Radiatively Inefficient Accretion
Flow Models of Sgr A*

Ramesh Narayan

[ltralllim [alactic NLdlei

Sgr A* e[émUifies a famo[3 old [do[lem[]
SMLIS$ in the nldlei of normal [Mon[ACNLgalaliks are mL¢h too dim
LtLe[the gas sl is less than in a Ldight ALN

[I1 the gas s[IIly is less [y only a few orders of magnitLde[hot [y
[T lorders of magnitCde as Sgr A*slICiinosity sCdgests

AL3rt from the tralldw ICminosity (the sCeéctr[in also sLggests
something other than the [3[3al thin accretion disCfolhd in (5L and
Ctight ACN

[hat is the mode of accretionCnd what determines the ICininosity [
If we colId figlte this o[® in Sgr A* it wolId hel[J[3 to [hderstand a
large class of galactic nldleiCand to figlde ol [Tasar evolltion
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ninosity of Sgr A*

s M OOOMTTM, (Schodel et alld
[T T heet al (T

= Sgr A" is e[fremely dim[J

w w
> =3

w
»

log[vL (erg s'l)]

(brighter during flares)
[(Tdganoff et al(LIITITa[TT énlel et all]
MMM The et al CTI

LCondi accretion rate I [TH' M, [yr
[(MMect ICninosity (1 T T ergld

Accretion Solltions

S[herical accretion Mondi LITITT T Ao anglar momentinC]
[hin accretion disdShallta C1SChyaev CIY
[Wwolllém[Cérat[te sollfion [Shaliro[ Tightman [l ardley
[T T TMithermally Chstalle

AdvectionIIbminated Accretion FlowCALCAF Othimarl]
[IITTNarayan [0 CITTTTTTTTACfamowicl ket all]
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ergy tion
il ddv

CITTTTTA (o CTTTIT 7T ALTTTIIIT T T I I
[Shallfa (OSChyaev OO AL T T MR CA LT

Novildv Ullhorne LI [rhimarOCOINarayan CIC0
[ITTITTITTIAC#famowicl ket all]
LI

Most of the heat energy is
retained in the gas

Most of the viscol3 heat
energy is radiated

ALAF or RIAF

» [hergy &tion T [ [ [3d

s ALAF[CAdvectionIbminated Accretion
Flow[TF [1[Fdv? [

= RIAF[Radiatively Inefficient Accretion
Flow[11 = [H[3@

= [fhey are really the same thing[]

= ALAF [donceli[general [IIIhot limited to
Carticllar Coweraw soldlion of NI
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leg R (km)

Mdot Regimes[Lin
[is[vs ALAF

= [Wo regimes for thin dis[I

= [dwer regime corresLonds to
Cdight [RL$ and ALN

« [ITeér regime corresLonds to
SNe and [R[Iderino
cooling(]

= [Werywhere else [shaded[]
we have an ACAF

= Sgr A* is near the [ottom Narayan C[(Tataert (I
M LTH,

Lhin Lis[LITA[LAF and
[T IS[Céctral States

i

Very High State ~ EAMESG_——— G GN—

High State

Intermediate State ~ INEEGE_—_NG——— E————

C3in et al I
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— T T T T
Bright AGN & XRB
Cyg X-1 (soft to hard)

©  XTE J1118+480 (outburst)

cobndany o R
Letween [hin Ly _:
LisLand [owl] - XTE1 i

8 ]

o—> Sgar
=

MdOtAl}F o:""'l";'h')g'(R;ﬂ;{s)'-u“u- L

[Lan CINarayan [

= [O[hdary can [& estimated as a fLaction of
|Cininosity from ol[Servations of LELISCIS

and 5 systems [dlgllI Tan [INarayan [TTTT]

= Sgr A* corresLonds to the elfreme limit of
the 5 [IIthere is no thin dis[at any radil(3$

Not All the [As Availalle to an
A[LAF Accretes onto the [1]

= AL[AFs are lilély to have strong oiflows [Marayan [0 CTTITTTITT]
[(Tandford [1Cégelman [T Stone et al[(ITITITIglinenshchev et al]
(ITTTTITT T awley CIC&ICTS CIMTMTand also to [& strongly convective
[Narayan [0 [ITITNarayandglmenshchev [1Adamowic[TITIT]
[(Tataert Ut [Mihov [T

For [oth reasons[the mass accretion rate onto the [Llis strongly
redCded [f[ also for Condi accretionC¢fCIginenshchev CIN CILIT

[tay data [Iaganoff et al[ITIITgive density at large radi(3 and radio
[alarildtion data [Bit[en et al(ITIITTTdwer et al(TTIITtonstrain gas
density at small radii (I ataert [JCk[Mihov [T Agol [T
[ComLihed data helCddetermine the inde[s [][I[10ITan et al CITTIT]
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[is[ Soldions and [Liiflows

w [T ITTITTIT ]
= [&s is strongly [o[hd[$[écific energy [1-[MIIR
= Not easy to generate an oiflow 11 [T 1]

= A[CAL]
» [ittle energy is lost throLdgh radiation[gas retains its initial
energy[ T 1-[MIR 5 ? -CMIR
[iscosity transfers energy oliward[(th[3 fldther decreasing

the [ihding energy at each radil($ NI T
convection assists this[ Lositive energyllérnoldli Larameter

[Mect a strong mass oliflowtonfirmed in sim[Iations

ALCAF[RIAF Model of Sgr A* in
[ L ilescence

Cdimarily thermal electrons[(ITH
a fraction n have a Cowerdaw
distriiion Ch LTy

Cives a reasonallk fit to the
sCeéctrlin with n IO Jand
LI

[hermal electrons contri[lie to
s[inm [inCland [MiescCI tays

[MTelectrons contri(lie to the E, il N

-1
log[vL (erg s )]

w
5]
T T T 1T

w
=

radio and IR and also the flares

[Tan[1Tataert CINarayan ]
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Iron [ihe

[Tiescent [Irhys Ldimarily
from olller thermal gas

[IOCé 1L iron line inside
[T consistent with model

LM Teliron line
sholld [é seen inside [ILI]
[ et al (T

For [ kolarI T e[]
[Céstalle [dediction -

KT, (=10°) (KaV)

de 1.‘5 |.‘I! |j7
KT(=10%3) (KaV)

EWI{1. ¢f) (aV)

w
pe}

[IrAy and
Infrared Flares
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log[v(Hz)]

v

log[vL (erg s'l)]

P
log[V(Hz)]

log[VL (erg s )]

: [Tan et al LT
N [Tl electrons]

|
12

loglv(Hz)]
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fferent LomLonents in the
System

[hermal electrons at small rCsCinm [in ]
[Heart of the accretion enginel

[hermal electrons at large r[ITiescent [Llrays

[oweraw electrons at small rCIR and [lrhay
HEIGES

Lowerdaw electrons at intermediate rtadio

Radiatively Inefficient or Mass [Liiflow[]

= Strong oliflow occlits [LLIITif the accreting gas is
advectionldominated[rhdiatively inefficient

Lorrect [TéstionIs Sgr A* dim

= only [écal3e the gas is radiatively inefficient [dld ACAFIIor

= is it a comlhation of [ath radiative inefficiency and a large
mass o[fflow [Hew ACAFII

Answer[LIITT¥ [from Lolarildtion datal.¢ollled with
strong theoretical argLients and sim[Iations[]

[imness of Sgr A* is d[é to [Irb[dhly e[ Tal[Factors]
» InsOificient mass sy Mdot;,,,; LI (T Mdot 44

» Radiative inefficiencyld Mdot; O [T Mdot 4

= Mass oliflowl] 0. O P MMMdot ; cH
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Accretion vers(Ls

Lardly any difference [étween the ALAF and the
[Taselllbre of the [dt[ [Tasilfthermal electronsl]

[hermal electrons are almost certainly in the ACAF

Lower[law electrons may well (& in a [6t [Halc[e[]
MarLoff[Itho[gh ALAF not rlled old

[hoice is not ACAF model vs [t model
[hoice is [Tde ALAF model vs [Et[ACAF model

SMLILICrowth dLting ALAF [hase

= [bw m[C2¢h mass wolld Sgr A* accrete in a Ie time LMy rm

Accretion Model | Mdot | AM [N.[]) AM[Y
[ DAr [

Condi [T [TF
ACAF Q1 [T [T
ACAF [SCTIM [T (1]

Rad [Tfficient (I ]
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= SMLI$ sCénd most of their time in an ACAF state[1T1 they accrete most
of their mass in a radiatively efficient thin disCl(hase [ds [Tasars[]

» [bnsistent with mean radCéfficiency of SMLI$ [[oltan T[] temaine




[lhat CAve Lle [éarned from Sgr A*[]

Accretion mode is different from a thin disIL
advection[dominated[rhdiatively inefficient [ALAF[RIAFL]

[im galactic nLdlei are not [[Bt dim versions of ALN [IIII
their accretion flows corresCond to very different Chysics

[Werything conslires to male Sgr A* [lktraldim(]

« [@ssgas = [Mtight ACN [ CIMTIMdot 541
« [holéd off accretion =

= Radiatively inefficient =

Mostly thermal electrons in ACAFLLIT also an imLortant
fraction of nonthermal electrons [lérhals in a [ek[]

Negligille SML T Imass growth dlting ALAF [hase
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