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Abstract | find that a~ 0.1 — 1 M, outflowing equatorial dusty disk (torus) that the binarytsgs
progenitor of an intermediate luminosity optical transi@hOT) ejects several years to several months
before and during the outburst can reduce the total emidsi@m equatorial observer by two orders of
magnitude and shifts the emission to wavelengths of main}y 10 um. This is termed a type Il ILOT
(ILOT ). To reach this conclusion, | use calculations gbéyll active galactic nuclei and apply them to the
equatorial ejecta (disk/torus) of ILOTs Il. This reductiaremission can last for tens of years after outburst.
Most of the radiation escapes along the polar directions. dttenuation of the emission for wavelengths
of A < 5 um can be more than three orders of magnitude, and the emidslog & um is negligible. Jets
that the binary system launches during the outburst caideoNith polar CSM and emit radiation above
the equatorial plane and dust in the polar outflow can refl@isgon from the central source. Therefore,
during the event itself the equatorial observer might detedLOT. | strengthen the previously suggested
ILOT Il scenario to the event N6946-BH1, where a red giantdisappeared in the visible.
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1 INTRODUCTION 2009 Kashi & Soker 2016 Muthukrishna et al. 2009,
Both mass transfer and stellar merger lead to high accretion
rates that power the transient, the high-accretion-padvere

This study aims at eruptive transients, sometimeéLOT model (ashi & Soker 2016Soker & Kashi 201}

referred to as gap transients (e.d<asliwal 2011 In rare ILOTSs the low mass companion might be a planet
Blagorodnova et al. 2017Pastorello & Fraser 20)e-  (€-9-Retter & Marom 2003Bear et al. 201)1

cause they have peak luminosities between luminosi- SPecifically, this study considers ILOT where before,
ties of classical novae and typical luminosities ofduring and/or after the outburst the system suffers a
supernovae (e.gMould etal. 1990 Bond etal. 2003 Very high equatorial mass loss rate that obscures most of
Rauetal. 2007 Ofek etal. 2008 Mason etal. 2010 the ILOT radiation, mainly in the visible and at shorter
Tylenda et al. 201:3asliwal 2013 Kaminski et al. 2018 wavelengths, from an equatorial obseréashi & Soker
Pastorello et al. 2018oian & Groh 2019Cai etal. 2019 (2017 presented this class of ILOTs and, following the
Jencson et al. 2019Kashi etal. 2019 Pastorello etal. Nomenclature of active galactic nuclei (AGNs), termed this
2019 Andrews et al. 202Howitt et al. 2020Jones 2020  9roupTypell ILOTs (ILOTs II). Basically, because ILOTs
Kaminski et al. 2020Klencki et al. 2020 Kaminski etal. ~ are not terminal explosions, on a long time scale (years to
2020. | refer to transients that are powered by gravitationafens of years) the luminosity of regular ILOTs (non-type
energy due to stellar merger, that includes the onsdi ILOTSs) returns to its more or less pre-outburst value.
of a common envelope evolution or mass transfer (e.g!LOTs Il are those ILOTs where the luminosity that an
Tylenda et al. 201:1Nandez et al. 20%14Kaminski etal. —€quatorial observer measures stays much below the pre-
2015a Soker 2016 MaclLeod et al. 2017 Gilkis et al.
2019 Segev etal. 2019 Yalinewich & Matzner 2019 ‘ 1 There are other terms _for ILOTs, like intermediate—lurr_]it)osfan—
Schrader et al. 2020/acLeod & Loeb 202]) as interme- sients, and different classifications for sub-classes,(Eaghi & Soker

) ) ) ' - 2016, such as luminous red novae and others (&egcson et al. 2019
diate luminosity optical transients (ILOT®&erger etal. Pastorello & Fraser 2039
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outburst luminosity for years to tens of years. This declin€2 DUST TORI IN AGNSAND INILOTS
in luminosity is likely to start years to months before the )
outburst. As well, the dusty equatorial outflow makes the?-1 GasDensity

emission mainly in the infrared (IR). Higher gas density supplies external pressure that ineseas

. _ . the dust sublimation temperature and hence allows dust to

| follow many stu@es acpordlng to Wh'Ch ILOTs are gyrvive closer to the central radiation source (e.g., figure
powered by binary interaction (e.gkashietal. 2010 4 and 5 ofBaskin & Laor 2018. Baskin & Laor (2018
Tylenda et al..,20.];1McIey & Soker 2014 Nandez etal. take the typical number density of the broad line region of
2014 Kaminskietal. 2015j; Ivanova & Nandez g4 AGN to ben ~ 10! cm—3. Interestingly, the density
2016 Pejchaetal. 2016bSoker 2016 Zhuetal. 2016 i the equatorial pre-outburst outflow of ILOTs Il in the
Bl_agoro_dnova etal. 2017MacLeod etal. 20172018  rg|evant radii is quite similar. The relevant typical rasliu
Michaelis etal. 2018 Pastorello etal. 2039 The type g should be larger than the minimum radius where dust
of binary interaction can be one of the following, eachsyryivesR,... As we show below, in ILOTS this radius is
of which releases gravitational energy. (a) A mergerp, .. ~ 10 cm ~ 10 AU. So, | scale quantities with the
process where one star is destroyed by the other star (e.gadiusi — 100 AU.
Soker & Tylenda 2003for V838 Mon). The surviving | take typical values froniKashi & Soker(2017), who
star accretes part of the mass of the destroyed star, Whejgne at explaining 6946-BH1 as an ILOT Il, for a strongly
the rest is ejected. Ejection of mass is mainly in anteracting binary system that ejects a pre-outburst autflo
equatorial qutflow and/or in two jets perpendlcular t0of massM,; . into a narrow disk-shaped outflow around
the equatorial plane. This process cannot repeat itself,o equatorial plane, i.e., within a half opening angle of
(b) Mass transfer from a giant star to a more compacy, ~ 15° — 30° measured from the equatorial plane. This
companion. The more compact companion accretes magse_oytburst outflow corresponds to a solid angl€pf=
and might launch .two opposite jets (e.ggsm & Soker 476, with §, = sina. ~ 0.26 — 0.5. For about a solar
2010 for Eta Carinae). The system might lose masSyass that the binary system ejects into a thin expanding
through the second Lagrangian point to form an equatorigl;gy (torus) at a velocity of. during a timeAt. before the

outflow. Both stars might survive and the ILOT might | o1 event, the electron density at a distancéom the
repeat itself. (c) The system enters a common envelopg&nter is about

evolution (e.g.Howitt et al. 202(. This is likely to form a

dense equatorial outflow. The common envelope evolution 5« 101! ( Qe ) <@> <Ate ) !

can repeat itself only if the companion exits the common cTr 15° 1 Mg 3yr 1)
envelope Gilkis et al. 201%or a neutron star companion). Ve -1 r -2 4
Note that process (c) might come after process (b). (100 km s—l) (100 AU) o

) ) ) For a disk expanding from the binary system with a radial
| further assume, as did some earlier studies of ”—OT%eIocity of v, = 100kms~! and with a perpendicular

(e.g.,Pejchaetal. 20168 Hubova & Pejcha 2019that velocity of about the sound spe€d ~ 15kms~!, the
the binary interaction .ejects mass in the equatoria! plang, 4 ¢ opening angle of the disk is Cs/v. ~ 10°. This
However, | do not attribute most of the ILOT emission {0 geryes as the justification for scaling with = 15°.
mass collision in the equatorial plane (e.Bejcha et al.
2016ha; Metzger & Pejcha 2017 but rather to jets (e.qg.,
Kashi 2010 Soker & Kaplan 2020Soker 202D In the
present study, the main role of the equatorial gas is t®ust grains efficiently absorb ultraviolet (UV) radi-
absorb and re-emit the ILOT radiation. ation. In AGNs that emit mainly in the UV and
visible, Barvainis (1987 derived a value ofRa in =~
The present method relies on results from studies oI.3LZ/426(Td_,S/1500 K)~238 pc for the inner boundary of
type Il AGNs where many more observations exist, and tdhe dusty torus, wherk 446 is the AGN luminosity in units
apply the results to the model of ILOTs II. In Sectign  of 1016 erg and T} 5 is the dust sublimation temperature.
briefly mention why such an application of type Il AGN According toLaor & Draine(1993, however, the value of
models to ILOTSs Il is possible and in Secti@n discuss R in can be a factor of several smaller. For spherical dust
the result of this comparison. In Sectidnl strengthen grains with radii ofa = 0.25 um as in Kashi & Soker
the claim ofKashi & Soker(2017) that the transient event (2017, | find from Laor & Draine (1993 a radiusRa in
N6946-BH1 could be in principle an ILOT II, though the that is about an order of magnitude smaller, but this
case is not closed yet. | summarise in Secéon depends on grain composition, size and density (2ebt.

2.2 Inner Radiusof Dusty Disk (torus)
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In applying this formula to ILOTS we need to consider
the following (e.g., sed@ylenda 2005or the evolution of o
V838 Mon). () The typical emission of ILOTs is in the Radiation

visible and IR, with less emission in the UV (e.g., for the Radi.atiO;/ Equatorial plane
transient N6946-BH1Adams et al. 2017 (i7) The peak |

luminosity lasts for months and less, and therefore if there back

is dense dust in the circumstellar matter (CSM) it might be R, D Front

that not all of it has time to sublimate. This is because at R
temperatures just abo¥600 K, sublimation time is weeks
for small grains to over a year for large grains and highFig. 1 A schematic drawing of the expanding disk (torus)
surrounding gas densities (e.Baskin & Laor 2018. For i?1ethmeerr?;g?]iglnallaﬁfnge%nirrsgvc\g\/igg ?crtm;ag?a?[iohr?lfT%te
that-, the.Iumlnosnyln that formula sh'quld.be some av.eragé coordinate is Pn the radial direction fF;om the radiation
luminosity, and not that at the peak:i) Giant stars with  soyrce at the center, and theoordinate is perpendicular
low effective temperatures are known to have dust close t@ the orbital plane.
them.

The relation thatKashi & Soker (2017 derive for interaction and flows radially outward. Therefore, some
ILOTs Il (their eq. (11)) is close to the results of properties of the expanding disk change with time.

Laor & Draine(1993 for AGNs. The radius above which | consider the ejection of an equatorial gas with a
dust survives for a long time is half opening angle ofv. during the time period from
1/2 a5 At. before outburst to the end of the outburst. This gas
Raust ~ 20 < L1 ) ( Tas > AU, includes the pre-outburst outflow and possibly additional
3x10° Lg 1500 K outburst ejecta that the system ejects during the outburst.

(2) - : . )
. L . | schematicall resent the expanding disk (torus) in
whereL; is the ILOT luminosity that now includes all the Figure1 y P P g ( )

spectrum. The actual inner radius at which dust survives In principle there are two limiting cases. In one there

is smaller than this value because the high gas densi% . " o
. L _ 15 a homologous expansion, namely, the radial velocity is

(Eg. @) increases the sublimation temperature and the life

. ) . roportional to the distance from the center. This might be
of the dust grainsBaskin & Laor 2018. | take it that dust brop : . - S 9 .
. . the case in an ‘explosive’ mass ejection in the equatorial
can exist in large quantities froflgus; =~ 5 — 10 AU ~

10 e and outward plane. The other case is of a mass loss at a constant
cm .

. terminal velocity. Here | require the dense equatorial
For an ILOT to be highly obscured by a dense Y d d

. . gre-outburst outflow to start months to years before the
equatorial dust, the high mass loss rate of the pre-outburst

. ) . outburst, so | present a quantitative derivation for a mass
outflow should start earlier than a time period&f, = . . .
) . loss at a constant terminal velocity. If the outburst itself
taust before the outburts, wherng,; is the time for the

torial tburst outflow t h th ejects additional equatorial mass, the outburst ejectm, th
equatorial pre-outburst outflow to reach the radiis.:. the extinction toward an equatorial observer is even larger

So, the condition on the beginning of the pre—outbursthighl.he expansion of the outburst ejecta might be close to
mass loss rate is

homologous.
At > o~ 0.5 [ Laust ( Ve )—1 Consider then a timet post-outburst. The outer
e~ dust =R 70 AU ) \100 km s—1 Y boundary of the disk, the ‘front’, is at
3)

Namely, massive equatorial pre-outburst outflow thfitSta”Rout — R+ D =211 (t + Ate) ( Ve 1) U,
about several months and longer before the main ILOT 10 yr 100 km s~
outburst can form a dust torus (disk) that might obscure _ o o (4)_
the ILOT and/or the central remnants from an equatorialVN€ré D is the length of the disk in the radial direction
observer. i.e.. turn the ILOT to ILOT I1. and Ry, = wv.t is the inner boundary, the ‘back’, of the

expanding disk. The full width of the thin disk at its middle
is H ~ (R, + 0.5D) tan ..

For usage in SectioB, | calculate the typical optical
There are significant qualitative differences between AGNslepths along the disk radial direction and perpendicular to
and ILOTs. Although in AGNs the material in the the orbital plane. The optical depths depend on the density
obscuring torus/disk originates from large distances @ th p(r, z), where z is the coordinate along the direction
galaxy and the torus neither expands nor contracts muclperpendicular to the orbital plane, and on the opaeity
in ILOTs the material in the disk originates in the binary inside the disk. The density in the disk depends on the mass

2.3 Geometry and Expansion
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loss rate of the pre-outburst outflow as a function of time.

For the crude estimates of the present study | take the pre- B e \~1 [ Mej.c
outburst outflow mass loss rate to be constant with time, 770 =<7 (Fin) Rin = 150 (150) <%>

and sop(r) = p(Rin)(r/Rin)~2. The opacity depends At ! e 1/ Ry \
on density, temperature, dust content (composition) and * ( ) <100 km sfl) (100 AU) '
wavelength. | assume that within the disk the opacity

depends only on the wavelength. The optical depth fronyvhere | used Equatiorl). With a radial velocity ofv. =

(©)

3yr

radiusr inside the disk to its outer boundary is 100 km s~ 1, the time after ILOT outburst when the inner
boundary of the disk is aR,i, = 100 AU ist = 4.7 yr.
7(\) /R"“t k(\)pdr’ = k(A\)p(Rin) Rin .To galcglate the Thomson qptical depth along the
- ) radial direction, we need to multiply by the parenthesis
Rin Rin \ Ry Ry in Equation B). For example, consider a tinte= 30 yr
x ( ro Rout> =20 < B Rout) ’ after an ILOT outburst that suffered 3 years of pre-outburst

high mass loss rate. For = 100 km s~! the disk radial
boundaries are ak;, ~ 630 AU and atR,w; = 1.1R;,.
Keeping other parameters as in the equations above, the
a8dial Thomson optical depth of the entire disk, ire+

Rin, is 71 g, =~ 2. We can combine Equationg)( (5) and

where the second equality defings,.

For the optical depth perpendicular to the disk, |
assume a thin disk so that the boundaries (sides)
+h/2 ~ ra.. The optical depth is then

—h/2 (9) to scale the Thomson radial optical depth
72 () :/ k(N)pdz ~ 2a.6(N)p(Rin) Rin ) )
"2 6) rrp =2 (15) Mej.e ()
Rin ’ 15° 1 Mg 100 km s—1
(=7 L o (10)
(52 (55)
At early times most of the contribution to the opacity in the 33 yr 30 yr
radial direction comes from regions ok Ry, and so At this late time and for the parameters | consider here,
N 1 the Thomson optical depth in the disk perpendicular to the
TZ()\) ~ 2a, (1 _ RT ) ~ 0.5 (10‘60) : t < At,. orbital plane istr, ~ 577, (by Eq. @)). However, if
7r(A) out 5 the mass ejection at the outburst itself is substantial, the

7) : .
. ( . %utburst ejecta, | expect a more homologous outflow in the
For a post-outburst of several times the mass loss perio . .
o inner part of the disk. Namely, the disk extends to much
before outburst, ~ several x At., | take the contribution . ) .
. . . closer distance to the center. | will therefore continue to
from the inner region of the disk where~ R;, ~ wv.t, .
and so (scaling fof = 5At,) assumerr . ~ 77, at all times.
c Finally, | note that because there is dust in the disk, the
72(\) Qe t+ At, optical depth at the visible and IR bands is much larger.
~ ( ) L LR AL (8) ; . .
ey 15 6AL, For the same parameters as in Equatid®),(l find the
) d ¢ | h b radial optical depths ak = 1.25 um and\ = 9.7 pum,
ﬂEquatlons 0 ?jn BI)' reter obn y to t € prer-loutburstdthat some other studies use, tohél .25, um) ~ 400 and
outflow. As stated earlier, out .urst ejecta that boun ST,.(9.7 um) ~ 80, respectively. For the visible band these
tEe pre-outbulrit IOUtﬂOW from |nT|de addls more rr;]"?B%arameters givey . ~ 1500. So after tens of years the disk
,t atl.ls more likely tI(I) e.xtend to- ower ve (|JC|t|es. -:— 'S, will be optically thick even for an ejected mass that is an
imp 'e_‘c’ an eve.n sma .e: m::er rl’?d""_s’ a”F’ a owgr V? Ue I rder of magnitude lower than the value | apply for scaling
EquanonI 6).-It is pos&bgt at.t e blnarylnte'ractlon. eads(i.e_, for only Mej. = 0.1M,; see alsokashi & Soker
to the ejection of a spiral-disk (e.gHubova & Pejcha 2017 ’
2019 Kim et al. 2019. In such a case, the perpendicular '
optical depth in the zone between the spiral arms is Verg EXTINCTION TOWARD AN EQUATORIAL
low. Effectively, this reduces even more the valuegf\). OBSERVER
Overall, | crudely taker,(\)/7-(A\) =~ 1 when | scale
guantities, but | note that for thicker disks and at late 8me Because of the the high complexity of ILOTs due to rapidly
this ratio is larger, and might be as large=ad0 for, e.g.,  varying luminosity, and because there are no observations
o, ~ 30° andt ~ 10At,. of ILOTs Il to guide the calculations (but see Sedt.
| scale the relevant quantities of EquatioBsdnd @)  below), in this study | do not perform radiative transfer
for Thomson cross section of electron scattering (as, e.gcalculations. | rather rely on results from calculations of
Pier & Krolik 1992do) AGNSs where there are plenty of observations of Type Il
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AGNs (e.g.,Fritz et al. 2008. In that | set the stage for particular, they show that narrow disks with < 30°
similar calculations of ILOTs Il in future studies. divert a large fraction of their equatorial emission to &rg

| start with the paper oPier & Krolik (1992 who angles (their figure 8). For their model of a disk with a
calculated the emission to observers at different indtimat ~ radial optical depth in the visual of,, = 300 (compared
angles with respect to a geometrically thick torus aroundo Eq. (L0) that hasry,,. ~ 1500) they find the peak value
the central radiation source. Their torus has a consta®if A\F'\/(L/4m) to be0.4, 0.2, 0.08 and0.015 for disks
width A, i.e., a rectangular cross section in the meridionawith a half opening angle at. = 60°, 45°, 30° and15°,
plane. For the present study, only the observer in th@espectively. Only about 10% of the total radiated energy
equatorial plane thaPier & Krolik (1992 considered is to the equatorial direction is at wavelength)ok 5 um.
relevant. However, | note that because | take the disk td he ratio between the emission to the polar directions (high
have a conical cross section in the meridional plane, ifngles close to the polar directions) to the emission to the
the present case all observers within an anglefrom equatorial directions increases as the disk narrows. This
the equatorial plane observe about the same emissioflearly demonstrates how thin disks, < 30°, efficiently
Pier & Krolik (1992 considered tori that cover a large divert equatorial emission to polar emission. From the
solid angle with their inner boundary. Namely, they results ofPier & Krolik (1992 andNenkova et al(2009,
considered only cases wifk,, < h. | find that very crudely, keeping scaling of variables to

For an equatorial observer they found that the peal@ower of 10 and exponents to multiplesio, I can write
luminosity decreases with increasing ratiaif, /i, where ~ for the peak o\ F) in the equatorial plane
in their cased?;,, < h. For example, for Thomson optical Vs

. A

depths ofrr, = 7. = 1, they find the peak values of 7, = (m)
AF\, whereF), is the luminosity per unit solid angle per peak

unit wavelength, to be F (0.1) ~ 0.2L /47w, AF»(0.3) ~ ~0 sin (TT,T-)*l/Q o (T 32
0.06L/4m and AF)\(1) ~ 0.02L/4n, for R;, = 0.1h, o sin 15° 1 TT,r (112)
Ry, = 0.3h and R;, = h, respectively, wherd. is the . 2 ~1/2 3/2
. . . . S111 Ot TV.r TV.z
luminosity of the central source. As said, in the present  ~ 0.01 { — ( ’3) :
sin 15° 10 TV.r

study where | consider a disk (torus) with a conical cross
section, the most relevant case from these is the case

of Ri_“ = h. The reason 1s thaPle_r& Krohk (1992) where the first line is scaled with the Thomson optical
considered only tori with;,, < h, while | consider disks

ith > i th h = h h depth in the radial direction and the second line with
with R, < h. In these three cases the curveidf, has the radial optical depth in the visual. This very crude

double-peaks a = 7 um andA =~ .15 HD. ) . expression also captures the equatorial emission that
A key feature of the results ¢tier & Krolik (1992 is  giglevski et al(2012 present in their figure 4.
that the disk diverts radiation from the equatorial direti Although being a very crude approximation to the

to directions with larger qngles to the equgtorigl planenumerical results cited above, Equatidrl) nonetheless
For that, one must not utilise a slab approximation. Th gt res the key properties of an optically thick disk in the
usage of a slab to calculate the extinction of the disk 1q4 g girectionsy, 2 100. In particular, an optical depth
equatorial observers of ILOTs Il will give wrong results. j, yhe nerpendicular direction that is lower than the radial
Th|s dlverS|0r1 of equatorlal to po.lar emission iNCreasey,yical depth;r, < 7., allows a very efficient diversion
with decreasing ratio of perpendicular to radial opticalqt eqyatorial radiation to radiation into other angles.&ot

depth 7. /7. (also, e.g.,Stalevskietal. 2012 Another  y,,,4h that in cases of not-very-thin disks and at late times

feature of these studies of type Il AGNS is that the disk > 7. (Eq. ©)).

shifts the radiation to longer wavelengths that increase on The reduction in the flux is accompanied by the
average with increasing optical depth in the radial dimecti shifting of the peak ofAFy to longer wavelength. For

Tr- the relevant optical depth to this study, i.e;, > 0.1
Later studies reach similar conclusions, namely thaﬁcorresponding to a radial opacity in the visiblergf, >

a torus (disk) around an AGN can substantially reduce thQOO), | find that the total flux at wavelength of < 5 pm

flux for A < 10 pm, for tori with a smooth dust distribution s jess than 10% of the flux. Very crudely | express this as

(e.g.,Granato & Danese 19%4r for tori made of dense

clouds (e.g.Hodnig et al. 2006Nenkova et al. 2008

LA<5 _ inae \ 2 r\—1/2 2\ 32
Nenkova et al. (2008, for example, studied disks %510 3(%> (TTl ) X (TT—> :

) i ) ; ) sin 15° T,
with a conical cross section. Their results substantially (12)

strengthen the key feature dfier & Krolik (1992. In
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I now use Equation 10) to substitute for the radial The observed evolution of the near IR luminosity that
Thomson optical depth in Equatiof) and take\F, at  Adams et al(2017) present in their figure 2 is qualitatively
peak to crudely be the total luminosity per unit solid angle consistent with the ILOT Il model thaKashi & Soker
Rounding again to power of 10 the different values, | derive(2017) propose (see figure 2 ikashi & Soker 201y and
the following very crude relation between the luminosity asthat | study in more details in the present paper.

inferred by an equatorial observér,, and the total ILOT Adams et al.(2017 calculate the energy that a slab
luminosity. transmits, and found it to be significant. Based on that,
they argue against the ILOT Il scenario for N6946-BH1.
Le _ sinae \%/2 (70, \*/? [ Mg o\ /2 As | demonstrated in earlier sections, a slab geometry is
;= (sin 150) <TT,7.> (%) likely to give wrong results. The reason is that one must

(3) . . :
ve FAEN\Y2 0\ /2 implement a disk geometry that allows a large fraction of
* <100 km s*1> ( 33yr ) (30 yr> ’ the radiation to escape to the sides of the disk.
Following the study oKashi & Soker(2017 and this
As before, the total luminosity in the wave bakd 5 um  study, | actually scaled earlier equations with parameters
is less than 10% of this value. appropriate for N6946-BH1 (as there are no other
I note that the disk only obscures the central source. Aexamples of a possible ILOT II). Equation3) affirms
geometrically thin disk does not intercept radiation fram a that for these parameters, even in 2040 the total emission
emission source above the plane along the polar directiongsward an equatorial observer will be a percent of the
Such a source can result from a dusty polar outflow thagentral source luminosity, with most of it in wavelengths
reflects light from the center (e.dKashi & Soker 201yor  of A > 10 um. The present upper measured emission
from jets that collide with CSM on both sides of the planefrom N6946-BH1 is~ 2000 L. (Adamsetal. 2017
(e.g., Soker 2020 Soker & Kaplan 202 The reflected Basinger et al. 2020 but it does not include emission in
light from the polar regions will be highly polarised. wavelength longer thah pm.

Namely, polarisation can reveal reflected light in ILOTs Il The luminosity in the band < 5 um will be only
~ 1073 that of the central source, with practically no
4 THEPOSSIBLE TYPE Il ILOT N6946-BH1 emission belov2 um. At present, witht = 11 yr, even an

h i th | equatorial mass df.1 M, reduces emission to be much
The source NG946-BH1 in the galaxy NGC 6946below the upper limit from observations.

experle_nced an outburstin March 20@§B(rk§ etal. 2015 | conclude that the ILOT Il scenario is still viable to
There is a dispute on whether this trz_mS|ent event was 8xplain the behavior of N6946-BHL.

failed supernovaAdams et al. 201;/Basinger et al. 2020

or whether it was an ILOT Il Kashi & Soker 2017and 5 g pMMARY

more on the dispute there).

According toAdams et al(2017), the pre-outburststar | considered ILOTSs that are driven by binary interaction. In
of N6946-BH1 was a red supergiant with a mass=of many cases, a strong binary interaction might eject a dense
25 Mg and a radius ok 2 AU. About three years before equatorial outflow (Sectl). | concentrated on cases where
the outburst, the visible luminosity started to decrease. Othe binary system ejects an equatorial mass/Qf. =
the other hand, the near IR luminosity (observeglihum 0.1 M within a few years to a few months before the
and4.5 pm) increased slowly. In the ILOT Il scenario, this main outburst. Dust can survive at large quantities outside
time marks the beginning of the high mass loss rate prea radius ofR4.st ~ 10 AU (Eg. (2)). Outside this radius,
outburst outflow, namely\t, ~ 3 yr. In the one year-long the density of the gas is similar to the typical density of
outburst in the visible, the star reached a peak luminosityhe obscuring torus of type Il AGNs (Eql)j. As well,
of > 10° L. In a time scale of several months, the visiblethe optical depth of the dusty outflow overlaps with optical
luminosity dropped by a factor of several hundred. The stadepths of AGN tori (Eq.9)).
disappeared in the visible. The similar densities and optical depths of the disk that

Kashi & Soker(2017 argue that an equatorial torus some ILOTs might eject to those of the disks/toriin type Il
diverts most of the emission of the central source toward\GNs encouraged me to apply results from several studies
the polar directions, and introduced the term type Il ILOT.of AGNs to the present study. From these previous results,
They further attribute the extra outburst emission to dust derived a very crude expression for the peak valug/of
in a polar outflow that reflects emission from the centerrelative to the luminosity per unit solid angle of the cehtra
As the polar dust dispersed in the fast polar outflow andource for an equatorial observey, (n Eq. (11)).
the luminosity of the central source returned to (almost) | assumed that the ratig, crudely represents the
normal, the emission in the visible substantially decrdase luminosity as an equatorial observer would deduce relative
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to the ILOT luminosity of the central sourcd,./L;.  Boian, I., & Groh, J. H. 2019, A&A, 621, A109
| then utilized the expression for the Thomson opticalBond, H. E., Henden, A,, Levay, Z. G, et al. 2003, Nature, 422
depth along the radial direction through the expanding 405
disk that the progenitor of the ILOT ejected before theCai, Y. Z., Pastorello, A., Fraser, M., et al. 2019, A&A, 633,
outburst (Eq.10)), and derived a very crude expression for Fritz, J., Franceschini, A., & Hatziminaoglou, E. 2006, MN&
the ratioL./L; (Eq. (13)). This expression, though very 366, 767
crude, gives the correct value to an order of magnitude anéperke, J. R., Kochanek, C. S., & Stanek, K. Z. 2015, MNRAS,
captures the main process where the disk diverts equatorial 450, 3289
radiation to larger angles. The geometry of the disk isGilkis, A., Soker, N., & Kashi, A. 2019, MNRAS, 482, 4233
crucial. For that, one cannot rely on a slab geometryGranato, G.L., & Danese, L. 1994, MNRAS, 268, 235
to calculate how a dusty equatorial outflow obscures thé1onig, S. F., Beckert, T, Ohnaka, K., & Weigelt, G. 2006, A&
ILOT from an equatorial observer. 452, 459

The main conclusion of this study is thata 0.1 — Howitt, G., Stevenson, S., Vigna-Gomez, A., et al. 2020,
1 My, outflowing equatorial dusty disk (torus) can reduce MNRAS, 492, 3229
the total emission to an equatorial observer by two orderg!ubova. D., & Pejcha, O. 2019, MNRAS, 489, 891
of magnitude.Kashi & Soker (2017 termed this a type Ivanova, N., & Nand_ez, J. L. A. 2016, MNRAS, 462, 362
[I ILOT. The radiation that the disk does emit in the Jencson, J. E., Kasliwal, M. M., Adams, S. M., et al. 2019,,ApJ
equatorial direction is mainly in wavelengths af = 886, 40 _ )
10 wm. The radiation in the band of < 5 wum is less than Jones, D. 2020, Observatfonal C.:onstralnt.s on the Common
10% of the total equatorial emissiah. Envelope Phase, Reviews in Frontiers of Modern

The geometrically thin disk obscures only the central AStroPhysics; From Space Debris to Cosmology (Cham:
source and its vicinity. Jets that the binary system are SPringer International Publishing, 2020), 123
likely to launch (e.g.Soker 2020 Soker & Kaplan 202D Kaminski, T., Mason, E., Tylenda, R., & Schmidt, M. R. 2015a
during the outburst can reflect light from the central source Agfﬁ“’ 5.80' A34
(Kashi & Soker 201y and/or collide with polar CSM and Kamifski, T., Menten, K. M., Tylenda, R., et al. 2015b, Natu
emit radiation far above the equatorial plane. As a result 529’ 3,22 )
of that, an equatorial observer might observe the ILOTKam_'nSK" T‘j Menten, K. M., Tylenda, R., et al. 2020, arX e
outburst itself even in the visible. | incorporated these pr|.n,ts,.arx|v:2006.10471 ) .
results to strengthen the claim &fashi & Soker (2017 Kam_'nSK" T‘_‘ Steffen, W., Bujarrabal, V., et al. 2020, an-
that the ILOT Il scenario might account for the event prints, arXiv:2010.05832

N6946-BH1, where a red giant star disappeared in theKaArT;;k" T., Steffen, W., Tylenda, R., et al. 2018, A&A, &1

visible. .
Kashi, A. 2010, MNRAS, 405, 1924
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