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Abstract. We have investigated radiatively and thermally driven-self
consistent bipolar outflows from shocked viscous accretisn. We have
found that radiations from the post-shock diskzats the subsonic part of
the jets and mass outflow rate while pre-shock diecas the only super-
sonic part of the jets.
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1. Introduction

Jets are a common feature of accreting black holes on all stadss from AGNs to
microquasars, but it can only originate from the accretime.dDetailed observation
of inner core of M87 showed that the jet originates from theeinpart of the accre-
tion disc (Junor et al. 1999). The connection between jé¢stand spectral states of
the disc has been firmly established (Gallo et al. 2003; Festdd. 2010) for micro-
quasars, and is expected to be similar in AGNs too. Thergiimeraction of the jets
and the radiation from the accretion disc should be studiduile Icke (1989) showed
that the maximum terminal speed of a radiatively driveng€45c (c, speed of light),
but Fukue et al. (2001) showed particle relativistic jet bargenerated from luminous
slim and ADAF disc. Chattopadhyay and Chakrabarti (2002gat@padhyay et al.
(2004); Chattopadhyay (2005) on the other hand showedwistat jets driven by
radiations from a shocked accretion disc follows the oketéymal correlation of the
jet states and the spectral states of the accretion diséo(&aal. 2003). However,
self-consistent thermally driven rotating jets from shedlaccretion discs have been
investigated by Chakrabarti (1999); Chattopadhyay and (R@87); Das and Chat-
topadhyay (2008); Kumar and Chattopadhyay (2013); Kumat.€¢2013). In most
studies of jet acceleration, the generation mechanismizrégl (Icke 1989; Fukue et
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al. 2001; Chattopadhyay and Chakrabarti 2002), howeveepity, we study the gen-

eration (via shocks) and acceleration (via radiative aedntial driving) mechanism

of the jets simultaneously with the accretion disc solugiceind therefore these jets
are termed ‘self-consistent’. In the section 2, we presgnagons and assumptions,
in the last section solutions and discussion.

2. Fluid eguations of motion and assumptions

We consider axisymmetric viscous accretion disc aroundhgial plane in cylin-
drical co-ordinate and it is presented in detail in manyditere (Kumar and Chat-
topadhyay 2013, and references therein). Here we congidesame methodology
to compute the jet as described in Kumar and Chattopadhy@d3j2but with the
deposition of radiative moments from the accretion disodhe jet as shown by
Chattopadhyay and Chakrabarti (2002); Chattopadhyay. €2@04). We use geo-
metrical units & = M = ¢ = 1, whereM is mass of the black hol& is gravitational
constant. We are not presenting the accretion equations@oton methodology
for brevity of space. Momentum balance equation of the jgiresence of radiation
field and correct upto first order in velocity, is given by (Mias and Mihalas 1984;
Chattopadhyay and Chakrabarti 2002)

doj 1dp; 4 dx 1 dr
Udr T dr @ dr o oipar - n P @
here, %y, = o1F,/meC, &, = orEr/Me, and Py, = o1Pr;/me, where,or is the
Thompson scattering cross-sectiom,is the electron mass, adg, , E;, P, are radia-
tive flux, radiative energy density and radiative presstespectively. The first term
inr. h. sof Eq. (1) is the acceleration term, while negatirets are the radiative drag
term. All the terms with the giix 'j’ represents jet quantities. The pre-shock radiation
is assumed due to only the synchrotron emission. The sytronremissivity is due to
the presence of stochastic magnetic field, where the magmretssure,) is in par-
tial equipartition with the gas pressurgy], i.e. pm = g—j = Bp,; where, 0< g < 1.
The analytical expression for synchrotron emissivity igegiby Shapiro and Teukol-
sky (1983), and the resulting intensity is,

16€? [ eB )’ hr o
los = lgn = ?E(@:) ®2ne(secéqp5) ergcm?s? 2)

where 0, ne, h andd,s are the pre-shock local dimensionless temperd@Fé(mec?),
electron number density, disc half height and angle fromathie of symmetry to the
pre-shock disc surface, respectively. The dependenkg oh disc radius is through
flow variable likeT andne. This is the dominant emission from the pre-shock disc.
The radiative intensity from the post shock disdds= ¢s/As, wherefs is the post-
shock luminosity in units of Eddington luminosity, aid is the total surface area
of the post-shock disc. The accretion solutions are paraedtby the grand spe-
cific energyE, the specific angular momentum on the horizgnand the viscosity
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Figure 1. (a) Normalized intensity of pre-shock synchrotron radiati,s with log(x), (b)
Radiative Moments due to the post-shock cﬁ(sjg/‘Ko (solid), T,js/‘Ko (dotted) andP,jS/‘Ko
(dashed), are plotted witlog(r;), and (c)8,jps/jo (solid), T,jps/jo (dotted) andPrjpS/jo
(dashed), the radiative moments from the pre-shock displateed. (d) Total radiative mo-
ments from the entire disc. We plot (&) and (f) M; with radial distancex and jet streamline
rj in log scale. Arrows show flow directions. And the veloaify(g), entropy accretion rate
Mj (h), specific energy; (i), and the temperaturg; (j) of the jet are plotted. Accretion flow
parameters arg = 3.3 x 1073, 1o = 1.353, a = 0.1. The plots are for constarig = 0.1.

parameterr. In Figs. 1a-d, all the plots are generated for a disc charizetd by
(E, 0,@) = (3.5 x 1073,1.54350.02), the shock location is at; = 1518. The
moments of the radiation field above the accretion disc wisileded before (Chat-
topadhyay and Chakrabarti 2002; Chattopadhyay et al. 20B4ttopadhyay 2005),
and for the above mentioned approximations, they are giyeéb= = (fIdQ) =

KoSs(ri, X) + ToSps(rj, X), Fr, = ”—ng(flﬂdﬂ) = KoFs(rj, X) + JoFps(rj» X), and

A A 8
Pr, = ‘T—m{:(flr,-rde) = KoPs(rj, X) + ToPps(rj, X) where, Ko = % , 90 =

2.93x103%*2Borr P T . . . . . .
e VAL the accretion rate in units of Eddington accretion ratejs

Thomson scattering cross sectignis mean molecular weight of the plasnma, is
the proton masay, is the electron mass and,, is the solar mass. The pre-shock
radiation depends on the prodisot?.

3. Accretion-gection solutionsand discussion

In Fig. 1a, we plot the pre-shock intensitys due to synchrotron cooling as a func-
tion of log(x). In Fig. 1b, we plot post shock radiative moments lkes/ Ko (solid),
Fr;s/Ko (dotted) andP s/ Ko (dashed). In Fig. 1c, we plot pre-shock radiative mo-
ments&r, ps/ Jo (solid), Fr,ps/ Jo (dotted) andP:; s/ Jo (dashed). In Fig. 1d, we plot
the combined radiative moments, (solid), 7, (dotted), andPr, (dashed), which
shows that the moments peaks at two positions above therdising possibility of
multistage acceleration. Moreover, the pre-shock raahais blocked by the post-
shock pdifed up inner disc (Fig. 1c), so the pre-shock radiation imtsravith the
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supersonic part of the jet. On closer inspection the netata@i acceleration term
Fr, —vj(&, +Pr;), show that it is dependent e and above certaisy this term may
even be negative. However, at larger distances away frorditioe,;, ~ v, =~ Py,
(Fig. 1b-d), we get the highesf possible. If the acceleration is closer to the base,
then it would d@ect the subsonic part of the jet, and would decrease theidocat
the jet sonic point, and also increase the mass outflowRgtevhich would, in turn,
decrease the accretion shock location. However, if thesggisificant acceleration
in the supersonic part due to the pre-shock radiation théy the velocity of the
jet will be affected without consequent increase in inertia of the jetcé&pre and
post shock radiation maximizes aff@érent locations (Figs. 1b, ¢), so a multistage
acceleration may produce large terminal speed. Fig. lejillustrate the ffect of
radiation from pre-shock dis€s) on the jet flow variables and keepifig= 0.1 con-
stant. In Fig. 1e we plot accretion Mach numbkr £ v/a) and Fig. 1f, the jet Mach
number{M;) is plotted. We also plot the velocity (Fig. 19), M; (Fig.1h), specific
energy&; (Fig. 1i), and the temperature ®f (Fig. 1j) of the jet. Accretion parame-
ters areE = 3.3x 1073, 1o = 1.353 a = 0.1 (Figs. 1e-j). Each curve corresponds to
m= 0.1 (solid), Q2 (dotted), & (dashed) and = 1. Here jet base, shock location, jet
sonic point and mass outflow rate are ffaated by the change in pre-shock radiation.
Supersonic part of the jet is very mucfiiected (Figs. 1le-j).

We can conclude that radiations from the pre and post shatkgdirticipate in
multistage acceleration of the jets. Since radiation from post-shock discfiect
the jet base and jet critical point, it igfective in acceleration at the initiation, but
acceleration in the supersonic part by the radiations froeaspock disc generates
jets with really high terminal speed.
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