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"Science is an essentially anarchistic enterprise..."

Paul K. Feyerabend, in 
Against the method － Outline of an anarchist theory of knowledge



What is GRO J1655-40?

• Discovered by BATSE in 1994

• Runaway black-hole in our Galaxy.

• Also called Soft X-ray Transient and microquasar.

• It is supposed to be a super-luminal source.

• Since its discovery 10 years ago, everybody uses a 
distance of 3.2 kpc.



You said 
microquasar?

Mirabel, 2004, 
ESA SP-552: 5th INTEGRAL Workshop 

on the INTEGRAL Universe



Yes but no.

Bailyn et al. (1995b)
Greiner et al. (1995)
Orosz & Bailyn (1997)
Bianchini et al. (1997)
van der Hooft et al. (1998)
Hynes et al. (1998)
Shabbaz et al. (1999)
Kuulkers et al. (2000)
Green et al. (2001)
Beer & Podsiadlowski (2002)
Brocksopp et al. (2005)
etc...

quote Hjellming & Rupen (1995)

Kinematic model of the jets 
(VLA observations) : 3.2 kpc

McKay & Kesteven (1994)
Tingay et al. (1995)
Harmon et al. (1995)

they quote

IAU Circ. 6062 (radio data) 
“probability” of 3.5 kpc.

della Valle (1994) IAU Circ.  6052
“optical spectrum looks red”

VLBI + ATCA obs.
HI and HII clouds along 

mean Galactic curve
Estimate 3-5 kpc



You said an HI spectrum?
Tingay et al. (1995, Nature, 374,  141)

Feature at -50 km/s, 
if due to Galactic 
rotation, implies 

D>4.2 kpc



Yes but no.

Bailyn et al. (1995)
Greiner et al. (1995)
Orosz & Bailyn (1997)
Bianchini et al. (1997)
van der Hooft et al. (1998)
Hynes et al. (1998)
Shabbaz et al. (1999)
Kuulkers et al. (2000)
Green et al. (2001)
Beer & Podsiadlowski (2002)
Brocksopp et al. (2005)
etc...

quote Hjellming & Rupen (1995)

Kinematic model of the jets 
(VLA observations) : 3.2 kpc

McKay & Kesteven (1994)
Tingay et al. (1995)
Harmon et al. (1995)

they quote

IAU Circ. 6062 (radio data) 
“probability” of 3.5 kpc.

della Valle (1994) IAU Circ.  6052
“optical spectrum looks red”

VLBI + ATCA obs.
HI and HII clouds along 

mean Galactic curve
Estimate 3-5 kpc

Orosz & Bailyn (1997)

Robinson et al. (1996) ApJ, 
inexistent

quote 

Horne et al. (1996) (HST data) 
but IAU Circ.  6406and

EW of NaI-D

Greiner et al. (1995)

Model of ROSAT halo
Get the Dust, then NH

Mean abs. of Allen(1973)

Bailyn et al. (1995)

EW of NaI-D
use SNI relation EW-E(B-V)

obtain 3.0 kpc



You said 
EW of (saturated) Na lines?
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Yes but no.

Bailyn et al. (1995)
Greiner et al. (1995)
Orosz & Bailyn (1997)
Bianchini et al. (1997)
van der Hooft et al. (1998)
Hynes et al. (1998)
Shabbaz et al. (1999)
Kuulkers et al. (2000)
Green et al. (2001)
Beer & Podsiadlowski (2002)
Brocksopp et al. (2005)
etc...

quote Hjellming & Rupen (1995)

Kinematic model of the jets 
(VLA observations) : 3.2 kpc

McKay & Kesteven (1994)
Tingay et al. (1995)
Harmon et al. (1995)

they quote

IAU Circ. 6062 (radio data) 
“probability” of 3.5 kpc.

della Valle (1994) IAU Circ.  6052
“optical spectrum looks red”

VLBI + ATCA obs.
HI and HII clouds along 

mean Galactic curve
Estimate 3-5 kpc

Orosz & Bailyn (1997)

Robinson et al. (1996) ApJ, 
inexistent

quote 

Horne et al. (1996) (HST data) 
but IAU Circ.  6406and

EW of NaI-D

Greiner et al. (1995)

Model of ROSAT halo
Get the Dust, then NH

Mean abs. of Allen(1973)

Bailyn et al. (1995)

EW of NaI-D
use SNI relation EW-E(B-V)

obtain 3.0 kpc

Hynes et al. (1998)

HST, AAT, RXTE, CGRO data. 
assume mean Galactic ext. curve.

Inoue et al. (1994)
Nagase et al. (1995)
Inoue et al. (1995)

IAU Circ. 6063
     IAU Circ. 6094

IAU Circ. 6210

Compute M = 0.7 (?)
Correct m to 17.12
Adopt 3.2 kpc
Assume mean Reddening law.
Obtain E(B-V) = 1.2

obtain inconsistent results.



You said inconsistency?

E(B-V) ~ 0.55

E(B-V) = 1.25, 
(Hynes et al. 1998)



Yes but no.

Bailyn et al. (1995)
Greiner et al. (1995)
Orosz & Bailyn (1997)
Bianchini et al. (1997)
van der Hooft et al. (1998)
Hynes et al. (1998)
Shabbaz et al. (1999)
Kuulkers et al. (2000)
Green et al. (2001)
Beer & Podsiadlowski (2002)
Brocksopp et al. (2005)
etc...

quote Hjellming & Rupen (1995)

Kinematic model of the jets 
(VLA observations) : 3.2 kpc

McKay & Kesteven (1994)
Tingay et al. (1995)
Harmon et al. (1995)

they quote

IAU Circ. 6062 (radio data) 
“probability” of 3.5 kpc.

della Valle (1994) IAU Circ.  6052
“optical spectrum looks red”

VLBI + ATCA obs.
HI and HII clouds along 

mean Galactic curve
Estimate 3-5 kpc

Orosz & Bailyn (1997)

Robinson et al. (1996) ApJ, 
inexistent

quote 

Horne et al. (1996) (HST data) 
but IAU Circ.  6406and

EW of NaI-D

Greiner et al. (1995)

Model of ROSAT halo
Get the Dust, then NH

Mean abs. of Allen(1973)

Bailyn et al. (1995)

EW of NaI-D
use SNI relation EW-E(B-V)

obtain 3.0 kpc

Hynes et al. (1998)

HST, AAT, RXTE, CGRO data. 
assume mean Galactic ext. curve.

Inoue et al. (1994)
Nagase et al. (1995)
Inoue et al. (1995)

IAU Circ. 6063
     IAU Circ. 6094

IAU Circ. 6210

Compute M = 0.7 (?)
Correct m to 17.12
Adopt 3.2 kpc
Assume mean Reddening law.
Obtain E(B-V) = 1.2

obtain inconsistent results.

Beer & Podsiadlowski (2002)

- Model of disk - lightcurve fit
- Reject one model because D « 3 kpc
- If E(B-V) was incorrect, fit compensate 
  for D,  Temp. and E(B-V)
- Since E(B-V) ~ mean galactic, 
  thus D is correct...



You said circular argumentation?

Fit correct

Distance 
is correct

E(B-V) ~ 
mean Galactic

Distance 
~ 3.2 kpc

E(B-V) is correct

Fit correct



Anything to propose?...



With flux-calibrated VLT-UVES data
(found freely inside ESO archive...)

• Data obtained 
during quiescence

• Companion F6IV

• Comparison with 
known stars of 
similar spectral 
type.

• Distance < 2.0 kpc
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Fig. 4. Comparison between the two calibration methods. The flux of
the mean UVES spectrum calibrated with standard stars is indicated
in abscissa, and the flux of the mean UVES spectrum calibrated with
response curves indicates in ordinate. Top panel: spectrum with cen-
tral wavelength of 6300Å (Hα). Bottom panel: spectrum with central
wavelength of 5265Å (Hβ). The dark line indicates equality. The gray
area shows the 1-σ region around the fitted slope through the points.

GRO J1655-40 and HD 156098 respectively. The difference of
the two equations gives:

m2−m1 = 5 log D2−5 log D1+M2−M1−AV =
5
2

log
(

F1

F2

)
(9)

Solving for Av we thus obtain:

AV = 5 log



D2

D1

1
√

f


 + M2 − M1 (10)

This equation can be used to determine a maximum dis-
tance of the source. In order to see the dependance of the re-
sults with the spectral type, we made these calculations for five
different F stars with no known peculiarities (such as a binary
or variable status), all retrieved from the UVES POP. The re-
sults are illustrated in Fig. 5 where we have plotted the absorp-
tion versus the distance. The five F stars are summarized in
Table 2, where we indicates the star’s name, its spectral type,
parallax distance and absolute magnitude. The ratio f between
the spectrum of GRO J1655-40 and the spectrum of the F star
is indicated. The last column give the maximum distance of
GRO J1655-40 computed from the constraint that AV ≥ 0..

The problem is to evaluate the absolute magnitude of the
secondary star of GRO J1655-40 in quiescence. Since we have
no precise way to determine this value, we make the hypothesis
that it has the same absolute magnitude as that of the compar-
ison star, more or less one magnitude, i.e. M1 = M2 ± 1. The
last column of Table 2 give the range of maximum distance,
computed from the condition that AV ≥ 0., using the lower and
upper limits of the absolute magnitude of M1. This range is also
indicated by light gray areas drawn around each curve in Fig. 5.

It can be seen that none of the maximum value of the
range of maximum distance exceeds 3 kpc. Apart from the
range obtained with the star HD 16673 (F5V), the overall mean
maximum distance, that is for obtaining an null absorption
(AV ≡ 0.), is 2.03 kpc. We thus consider this value as a strong
upper limit to the distance of GRO J1655-40. Taking the three
stars HD 156098 (F6IV), HD 210848 (F7II) and HD 65925
(F5III), and assuming a distance of 1.0 kpc, we obtain a reason-
able mean absorption of 1.64 mag. It means that the previous
determinations of the absorption towards GRO J1655-40 were
probably overestimated.

In summary, we can say that even our largest estimate does
not reach the value of of 3.2 kpc. We emphasize here that
the only assumption we made is the absence of extinction to-
ward the comparison star. Even a slight absorption toward these
sources would not challenge our conclusion. Our estimation of
the absorption toward GRO J1655-40 is significantly smaller
than previous estimates, which could be explained by the high
latitude of the source. As a matter of fact, the absorption has
been previously overestimated by assuming an homogeneous
distribution of absorbing material between the source and the
observer. However, since GRO J1655-40 is located slightly
above the Galactic plane, the absorption likely lies within the
region close to the Sun.

5. Consequences for the evolutionary state of
GRO J1655-40.

6. Conclusion

We have shown that the distance of GRO J1655-40 of 3.2 kpc
quoted in the literature has been obtained through a refinement
of a distance range, which was in turn not well established.
We have also shown that the previous measurements of the dis-
tance using the neutral hydrogen column density give incon-
sistent results. We have carefully determined a spectral type
F6IV for the secondary star using UVES and EFOSC2 spec-
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Table 2. The five F stars used in to compute the maximum distance of GRO J1655-40 are summarized. The star’s name, its spectral type,
distance, absolute magnitude and the ratio of the calibrated spectrum of GRO J1655-40 with that of the star are indicated. The last column
indicates the range of maximum distance obtained through the constraint of AV ≥ 0. using the two limits of the absolute magnitude of
GRO J1655-40. See text for details.

Star Sp. Type Distance M f Max. D
(pc) (mag) (kpc)

HD 156098 F6IV 50.50 2.02 (6.7 ± 1.0) 10−4 1.56 - 2.46
HD 16673 F5V 21.54 4.13 (7.3 ± 1.1) 10−4 0.64 - 1.02
HD 210848 F7II 67.66 1.44 (9.3 ± 1.4) 10−4 1.78 - 2.80
HD 37495 F4V 42.48 2.17 (8.1 ± 1.0) 10−4 1.20 - 1.88
HD 65925 F5III 57.87 1.42 (6.7 ± 0.8) 10−4 1.78 - 2.82

Fig. 5. Absorption AV versus the distance in kpc, following equation
10, for various F stars. See text for details. The light gray areas indi-
cates a margin of ±1 magnitude around each curve. The curves of the
stars HD210848 (F7II) and HD65925 (F5III) are very close to each
other. The dark gray area indicates an uncertainty of 10% around the
curve associated with HD156098.

tra. By calibrating our UVES spectra and comparing them with
various spectral types similar to the one determined, we have
shown that the distance of GRO J1655-40simply cannot be of
3.2 kpc, and certainly smaller than 2.03 kpc. We emphasize
that no astrophysical link has been invoked in the literature
between GRO J1655-40 and its environment, except Mirabel
et al. (2002) who mention the possible link of the source with
the open cluster NGC 6242. This open cluster lies at a distance
of 1.02 ± 0.1 kpc from the Sun according to the photometric
and radial-velocity measurements of (Glushkova et al. 1997),
and 1.131 kpc, according to Kharchenko et al. (2005). We are
pretty confident that this is the most reasonable explanation for
the distance of GRO J1655-40.

Acknowledgements. The authors thank M. Baes for having taken a
near-IR spectrum of GRO J1655-40 with SOFI at the NTT, that has
however not been used in our analysis.
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Even better...
598 I. F. Mirabel et al.: The runaway black hole GRO J1655-40

Fig. 1. Position of GRO J1655-40 on a R band image from the Digitized Palomar Observatory Sky Survey II (POSS II), in Galactic coordinates.
The arrow shows the direction of the motion at a rate of 5.2 ± 0.5 mas yr−1 measured with the Hubble Space Telescope. Most of the stars around
l = 345.44◦ , b = + 2.43◦ belong to the open cluster NGC 6242 which is at a distance of 1 ± 0.1 kpc from the sun. Because of the uncertainty in
the distance to GRO J1655-40 the association with the cluster cannot be assessed.

Fig. 2. Galactocentric orbits of GRO J1655-40 viewed from above the Galactic plane. The orbital plane is almost parallel to the Galactic disk
and the source never reaches heights greater than 150 pc. On the left is shown the orbit obtained for an heliocentric distance D = 0.9 kpc, and
on the right, for D = 3.2 kpc. GRO J1655-40 never penetrates the Galactic bulge. Plotted in dashed blue line is 1 Gyr of backwards integration,
and in red the past 230 Myrs.

NGC 6242
at 1.0 kpc

from the Sun

Mirabel et al. (2002),
 A&A, 395, 595
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Conclusions?

• The jets of this source are not superluminal anymore.

• The BH is born ~300 000 years ago probably from a 
~7+ M⨀ progenitor through a 2-steps SN explosion 
with fallback.

Bailyn et al. (1995a)
Bailyn et al. (1995b)

Greiner et al. (1995)
Orosz & Bailyn (1997)
Bianchini et al. (1997)

van der Hooft et al. (1998)
Hynes et al. (1998)

Shabbaz et al. (1999)
Kuulkers et al. (2000)
Combi et al. (2001)
Green et al. (2001)

Beer & Podsiadlowski (2002)
Podsiadlowski et al (2002)
Jonker & Nielemans (2004)

Brocksopp et al. (2005)
Willems et al. (2005)

... and counting... 
...

The distance values 
and the associated models 

of the following papers 
(at least):

should be revised.

assuming GRO J1655-40 is correctly originating from NGC6242...



On the distance of GRO J1655-40
Foellmi, Depagne, Dall, Mirabel, A&A submitted.



Is GRO J1655-40 the 
closest black hole?

The record (1.0-1.2 kpc) is held by 1A 0620-00

Jonker & Nielemans (2004) cite:

Shahbaz et al. (1994)
Barret et al. (1996)

Gies & Bolton 1982 & 1986

Cygnus X-1 only...

Wu et al. (1983)

Wu et al. (1976)

Extinction from: 
filling UV feature at 2200 Å



You said 
check 
your 
damn 

sources?

Wu et al. 
(1976)

Astronomical 
Netherlands 
Satellite

“Feature” at 2200 Å



On the distance of 1A 0620-00
Foellmi, Dall, Depagne, (Mirabel?), A&A in prep.



Yet another conclusion?

"Science is an essentially anarchistic enterprise.
 
Theoretical anarchism is more humanitarian and more likely 
to encourage progress than its law-and-order alternatives..."

Paul K. Feyerabend, in 
Against the method － Outline of an anarchist theory of knowledge.



Green Flash in La Silla Observatory (2006-01-15)
Canon EOS Digital Rebel -- 1/400s, f/7, 200mm + focal doubler, ISO 800.


