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In PIONIER H-band image we mainly see the Inner-rim
of FS Cma dusty disk as the H-band is mainly sensitive 
to material with a temperature above 1500K

Wien’s displacement law:

𝜆𝑚𝑎𝑥(µ𝑚) ≈
3000

𝑇

H band  1800K 
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In PIONIER H-band image we mainly see the Inner-rim
of FS Cma dusty disk as the H-band is mainly sensitive 
to material with a temperature above 1500K

MATISSE wavelength is larger than PIONIER , it will
probe colder material thus farther for the central 
source:
• L-band : material with T ≥ 800K
• N-band : material with T ≥ 300K

Wien’s displacement law:

𝜆𝑚𝑎𝑥(µ𝑚) ≈
3000

𝑇
L band  800K
N band  300K 

H band  1800K 
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Dullemond & Monnier (2010)

Visible interferometry



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

In PIONIER H-band image we mainly see the Inner-rim
of FS Cma dusty disk as the H-band is mainly sensitive 
to material with a temperature above 1500K

MATISSE wavelength is larger than PIONIER , it will
probe colder material thus farther for the central 
source:
• L-band : material with T>700K
• N-band : material with T>200K

The dusty disk density, temperature and chemical
composition
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2 Interferometric observability
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α = 06:28:17.42  δ = -13:03:11.13
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α = 06:28:17.42  δ = -13:03:11.13
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Observable from September
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Observable from September to April
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Observable from September to April but the best is December or January
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

Example of the 3 ATs configurations  currently offered: SMALL, MEDIUM, and LARGE
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Enhanced UV coverage very important to probe the object Fourier plan  Imaging!!
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ

Moving telescopes allows to obtain measurements
with different baseline lengths and orientations, thus
improving the sampling of the Fourier space (also
called UV coverage)
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ

Moving telescopes allows to obtain measurements
with different baseline lengths and orientations, thus
improving the sampling of the Fourier space (also
called UV coverage)

No
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ

Moving telescopes allows to obtain measurements
with different baseline lengths and orientations, thus
improving the sampling of the Fourier space (also
called UV coverage)

No

Yes
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Example of the 3 ATs configurations  currently offered: SMALL, MEDIUM, and LARGE

1) The best is the SMALL

2) Then the UTs

4) the LARGE is even worse

3) the MEDIUM is pretty bad
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Example of the 3 ATs configurations  currently offered: SMALL, MEDIUM, and LARGE

1) The best is the SMALL

2) Then the UTs

4) the LARGE is even worse

3) the MEDIUM is pretty bad AT on J3 station is heavily shawdowed by UT4

Delay line are too short for the longest baselines
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ

Moving telescopes allows to obtain measurements
with different baseline lengths and orientations, thus
improving the sampling of the Fourier space (also
called UV coverage)

No

Yes

Longest observability : A0-B2-D0-C1
Shortest observability : A0-G1-J2-J3 

No

1) Delay lines constraints reduce the observability on
the longest baselines

2) Shadowing from the UTs (mainly with J3)
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Example of the 3 ATs configurations  currently offered: SMALL, MEDIUM, and LARGE
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α = 06:28:17.42  δ = -13:03:11.13

From September to April

December or January

Optimal date only depends on α
But the Observability also depends on δ

Moving telescopes allows to obtain measurements
with different baseline lengths and orientations, thus
improving the sampling of the Fourier space (also
called UV coverage)

No

Yes

Longest observability : A0-B2-D0-C1
Shortest observability : A0-G1-J2-J3 

No

1) Delay lines constraints reduce the observability on
the longest baselines

2) Shadowing from the UTs (mainly with J3)

Yes

Observability is shorter as the star is quite South for
CHARA (α ≈ -13° for CHARA ≈ +35°)
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CHARA δ > -25° (= 35° - 60°) (observation above 30°)
VLTI  δ < 35° (= -25° + 60°)

α = 0 is September 21 (Equinox) then +2 per Month

HD 50138 : Both January
HD 62623 : VLTI February
HD 85567 : VLTI March
MWC 297 : Both July
HD 200775 : CHARA August
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CHARA δ > -25° (= 35° - 60°) (observation above 30°)
VLTI  δ < 35° (= -25° + 60°)

α = 0 is September 21 (Equinox) then +2 per Month

HD 50138 : Both January
HD 62623 : VLTI February
HD 85567 : VLTI March
MWC 297 : Both July
HD 200775 : CHARA August
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FS CMa Elliptical UV-Tracks due to earth rotation
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The tracks are due to earth rotation.
The projected baselines on the sky-plan changes during
the night as the star ‘’moves’’ on the sky.

CHARA δ > -25° (= 35° - 60°) (observation above 30°)
VLTI  δ < 35° (= -25° + 60°)

α = 0 is September 21 (Equinox) then +2 per Month

HD 50138 : Both January
HD 62623 : VLTI February
HD 85567 : VLTI March
MWC 297 : Both July
HD 200775 : CHARA August
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The tracks are due to earth rotation.
The projected baselines on the sky-plan changes during
the night as the star ‘’moves’’ on the sky.

Not observable at the VLTI : δ > - 85° = -25° - 60°

CHARA δ > -25° (= 35° - 60°) (observation above 30°)
VLTI  δ < 35° (= -25° + 60°)

α = 0 is September 21 (Equinox) then +2 per Month

HD 50138 : Both January
HD 62623 : VLTI February
HD 85567 : VLTI March
MWC 297 : Both July
HD 200775 : CHARA August
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FS CMa Elliptical UV-Tracks due to earth rotation
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East-West ``linear’’ UV-Tracks for the equatorial target (bad for imaging)
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Almost circular UV-Tracks for the almost polar target (usally better for imaging)
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The tracks are due to earth rotation.
The projected baselines on the sky-plan changes during
the night as the star ‘’moves’’ on the sky.

Not observable at the VLTI : δ > - 85° = -25° - 60°

No
Objects at the the equator have linear UV-tracks
Objects at the pole have circular UV-tracks.

CHARA δ > -25° (= 35° - 60°) (observation above 30°)
VLTI  δ < 35° (= -25° + 60°)

α = 0 is September 21 (Equinox) then +2 per Month

HD 50138 : Both January
HD 62623 : VLTI February
HD 85567 : VLTI March
MWC 297 : Both July
HD 200775 : CHARA August
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The tracks are due to earth rotation.
The projected baselines on the sky-plan changes during
the night as the star ‘’moves’’ on the sky.

Not observable at the VLTI : δ > - 85° = -25° - 60°

No
Objects at the the equator have linear UV-tracks
Objects at the pole have circular UV-tracks.

CHARA δ > -25° (= 35° - 60°) (observation above 30°)
VLTI  δ < 35° (= -25° + 60°)

α = 0 is September 21 (Equinox) then +2 per Month

HD 50138 : Both January
HD 62623 : VLTI February
HD 85567 : VLTI March
MWC 297 : Both July
HD 200775 : CHARA August
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4 Setting-up a model 
for our object
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct

Minor-axis diameter: Constant as it represent the
dusty disk inner rim
Elongation : More or less constant if we assume that
the disk is geoemtrically thin (elongation is only due
to a projection effect)
Width: Larger in L, and even larger in N as these
bands probes colder materials than the H band
Orientation : Constant
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct

Minor-axis diameter: Constant as it represent the
dusty disk inner rim
Elongation : More or less constant if we assume that
the disk is geoemtrically thin (elongation is only due
to a projection effect)
Width: Larger in L, and even larger in N as these
bands probes colder materials than the H band
Orientation : Constant
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Resolution of the circumstellar disk

Flatenning of the circumstellar disk

Large oscillations  Effect from the ring

Visibility plateau  Flux ratio between
central source and large disk
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct

Minor-axis diameter: Constant as it represent the
dusty disk inner rim
Elongation : More or less constant if we assume that
the disk is geoemtrically thin (elongation is only due
to a projection effect)
Width: Larger in L, and even larger in N as these
bands probes colder materials than the H band
Orientation : Constant

Ring lobes

Flux ratio between the star (point source) and the
circumstellar disk (ring)
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Resolution of the circumstellar disk

Flatenning of the circumstellar disk

Large oscillations  Effect from the ring

Visibility plateau  Flux ratio between
central source and large disk

Flux of the star should be smaller in L than in H !!!

Fstar=0.44
Fring=0.56

H
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Resolution of the circumstellar disk

Flatenning of the circumstellar disk

Large oscillations  Effect from the ring

Visibility plateau  Flux ratio between
central source and large disk

Flux of the star should be smaller in L than in H !!!

Fstar=0.44
Fring=0.56

Fstar=0.2
Fring=0.8

H L
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct

Minor-axis diameter: Constant as it represent the
dusty disk inner rim
Elongation : More or less constant if we assume that
the disk is geoemtrically thin (elongation is only due
to a projection effect)
Width: Larger in L, and even larger in N as these
bands probes colder materials than the H band
Orientation : Constant

Ring lobes

Flux ratio between the star (point source) and the
circumstellar disk (ring)

The level of the plateau should decrease as the relative
flux of the star decreases with λ
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct

Minor-axis diameter: Constant as it represent the
dusty disk inner rim
Elongation : More or less constant if we assume that
the disk is geoemtrically thin (elongation is only due
to a projection effect)
Width: Larger in L, and even larger in N as these
bands probes colder materials than the H band
Orientation : Constant

Ring lobes

Flux ratio between the star (point source) and the
circumstellar disk (ring)

The level of the plateau should decrease as the relative
flux of the star decreases with λ

Yes, as our object is centro-symmetric (0° phase)
whereas the real object is highly assymetric due to the
skewedness of the inner rim
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The star will not be resolved at all by MATISSE.
Point source is then the most relevant.
But a Uniform disk with D=0.16mas is also correct

Minor-axis diameter: Constant as it represent the
dusty disk inner rim
Elongation : More or less constant if we assume that
the disk is geoemtrically thin (elongation is only due
to a projection effect)
Width: Larger in L, and even larger in N as these
bands probes colder materials than the H band
Orientation : Constant

Ring lobes

Flux ratio between the star (point source) and the
circumstellar disk (ring)

The level of the plateau should decrease as the relative
flux of the star decreases with λ

Yes, as our object is centro-symmetric (0° phase)
whereas the real object is highly assymetric due to the
skewedness of the inner rim
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Small noise on V²

Phase jumps on Closure phase (CP) from 0° to ±180° due to V² ≈ 0

But noise where V≠0 is small
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Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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AVERAGE
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EXCELLENT

Same noise as for Average


For bright target lower limit on the noise
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Larger noise on V² and CP but still meaningful observations

AWFUL
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Not really because the star is very bright.

Yes, even if the errors are larger

Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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Not really because the star is very bright.

Yes, even if the errors are larger

Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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EXCELLENT
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AWFUL
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Not really because the star is very bright.

Yes, even if the errors are larger

Errors are larger on the N band (instrument is less
sensitive + problem with sky emission)
However, the star is still very bright and observable
under every atmospheric conditions.

Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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Not really because the star is very bright.

Yes, even if the errors are larger

Errors are larger on the N band (instrument is less
sensitive + problem with sky emission)
However, the star is still very bright and observable
under every atmospheric conditions.

Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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EXCELLENT
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AVERAGE
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BAD
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Not really because the star is very bright.

Yes, even if the errors are larger

Errors are larger on the N band (instrument is less
sensitive + problem with sky emission)
However, the star is still very bright and observable
under every atmospheric conditions.

Now the data is completely useless under BAD and
AWFUL atmospheric conditions (WORSE is kind of limit
too)

Yes the noise is very small actually.
This is due to the brightness of the source compared to
MATISSE sensitivity.
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6 Finding Calibrators
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Default  ordering by distance ot the source
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I prefer ordering by Flux on the observed band
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Close to the object
Not too resolved Very Bright

Lmag = 2.9  18Jy
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)
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Nmag = 3  2Jy
MATISSE N band sensitivity on ATs = 25Jy
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)

No, it is too faint : Nmag=2,9 = 2.5 Jy
MATISSE sensitivity is about 25 Jy in the N band
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)

No, it is too faint : Nmag=2,9 = 2.5 Jy
MATISSE sensitivity is about 25 Jy in the N band
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Nmag = -0.53  58 Jy
MATISSE N band sensitivity on Ats = 25Jy
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)

No, it is too faint : Nmag=2,9 = 2.5 Jy
MATISSE sensitivity is about 25 Jy in the N band

The band is now set to N : the magnitude given in the
N band one, i.e. -1.23.
There are less calibrators found than for L band!

HD43635 is a fairly good one : bright -0.539 and yet not
too resolved V>0.74 and not too far 14°.
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)

No, it is too faint : Nmag=2,9 = 2.5 Jy
MATISSE sensitivity is about 25 Jy in the N band

The band is now set to N : the magnitude given in the
N band one, i.e. -1.23.
There are less calibrators found than for L band!

HD43635 is a fairly good one : bright -0.539 and yet not
too resolved V>0.74 and not too far 14°.
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Good calibrator in N band (bright and not too resolved)
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Bad calibrator in L band (Almost fully resolved)
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There are many good calibrators for the L band.

The best might be HD44462 at it is at the same time,
one a the brightest (Lmag = 2.99 = 18Jy) and closest
(2°), and it is also barely resolved (V > 0.8)

No, it is too faint : Nmag=2,9 = 2.5 Jy
MATISSE sensitivity is about 25 Jy in the N band

The band is now set to N : the magnitude given in the
N band one, i.e. -1.23.
There are less calibrators found than for L band!

HD43635 is a fairly good one : bright -0.539 and yet not
too resolved V>0.74 and not too far 14°.

No it is much too resolved in the L band.
Resolution in L with 130m : 250 λ/B ≈ 5.7 mas
This is very closed to HD43635 diameter 5.4 mas
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7 Exporting Data from ASPRO
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OIFits files ( for L & N bands) exported from ASPRO and loaded in OIFitsExplorer
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Oberving block directy submitted from ASPRO to ESO p2 interface using a2p2 tool
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8 Bonus
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Let’s consider only the star itself

Using PIONIER (shortest λ at VLTI) and the 130m baseline (longest at VLTI)
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Using PIONIER (shortest λ at VLTI) and the 130m baseline (longest at VLTI)

θ=0.16 mas  V > 0.99



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

With CHARA gain in baseline length x2.5 (330m instead of 130m)
With SPICA gain in λ x2.5 (0.65µm instead of 1.6µm)
Total gain of 6.25

θ=0.16 mas  V ≈ 0.84
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No the object is fully unresolved : V>0.99
CHARA => 330m (2.5 gain in resolution, VLTI => 130m)
SPICA => R band (2.5 gain in resolution compared to H)
Total gain in angular resolution = 6.25

Yes we can constrain the diameter (V≈0.81 for
B=330m). However, we need a good accuracy on the
measurements!
No we cannot constrain the limb darkening or
flattening as the the is not resolve enough
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No the object is fully unresolved : V>0.99
CHARA => 330m (2.5 gain in resolution, VLTI => 130m)
SPICA => R band (2.5 gain in resolution compared to H)
Total gain in angular resolution = 6.25

Yes we can constrain the diameter (V≈0.81 for
B=330m). However, we need a good accuracy on the
measurements!
No we cannot constrain the limb darkening or
flattening as the the is not resolve enough



The 10th VLTI School of Interferometry Practice session I: Interferometry basics with ASPRO

No the object is fully unresolved : V>0.99
CHARA => 330m (2.5 gain in resolution, VLTI => 130m)
SPICA => R band (2.5 gain in resolution compared to H)
Total gain in angular resolution = 6.25

Yes we can constrain the diameter (V≈0.81 for
B=330m). However, we need a good accuracy on the
measurements!
No we cannot constrain the limb darkening or
flattening as the the is not resolve enough

On VLTI, GRAVITY and MATISSE
On CHARA : SPICA and MYSTIC
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Doppler effect : shift of the wavelength of the light
when receiver and emitter have a relative velocity Δv.
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To detect 100km/s shift  R = 
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Δλ
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𝑐

Δ𝑣
= 3000 
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Image in the continuum Image in one channel of the Brα line

Inner Rim of dusty disk

Central Star 
+

Gaseous disk emission
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Image in the continuum Image in one channel of the Brα line

Inner Rim of dusty disk

Central Star 
+

Gaseous disk emission

Emission different at every λ
In the line due to Doppler

Velocity field of rotating disk
Overplotted on the image
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Small but detectable effect in the Brα emission line

Let’s zoom here
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Rise in the visibility object smaller in the emission line
Signal in the Closure Phase  non-centro-symmetric object in each spectral channel
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CHARA => 330m (2.5 gain in resolution, VLTI => 130m)
SPICA => R band (2.5 gain in resolution compared to H)
Total gain in angular resolution = 6.25

Yes we can constrain the diameter (V≈0.81 for
B=330m). However, we need a good accuracy on the
measurements!
No we cannot constrain the limb darkening or
flattening as the the is not resolve enough
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Doppler effect : shift of the wavelength of the light
when receiver and emitter have a relative velocity Δv.

Δλ

λ
=
Δ𝑣

𝑐

To detect 100km/s shift  R = 
λ

Δλ
= 

𝑐

Δ𝑣
= 3000 

The visibility is rising in the emission line because the
environment appears smaller.
As the object is not centro-symmetric through the line
because of the there is the phase signal in the line
This can help constrain the object kinematics


