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With some inspiration from the MATISSE and GRAVITY+ AGN groups
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HO tension

Pogosian et al. (2020), eBOSS +Planck mH2: 69.6 + 1§ -
Aghanim et al. (2020), Planck 2018: 67.27 + 0.60
Aghanim et al. (2020), Planck 2018+CMB lensing: 67.36 + 0.54
Ade etal. (2016), Planck 2015, HO = 67.27 + 0.66

Dutcher et al. (2021), SPT: 68.8 £ 1.5 —I -1
Aiola et al. (2020), ACT: 67.9 £ 1.5 H0 [km s Mpc ]

Aiola et al. 2020, WMAPO+ACT: 67.6 £ 1.1
Zhang, Huang (2019), WMAP9+BAO: 68.367033
Henning et al. (2018), SPT: 70.3 = 2.1
Hinshaw et al. (2013}, WMAP9; 70.0 £ 2.2

No CMB, with BBN -
Zhang et al. (2021), BOSS correlation function +BAO+BBN; 68.19+0.99

Chen etal. (2021), P+BAO+BBN: 6923077 -
Philcox et al. (2021), P+Bispectrum+BAO+BBN: 6831 {2

D' Amico et al. (2020), BOSS DR12+BBN: 68.522 -

Colas etal. (2020), BOSS DRI2+BBN: 68.7 + 1.5 -
Ivanov et al. (2020), BOSS+BBN: 67.9 % 1.1

Alam et al. (2020), BOSS +eBOSS+BBN: 67.35 £ 097 -

Use the ACDM standard cosmological model:
-~ , HO =67.49 + 0.5

Direct distance measurements:
__________________________________________ HO =73.17 +0.86
penconise Nl HO = 73.17 £ 0.86 Direct z<0.15 1% accuracy (update Breuval+, ApJ 2024)

Camarena, Marra (2021): 7430 + 1.45

o 20,10 3 13 Multi objects statistics

Abbielmiodt s Rt Al 1999 D Tension € New i
s o i R 1 « Possible physics causes for a 2%—4% change in HO
include time-dependent dark energy or nonzero
curvature, while a larger 5%— 8% difference may
come from dark matter interaction, early dark
e o i = energy or additional relativistic particles. »

Cantiello et al. (2018): 7.9 + 7.1

CMB lensing -
Baxter etal. (020): 735 £ 5.3 -
Philcox et al. (2020, Py(k)+CMB lensing: 70.633-7 -

LSS feq standard ruler -
Farren etal. (2021): 69.5%3-8
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Indirect
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Kim, Kang, Lee, Jang (2021): 69.5 + 4.2 *
Soltis, Casertano, Riess (2020): 72.1 + 2.0 ———

Freedman et al. (2020): 69.6 1.9 [P —

Reid, Pesce, Riess (2019), SHOES: 71.1 + 199 ——

Yuan etal. (2019): 724 + 2.0 f———
e —

SNIa—Miras -
Huang etal. (2019): 733 £ 40 +

SNIL -
de Jacger et al. (2022); 75.4132 .
de Jaeger etal. (2020): 758735

Masers -
Pesce et al. (2020): 3.9 £ 3.0 +

Tully Fisher -
Kourkchi et al. (2020): 76.0 + 2.6 -
Schombert, McGaugh, Lelli (2020): 75.1 + 2.8 -

Very high interest of a:

* Geometrical distance measurement

*  With 1% accuracy at low redshift (z<0.2-0.4)
e With 10% accuracy up to z~1.5

HII galaxy -
Ferandez Arenas et al. (2018): 71.0 £33 -
Wang, Meng (2017): 76123347 -
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Lensing related,mass model dependent -
Denzel et al. (2021): 7|,sz§§ . —_——y
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Birrer et al. (2020), TDOOSMO: 74.57;
Birrer et al. (2020), TDCOSMO+SLACS: 67. "Iig

Yang, Birrer, Hu (2020): 73.65%132 -

Millon etal. (2020), TDCOSMO: 742 £ 1.6 +

Qi et al. (2020): TJ,EIIE .

Liao etal. (2020): 728715 -

Liao etal (2019): 722+ 21 -
27

z~1-15 5-10% accuracy
e T Lensing and GW
Mukherjee et al. (2022), GW170817+GWTC-3: 67%38 I nd iVidua I Obj eCtS

Abbott et al. (2021), GWTC-3: 651%19

oyt e e L UL O T 2 From « Cosmology intertwined: A review of the particle physics, astrophysics, and
Mu.kherjegﬂa;.(lmﬂ), GW]?USI??ZTF:(ﬁ;I 3 . . . . .

it cosmology associated with the cosmological tensions and anomalies », Abdalla, E.

and 202 co-authors, JHEAp, 34, 2022

Mukherjee et al. (2019), GW170817+VLBI: 68.3
Hotokezaka et al. (2019): 703735

Moresco et al. (2022), flat ACDM with systematies: 6.5 + 5.4
Moresco et al. (2022), open wCDM with systematies: 67.875.3
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Quasar parallax COTE DAZUR "

I_AGF%AI\IGE
» Karovska & Elvis (2003): linear size from Reverberation Mapping + Angular Size from interferometry = parallax

* Dreams of 500 m baselines in the visible to resolve BLRs

* Petrov et al (2000 & 2012): (only) differential interferometry can resolve BLRs on the VLTI

* HOnig (2014): dust parallax: NGC 4151 at 19+2.5 Mpc (13%)
* \Very suitable for MATISSE but for the number of targets (and the dust complexity)

14 Mpc 16 Mpc 18 Mpc
[TrerrrrooT [T [T ....". T ] R _,ZOMPC

D, =19.02% Mpc

0.5 (68% confidence interval) <2 Npe

(mas)

| 124 Mpc

.\‘Q:H%M) x

angular size of the inner boundary ,

03} pof L4t i .
- e ,' osf ’ ] probability distribution
é | I nht— 0 05 A 2.2}1]11 = 0 2: : ]
| i . 102 T gap g (Y . = % ol T 528
- : T ; i = 9 b t, 2 S .i3 ] r rE e B
g osf o1 § = o2k "% f: ‘f“k { . T LB 2R ]
% sik LN 00 § i o4 W M N/ ] 15 20 25
E g W : ] ® 1 o,«);%} + ¥ ' t",‘:\h i 0.1 distance (Mpc)
C i | g-02r W . ] 10 20 30 40 50 60
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ek L) = 3450800, Hénig+, Nature, 2015
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Active Galactic Nuclei Circinus Galaxy
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Blazars

® Narrow Line Toward an update of the unified model from panchromatic
Region .
observations and models ?

Broad Line
Region

Accretion
Disk

~ Torus + dusty
Obscuring .
Torus / wind pan

chromatic model
(Leftley+, 2023)

£
o Original disk+hyp Modified disk~hyp
THE ASTROPHYSICAL JOURNAL LETTERS, 838:.20 (6pp). 2017 April | Honig & Kishimoto g
3
40
GRAVITY and MATISSE *° /
images of NGC1068 0 §

Gamez-Rosas+, 2022 -2
Gravity Coll+, 2019 4,

0

Figuse 1 i at
f-opening angle of 6,

iy ORA (mas)

7
_* Disk
«Wing
o & - \
;e / R B TN matic of the dust within the RT models that hest reprotuce
o F. I LAY D t T mperatures. The basis of the model cames from
R £ouielbd ust Torus oo T e of e ol o o
. S f A N S Here we have added a cluster of dust clouds above the disk and behind
oy ) | il | 9 the hyperbolic cone, at a pusition that in projection carresponds o the
- g % T } and win oentral apermure. Thess clonds could represeat, for sxamgple, a puffed-up
o L \ A sublimation zoe, fr d winds, or a smoother boundary for
5 = e t the hyperbalic conc. The spatial resolution of these observations is ot
o " 28 f sufficient to distinguish between these scenarios.
L @, =05 *
&
J oo SMBH d
1 masses an Isbell+, 2024

Binary Black Holes

%

QSO distances
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Differential interferometry of a BLR COTEDAZUR 2=

For an non-resolved source:

The phase (or the photocenter) gives
the relative position (in the direction of
the baseline) of each velocity (or

wavelength) bin through an emission Keplerian -
. Q
line. 3
=)
T . . . 20— . . 0.20— : . 1.02 <
The visibility gives the relative sizes ol w0 Z
. . - 1.8¢ 0 .

projected on the baseline) of each bin. ) 5 ol0f /k o E
£ 161 o 005 £ o
2, 2 0.00 = 0.96] 5
i g -0.05¢ T 2 094 =
T Ly 1 % -010 ] ' =3
Lo & o1l | 0.92¢ %
-0.20— ! L 0.90 2
-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4 7

vel (10° lm/s) vel (10° km/s) vel (10° km/s)

FIGURE 4.4: Line intensity map (upper panel) across the emission line for a flat Keple-

rian velocity field for seven different spectral channels (top panel). Emission line profile

is shown in lower-left panel. Photocenter displacement (lower-middle) and visibility

(lower-right) in parallel to the rotation axis (green) and perpendicular to the rotation

axis (blue) with spectral resolution R = 1500. This model is computed considering a
thin Keplerian disk oy, = 0.4 and ¢ = 30°.
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Differential interferometry of a BLR COTEDAZUR 2=

For an non-resolved source:

The phase (or the photocenter) gives
the relative position (in the direction of
the baseline) of each velocity (or

wavelength) bin through an emission Keplerian -
. Q
line. >
=
&
TIT . . . 2.0— . . 0.20— : . 1.02 <
The visibility gives the relative sizes ol w0 Z
0 o a 1.8+ @ . >
projected on the baseline) of each bin. ) 5 ol0f ‘ 7
5 1.6 . 005 20 N
2, 2 0.00 = 0.96] 5
& g -0.05¢ 7 094 5
T 1) 1 3 -010] ] ' =X
" Lo & o1l ] 0.92} %
i ' : ' -0.20L— ‘ ' 0.90 %
-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4 2
1

| vel (10° lm/s) vel (10° km/s) vel (10° km/s)

H | FIGURE 4.4: Line intensity map (upper panel) across the emission line for a flat Keple-

| rian velocity field for seven different spectral channels (top panel). Emission line profile

& is shown in lower-left panel. Photocenter displacement (lower-middle) and visibility

(lower-right) in parallel to the rotation axis (green) and perpendicular to the rotation
axis (blue) with spectral resolution R = 1500. This model is computed considering a
thin Keplerian disk oy, = 0.4 and ¢ = 30°.
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* BLR parallax method

*  Spectro-Astrometry on the VLTI>
angular BLR size

o
o

-
>

* Line Reverberation Mapping—>
linear BLR size

o
=]

differential phase (°)
o
~n

* Afew targets with ~15% accuracy

* GRAVITY+ = Spectro-
astrometry on hundreds of
targets up to z>3 ¢

S
~

e 100 targets with 15%

An AGN dream

accuracy 2 1.5% /6,
* If we can remove the !
geometric biases
ular
e If all targets have <15% :;%uc?
lensity

dccuracy

* If we can combine Spectro
Astrometry and Reverberation
Mapping on the same targets

Phase signature from BLR rotation [*]
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K magnitude

3C273 z=0.16
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radial velocity (km/s) b a Year
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BLR model ‘ == BLR model = 16 - ¥
4 02 ; o . . . : . .
214 215 216 217 218 219 220 % 20 10 40 20 -30 <) 0 500 = 1,500 2,000 2,500
observed wavelength (um) ARA (pas) ] JD 2455900 (d)
g.
7 d I° Table 1| Parameters used in the BLR model and the SARM results of 3C 273
150 3
A QZ, Parameters Meanings GRAVITY RM™ Joint analysis Prior ranges
V4
P 100 . 2 g F Fractional inner radius of the BLR v/ (023£0.08) v 0.493% 0.7
'\ PA ZEI o p Radial distribution shape parameter /(14202) v 10935 [0,4]
il 50 12 8 8,, () Half opening angle of the BLR V455 4 39.96"5% [0,90]
F ﬁ L o e g b Inclination angle of the BLR ¢ (12£2) v 841105 0,90]
/ cloud § 0f o 0 -§’ PA(®) Position angles J/(210%5) 21099138 0,360]
/ \\oo%’ 9] y I 3 Ry (light day) Averaged linear sizes v 18417157 [1,10%)
@ -50 13 M. (10°M,) Supermassive black hole mass 2611 B [10-%,10]
8 D, (Mpc) Absolute angular distance 550 (assumed) 55150750 110,10%)
radial 8 -100 2 a1z (pas) Averaged angular sizes /(46£10) BIT0 o
cloud £@0?) Dimensionless velocity parameter Vt('\.m £0.22) 134700
density 4 5(% 50 100 50 50 -100 -150 3 ' e hat heparameler can be determined by GRAVITY or RM daa. Numbersinbrackets fer / re median vlus withuncertinies of 0% confdence range fromftings of GRAVITY datfor
R R ARA (uas) aconvenient comparison. Values determined by the jeint analysis are medians of the posterior distributions with f 68% confidence ranges. RM®: one-dimensional reverberation mapping, in
min FBLR r which onlyflux variations of broad emission fnes are ftted. &, = Ry/D, (the angular sizes) and § = (GM./RELR)U 25 e reduced quaniiies for the it
USEIVEd WaverengUl (i)
"7 @ Ha Total Flux _{ @) pifterential Phase b PETe——
4.5 = | 75
[0) 4.0 \ - 0
E ES ;| 2 G "
)<> &33 \ k] T 25
5 \ :
7 . \ g &
h y \ £ S s
§- 220 P \\‘N & 4 -2
= Q =50
© 15 oy
el M -75
% 1.0 ]
Q 215 216 217 219 220 221 2165 2170 2175 2180 2185 2.190 2.195 Q7 7200 o i e s < 100
Observed wavelength (um] Observed wavelength [um] ARA (yas)
6 18
SDSS J092034.17+065718.0 z=2.32 GRAVITY+ collaboration, Nature (submitted), 2023
R. Petrov Cosmology - AGN - VLTI - MATISSE
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Geometric biases

position angle and kinematics

UNIVERSITE :
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Alpm)
1.861.881.901.921.941.96 i
18 | — 15 10n
L7t U Y~ ) -'-,
16l a. Keplerian L0 Tavl < 10 —_ 0.8 4
Eqel o 098 il A ] 2
- - 1% e
o > 0.95] - . A = Challl
: & 0.94F z ' % 5 04
T T .92 — -5+ ; '\.‘\ 0.15 .
0.900 .:: -10 - 0.2 -\\- oo (0.25,0.75) (0, 1)
0.88 -15 0.0 (0.5, 0.5)
-3 -101 3 -3 -101 3 0 200 400 600 8OO 1000 0.05)
X o, o, o e (0.75.0.25)
vel, (10" km/s) vel, (10" km/s) vel. (10° km/s) delay (day) g a0
o £ o.00f
Alpm) o
1.861.881.901.921.941.96 . —0.05}
8 1.02 T T T 15 10
l--"_ b. Freefall 1.001 —= ,'(\'- f—-——— ; 10l 08 \ —0.10
g o 0.98- LiER = g e
= A {li =~ 5 4 E: -0.15 ‘ ‘ ‘ :
2 5 096l g - cl =06 | =015 -0.10 -0.05 000 005 010 015
§ < 0.94 ! 2 2 Soa |\ J & (mas)
& = & -5 o = '
n = 0.92+ 1 o 4 et h} FIGURE 4.11: Photocenter displacement in the sky plane for different combination (V,
.90l = 210 L - 02 L‘H\ V) of Keplerian (V;, x V) and Freefall velocity (Vy x V) amplitude. The photocenter
B v = - for pure Keplerian case is represented in blue whereas pure Freefall is presented in
0.88 3 101 3 =15 3 101 3 0 'JE 200 400 600 800 1000 magenta. In figure y is the projected direction of the symmetry axis i.e. position angle
-3 - -3 - ] ) A0 0 ) \ o = 90.
vel. (10° km/s) vel. (10° km/s) vel. (10° km/s) delay (day)
Rakshit, Thesis, 2015

FiGure 4.10: Spectrum (left), differential visibility (left-middle), differential phase (middle), 2D response function (middle-right), 1D response
function (right) is plotted for different velocity profile for lat geometry case; Keplerian (upper row) and free fall inflow (lower row). OI observables
are computed using baselines Ul (red), U2 (cvan), U3 (blue) and U4 (green).
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Geometric biases COTE DAZUR :*:

* Equivalent angular SA measures and equivalent linear RM measures are affected differently by
parameters that introduce degeneracies on the mass and distance estimates:

* Shape parameter, inner radius, inclination, opening angle,

I_AGF%AI\IGE

* position angle, kinematics (Keplerian, radial, turbulent...)
* Clouds opacity...

SARM simulation with fixed line width, time lag, and differential phase amplitude (Rakshit, Petrov et al, 2015)

L4} | Differential interferometry of QSO BLRs 7
1.02 4.5 1.2
100) o o Ryi=50% | 40 ° . =50% 8.5 ; ;
@ - 210 LN
5 o 0.98 ° * e ,1o35 © e * .
a E 0.96f . 1E 3.0 [ g 0.8
§ O 94' Rminzo. % 25 [ ] ‘E ) . E 8'0 f - - -7 7T T a—8— T T
£ oo o (Bl s | %05
< 0.4 =3 r b N
= . 2
0.0 0‘.2 0.40.60.81.0 1‘.2 lA.4 0'8.0 01.2 0‘.4 0‘.6 0‘.8 1.0 l‘.2 1.4 o%.O 0‘.2 0406081.01.2 114 %‘E e—o w:°
X shape paramter shape paramter shape paramter = 7.0¢ e—eo w:30° i i
Chapter 4. Geometrical and kinematical model of BLR 62 102 ; ‘ 4 1.2 o—e w:60°
1.00} 1 4.0 5 6.5 | L ] 1 1
o 098] 235 B 0 10 20 30 40 50 0 10 20 30 40 50
® 0.96 E 3.0 o g 0.8 60° inclination (deg) inclination (deg)
5 as @ 2.5 0= 2 0=
50'92 eee o0 00 00 0 %2.0 '....... ;0-6 ..o."..::
£ 0.90 g * > ° R .
i » 1; 3 '(:):66& *03| 204l eeeee’H=0° Figure 5. My, (left panel) and scale factor (right panel) as a
1. — . . . . . .
0.86f e S - . function of inclination for different opening angles w = 0° (red),
1 0 10 20 30 40 50 0 10 20 30 40 50 “o 10 20 30 40 50 o o [ : : : .
inclination (deg.) inclination (deg.) inclination (deg.) 308 (green) and 60 (blue) The IHPUt mass Of this simulation is
Rakshit, thesis, 2015 10° Msun. We see that an error on i or w can result in a very large
I mass €rror. Rakshit+, MNRAS, 2015
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BLR model and model fitting COTEDAZUR "::

A Wrrsanre eyl * Large “cloud list” axisymmetric model
. . D P * Each cloud has a position, a velocity and emits a Doppler shifted
‘ 11 3 emission line
. \oe . .. .
. R oo @ =— . [CNER TR * Shape parameter of the radial distribution
: JH B I e -  Mean radius Ry in light days
Rmin Raur r

[

<

&

;

e

= j

7 2
[ )

Line/continuum ratio

Velocity ratio (tangential / radial)
Min radius R,

=
;\ﬁo 3
(]

(des) Ainths) bs st
2 % N P % %, Y, W, o, %%, 0, 0, 0
3 ¥ .
0 o A N —
>
%‘; E
2 > - |\ 3 1 v
2
K

| 2die: :
b\ vy B s * Opening angle
; RO Jﬁ * Indlination
) : ‘ b ) - n inc(deg) g
: 2 L - H * Position angle
s It: (XX
: I R 2 GO R H * Black hole mass M
* . L 1LL ogn - 070533 BH
/I I 7l 7= B X = e Distance
; é)) i (‘y - b : . % /uj ‘|'[L“" - o HO
; * Turbulent velocity
i ‘: C J-_. &jﬂ. .CQQ ; C/ q cé L\[\Lﬁ )
: * Cloud opacity
O ? VR %\g/ﬂ @ 5 * Radial velocity power law parameter
FEELE v e FPELITLS TS P P S S Y °
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NGC 3783 39 Mpc HO=67.8

Mgy (LogM ) = 7.5973:22

TL[ K band Br vy

L SA+RM
il

A% 2

J- 4

istance(Mpc) = 35.66*2:33

Distance(Mpc)
%

)

&y

HO = 72.73*1338

Ik

HO

2, 2
% % % % o

,\?’ ,\‘3’ PR Q,P' o

Mgy (LogM ) Distance(Mpc) HO
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SA+RM and SA+RM+DV model fitting
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Cosmology - AGN -

UNIVERSITE
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Mgy (LogM ;) = 7.6723:3]

J band Pa beta
- SA+RM+DV

istance(Mpc) = 39.10+3:5¢

@)

D
i JL.

HO = 67.62+3:38

;

o e o o S S S S
Mgy (LogM ) Distance(Mpc) HO
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SA+RM and SA+RM+DV model fitting COTE DAZUR =

I_AGF%AI\IGE
_ +6.1 (+15.3) _ +3.97 (+14.5) _ +47.6 (+49.6)
i 2a: MACADAM (SA) | 2b: MACADAM (SA+DV) i 2¢: GRAVITY (SA)
1 | K
1 | |
i Jband, Paf : Jband, Paf Ei E K band, Bry
! differential phase (SA) differential phase (SA) i differential phase (SA)
i : differential visibility (DV) HHE
140 i | 140 il
Ml log(Mpy/Mg) = 7.92%383 : log(Mpy/Mg) = 7.90%332 o “ﬂ_rl—_ﬁ _| log(Mpu/Mp) = 7.9953
: 1 Cb.'\' y 1l - e
' o > 1
v i
Q |[™ NI
ol L IR
(I} ]
| e S8 i L
7.9 i A 79 i
1 A 1 |—|| 1
A X 0 D O P A > O O O ©® O O, 0 O %
RTINS /\'-‘ '\q’ A% @ g o."‘ o‘? 4 N NAP sV AT AT T ¥
D, (Mpc) log(Mgy /M) D, (MPC) log(Mgy /M) D, (Mpc) log(Mpy/Mg)
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Selection of candidates COTE DAZUR

I_AGF%AI\IGE

Catalogues
(Multi band photometry)

Instrument noise models

Atmospheric models

Fringe Tracking limits

(on-axis and off-axis)

Models
(dust and BLR)

q Observables

©
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QSO candidates for BLR Differential Interferometry and 8@%%&%5
Reverberation Mapping

I_AGF%ANGE

1a: Targets for SA (¢) and DV (V) 1b: MACADAM SA+RM targets
20 50 1 B z<0.2
400 - BIFROST K<12.9 B 0.2<z<0.5
¢ 357 V B GRAVITY K<12.9 0.5<7<1
350 - 30 B MACADAM H K<16 '
25 EE MACADAM J K<16 1
?ﬁ 300 - 20/
& 250 ]
8 10
o 200+ 5
= o 1000 2000 3000 4000
150 1 7 (LDays)
100
50
0 - 0 -
0 1000 2000 3000 4000 0 50 100 150 200 250 300 350 400
T (light days) T (light days)

On-axis Fringe tracking. SNR>3 per spectral channel in 2 hours

©
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Off-axis tracking

188 K band targets
with <4000 days

30 K band targets with
<500 days

SNR>3 per sepctral
channel in 4 hours

©
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With off-axis fringe tracking
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Measurables QSOs in L

Now: K~10.5 on axis
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GRA4AMAT+ with GRAVITY+: K~13.5 on axis ?
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Nearby AGNs (<100 Mpc) observable in N COTEPAzUR 3+
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. Asmus AGNs : 331 . UTH : 184 + UTG : 51 . Asmus AGNs @ 331 . UTHM : 218 + UTGM : 106
UTH : 175 *  UTG: 51 . UTG : 52 *  UTHM : 205 * UTGM : 106 . LUTGM : 111

UTH : 175 + UTHM : 205
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—73 On axis —T75° Off axis
with GRAVITY+ FT limit K=13.5 (blue symbols) with MATISSE-Wide separation up to 1 mn
With HFT limit K=16 (blue and red symbols) with GRAVITY+ FT limit K=13.5 (blue symbols)
With HFT limit K=16 (blue and red symbols)
« * » : all measures, including closure phase, with good SNR
« + » : differential visibility and differential phase
« X »: differential phase only
» : tracked but likely unresolved by science channel
© Based on estimated sublimation radius and N magnitude. See Boskri+, MNRAS, 2021 (arXiv:2107.04729)
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https://ui.adsabs.harvard.edu/link_gateway/2021MNRAS.506.1364B/arxiv:2107.04729
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HO tension HO tension SMBH mass Dynamical BLR parallaxes ?
feasibility SMBH-galaxy coevolution
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New FT concept: Hierarchical Fringe Tracker
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* Pair wise FT divide the flux of each
telescope among N;-1 baselines a,d use
4(N;-1) measures to compute each piston

* HFT uses all flux of 2 Telescopes to cophase
them with 3 measures (gain>3 at 4T)

 Then usesthe cophased fluxes to cophase
pairs of pairs

* HFT chips use the same elementary building
blocks than standard “ABCD” chips

* HFT chips are shorter and simpler = better
transmission

4 T pair-wise “ABCD” beam combiner

2 beams “ABCD” combiner
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B
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« /2 achromatic phase shift

X: x coupler

level 1

b€ vETT TT

level 2
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Laboratory tests of HFT chips
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Manufcturing by VLC photonics

Test on the bench and servo loop simulations validate the concept and
confirm sensitivity gain
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New generation FT end-to-end simulation

e HFTinJ, Hand K short(1.1t0 2.2 um)

* One single mode chip per band
* On-axis: 90% of flux for FT. Off-axis: 100% flux for FT

* Optimized transmission but real VLTI J-H-K transmission and GPAO Strehl ratios

e K=15 sufficient for science goal

One IO HFT Chip per spectral band J, H and K
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* Solving the HO tension requires J and H bands and a gain in FT sensitivity limit
(K>15)

e BIFROST with FT limit=12.9 (visitor instrument) can be used to test the method
and models.

* MATISSE could be used to constrain geometry of BIFROST targets

* Improved MATISSE models (with statistics over luminosity and Eddington ratio)
are necessary and are being studied to study gas-dust interaction and constrain
BLR geometry

This requires MATISSE-Wide

* FT at magnitude K>15 is well within reach on the VLTI in the GPAO context with a
new generation fringe tracker
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