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Paranal and the Pagific at Sunset. <&y > ' 5
Credit: ESO/G.Hudepohl (atacamaphoto.com) ,



Spectro -Interferometry : Differential Phase
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Cloud Model: flat Keplerian disk
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Detection of the BLR of the Quasar 3C 273 with VLTI/GRAVITY
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Ordered Rotation in the BLR of the Quasar 3C 273

Bahcallet al. 1995
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Phenomenological Model of the BLR

A A. Pancoast et al. 2014: reverberation mapping

following: A S. Rakshit et al. 2015: interferometric observables

optically thin emission

ADec (mas)
© & <
= o -~

|
=
S}

|
©
B

from orbiting BLR clouds wavelength bins
| | IS | ~2000 2.0 1.5
-1500/_\
1000§ >
- _} "
< U— A %
500 2 <
g =
0 T ﬁ ©
o e =
o 500 % 2
. ; £
1000 J T
o 5
) 1500 ~1.0 | | | | | 0.7
014 012 010 ' ' 2000 q/.\o’ (99 %'1:"’ q/‘.ﬂ’ (Q’p m'}b& q:.ﬁj
; —-0.2 =04 ,. .
ARA (mas) line /continuum baseline  centroid wavelength (ym)
emission
A¢()\) — 9 ) i - 2. W, Z;
14+ f () > W;

normalized flux



ZI
z !
I
‘D PA
0' /s y
1 _* 0.5
x Cloud _
@ 400 & 00
angular 05
cloud
density radial | B
cloud B
density N ‘
| >
Rmin ABLR r

thick disk

guasi -spherical

Opening Angle

(view from edge-on perspective)

thin disk structure
| | | I I | | |
6y = 10° 6y = 40° 6y = 90°
- °°0 ADEXIEpo 0 -
| | | | ] ] | | |
~1.0 —-05 0.0 05 —1.0 -05 0.0 05 —1.0 —-05 0.0 0.5
y (po) vy (po) v (pc)

2000~

R
o
o

o
ht Veloci’qcf: (km

-S1g,

1000

-of

me

2000,

1



0’ /6,
1
angular
cloud
density radial
cloud
density

4

iHpa

x Cloud

“90® /

\ 4

\ 4

Inclination Angle

face-on edge-on

| T 1 w
i =90° —2000“@
S3
T -1000 &
2
T o £
=
1000 .2
s
2000 ¢
| | | =

~-1.0 —-05 00 05 1.0

y (po)

T T 1 )
- G
PA =180° 2000°2
N =
“ -1000 2
S
p S
- O 0 Q>)
e
1000 .2
S
2000 &
10 | | | | | | | | | =]

10 -05 00 05 —-10 -05 00 05 -10 -05 00 05 10

y (pc) y (pc) y (po)



ADEC (mas)

ADEC (pas)

o
o

ot
o

o
o

I
ot
»

|
iy
o

100

50

—50

—100

Mean Radius of the BLR

(a) BLR model
T T -2000
| =50 pas T u =100 pas T u= T -1500
L 4 . -1000

-500
- Q 4 1 0
500
B 1 1 1000
L 1 1 A 1500
| | | | Ll | | | L | | \ L | | \ | 2000
1.0 05 00 —-05-1010 05 00 —05-1010 05 00 —-05-1010 05 00 —05-1.0
ARA (mas) ARA (mas) ARA (mas) ARA (mas)
(b) centroids of line emission in wavelength bins
T I ——TT ] I | 226
| p =50 pas T p =100 pas |y =150 pas [ p =200 pas 2.25
L 1 1 1 224 E
=
223 2
- eI —+ RO EIWRTD 1 TR @ITIDAD ool @  §ImOao 222 ¥
221 %
L 4 1 € >
220 §
L nE | 1 2.19
| | | | Ll | | | Ll | | \ L | | \ | 218
100 50 0 -50-100100 50 O -—50-100100 50 O —-50-100100 50 O —50 —100
ARA (jias) ARA (pas) ARA (jias) ARA (pas)

line-of-sight velocity (km/s)

normalized flux

differential phase (°)

3
L .
0 = =
s i (as) ]
-1 F — 50 — 150 ]
C = 100 200 A
-2 T A T e e ———

N N, 2, o %

q:l' q:} q:} q:l' q:]/

wavelength (ym)

10



ADEC (mas)

b
=

|
o
n

50

ADEC (pas)
o

-50

Opening Angle

(a) BLR model

L]
| | | | | | | \
0.5 0.0 0.5 0.0 0.5 0.0 —-05 05 0.0
ARA (mas) ARA (mas) ARA (mas) ARA (mas)
(b) centroids of line emission in wavelength bins
| | \ |
0 = 6, = 30 o = 60° 8, = 90°
O O Cocmm® 000 O 06+ s O guTty — am © o -1 o
| | | | | | | \ \ |
50 0 50 0 —50 50 0 —50 50 0 —50
ARA (pas) ARA (pas) ARA (pas) ARA (pas)

-2000
-1500

-1000
-500

500

1000
1500
2000

2.26
2.25
2.24
2.23
222
221
2.20
2.19
2.18

wavelength (ym)

line-of-sight velocity (km/s)

normalized flux

differential phase (°)

IIIIIIII|IIII|IIIIIlllllrr\\\\

pae—— —

TT ||||‘H|||\|r

J

|\|||||l|\r

|

6o
- 30° |
45° -

T
- 15°

v?,d)
.jp_

<

S N o 5 6
WY oY Y Y Y QY

wavelength (ym)

11



ADEC (mas)

ADEC (pas)

0.5

b
=

|
S
n

—50

—100

Inclination Angle

(a) BLR model

| |
-+ i=20° L i=30° L i=40°
(]
I — R — . —_—
0@
.g)% ©
° o]
| | | \ | | ! | | | {
0.5 0.0 —05 05 0.0 —-05 05 0.0 -05 05 0.0 —0.5
ARA (mas) ARA (mas) ARA (mas) ARA (mas)
(b) centroids of line emission in wavelength bins
“l —T T ] 1
T i=10° I i=20° T i=30° i =40°
- flcic oY o corco SN WU ¢, il YOI o (o co:o o S B ((otciic . “olole’ o (oo o B (i Ygwelsla® oiaeices)
Lo b e e
00 5 0 —50 —100100 50 O —50 —100100 50 O —50 —100100 50 O —50 —100
ARA (pas) ARA (pas) ARA (uas) ARA (pas)

-2000

-150

-100
-500

500

0
0

1000
1500
2000

2.26
2.25
2.24
223
222
221
2.20
2.19
2.18

wavelength (ym)

line-of-sight velocity (km/s)

normalized flux

differential phase (°)

Il'\Illfll[ll'\IIIITIllflllllllllflllllll

TTWTIIIIII

0 .

i ]

— 10° = 30° -

—2 |\\||_.2O.40

NS 9 N " )2 ¥ D ©
wavelength (ym)

12



Best -fit Model for the
BLR of Quasar 3C 273

projected baseline length (m)
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