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We present six years tNTEGRAL(IBIS, SPI and JEM-X) observations of the BH binary Cygnus
X-1. We produced 12 high-quality broad-band spectra (3 ké¥eV), representative of the
whole range of spectral shapes observed in this source. Véeshadied the evolution of the phys-
ical parameters of the accretion flow across spectral tiansj by using two hybrid thermal/non-
thermal Comptonization models. In particular, we used ffier first time on Cyg X-1 data, the
new modeBELM which gives constraints on the magnetic field in the X-rayooar. We find that
in the softer states, the magnetic field is at most of the cofl&E+06 G. In the harder states,
if the non-thermal excess observed above a few hundred kpkbduced in the same region as
the bulk of the thermal Comptonization, the upper limit oa thagnetic field is about 1E+05 G.
On the other hand, this high-energy excess may be produdid jet (as recently suggested by
INTEGRALpolarization measurements): in this case the constramte@magnetic field in the
hard states are somewhat relaxed and the upper limit rise#s+#067 G.
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1. Introduction

In the simplest classification, Black Hole binaries (BHBa)d in particular Cyg X-1, are
observed in two main spectral states [24]: the hard statg (B a X/y spectrum believed to
originate from thermal Comptonization in a hot electronmitated cloud (the so-called "corona”;
Sunyaev & Titarchuk 1980); the soft state (SS) showing a preni~1 keV black-body associated
with the optically thick accretion disc [20] plus a powewlégail, usually explained as Comptoniza-
tion by a non-thermal electrons distribution[25, 9].

Although the scattering electrons have a predominantly Wédlian energy distribution in
the HS, there are indications that the electron distrilbutitay have some high-energy tail i.e.,
it is hybrid, thermal/non-thermal. The first evidence hasrberovided byCGROCOMPTEL
observations at B> 500 keV of Cyg X-1 in hard state [13]. Then, with tRéTEGRALmMmission,
this feature has been observed many times in a number of BrtBBId candidates (see [5], i.e. 1E
1740.7-2942 [2], GX 3394 [6], Cyg X-1 [3, 10]. Alternatiyebasing on the strong polarization
factor measured in the Cyg X-1 emission above 400 keV [12, iLhhas been proposed that the
high-energy excess in hard state is likely to be producedtithrough synchrotron emission in a
very coherent magnetic field.

The different electron distributions in HS and SS could besed by kinetic processes and
changing because of varying physical conditions in theraf{d5, 19]. These authors developed
two independent codes and showed that in presence of a n@afielet in the corona, the electron
distribution can appear thermal, even when acceleratiochamésms would produce non-thermal
distributions. They have presented a rough 'fit by eye’ ofaherage CGRO data of Cyg X-1 using
these models, while [7] performed a statistical filNTEGRALspectra by using the same model
of [1].

2. Cyg X-1 accretion flow study withINTEGRALobservations

We have analyzed 6 years (2 Ms) IBFTEGRALpublic data and obtained 12 broad-band (3
keV-1 MeV) spectra. We have studied the whole range of obsgespectral shapes in Cyg X-
1 by fitting them with two different Comptonization modelgmely EQPAIR [4] and BELM [1].
This allowed us to constrain the physical conditions in tbeona and disc and determine how
the physical parameters change during the spectral epplutin particular, fits withBeELM set
guantitative constraints on the strength of the magnetid iirethe corona of Cyg X-1 for the first
time.

The differences betweemQPAIR andBELM can be briefly summarized as follow: in the first
model, there is no magnetic field in the corona consideredCibmptonizing electrons population
is hybrid thermal (Maxwellian) and non-thermdli{); seed photons come from the thin accretion
disc. In the second model, the magnetic field B is taken into@at and expressed by the magnetic
compactnesss| BZ; there is only one population of non-thermal electronscitgd with [inj and
then thermalized via Synchrotron boiler [8]; the seed phestare due to both synchrotron radiation
and disc photons.

2.1 Results with both unmagnetized and magnetized models
Details on the models, spectral analysis variability stadgl results are reported in [7]; here,

we only summarize and discuss few results. We only point loaitt for the first study we used
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Figure 1. EQPAIR (Left) andBELM (Righ)) spectral parameters reported in [7] (Tab. 3 and 4, respyg}i
vs therl™ slope of the IBIS/ISGRI spectra fit with a simple power lawtie tange 30-100 keV.

BELM assuming a Synchrotron Self Compton (SSC) emission andrfur¢hermal acceleration;
we did not include any thermal or Coulomb heating.

The parametersy, kTin, Inth (Or In/ls) and the reflection amplitude have a similar behaviour
when using the two models (Fig. 1). The fact that/I (with BELM) is lower in softer state
(steepl) is equivalent to the trend observed for the raids in EQPAIR. We note that the electron
acceleration indeX iy is better constrained by the data in the magnetized modaie st also
affects the number of synchrotron emitting electrons wimicturns control the temperature of the
Maxwellian electrons and the slope of the X-ray spectrum.

A common interesting trend (shown in Fig. 1) is that the Thomseptical depth is lower
in softest statestf ~ 0.2 in SS). It increases significantly from SS to intermedidtdes and is
approximately constant in the hard states. This change &gtarfof roughly 10 could be associated
either to a change in electron density or in the size of ther@Ksincer [ ngR). If this is the size
of the corona that changes then this would imply that theraiie larger in the HS than in the
SS by the same factor. This would be in agreement with theedserof the inner radius of the
accretion disc and faster rapid variability in the SS whidthbsuggest a smaller emitting region
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Figure 2: Joint JEM-X, IBIS and SPI energy spectra of Cyg X-1 duringrfdifferent spectral states fitted
with theBELM model with pure non-thermal acceleration piuskLINE andREFLECT(see [7]).

in the SS. But the electron density could also drive the chang’homson depth. This could be
the case if the material in the corona gradually condensatieshe accretion disc when the source
evolves toward softer states. Moreover, we note that valtieshigher than 1 in the HS does not
reproduce ADAF models [16]. Latest elaboration of ADAF misdeproduce highr, even though
they require high values of B [17]

Non-thermal acceleration appears to be required to fit atsp withEQPAIR. This indicates
that a non-thermal electrons population may also be présené corona (or elsewhere), together
with the thermal population even during the hard statess Bhin agreement with previous studies
performed on intermediate and hard states of BH binariealsasreported in Sec. 1.

We observe dramatic variation of the thermal disc flux (of@drof 50), low kT in SS and
Comptonized component almost constant (a factor of 2; Figftl: we then conclude that spectral
transition are driven by the soft cooling.

From our fits withBELM, it is clear that in the soft state the accretion disc photepsesent
the main source of soft seed photons (see Fig. 3). HowevtrarLM we observe that in the HS
the synchrotron photons may dominate. [21] have arguedritahumber of BHCs synchrotron
seeds should dominates at luminosities below about a peoéehe Eddington limit, while disc
seed photons should dominate at higher luminosities. hterésting to note that Cyg X-1 has a
stable luminosity located around this transition. It isréfere likely that both the accretion disc
and the magnetic field contribute to seed the Comptonizatiooess.

Concerning the magnetic field intensity, we found that in hlaed state the upper limit on
the magnetic field is T0G. It is then interesting to express the magnetic field cotmgss as a
fraction of the equipartition compactness [7] and estimageratio k/lg, which is independent
of the uncertainties on the source size and distance. Indhdehstates we found strongly sub-
equipartition magnetic fieldsg}lg; < 1) which implies that B cannot power the corona. On the
other hand, in the soft states B is super-equipartitiasyIgl > 1) and of the order of 0G which
is consistent with the corona powered by the magnetic enefdpese results are in agreement
with qualitative results of [19] (with a different code) afib], as well as consistent with analytic
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Figure 3: BELM total models (black) corresponding to fits of the four spestvown in Fig. 2 and the com-
ponents: Compton (red), pair annihilation/productioratae), synchrotron (blue), soft black body photons
(purple). Solid lines correspond to positive contributiothe spectrum, dashed lines correspond to negative
contribution.

estimation of [23]. We can conclude that our result are nadehdependent.

2.2 High energy emission from different regions than the casna?

We have also studied the case that the tail observed in tliedtaies is not produced in the
same region as the bulk of the thermal Comptonization, buesdere else (jet? [12, 26] another
corona region? [16]). Then, the hard spectra below the tatafld also be reproduced by SSC
models with pure thermal heating. In this case the exactrigeatechanism is of little importance
for spectral modeling, because whatever the heating merhahe resulting electron distribution
is very close to a pure Maxwellian. BeLM this electron thermal heating mechanism is assumed
to be Coulomb collisions with a distribution of hot thermabfons [15]. Then, the constraints on
the magnetic field are expected to be different.

As expected, the broadband spectrum can not be fitted wilptire thermal model, since it
does not reproduce the highest energy data (above 200 ké¥6hwither requires a significant
level of non-thermal acceleration or must originate in dedént region. When excluding data
above 200 keV, we obtained good fits (see Tab. 5 in [7]).

Thus, by assuming that the highest energy emission orggnfitom a different region, we
obtain that the magnetic field in the hard states is strongea factor of 100 compared to that
estimated in the SSC model. The magnetic field is now allowdzbtstrongly super equipartition
(1g/lgr > 1) with typical upper limits of the order of 1GG. In this case B is consistent with the



Magnetic field in Cyg X-1 Melania Del Santo

magnetically dominated hot accretion flow model of [17, 18]ak also produces the rather large
Thomson depths observed.
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