
0.47 ± 0.02    for 102 GBH (dot-dashed line)
The solid line shows the fit to all sources  (from D+18)

=> (Lj/LEdd) ∝ (Lbol/LEDD)A Strictly empirical

BH Systems with Disk and OuAlow AcEvity (D+18) 
=> All governed by the same physical processes



Empirically studies of Lj , Lbol , LEDD indicate:

(Lj/LEdd) ∝ (Lbol/LEDD)A (empirical relaUonship D16, D+18)

TheoreUcal expectaUon for spin powered ouYlow models (e.g. Blandford & Znajek 1977; Meier 1999),  is 
Lj ∝ Bp

2 LEdd
2 F2. This can be re-wri^en in dimensionless, separable form (D19):

(Lj /LEdd) = gj (B/BEdd)2 F2           TheoreUcal Eq. for spin powered ouYlow model in DSF

B = disk field strength; (Bp/B)2 is absorbed into gj; & B2
Edd ∝ M-1 ∝ (LEDD)-1 (e.g. Rees 1984)

Bp =>  poloidal component of B field - anchored in accreUon disk and threading the BH region 

=>             (B/BEdd)2 = (Lbol/LEDD)A (D19, D21)

Þ B = BEdd (Lbol/LEDD)A/2 since B2
Edd ∝ M-1 ∝ (LEDD)-1 (e.g. Rees 1984)

=> F2 = f(j)/fmax = (Lj /gj LEdd) (Lbol /gbLEdd)-A (D16,D19)

where          F = (f(j)/fmax)1/2 =  j/[1+ (1 – j2)1/2]     [requires j ≤ 1, so empirical values of F > 1 => j = 1]

j => dimensionless black hole spin, someYmes denoted a* or a in other work
With Lj and Lbol normalized by Lj (max) = gj LEDD and Lbol (max) = gb LEDD 

Results shown indicate gj = 0.1 and gb = 1; take these throughout (see empirical results of D+18)



576 LINERS (NB16)     80 Local AGN (M03)     100 FRII AGN (D16/D19)     102 measurements of 4 GBH (S15)

AdopUng gj ≅ 0.1,  gb ≅ 1 for all source types. δ(LogF) ≅ 0.07, 0.15, 0.15, 0.19 (GBH, FRII, LINERs, M03)
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Key Results Obtained with the OuKlow Method

I). Black hole spin is unrelated to source type for the 4 categories of BH systems studied: 
Spins are similar for GBH, LINERS, local AGN (S&L), & classical double (FRII) sources => HEG, LEG, & Quasars 

II). Spins are relaPvely high: the M03 sample, which includes many nearby lower luminosity AGN, includes 
sources with lower spin, j ≅ (0.4 – 1)  (preponderance of high values may be due to selecUon effects)

III). Method and results are empirically based =>  independent of any specific accrePon disk 
model, & independent of a specific jet model relaPng ouKlow beam power to radio emission. 
Thus, the results can be used to study and constrain accreUon disk and jet formaUon models. 

IV). There are three empirical indicaPons that the ouKlows are powered by the BH Spin:
1). AccreUon disk B field strengths obtained with the ouYlow method agree with those obtained in the context 
of specific accreUon disk models (that do not consider source ouYlow properUes) (AGN & stellar-mass BH [GBH])

2). Mass accreUon rates and disk radiant efficiency factors obtained with the ouYlow method agree with those 
obtained in the context of specific accreUon disk models (that do not consider ouYlow properUes)

3). There are numerous sources with Lj ≈ (10 -100) Lbol (Hard to understand without spin powered ouYlows)


