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Geometry of corona and disk in AGN
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Geometry of corona and disk in AGN

Cannot spatially resolve (except for EHT)
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for our example case

in multiple energy bands from given spectrum

in each energy band to get lag-energy for QPO and BBN

———

Image credit:
NASA/JPL-Caltech




Overview

for our example case

in multiple energy bands from given spectrum

in each energy band to get lag-energy for QPO and BBN

fitting using reltrans for geometric constraints
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Simulate light curve

Ashton & Middleton 2020

Simulate light curve in each energy band
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Ashton & Middleton 2020
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Simulate light curve

Ashton & Middleton 2020

Simulate light curve in each energy band
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Simulate light curve

Ashton & Middleton 2020

Simulate light curve in each energy band
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Simulate light curve
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Simulate light curve: spectra

Direct:
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Simulate light curve: spectra

Direct:  TBabs (relxilllp)

Reflected: Tbabs (relxilllp)
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Simulate light curve: spectra

Direct:  TBabs (relxilllp)

Reflected: Tbabs (relxilllp)
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Simulate light curve: spectra

Direct:  TBabs (relxilllp)

Reflected: Tbabs (relxilllp)
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Simulate light curve: spectra
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Simulate light curve: spectra

ctrum parameters
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Simulate light curve: spectra
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Simulate light curve
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Simulate light curve
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Fourier analysis
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Fourier analysis
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Lag-energy errors lower and iron line more prominent for QPO
Lag-Energy Spectrum
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Lag-energy: fit results

QPO BBN

Model reltransDCp<1> Source No.: 1  Active/On Model reltransDCp<1> Source No.: 1 Active/On
Model Model Component Parameter Unit Value Model Model Component Parameter Unit Value
par comp par comp
1 1 reltransDCph Rg/Rh -1.50000 +/- 1.77886 . 1 reltransDCph Rg/Rh -697.758 +/- 4.04743E+04
2 1 reltransDCpa 0.998000 +/- 7.27933E-02 2 1 reltransDCpa 9.991258 +/- 3.98353
3 1 reltransDCpinc deg 51.1589 +/- 8.41071 3 1 reltransDCpinc deg 72.3528 +/- 589.143
4 i reltransDCprin Rg/ISCO -1.00000 frozen VA 1 reltransDCprin Rg/ISCO -1.00000 frozen
5 1 reltransDCprout Rg 400.000 frozen 5 1 reltransDCprout Rg 400.000 frozen
6 1 reltransDCpz 9.0 frozen 6 1 reltransDCpz 0.0 frozen
7 1 reltransDCpGamma 2.24141 +/- 1.81286 7 1 reltransDCpGamma 2.33548 +/- 28.6757
8 1 reltransDCplogxi 0.8 +/- 0.434690 8 1 reltransDCplogxi 4.44265 +/- 242.762
9 & reltransDOpATe 10.0000 +/- 17.6840 9 1 reltransDCpAfe 0.505206 +/- 20.6032
19 i reltransDGploghe 15:9009 frozen 10 1 reltransDCplogNe 15.0000 frozen
13 1 reltransDCpkTe keV 194.218 +/- 279.366
12 1 reltransDCpnH 10722 1.66615E-03 +/- 0.296474 1 = TeltransDOpTs i B 1 = d-99308ERED
13 1 reltransDCpboost 1.00000 frozen 12 1 reltransDCpnH 10722 166.831 +/—- 545.242
14 1 reltransDCpMass Msun 1.00000E+06 frozen 13 1 reltransbDCpboost 1.00000 frozen
15 1 reltransDCpfmin Hz 9.90000E-04 frozen 14 1 reltransDCpMa§s Msun 1.00000E+06 frozen
16 1 reltransDCpfmax Hz 1.01000E-03 frozen 15 1 reltransDCpfmin Hz 2.00000E-05 frozen
17 1 reltransDCpReIm 6.00000 frozen 16 1 reltransDCpfmax Hz 1.28000E-03 frozen
18 1 reltransDCpphiA rad 0.0 frozen 17 1 reltransDCpRe;m 6.00000 frozen
19 1 reltransDCpphiAB rad 0.0 frozen 18 1 reltransDCpph}A rad 0.0 frozen
20 1 reltransDCpg 9.0 frozen 19 4. reltransDCpphiAB rad 0.0 frozen
21 1 reltransDCpRESP 1.00000 frozen 20 1 reltransDCpg 0.0 frozen
29 1 reltransDCpnorm 1.00000 frozen 21 1 reltransDCpRESP 1.00000 frozen
22 1 reltransDCpnorm 1.00000 frozen
Using energies from responses.
Fit statistic : Chi-Squared 18.80 using 20 bins. Fit statistic : Chi-Squared 0.28 using 20 bins.
Test statistic : Chi-Squared 18.80 using 20 bins. Test statistic : Chi-Squared 0.28 using 20 bins.

Null hypothesis probability of 9.36e-02 with 12 degrees of freedom

Null hypothesis probability of 1.00e+00 with 12 degrees of freedom

Lag-Energy



Lag-energy: fit results

QPO

Model reltransDCp<1> Source No.: 1 Active/On
Model Model Component Parameter Unit Value
par comp
i 1 reltransDCph Rg/Rh -1.50000 +/- 1.77886
2 1 reltransDCpa 0.998000 +/- 7.27933E-02
3 1 reltransDCpinc deg 51.1589 +/- 8.41071
4 1 reltransDCprin Rg/ISCO -1.00000 frozen
5 1 reltransDCprout Rg 400.000 frozen
6 1 reltransDCpz 0.0 frozen
7 1 reltransDCpGamma 2.24141 +/- 1.81286
8 1 reltransDCplogxi 0.0 +/- 0.434690
9 1 reltransDCpAfe 10.0000 +/- 17.5840
10 1 reltransDCplogNe 15.0000 frozen
ki 1 reltransDCpkTe keV 194.218 +/- 279.366
12 1 reltransDCpnH 10722 1.66615E-03 +/- 0.296474
13 1 reltransDCpboost 1.00000 frozen
14 1 reltransDCpMass Msun 1.00000E+06 frozen
15 1 reltransDCpfmin Hz 9.90000E-04 frozen
16 1 reltransDCpfmax Hz 1.01000E-03 frozen
17 i reltransDCpReIm 6.00000 frozen
18 1 reltransDCpphiA rad 0.0 frozen
19 1 reltransDCpphiAB rad 0.0 frozen
20 1 reltransDCpg 0.0 frozen
21 i & reltransDCpRESP 1.00000 frozen
22 1 reltransDCpnorm 1.00000 frozen
Using energies from responses.
Fit statistic : Chi-Squared 18.80 using 20 bins.
Test statistic : Chi-Squared 18.80 using 20 bins.

Null hypothesis probability of 9.36e-02 with 12 degrees of freedom

BBN

Model reltransDCp<1> Source No.: 1
Model Model Component

par comp
1

H
N
RPRRPRRRRRRRRRRRRRERRRRRRR

reltransDCph
reltransDCpa
reltransDCpinc
reltransDCprin
reltransDCprout
reltransDCpz
reltransDCpGamma
reltransDCplogxi
reltransDCpAfe
reltransDCplogNe
reltransDCpkTe
reltransDCpnH
reltransDCpboost
reltransDCpMass
reltransDCpfmin
reltransDCpfmax
reltransDCpReIm
reltransDCpphiA
reltransDCpphiAB
reltransDCpg
reltransDCpRESP
reltransDCpnorm

Parameter

Active/On
Unit Value
Rg/Rh -697.758
0.991258
deg 72.3528
Rg/ISCO -1.00000
Rg 400.000
0.0
2.33548
4.44265
0.505206
15.0000
keV 499.604
10722 166.831
1.00000
Msun 1.00000E+06
Hz 2.00000E-05
Hz 1.28000E-03
6.00000
rad 0.0
rad 0.0
0.0
1.00000
1.00000

+/- 4.04743E+04
+/- 3.98353
+/— 589.143

frozen
frozen
frozen

+/- 28.6757
+/- 242.762
+/- 20.6032
frozen

+/- 1.30388E+06
+/- 545.242
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen
frozen

Fit statistic

Test statistic

: Chi-Squared

: Chi-Squared

0.28

0.28

using 20 bins.

using 20 bins.

Null hypothesis probability of 1.00e+00 with 12 degrees of freedom

Lag-Energy
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Time lags help investigate corona and disk geometry of AGN
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Summary

Time lags help investigate corona and disk geometry of AGN

Low coherence in signals makes time lags harder to analyse
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Summary

Time lags help investigate corona and disk geometry of AGN

Low coherence in signals makes time lags harder to analyse

QPOs are coherent and can improve geometric constraints
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Energy dependance of beta values
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Simulate light curve
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Fourier Analysis
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