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1. Introduction

Black hole binaries are observed in two main spectral stafgsluminosities exceeding a
few percent of the Eddington luminosttylLg), the spectrum is generally dominated by a thermal
component peaking at a few keV which is believed to be theasige of a geometrically thin
optically thick accretion disc (Shakura & Sunyaev 1973).hiher energies the spectrum is non-
thermal and usually presents a weak steep power-law compdploton indexq” ~ 2.3 — 3.5)
extending at least to MeV energies, without any hint for anlegergy cut-off. This soft power law
is generally interpreted as inverse Compton up-scatterfisgft photons (UV, soft X) by an hybrid
thermal/non-thermal distribution of electrons in a hoatwistic plasma (the so-called “corona").
The electron distribution is then characterised by a teatpez~ 30-50 keV, a Thomson optical
depth~ 0.1-0.3 and a quasi power-law tail(¢/) O y—3, with indexsin the range 3.5-4.5) which is
responsible for most of the hard X-ray apday emission (Gierfiski et al. 1999, hereafter G99;
Frontera et al. 2001a; McConnell et al. 2002, hereafter MT¥ Santo et al. 2008). Since in
this state the source is bright in soft X-rays and soft in B&mys it is called the High Soft State
(hereafter HSS).

At lower luminosities (< 0.01Lg), the appearance of the accretion flow is very different:
the spectrum can be modelled as a hard powerflaw 1.5 — 1.9 with a cut-off at~ 100 keV.
The vF, spectrum then peaks at around a hundred keV. Since the s@fy Xtminosity is faint
and the spectrum is hard, this state is called the Low Harg $tereafter LHS). LHS spectra are
generally very well fitted by thermal Comptonisation, i.eultiple Compton up-scattering of soft
photons by a Maxwellian distribution of electrons (see Sawé& Titarchuk 1980) in a hok{le ~
50-100 keV) plasma of Thomson optical depthof order unity. Although a weak non-thermal
component is clearly detected at MeV energies in the LHS gimdg X-1 (MC02) and GX 339-4
(Wardzihski et al. 2002; Joinet et al. 2007) most of the hard X-rayihasity emerges in the
form of Comptonisation by a thermal electron distributi@pectral fits with hybrid thermal/non-
thermal Comptonisation models suggest the slope of thetmenmal tail in the electron distribution
is steeperg > 5) than in the HSS (see MCO02).

In brief, both spectral states are well represented by Conigdtion by an hybrid electron
distribution. In the LHS the temperature and optical deftthe thermal electrons are higher, and
the slope of the non-thermal tail seem steeper than in the B&%equently, the X-ray emission is
dominated by thermal Comptonisation in the LHS and by namrttal Comptonisation in the HSS.

In this paper we first briefly summarise the result ofldiEGRALobservation of Cygnus X-1
during a bright event that occured in September 2006 andvwastoincident with a TeV detection
by the MAGIC telescope (Albert et al. 2007 hereafter AO7gilassuming that the interpretation
of the spectra of black hole binaries in terms of hybrid thedrnmon-thermal Comptonisation is
correct, we present a relatively simple coupled kinetdiaon model that allows us to understand
the origin of the very different spectral shapes observethéntwo spectral state as well as the
spectral evolution during state transitions (see e.g. Reit@et al. 2008, Del Santo et al. in
these proceeding). This model is independent of any dyraragcretion flow model or geometry

1For hydrogen gas, the Eddington luminosity.is= 1.3 x 10°8M erg s whereM is the black hole mass expressed
in units of solar masses
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Figure 1: Left panel: IBIS/ISGRI light curves during rev. 482 (MJD $04-54004.3) The upper panel
shows the light curves. Each point represents the time gedrlux over a science window (a pointing of
duration of~2 ks). The three unconnected symbols (triangle, square tand around 1 Crab, show the
historical average IBIS/ISGRI fluxes of Cyg X-1 in the respaxenergy bands. The long vertical lines
associated with these symbols show the amplitude of vditiaims) of the historicalNTEGRALIlight
curves. The bottom panel shows the hardness ratios. Thevddi&al stripes indicate the times while the
source was observed with the MAGIC telescope. The thickeadrtlashed lines mark the start and the end
of the MAGIC pointing in which Cyg X-1 was detected at TeV egies, the other pointings showed no
detection. The two vertical solid lines enclose the tworsoéewindows corresponding to the peak spectrum.
Right panel: SPI (blue), ISGRI (red) and PICsIT (green) slaemveraged over rev. 482 fitted with the model
consisting of thermal Comptonisation (dashed curve) anchiion reflection (dot-dashed curve) model.
The solid curve gives the sum. The triple-dot-dashed cunees the same model but taking into account
the standard absorption column density toward the solNge<(6 x 10?1 cm~2). The three dark horizontal
lines below 12 keV show the average ASM energy fluxes (nottak® account in the fit procedure).

but when compared to the data it can be used to constrain trsicphparameters of the emitting
corona such as the magnetic field or the temperature of htinsoln this paper, we summarise
our main results while a thorough investigation of this made its discussion in the context of
the observations will be presented in Malzac & Belmont (20@9e after MBQ9).

2. Cygnus X-1: the brightest hard state so far

INTEGRALIs regularly observing Cyg X-1 during monitoring obsergas of the Galactic
Plane. On 2006 September 24-26, the source was at its higgmesX-ray level since the launch
of INTEGRALN 2002 October. This observation is described in detail aizdc et al. (2008), and
the main results are summarised below.

During the two-day observation, the flux of the source vasigaificantly and reached values
> 2 Crab. FurtheINTEGRALobservations of Cyg X-1 taken on 2006 September 30 indidhgsd
the source returned to a more usual state at a levella€rab in the 20-40 keV band and 1.3 Crab
in the 40-80 keV band. The peak fluxes measured during 200&@18bpr 24—26 were among
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the highest daily fluxes observed by t66&ROBurst and Transient Source Experiment (BATSE)
from 1991 to 2000 in the 100-300 keV band and exceeded allesh tim the 20—-100 keV band
(Zdziarski et al. 2002, hereafter Z02). Similar high fluxesrgvalso visible in th&WIFT Burst
Alert Telescope (BAT) andRXTEAIl Sky Monitor (ASM) light curves. The event detected by
INTEGRALcoincides with the highest flux ever measured by BAT (15-50) lsince the launch of
SWIFTin 2004. Cyg X-1 was then in the hard spectral state, whiatestaaround MJD 53900, and
has lasted since then till now (MJD 54748). The ASM (1.5-1%)Ktuxes were also among the
brightest ones in the hard state. We refer to Malzac et aQ§Pfor close-ups of the BAT and ASM
light curves around the time of tiNTEGRALevent. Based on data from the ASM, the X-ray flare
lasted about three days, about MJD 54002.0-54005.0 (see figef AO7).

The 2006 event represents the first observation of a parskdteck hole binary in a stable hard
state at such levels of intensity over such a long time. TWests also particularly interesting with
regards to the simultaneous, and the first ever, detecti@Qy@X-1 at TeV energies by the MAGIC
telescope on 2006 September 24 (MJD 54002.928-982, A0O'®B.0TIh-1 TeV luminosity during
the MAGIC observation was: 2.2 x 10> erg s, whereas the X-ray flare luminosity was about
5x 10 erg st.

Despite variations in the flux by a factor of2 in the the 20—-700 keV energy band, the shape
of the energy spectrum remained remarkably stable duriagtlibust see (see left panel of Fig. 1).
It is very well represented by an e-folded power law with thetpn index off ~ 1.4 and a high
energy cut-off akE; ~ 130-140 keV. The spectrum is also well described by thernaahgoni-
sation including a moderate reflection component, withdsatigle of the reflector of 0.4 x 2t
(see right panel of Fig. 1). The temperature of the hot Compitog electrons i&Te ~ 70 keV and
their Thomson optical depth s~ 2.5. These spectral properties are typical of those observed i
the low/hard state. This shows that Cyg X-1 may stay in theHawd state at least up to the flux
level of 2 Crab, which corresponds te2—3 % of the Eddington luminosity. It is the first time a
persistent high-mass black-hole binary is observed at gofwent of the Eddington luminosity
with a stable low/hard state spectrum over a period of a feyg.d8uch a bright stable hard state
has so far been observed only during the rising phase ofi¢grane®w-mass black-hole binaries.
The TeV detection coincides with the peak of a small X-rayeffaist after a very fast rise in hard
X-ray flux. In contrast, the source remained undetected byGMAat the peak of a larger X-ray
flare occurring one day later and corresponding to the maxirafithe X-ray luminosity during
this outburst (see left panel of Fig. 1). We do not find any obsicorrelation between the X-ray
and TeV emission. Fig. 2 presents the keV to TeV spectrabgrdistribution of the source during
the MAGIC detection. The X-ray and TeV spectra can be comuoebly a power-law spectrum
M~25.

3. Model

We now use the code of Belmont et al. (2008) to model the higitggnspectra of Cygnus
X-1 and other black hole binaries. This code solves the kirgfuations for photons, electrons and
positrons accounting for Compton scattering (using thieigin-Nishima cross section), electron-
positron pair production and annihilation, Coulomb int¢i@ns (electron-electron and electron-
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Figure 2: SimultaneousNTEGRALULMAGIC spectrum of Cyg X-1. The SPI (blue), ISGRI (cyan) an€P
sIT (red) spectra are averaged over the time of the TeV detecthe black crosses show the simultaneous
MAGIC spectrum (A07). The dashed line is a power-law withfeimdndex” = 2.5 connecting the two data
sets.

proton), synchrotron emission and absorption emmbremsstrahlung. Radiative transfer is dealt
using a usual escape probability formalism.

We model the Comptonising region with a sphere of raélus fully ionised proton-electron
magnetised plasma in steady state. The Thomson opticdi défiie sphere isr = 1; 4 15, Where
T, = njorR s the optical depth of ionisation electrons (associateith wiotons of densityy) and
Ts = 2ne- oTR is the optical depth of electrons and positrons due to paidystion g+ is the
positron number density)or is the Thomson cross section. The radiated power is quahtifie
through the usual compactness paramleielRL%, whereL is the luminosity of the Comptonising
cloud, me the electron rest mass andhe speed of light.

We will consider three possible channels for the energyctiga in our coupled electron-

photon system:

1. Non-thermal electron acceleration with a compacthgssWe model the acceleration pro-
cess by assuming electrons are continuously injected vptiweer-law distribution of index
[inj, between Lorentz factgmin andymax (i-e. n(y) O y~Tini). Observations of X-ray binaries
in the soft states indicatgp; in the range 2.0-3.5 (G99).

2. Coulomb heating with a compactndgs Electrons are supposed to interact by Coulomb
collisions with a distribution of thermal protons. When gitetons have a larger temperature
than the electrons, the electrons gain energylandO (see below Eq??). In our model, we
fix I, then determine the proton temperature correspondingigactimpactness and to the
exact steady state electron distribution.

3. External soft radiation coming from the geometricallinthccretion disc and entering the
corona with a compactness that we model as homogeneous injection of photons with a
blackbody spectrum of temperatl(@,,.

Since, in this model, all the injected power ends up intoati we havel = |+ 1c+ s in steady
state. In addtition the magnetic fieRlis parametrized through the usual magnetic compactness:

__ Ot B_2
IB_ITbCZRBT('
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Figure 3: Synchrotron self-Compton models with pure non-thermadtipn. Effects of varyindny, at
constantnn/Is. Simulated photon spectra (left panel) and particle distions forl .= 0.3 (pink), 3 (green),
30 (red), 300 (blue), 3000 (cyan) ahg/Is = 3. In the right hand side panel the full curves show the ebectr
while the dashed ones show the positron distributions. Tited curve shows the shape of the injected
electron distribution.

4. Simulation Results

4.1 Synchrotron self-Compton models with pure non-thermalnjection

In this section we assume that the protons are dgle- Q) and the external photons are ne-
glected (s = 0). Figure 3 shows the dependence of the photon spectrutgndior Iz = lin/3,
which corresponds to approximate equipartition of magnieid with radiation. The other fixed
parameters argj,) = 3, R=5x 10° cm, T; = 2, Ymin = 1 andymax = 1000. For a wide range of
compactness the spectrum peaks around 65 keV and and thet@nphdex id” ~ 1.7. The right
panel of Fig 3 shows the steady state particle distributmmesponding to these photon spectra.
These particle distributions are all thermal at low enexgi@h a non-thermal tail at high energies.
The non-thermal electrons produce self-absorbed synolnroadiation peaking around a few eV,
at the synchrotron turn-over frequency. The hybrid themoal-thermal distribution then Compton
up-scatters the self-absorbed synchrotron radiatiomifay spectra extending into the hard X-ray
and y-ray domain. These spectra are dominated by the Comptmmday the thermalised parti-
cles. The peak and energy of the cut-off depends on the tatuper In the following we will refer
to this process as Synchrotron Self-Compton emission (@)SS

In terms of particle kinetics, this can be understood as¥adl The injected power-law elec-
trons cool down by emitting SSC radiation and by interactimpugh Coulomb collisions with
lower energy particles. Below a critical Lorentz factgr the particles emit synchrotron in the
self-absorbed regime: their emission is immediately diEsbby lower energy electrons. This very
fast process of synchrotron emission and self absorptipresents a very efficient and fast ther-
malising mechanism. Very quickly the low energy part of thecton distribution forms a quasi
Maxwellian. This synchrotron boiler effect is able to triamsa large fraction of the non-thermal
energy of the electrons (of Lorentz factary) into heating of the lowest energy particles, keeping
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the effective temperature around 40 keV. This is the sedalynchrotron boiler effect (Ghisellini,
Guilbert and Svensson 1988).

The Lorentz factons corresponds to the energy of the electrons radiating mattenf syn-
chrotron luminosity around the synchrotron turn over fiegey y ~ 10, the exact value being
rather insensitive to the model parameters. Not only thetreles at or aboves do not contribute
to the heating of the lower energy particles but their softchiyotron radiation also provides the
dominant contribution to the Compton cooling of the plasikerefore the efficiency of the syn-
chrotron boiler as a heating mechanism will depend stronglyhe relative fraction of electrons
present above and below At the same time Coulomb collisions between high energylawd
energy electrons also plays important (and possibly domijriaermalising role, similar to that of
the synchrotron boiler.

As the ratiolg/ln is fixed, both particle heating and radiative cooling scalth Wwand the
spectra depend only weakly on compactness. At low compstiine small differences between
the spectra of various compactness are entirely due to¢hesising importance of Coulomb effects
at low Ig. At very largelnh, pair production effects become important and electroiitjoospairs
contribute significantly to the total optical depthy(~ 9 for Iyn = 3 x 10°). As a consequence
the effective temperature decreases, as more particle sharboiler energy, but the Compton
parameter actually increases producing even harder apgett.39 forl,, = 3 x 10%). We also
note that, at high compactness, pair annihilation leadsegddrmation of the line apparent around
511 keV in some spectra of Fig. 3.

These simulations show that even though the electron iajecs purely non-thermal, most
of the radiated luminosity emerges as quasi-thermal Comgation. The basic spectral properties
of black hole binaries in the LHS appear to be produced oveida vange of luminosity (at least
up to 0.3 g) through pure non-thermal electron injection in a mageetislasma, with no need for
additional heating mechanism nor soft photons.

4.2 Effects of external soft photons

In addition to soft photons produced internally throughcyotron, the hot comptonising
plasma may intercept a fraction of the thermal radiatiomftbe accretion disc. We denotelathe
compactness associated to this additional soft photoatiofe The main effect of the external soft
photons field, is to increase the Compton cooling rate oféptohs. The equilibrium temperature
of the thermal component is lower than in pure SSC modelsidfstrong (s ~ I the thermalised
leptons are so cool that most of the luminosity is radiatedhieynon-thermal particles. Basically
the effect ofls, is to increase the fraction of radiation emitted through-titeermal Comptonisation.

Fig 4 shows a sequence of spectra, starting from our fiduaglg = 30, g = 10 in which
Is is increased keeping the total compactnessls + I constant. As the soft photons flux rises
in the corona, inverse Compton increasingly dominates tieding of the non-thermal particles
eventually turning the synchrotron boiler off. Asis increased, the electron distribution cools
down to the Compton temperature. The emissivity of the tlaégomponent is strongly reduced
and the hard X-ray spectrum becomes gradually dominatethdgrmission of the cooling non-
thermal distribution. Then, the non-thermal emission shes a$., decreases.

This spectral sequence, whegas increased, is reminiscent of that observed during the sta
transition of accreting black holes (DGKO07; Del Santo e28l08). This indicates that cooling by
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Figure 4: Pure non-thermal models with external soft photons. Edfetvarying the soft photon compact-
nessls at constant on the photon spectrum (left hand side) and the particleilligions (right hand side).
The red curve shows our fiducial model obtaineddet 0, Inmn = 30,1g = 10, inj = 3, Ymin = 1, Ymax= 1000,

T, = 2, R=5x 10’ cm. The other curves show a sequence of models obtainedkgepils+ I = 30
while the soft photon compactnelgds varied. The black, pink, green, blue, cyan and purpleesishow
the results foks=3, 9, 15 21, 27, 29.7 respectively. The soft photons aretegewith a blackbody spectrum
of temperaturethbb=213.5Isl/4 eV. In the right hand side panel, the full curves show thetedecwhile the
dashed ones show the positron distributions.

the soft photons from the accretion disc probably plays anraje in the changing appearance of
the corona during such events. It was known from spectralfitsthe hybrid thermal-non-thermal
Comptonisation modeiQPAIR (Coppi 1992) that due to the strong thermal emission frondibe
that the ratio of coronal heating compactness over softqgpghodmpactnesk, /Is was lower in the
HSS, implying a lower temperature of the plasma. Here we ghaithe highefny /I, ratio of the
HSS is naturally explained with this synchrotron boiler mlodHowever as will be discussed in
Section 5, real states transitions in X-ray binaries ard embre complex and the spectral changes
cannot be entirely attributed to a change in the soft photonpactness.

4.3 Effects ofe-p Coulomb heating

In this section we investigate the effects of Coulomb heggaliy a thermal distribution of pro-

tons in a two temperature plasma. Fig 5 shows the evolutiahefpectrum wheh. is varied

at fixedl = Iy +1c = 30,1 =1/3, Is = 0. The other parameters are those of our fiducial model.
When the fraction of Coulomb heating increases the effefdiseonon-thermal component both in
terms of high energy emission and soft cooling photon fluxedeiced, as a consequence the tem-
perature of the thermal component increases. This leadsitweeasingly hard spectrum peaking
at increasingly large photon energies. Finally, when Colildveating dominates the equilibrium
electron distribution is very close to a Maxwellian and, agsult, the non-thermal high energy
tail is absent from the Comptonisation spectrum. Due to fleets of the pair production thermo-
stat (Svensson 1984), the temperature of the electron pleéshmited to a few hundred keV. The
temperature of the protoks; increases witlh. (from 0.04 to 9 MeV) in accordance with eq (5.1).
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Figure 5: SSC models with heating by hot protons. Effects of varyirgg@oulomb heating compactness
Ic at constant on the photon spectra (left hand side) and the particleiligtons (right hand side). The
red curves shows our fiducial model obtainedlfo« 0, Inp = 30,1g = 10,Tinj = 3, Ymin = 1, Ymax= 1000,

T, = 2, R=5x 10 cm. The other curves show a sequence of models obtainedkgepilc + I = 30
while the Coulomb heating compactnésis varied . The black, pink, green, blue and cyan curves shew t
results forl¢=10, 15, 20, 29, 30 respectively. In the right hand side pahelfull curves show the electron
distributions while the dashed ones show the positronibigtons.

5. Application to Cygnus X-1

In the following we present preliminary qualitative comigans (these are not formal spectral
fits) of our simulation to the LHS and HSS broad-band highgnspectra of Cygnus X-1.

5.1 Pure non-thermal acceleration models

We find that a pure non-thermal injection model (without haitpns) provides a good de-
scription of the high energy spectra of Cygnus X-1 in bothctjaé states (see Fig 6). According
to our 'best fit' models (see Table 1), the non-thermal cortrEss of the corona is comparable
(Inth ~= 5) in both spectral states. As expected most of the differehetween hard and soft state
are due to a change in the soft photon compacknésat we assumed to be 0 and abolgn3n
the soft state. However the other parameters also have t@ehia order to fit the details of the
spectrum. As already mentioned in section 1, the Thomsaonabmtepthtt is larger in the hard
state. In the HSS the slope of the injected electrons isgliyaonstrained by the shape of the hard
X-ray photon spectrum and must be rather flatj(~ 2.1). In the LHS on the contrary, the slope
of the injected electrons must be steeper, otherwise thheagoling photon flux is too strong and it
is not possible to produce the observed high LHS temperature

For the same reason, the magnetic field must be lower in tleedtate (while it is not very
well constrained in the HSS but could be high). In fact if wenp@are the magnetic to radiation
energy density in both models we fibig /Ug ~ 3 in the HSS while in the LH3)g/Ug ~ 0.3.

In any case, the magnetic field infered from our model in th&lisiprobably an upper limit on
the actual magnetic field in the source. The presence ofrettsoft photons would imply a lower
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Table 1: Models parameters of the simulations providing a good sepr&tion of the Cygnus X-1 spectrain
the LHS and HSS (as indicated in the first row). The two first el®dre the pure non-thermal acceleration
models shown in Fig. 4. The two others include heating by hotgms. In addition to the model param-
eters the resulting proton temperature as well as the teahperof the thermal component of the electron
distribution obtained from a fit with a Maxwellian are given.

state |nmh le Is Ig Ti Cinj  Ymin Tr  KTe(keV) KT (MeV)
LHS 4.75 0 0 0475 145 350 1 1.45 76
HSS 5.50 0 16.7 176 0.11 210 1 0.12 48
LHS 1.00 3.00 0.29 0 145 3.00 15 145 85 1.0
HSS 198 096 17.6 0 0.11 264 15 0.12 67 50

B as mentioned just above. If Coulomb heating is important thg must be lower to conserve the
same luminosity. At the same time, in order to keep the samettmearmal Compton luminosity it
would be necessary to reduce the synchrotron losses andljyotbecreas®. The fact that this
maximum magnetic field appears significantly below equithamt with radiation suggests that the
emission of the corona is not powered by the magnetic fieldysasmed in most accretion disc
corona models (see e.g. di Matteo, Celotti & Fabian 1997 |dae. Fabian 2001).

We stress however that this requirement of a low magnetid fiethe LHS is entirely due
to the observed strength of the non-thermal MeV excess ispkeetrum of Cygnus X-1 and our
interpretation of it as the non-thermal tail of the Compsimg electron distribution. If contrary
to our one-zone hypothesis, the MeV excess is produced ifiexait region than the bulk of the
thermal Compton emission, the constraint might be relaxed.

5.2 Models with Coulomb heating

Alternatively, models whith heating by hot protons alsovide a very good description of the
spectra of Cygnus X-1. However even in these models somedéven-thermal acceleration is
required in order to reproduce the non-thermal MeV tailsoun’best fit' models about 25 % of the
heating power is provided in the form of non-thermal ac@len in the LHS while this fraction
rises to about 2/3 in the HS& is larger by a factor of 2 in the soft state. For simplicity Imst
comparison we neglected the effects of magnetic field (abig s€0). The Coulomb compactness
Ic is lower by a factor of three in the HSS but since the opticgthlés also lower this translates
into a higher proton temperature (about 50 MeV in the HSS W b8 MeV in the LHS). In terms
of proton to electron temperature rafig' Te ~ 103 in the HSS and;/Te ~ 10.

Therefore we find that in the LHS the proton temperature igsiS@antly lower than in the stan-
dard 2-temperature accretion flow solutions (the temperatfithe hot protons in typical ADAF
models is in the range 10-100 MeV). In fact, this result caolitained analytically. Indeed, it is
based only on the properties of Coulomb coupling betweestreles and protons. It can be shown
(see MB09) that to the first order meT; /(m; Te), the ratioT; /Te can be expressed as:

~

Ti m gle gle
Sl == ~14725
Te Me /56mINATTT, TTT]

(5.1)

whereg(8:) = v/76: (~ 1 in the LHS), IM ~ 20 is the Coulomb logarithm anai andme are
the proton and electron masses respectively. The protopeiertures provided by equation (5.1)
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Figure 6: A comparison of the averaggGROspectra for the HSS (blue) and LHS (red) of Cygnus X-1 (data
from MC02), with models involving only injection of non-thmal particles as sole heating mechanism. At

low energy theCGROdata are complemented BeppoSAX The thick purple line shows our absorbed soft

state model which parameters are given in Table 1 while taage line shows the hard state model of the
same table. Reflection components were added to both s@extrare shown by the thin dot-dashed and

dashed curves for the soft state model and the hard statel nesgectively.

agree with the values obtained from our numerical simubati@ithin 30 percent. For the observed
luminosity and optical depth in the hard states of Cyg X-1,33%-4, XTE J1118, having; /Te >
100 as in typical ADAF solutions would require an extremadynpact emitting region of radiuR
lower than a few gravitational radii. The main reason fos tieisult is that the observed optical depth
in these sources is larger than unity and therefore coulastilsions are efficient at transferring
energy from the ions to the electrons.

6. Conclusion

We have presented dNTEGRALobservation of Cyg X-1, during a bright flare simultaneous
with a detection at TeV energies. We then explored the affetthe synchrotron self-absorption
on the particle energy distribution and emitted radiatiérthe corona of accreting black holes.
We have found that, in both spectral states of black holeri@igahe coronal emission could be
powered by a similar non-thermal acceleration mechanisntheé LHS the synchrotron arale
Coulomb boilers redistribute the energy of the non-therpaaticles to form and keep a quasi-
thermal electron distribution at a relatively high tempere, so that most of the luminosity is
released through quasi thermal comptonisation. In the H&50ft photon flux from the accretion
disc becomes very strong and cools down the electrons, inggtiee thermal Compton emissivity.
This change in the soft photon flux could be caused eitherusecthe inner radius of the truncated
disc moves inward into the central hot accretion flow, orhmframework of accretion disc corona
model, because the disc temperature increases dramatitiadln most of the emission is produced
by disc photons up-scattered by the non-thermal coolingireles. Another difference between the
two states is that the slope of the injected electrons hag tstéeper in the LHS to reduce the
synchrotron emission.
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Our comparison of simulations with the high energy spedtygnus X-1 in the LHS allowed
us to set upper limits on the magnetic field and the proton &atpre. Our results indicates that
the magnetic field is below equipatition with radiation fkelwhat is assumed in most accretion
disc corona models). The proton temperature is found to dpeifgiantly lower than predicted
by standard 2-Temperature accretion flow mod&ls £2 MeV). The constraint on the proton
temperature is independent of the synchrotron boiler &ffétis valid even if the magnetic field
B=0). Indeed, in a two-temperature plasma, due to electsorcoupling, there is a relationship
between the luminosity, the size of the emitting region,ittreand electron temperatures, and the
Thomson optical depth. For the measured luminosity, elactemperature and optical depth of
several black hole binaries, like XTE J1118+480 or GX 33%-groton temperature much higher
than the electron temperatufg/Te ~100-1000 (as in a two-temperature accretion flow) requires
an extremely small size of the emitting region (a fewor less). In the HSS the constraints on the
magnetic field and the proton temperature are less stringdrg magnetic field could power the
emission of the corona.
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