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Ol EKTIMNOCEIC JEXPI TTPOCPATA...

* ATTOCTOCN

— EKTIUNOCEIC atTo 1.8 pEXPI 2.4 KpC
— N akpIBEcTepn ekTignon eival 2.14 + 0.07kpe
QAAQ BACIZeETAl GE PWTOUETPIA KAl pACHATOCKOTTIA ToOU NGC 6871

* Maca

— TPOXIAKES TTAPAHETPOI TOU CUCTAUATOC!

[lepiodog ~5.6 Uepeg, AtmooTaon Tou Kukvou X-1 amro 1o CM ~0.128AU
KAION TOU TpOXIAKOU ETTITTEQOU  ~ 36°

— Exripynon pagwv: My, =7-10M,, M_,=16-20M,
o 2TTIV

— MerpnRoeig Je TNV PonBeid Twy YypAHHWY ToU G101 PpoU arTd 10 OICKO:!
Miller et al. (2005); a.=0.05x£0.01

Duro et al. (2011): “the black hole is close to rotating maximally”.



Alya Aoyia via TIc Maupec TPUTTEC...
Alya AOyia yia Tnv BAapUTIKI EVOTABEIQ...
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EmioTtpoon oTic Maupeg TpUTTEC

Maupn 1putta TutToU Schwarzschild (N TTEpICTPEPOLEVN UE GPAIPIKN CULETPIA)

-1
dszz—[l—%}df{l—%} dr’ +r'dQ’, R, =2M

¥ ¥

YEWOAIoIAKN Kivhon: &, pip = —m’ b= _ P I = Py EI}CEIGLEEIECP;JL%WQ

drY ~ 7

KumhmégV ~0 dp;ﬁzo dzy’;ﬁ:

TpoxIEg W dr dr’

[TEPICTPEPOEVN Haupn TPUTTA Kerr
MapAUETPOC TTEPICTPOPHS. a. = J/M

@-0-> R,=2M, R, —6M
a=1—> Ry =M, Ry,=M




Journey into a Schwarzschild black hole from Andrew Hamilton

arXiv:0902.4717v1 [gr-qc]




METpnon TNC aTTOOTACNC TOU
KUKvOU X-1

o Tpiywvouetpikn MNapaAAacn
1
Dipe)= p(arcsec)
1 pc = 00-60-180 17— 206 264.806- AU

T

O Kukvog X-1 KAl 1a QU0 QvTIKEIHEVA avagopacg
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[TaparnpnoeIg NG T
PADIOEKTTOMTTAS TOU i
Kukvou X-1 e TN fonRbeia
Tou VLBA or1a 8.4 GHz,
‘EAEYXOC KAl YIA TIC
ETTITITWOEIC TNG TPOXIAKAG
KIvnong TnG TTYNG,
D=1.86"kpc |
MM 0.11

= =

Worth Offset (mas)

V, =—33m/ V. =—56m/

v, =-5*,

2010.07

2

L]

East Offsot (mas)

Table 2. Cygnus X-1 Parallax & Proper Motion Fits

Cygnus X-1 Orbit  Background Parallax T Hy ¥
Source {mas) (mas y~1) (mas y~1)
None ... J1953+3537 0582+ 0055 -3.74x£010 —-656x019 457 5
J1957+3338 0511 +0061 -366+011 —-628+021 554 5
........ Combined  0.547+£0.041 -370+£008 -6424+0.14 12,82 13
COW Clombinad DEIRE0047 168 +000 G017 16881 19
CW ... Combmmed  0.539+0.033 -3.78+006 —640+0.12 8§49 13

Note. — Combined fits used a common parallax and proper motion parameters for both
background sources. The proper motion components are defined as g, = p, cosd and g, = pg,
where o 158 Right Ascension and 4 15 Declination. The binary orbital model assumed an orbatal

period of 5.599829 d, superior conjunction at JD 2441874.71 d, a radius of the radio source
about the center of mass of 0.07] mas, an inclination of 367, and spin-axis of —26" east of
north, We tned two orhital direction: clockwise (CW) and counter-clockwise (CCW) on
the sky. Columns 6 and 7 list the post-fit y* values and the number of degrees of freedom
I:ﬁ'_}l. Parameter uncertainties have been re-scaled to those npprupria.tﬂ for a ﬁ I{pnr dngrm

of freedom) of unity.

VICACT [mmadj

1l's 1A,
] LA i
(] L} u o]
o b B e - "
III -Illl [ ] P . Y ‘_I |I
'.'|“r“_ LW
(] !|.'“.' X - L
0.5 I:'.|,I||"|.|||-|, i '.Ill'_l
=03 = . '”|I|||II_I I.IIII.IIIJ¥.'II' v ~
_J_ - = LY -
A e Tt T
N -."I'\-,;l,n".'ll'-' Wi 'Ii" L -'ll.-",-"-'l_. '
a1l :
Al
I¥
LB e e R e e e e B LB L -]
1.5 ; I".ﬁ' l.ﬁ 'li
v oy
5 1 -'I' 'r"' L YL )
|. f L L) 1 L
L MY 'trl.'l'l."'-."l.'l. ml’%_
I [ / ] 1 1 L 1 I | II |
3 - hE A i {hEa T [LI L
L I'L' I I|_I LI illa i
—2.5 H I..I nk - SRR R LT
h I " A ki
- B ') L [ B
L i i | 1 LT |
2005 20009, 206 2009.8 2009 75 2000

Epoch [yveoars)



MeTpnon TN Madac Tou Kukvou X-1

* [1poGOIOPICHOC TWY ATTAPAITATWY CTOIXEIWY ME TN
BonBeid PACUATOOKOTTIAC Kl PWTOMETPICC.
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MeTpnon TN Madac Tou Kukvou X-1

* [1poGOIOPICHOC TWY ATTAPAITATWY CTOIXEIWY ME TN
BonBeid PACUATOOKOTTIAC Kl PWTOMETRIC.

a.
[TEPIOPICGHOI OTIC TTAPAUETPOUS TOU OPATOU CUVODOU:

Rodius (f,)

18

- ATTO TNV ATTOCTACH KAl TO PAIVOLEVO LIEYEBOC
M, = m+BC(TEﬁ)—(51c}gD—5)—0.114 S
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MeTpnon TN Madac Tou Kukvou X-1

* [1poGOIOPICHOC TWY ATTAPAITATWY CTOIXEIWY ME TN
BonBeid PACUATOOKOTTIAC Kl PWTOMETPICC.

KATAoKEUAZOUHE EVA HOVTEAO YIQ TOV OpATO OUVODO, TTOU TTEPIEXEl WG TTAPAHETPOUS TA

UCIKA KAl T TPOXIAKA TOU OTOIXEI. , . .
v POX X ATTO 10 Y UTTOAOYICOULE TNV ETTIPAVEITAKN

g M, {lJrQ_QIJFHQQz(IzJFyz)} Baputnta g:‘—ﬁw‘ artd TNy oTToid

roF 2 ECAPTATAI N BEPHOKPATIA GE KABE CNHEIo.

H emgaveia £ von Zeipel's
(1
O=M,/M, sz—l 10U GOTPOU T(x,y,z) (g(x,y, Z)) theorem
" gival pia ~ ATTO Tnv Beppokpacia gg P oty darkening
e ICOOUVANIKN  k&Be onpeio R
| Tou Y. uTToAOYIZETAI N 1| by v om
1°f QAKTIVOROAIQ TOU ACTPOU. ﬂmm
E‘ g 5_:‘:':':'_._':".‘::_
E i H akTIVvOROAIQ ATTo TNV ETTIHAVEIQ } /‘\/‘\N\
i _ i OAOKANPWVETAI KAl PTIAXVOUUE TIC ’j Shd
§ | BEWPNTIKES KAUTTUAES PUITOC. EM AT ]
JE_ | i 1 ]
?:_Z::I i P — M

Egst offedt [mas, d=1.86 kpe)

Fir. 3. A schematic diagpram of Cygnus X-1, shown s it would appeas on Lhe aky plane mioch Bl uhe usogesl mamm of ihe light sunn assoaodkied by U modd 1

InEEiE erEnT



MeTpnon TN Madac Tou Kukvou X-1

* [1poGOIOPICHOC TWY ATTAPAITATWY CTOIXEIWY ME TN
BonBeid PACUATOOKOTTIAC Kl PWTOMETPICC.

Table 1. Cygnus X-1 Model Parameters

paramotor Modsd A Modd B Model © Model D adoptod
 (dog) BIAS+T.46 @rTA+280  JES042M  MAL041  moed0ve
0 1.000 0.674 2 D043 1.000 1.404 & 0000 1400 +0.084 i
e Q02540008 001540002 0018 £0.008 Table 2. Cygnus X-1 Final Parameters
w (deg) MI5451  MEI45S  ATCLB3
Moge (M) 053+200 WIAT+T4 WATHIH 18674215 19164 1.90
A (M=) T374119 GO8:0% I5SI4 180 1460407 14514008 parameter value
Rogy (M) BOTE196 1841407 1546407 16094065 1611068
R (Rs) 424084 1042408( 10404084 10494084 16504054 ; -
logg (ems-?) 1WI40016 14740005 190640018 330220017 330050018 i (deg) 27.06%0.76
Vi sind (kms=') 106524639 SITLi55 70914479 092994559 W99i460 0 1.400L D084
X7 26.11 a4 e 21.14 1776
xh . asr 2496 19.33 — e 0.01840.003
xe 8l no M5 21 90 W (dﬂﬂ'] WT6+L53
iy 55413 w51 5T 531,83 56 22
Xt 688 00 52 54 E14.709 BT 67 Mg (Mg) 19164190
dol hRy ER3 5E&D 5E1 R‘-"F {RE-]' 16.17 £ 0.68
log g (cgs) 3.303 % 0.018
Note. — The assumed stallar wenperature is 7o = 31,000 K. Aop is the stellar radius derived from M (M) 14814098

tho models. Ry i= the sicllar radive derived from the measurod parallax and ssomed teenperaturo.
Vieisind = 08 £ & kom s~ s the projocied rotational velocity of the O.star derived from the modals.
Model A asumes a circular arbet and synchronous rotation. Model B assames & circular ortet and
noosynchroneas rotation. Modd C assumes an eccontric orbit and pseudo-synchronous rotation. Modad
) nsurnos an conontric orbit and ponsynchronous rotation. The adopted parametors are the wogghted
avoragm of tho valuos for modol D derrved for carh temporsture in the range of 30,000 < T g < 32 000
K.




METpnon Tou oTTiv Tou Kukvou X-1

« MErpnon 1NC TOPOUETPOU TTERICTPOPNALC LE TNV BoONBEIX TNC
EKTTOUTTAC OTTO 1OV DIOKO TTRPOCQUENONCE.

Power-Law Component

.
1 ' . kT~ 30 keV i
Thermal R{’jﬂﬂ{ ted

Component Component

N =
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METpnon Tou oTTiv Tou Kukvou X-1
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METpnon Tou oTTiv Tou Kukvou X-1
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METpNoN TOU OTTIV TOU

KUKVOU X-1

Table 2
Fit results for our adopted model®
Number Model Parameter SP1 SP2 SP3
| KERRBB) a. 0.0085+0-0002® 0.0000F0 0g® 0.0000%3 (00®
2 EEREEER] M 0.115 4+ 0.004 0.130 + 0.029 0.122 +0.011
3 const - 1.000 4+ 0.002 1.031 +0.013 0.971 + 0.004
4 TBABS Ny 0.705 + 0.006 0.768 + 0.024 0.687 £0.010
5 SIMFLE I 2282 +0.010 2499 +0.012 2549 +0.011
6 SIMPLE fac 0.225 + 0.006 0.305 + 0.012 0.306 + 0.006
7 EERRDISK Ey 6.56 + 0.00 6.44 +0.05 6.49 + 0.04
8 EERRDISK q 2.89 4+ 0.02 2.98 4+ 0.06 2.99 +0.07
9 KERRDISK N, 0.015 + 0.001 0.032 + 0.002 0.024 + 0.0
10 KERRDISK EW 0.154 0.158 0.159
11 IREFLECT XFe o.34 £ 0.15 297 £0.12 3.63 =0.14
12 IREFLECT 5 0.95 + 0.04 0.80 +0.03 093 =003
13 IREFLECT ‘ 153.1 + 15.7 71.2 + 10.0 62.0 + 8.4
14 x:'f 1.24{561/454) 1.28(371/290) 1.18(723/614)
15 f 1.610 1.612 1.621
16 L/Lggd 0.018 0.026 0.023
17 Adopted a. 0.9085 0.000077 oo 0.090077 1116

* For the model components given, the parameters from top to bottom are: (1) spin parameter; (2) mass accretion rate in units of 10%® gl_'; (3) detector
normalization constant relative to RYTE PCU2; (4) hydrogen column density m umats of cm—2; (5) photon power-law mdex ['; (6) scattening fraction fs(;
(7) central hne energy m keV; (8) emussivity index g; (9) line flux m umts of photons em—2 =1 (10) egmﬂmt width of line m keV; (11) ron abundance
relative to solar; (12) reflechion scaling factor s; (13) omzation parameter £; (14) Reduced clu-square, total chu-square and degrees of freedom, respectively; (13)
spectral hardening factor f: and (16) Eddington-scaled disk luminosity, where Ly g = 1.9 x 1099 ergs—! for Cygnus X-1. Unless otherwise indicated, the
uncertainties quoted here and throughout the paper are at the 1o level of confidence.

® The physical maximum value of the spin parameter a, is unity and for the XSPEC model KEr®BB? it is 0.9999. The very small errors quoted here are purely
the uncertainties due to counting statistics, which result from fitting our adopted model to the X ray data.

© Final adopted values for the spin parameter and their uncertamties. The 1o uncertamties are calculated based on the 3o lower limuts on a. shown i Figure 4.
These results fold m the uncertambes m 17, A{. i and the absolute flux calibratton via our Monte Carlo analysis (see Section 6).

a =>095 T =05keV, R =R, .= 2%? = 42km, U, = 0.5c
c
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