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A test of general relativity with reflection spectrum of
Cygnus X-1
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Abstract: In this work, we analysed data from two NuSTAR observations of the High-mass X-Ray
Binary (HMXB) system Cygnus X-1 to test general relativity by testing Kerr metric. We used a
parameterized Kerr metric and constrained the introduced deformation parameter a5 and oy,.
The result shows that both deformation parameters can recover Kerr. We conclude that the
spacetime around the black hole in Cygnus X-1 is described by Kerr metric. Furtherly, we
emphasize how the complexity of HMXB system and simplifications in the model can affect the
constraints of deformation parameters. This work also shined light on how to choose the right source
for this kind of test.
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Epoch 1 4
Model Kerr 043 05z Kerr 43 0o
TBABS
nH/1021cm? 6.0* 6.0* 6.0* 6.0* 6.0* 6.0*
XSTAR
nH/10%2cm? 4,799 41199 4,415 9.6%13 9.2%11 9.2%11
logg >3.75 >35 > 3.81 3.10%544 3.09%%%3 3.10%5-83
Vout/(km s™1) < 2700 < 2100 <1800 < 600 < 600 < 600
CUTOFFPL
r 2.7251991%| 2.73523:998| 2.733%5:95% | 2.540%3918 | 2.5481092% | 2.546739%
Ecut/keV > 593 > 840 > 905 184132 184121 206114
norm 55104 5.7%9:2 5717395, | 5.01%57 5.18793, 4.89133,
DISKBB
Tin/keV 0.411539151 0.437+39%¢| 0.439+392% | 0.470%59%3 | 0.469%3%3, | 0.430%3:3%3
norm/10* 6.7132 7.372¢ 2.9198, 3.03t 3.0%04 5.4%39
RELCONV_NK
@ 7.8%13 4348 5.0533* >79 >8.8 >7.8
Rbr 3255928 | 3.3%39 2.596%919, | 2.63+%3 2.19%927 2.02%%24
a, 0.951%5:399] 0.989139931 > 0.997 0.945%3:922 | 092413927 | 098813995
i [deg] 418738 | 43.3%10 | 42703 39.8%93 41,0794 41.075¢
043 0* —0.79%5:52 0* 0" —0.40%53, -
02 0* 0* 0.95+9:0¢ 0* 0* 0.5%0%
XILLVER
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logg 4067598 | 4.030%3912| 4.037109%5 | 3.88%9:95 3.82813927 | 3.98%554
norm/1072 0.11533:915| 0.12623:32% 0.123%5:9998 | 0.06613992 | 0.069139% | 0.092+3:922
GAUSSIAN
norm/10~* 59128 7.0121 5.9*13 1212 12.7118 122112
X2/dof 1.07324 1.07089 1.07348 1.09076 1.08991 1.08966
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