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The duu,stj torus in NGC 106%

0 Interferometric mid-infrared observations of NGC 106%
> spatial resolution of the dust structures

Dust emission components in the nucleus of NGC 1068

Component A jet A 1 jet

0.7 £0.2
21+x04 49=x4 34x£03 03=*02

Torus consistent with a two-component dust distribution:

o an thner (07202 Fc) hot (T » woo K) component;

S
’0. -
A o a more extended (~3-4 Fc) colder component (T~320 K).
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Unveiling the nucleus of NGC 106%

O NGC 106% in X—-ravs
> mulki-epoch X-ray observatioins unkil 2012

X-ray observations (until 2012)

Instrument

BeppoSAX MECS
BeppoSAX PDS

BeppoSAX MECS
BeppoSAX PDS

Chandra ACIS-S
XMM-Newton pn
XMM-Newton pn

Chandra HETG HEG/MEG
Suzaku XIS

Suzaku HXD PIN

Chandra HETG HEG/MEG
Chandra HETG HE
Chandra HETG HE
Chandra HETG HE
Chandra HETG HEG/MEG
Chandra HETG HEG/MEG
Chandra HETG HEG/MEG
Chandra HETG HEG/MEG
Chandra HETG HEG/MEG
Swift BAT (70-month)
NuSTAR FPMA /FPMB
Swift XRT

NuSTARFPMA /FPMB
NuSTAR FPMA /FPMB

Date

1996 Dec 30
1996 Dec 30
1998 Jan 11
1998 Jan 11
2000 Feb 21

2000 Jul 29

2000 Jul 30
2000 Dec 04
2007 Feb 10
2007 Feb 10
2008 Nov 18
2008 Nov 19
2008 Nov
2008 Nov
2008 Nov
2008 Nov
2008 Nov
2008 Dec 03
2008 Dec 05

2004-2010
2012 Dec 18
2012 Dec 19
2012 Dec 20
2012 Dec 21

LN NN
N oo

Obsid
5004700100
5004700100
5004700120
5004700120

344
0111200101
0111200201

332

701039010
701039010
10816
9149

10815

10817

10823

9150
10829
10830

9148

60002030002
00080252001
60002030004
60002030006

Exp.
100.8
116.6

373

315

47.7

32.8

28.7

25.7

61.5

38.8

16.2

89.4

19.1

33.2

34.5

41.1

39.6

44.0

80.2

9250.0
56.9/56.8
2.0
47.8/47.5

Energy Band
3-10

15-140

3-10

15-140

0.4-8

0.2-10
0.2-10

0.3-8

0.3-9

15-70
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
0.8-10/0.4-8
14-195

3-79

0.5-10

3-79

3-79

The broadband cold reflected
emission of NGC 106% is due
to mulkiple reflectors with three
distinet columin densities.

Photons cm=2 s™1

20 50 100
Energy (keV) Bauer et al. 2015

eV

palke V)
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Unveiling the nucleus of NGC 106%
O NGC 106% in X-ra
> 2014-2018 XMM—-Newton & NuS’TAIg

O NuSTAR

Date

5
Joint campaign

Obs. ID Exp. time (ks)

flux excess |
above 20 ey

60002033002 2014-08-18 52
60002033004 2015-02-05 53

O XMM=Newton

-
o
L

Obs. ID

Date

Exp. time (ks)

0740060201
0740060301
0740060401
0740060501

2014-07-10
2014-07-18
2014-08-19
2015-02-03

44
39
37
37

Marinucei et al, 2016
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The 2017-201% NuSTAR monitoring

obsID

Start time Stop time Detector Net exposure Net count rate [counts s~}

time [ks]

3-5.5 keV

20-80 keV

60302003002

60302003004

60302003006

60302003008

2017-07-31 00:16:09

2017-08-27 20:51:09

2017-11-06 03:31:09

2018-02-05 05:26:09

2017-08-01 03:26:09

2017-08-29 03:36:09

2017-11-07 06:31:09

2018-02-06 11:36:09

FPMA
FPMB
FPMA
FPMB
FPMA
FPMB
FPMA
FPMB

50.0
49.8
52.5
52.4
49.7
49.5
54.6
54.5

0.0246+0.0007
0.0240+0.0007
0.0253+0.0007
0.0256+0.0007
0.0254+0.0007
0.0236+0.0007
0.0313+0.0008
0.0299+0.0008

0.0289+0.0009
0.0262+0.0008
0.0332+0.0009
0.0309+0.0009
0.0301+0.0009
0.0281+0.0008
0.0276+0.0008
0.0261+0.0008

A, Fy3sseey inCTeases by
~35% n Feb 201%

Le-toiey < 10% erg|s™

normalized counts s~' kev™'

Feb zoiyw
Nov 2017

normalized counts s-' keV-' cm—2

5 1 2
Energy (keV)
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Zaino et al, in prep.

[ Dubj 017
| Aug 2017

Nov 2017
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b. No evidence of
fe Lines variation

Energy (keV)
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The 2017-201% NuSTAR monitoring

obsID

Start time

Stop time

Detector

Net exposure
time [ks]

Net count rate [counts s~}

3-5.5 keV

20-80 keV

60302003002

2017-07-31 00:16:09

2017-08-01 03:26:09

FPMA
FPMB

50.0
49.8

0.0246+0.0007
0.0240+0.0007

0.0289+0.0009
0.0262+0.0008

60302003004

2017-08-27 20:51:09

2017-08-29 03:36:09

FPMA
FPMB

52.5
52.4

0.0253+0.0007
0.0256+0.0007

0.0332+0.0009
0.0309+0.0009

60302003006

2017-11-06 03:31:09

2017-11-07 06:31:09

FPMA
FPMB

49.7
49.5

0.0254+0.0007
0.0236+0.0007

0.0301+0.0009
0.0281+0.0008

60302003008

2018-02-05 05:26:09

2018-02-06 11:36:09

FPMA
FPMB

54.6
54.5

0.0313+0.0008
0.0299+0.0008

0.0276+0.0008
0.0261+0.0008

Zaino et al, in prep.

NGC 106% shows a behaviour similar to that observed three years ago

' Aug 2014 | Feb 2016 |
Aug 2017 Feb 201%

normalized counts s keV-' cm-2
normalized counts s keV-' cm-2

- Aug 2014: o,032t0,001 cts/s | Feb 2018: 0,02520,001 cts/s
| Aug 2017: 0,03320,001 cts/s | Feb 201%: 0,028%0,001 cts/s

L | s L L L 1
5 10 20 5 10 20
Energy (keV) Energy (keV)

But now, we have two more observations...
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Resulks

We adopt the Bauer +15 model leaving only the obscuring N,
and flux of the primary component ;

ree ko Vary,

Ny 2 7.4 X 10%% cm
norm = §.075% ph cm? 57! eV
Ny = (6.4‘_’%:‘% )X 1024 2

norm = 09737 ph cm? s keVt

Julj 2017
4 ‘ 6 8
norm (ph cm-2s-'keV-")

Aug 2017
4 ‘ 6 8
norm (ph cm-2s-'keV-')

Zaino el al, in prep.

Ny ~10% cm~2

—_- +1.4 2 -2
Ny = (47733 ):; %f “ em norm € 1.4 ph em? s eVt
norm = 0132550 ph em? 571 key?

Nov 2017 Feb 201%

1 15 2 I ‘ 2 T3 4
norm (ph cm-2s-'keV-") norm (ph cm-2s-'keV-')
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Resulks

To break the Ny-horm deqgeneracy, we assume the same
ntrinsic X-ray luminosity during the whole monitoring...
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Zaino et al, in prep.

Energy (keV)

We obtain an inkrinsic X=ray Luminosity of 3.5x1043 erg/s, fully consistent
with those inferred usihg other proxies (e.9. mid-IR and [%III]).
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Resulks

To break the Ny-horm deqgeneracy, we assume the same
ntrinsic X-ray luminosity during the whole monitoring...

107 M, 101° ecpa3

\ /
R = é N v 1334 x1055 £ oy

H NI-I

ORS1 -- ORS2
AN, = (.01 x 1024 cm?

R = (0.0érgég)/ﬁ? M.zo FC

- OBS4
AN, Z (2.4727)x 1024 cm?

R £ (0.462575)M, M, pe

July Aug Sep Oct Nov Dec Jan Feb

Time (month)

Zaino et al, in prep.

We observe kwo unveiling events due ko Complon-thick material
located in the innermost part of the torus or even more inside.
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Imaging X-ray Polarimetry Explorer (IXPE)

> NASA SMEX mission

> NASA-ASI collaboration

> Launch: April 2021
(3w in phase C)

@ Marshall Space Flight Center

Pl team, project management,
SE and S&MA oversight, mirror
module fabrication, X-ray
calibration, science operations,
and data analysis and archiving

Polarization-sensitive
imaging detector systems

@ﬂ:LHSP Mission operations

Detector system

|
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University
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%l{'é - ) Stanford gcjentific theory
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@l
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funding, ground station

F McGill

Co-Investigator

Spacecraft, payload

structure, payload, JUSE Mesechusens .
observatory I&T I I Institute of Co-Investigator

Technology

A12567-151

[ el B KW P><
Energy band: 2-% keV

Three polarization sensitive X-ray detector units (DUs), each paired
with a corresponding grazing incidence mirror module assembly (MMA)
O MMA Q DUs
Value
18 i X 18 vmam

He/DME (R0/%0)
@ 1 abtm

s0-pum thick berjui.um

€ 123 pm (6.4 arcsec)
@ 2 keV

Parameter Parameler

Number of shells
per mirror module

24 Sensitive area

Fill gas and

composiﬁiov\

Shell makerial nickel-cobalk alloy

230 cm? (@ 2.3 keV) Detector window

Effective area
2240 cm? (3-6 keV)

per mirror module Spo&iat resolution

(FWHM)

Enerqgy resolution
(\Z‘-‘NHM)

Angular resolution (HPD) < 25 arcsec

Field of view 084 keV @ 2 eV

(detector Limited)
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129 arcwiin square




X-ray polarimetry of NGC 106%

<> GeoMehﬂv Ghisellini, Haardt & Matt 1994 Goosmann & Matt 2011

the ionization cone
is Ee.r Eeho\i,cutar to
the torus’ Ftame.

<> Warm Potarizatioh

Browin & MclLean 1977
sin?i

200 +sin?i

30 50

Photon energy [keV]

acer. disc + equatorial torus (N, = 10% cm?)

I case(0=230°; i=75°) II case(B=60°; i=75%)
cold: P=72% ; ¥Y=0° cold: P=6% ; ¥=0°

Warm reflection
—— Lines
—— NGC 1068 total

—re <> IV\PU,E model

Warm reflection continuum from the cone:
-t w— '12 - - 2 a—1

Flux [cm~2 57" keV~']
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2.2 Ms IXPE simulakion

o
w0

ﬁL (

No PA variakion

High P well
reproduced | ||| | |
bv he model |

Input model
<4 IXPE2.2 Ms

Polarization degree
o [}
w I

I case (0=30%)

5 T T T T T
Energy [keV] 2 3 4 5 6
Energy [keV]

Lower P,
but greater
than MDP=5%

o©
N
o

Polarization degree
o
=
w

o
=
o

No PA variation

Input model
4 IXPE 2.2 Ms

11 case(0=60)

5 T T T T T
Energy [keV] 3 4 5 6
Energy [keV]
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I case (0=30%)
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Polarization angle [°]

Polarization angle [*]

2.2 Ms IXPE simulakion
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bv he model |
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Sum mary and conclusions

O Analysis of the Latest NuSTAR monitoring of NGC 106%, composed of 4
observations of ~50 ks each probing time-scales from 1 ko & months.

1

D A brand new flaring ULX reaching a Luminosity of ~ 4 x104° erq/s
in three months and disappearing in the following four months;

2 Two unveiling events due to Compbou-—l:ki.ck material Located
in the tanermost part of the torus or even more inside.

O 2.2 Ms IXPE simulations for two different geometries of NGC 106%

® 6=30°: high polarization degree and possibility to check
the tilted cone h-jrohkesis;
@ 8=60°: Lower polarization degre, but greater than MDP=5%.

Challenging (source complexity, high e ),
but still possible measures

F.

. bexp (MDP=5%)

\'4

Source (152 ae‘:"‘g‘)ﬁ/:cmz/s) P ies)
Circinus 18.0 &oo

The ideal source for this kind of NGC 7652 6.8 1400

analysis would seem to be Circinus el 3 s 1500

NGC lo6¥ 4.2 2200
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