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Location & Geometry of the X-ray source

Properties of the accretion disc​



PG 1535+547 (a.k.a Mrk 486)

• Type I, radio-quiet AGN from the Palomar-Green 

Bright Quasar Survey (Schmidt & Green 1983)

• Black hole mass: ~1.5 × 107 M⊙ (Hu et al. 2021)

• X-ray Observations from:

• 2002 (XMM-Newton)

• 2006 (XMM-Newton)

• 2016 (XMM-Newton + NuSTAR)

• Highly complex X-ray spectrum including clear 

changes in line-of-sight absorption (Schartel et 

al. 2005, Ballo et al. 2008)



Emission features at ~ 6 − 7 keV

Compton hump at ~ 20 – 30 keV

Significant variation at E < 3 keV

Epoch 2 : sharp edge ~ 0.7 keV

Flux variability across epochs 1, 2 & 3

Variation in spectral curvature > 2 keV

Warm absorption features undetected 
in 2002 and 2016 due to enhanced 
neutral obscuration 

Steady flux at E < 1 keV

Narrow iron line

Relativistic Reflection
(RELXILL)

Variable 
Neutral obscuration
(Tbfeo)

Warm absorbers
(Xstar)

Diffuse plasma
(Mekal)

Distant reflection
(Borus)

PG 1535+547 (a.k.a Mrk 486)



ztbabs(powerlaw+mekal+borus+
(pcf ⊗ tbfeo) × (pcf ⊗ xstar1) × xstar2 × relxill(cp/lpcp)).

Multi-epoch Simultaneous spectral fit

relativistic reflection +

multiple layers of complex, time-dependent absorption along l.o.s

• Observed variability cannot be solely attributed to l.o.s 

absorption changes

• Intrinsic continuum variability is also evident

Partially covering neutral absorber, during 2002 and 2016.​

• 2002: 𝑁H ~ 3×1022 cm−2, pcf ~ 80%​

• 2006: NH < 1020 cm-2

• 2016: 𝑁H ~ 5×1023 cm−2, pcf ~ 50%​



Light bending phenomenon in the reflection-dominated state

“Normal" reflection" , Rfrac ∼ 1, within errors,

Epoch 3: ​Reflection-dominated state

• 𝑅frac > 7, ℎ ≤ 1.72 rg. ​

• Intrinsic flux dropped × 7 in 2–10 keV band 
from 2006 to 2016

• Variability primarily driven by changes in 
Comptonized intrinsic continuum​

• Similar Reflection-dominated states seen in 
IRAS 13224-3809, Mrk 335, MCG-06-50-15

Epoch 1 Epoch 2

Γ = 2.2 ± 0.1 Γ = 2.2 ± 0.1

h = 2.3 (+7.4, -0.4) rg h = 6.8 (+10.2, -2.1) rg

Rfrac = 2.9 (+4.6, -2.2) Rfrac = 0.6 (+0.3, −0.2)

• Consistent with "light-bending" (Miniutti & Fabian 2004): requires a rapidly spinning black hole and an extremely compact x-ray source 

very close to the BH​



Spin of the black hole in PG 1535+547

• Spin constrained to a value of 𝑎* > 0.9 for 
PG 1535+547.

• Broadband (XMM + NuSTAR) data in 2016 
reflection-dominated state, plus 
joint 2002+2016 fit, allowed spin constraints 
despite complex l.o.s. obscuration.

• A spin of 𝑎* > 0.9 for MBH =1.5x107 M⊙: 
a steady, radiatively-efficient accretion 
history for the black hole in PG 1535+547. PG 1535+547

Mallick+25



Conclusions

PG 1535+547 exhibits strong spectral variability across all epochs.

Spectra explained by relativistic reflection + multiple layers of complex absorption along the line of sight.

Broadband XMM + NuSTAR coverage and simultaneous multi-epoch fitting enabled robust constraints, despite complex obscuration.

Primary continuum: Γ ~ 2.2 - 2.4

2016 : Reflection-dominated, with 𝑅frac > 7, ℎ < 1.72 rg

• Flux drop ×7, consistent with light-bending scenario

• Spin constraints: Rapidly rotating black hole, 𝑎* > 0.9

Neutral obscurer (partial): Detected in 2002 & 2016, 𝑁H ~ 3 – 50 x 10²² cm⁻², variable covering



log(MBHṁ2)-log(ne) plane

• PG 1535+547 tested against the proposed anti-correlation 

between log(MBHṁ2)-log(ne) in a radiation-pressure-

dominated disc, as proposed by Svensson & Zdziarski 

(1994).

• For ṁ = 1.05, log(MBHṁ2) ~ 7.2

• PG 1535+547 lies within the distribution  the comparison 

sample of 31 Type I AGN.

• PG 1535+547 sits above '𝑓 = 0.7', indicating that more than 

70% of the disc’s accretion power is dissipated into the 

corona.







Warm Absorbers & Neutral Obscuration

• Complex, multi-layered absorption along the line-of-sight, characterized by 

• Partially covering Warm Absorber (WA1)+ 

• fully covering Warm Absorber (WA2)

• 𝑁H(WA1) ~ 1×1023 cm−2, log ξ (erg cm s−1) ~ 1.8, pcf ~ 0.8, 𝑣WA1 < 1450 km s−1

•  𝑁H(WA2) ~ 3×1022 cm−2, similar ionization state to WA1, 𝑣WA2 ~ 5000 km s−1

• Partially covering neutral absorber, during 2002 and 2016.

• 2002: 𝑁H ~ 3×1022 cm−2, pcf ~ 80%

• 2016: 𝑁H ~ 5×1023 cm−2, pcf ~ 80%
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