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BETTII (Balloon Experimental Twin Telescope for Infra-red Interferometry) is an 8-meter baseline far-infrared (30-90 microns) interferometer mission on a balloon. It is the first step towards interferometry in space. Its
capability of spatially resolved spectroscopy with up to 0.5” resolution is aimed at studying clustered star formation and galaxy evolution. We simulate the BETTII observations using a hypothetical young stellar object
(YSO) as the input and taking into account the instrument characteristics and limitations. Varying the input model parameters that we use to define the dust emission from the protostar, we produce sets of simulated
outputs. By comparing these outputs with the hypothetical observations, we explore how well the BETTII observations constrain the defining parameters of the young stellar system.

Interferometry Simulation

Since BETTII is a two-element fixed baseline length interferometer and balloon flight time is short, its
u-v coverage is very limited. Standard inversion techniques cannot be used to image the emission as is
typically done for radio interferometers. In addition to this, each of the BETTII detectors are 9x9 arrays,
Nyquist sampling the point spread function of the single telescopes. Modeling the whole array should
yield the optimal higher resolution information. To have a better understanding of the instrument's
performance, preferred observing strategies and how to process the data to perform spatially resolved
spectroscopy, simulating it is of utmost importance.

The simulator that we developed takes in (i) the sky map (ii) the specifications of the instrument (ii) the
location and time, to compute the simulated interferograms. Shown alongside is an example of Short
wavelength (SW: 30-50 microns) and Long wavelength (LW: 60-90 microns) array outputs for 2 point
sources having a flat spectrum separated by 5 arc-seconds near the center of the FOV. While the PSF is
insufficient to resolve the two, they get resolved very easily in the interferograms. (far right)
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Conclusion

• We have developed an interferometry simulator for BETTII and similar limited 
u-v coverage interferometers having multi-pixel arrays.

• By using various input models of YSOs having different physical parameters, we 
established that BETTII will be sensitive to inclination angle, disk mass and 
envelope mass.

• The degeneracies between the parameters such as disk mass and envelope 
mass can be broken by combining the amplitude and visibility information from 
the two BETTII bands.

BETTII Design

BETTII is a double-Fourier Michelson interferometer. [2] Light is collected from two 0.5 meter
diameter apertures at two ends of its 8 meter long truss (for spatial interferometry) and the
path delay between the arms is systematically (for spectral interferometry) varied before
combining the light and focusing the light on to detectors. The beams are combined inside a
cryostat using a 50-50 beam-splitter producing two outputs. Each output is divided into two
science channels and focused on to separate detector arrays. These arrays have 9 x 9 pixels
each of size 1mm2.
Before the beams are combined, the path lengths between them are systematically modulated
using a delay line. Each stroke of the delay line generates an interferogram (a plot of intensity
vs optical path length difference or OPD) on each of the detector array pixels. The delay lines
have an OPD range of 8mm. The scan time is 2.5 seconds, and readout is at 400Hz ensuring
Nyquist sampling for both bands.

Science bands
30-50 μm 

(SW) 
60-90 μm 

(LW)

Spatial resolution 0.4”- 0.6” 0.8” - 1.2”

Beam size (λ/D) 12” - 21” 25” - 37”

Plate scale 16.6”/ mm 13.3”/ mm

Field of view 2.5’ x 2.5’ 2.0’ x 2.0’

Combined NEP [3] 2 fW/√Hz 1 fW/√Hz

Sensitivity for SNRI=5
with 10 mins of delay 
scan and R=10

25 Jy 13 Jy

Procedure

Fixed parameters
Variable 

parameters

Central luminosity: 30L⊙
Disk radius: 100 AU
Disk surface density 
exponent: -1
Envelope density power 
law exponent: -1.5
Cavity opening angle: 10°
Distance: 400 pc

Disk Mass:
0.25 - 5 x 10-3 M⊙

Envelope radius: 
1000 AU - 7000 AU
Envelope mass: 

0.025 - 0.5 M⊙

Inclination: 0° - 90°

Motivation

We use the Hyperion[4] modelling code to produce high
resolution images of YSO systems (both spatial and spectral) at
different inclination angles by varying YSO parameters.[5] This
grid of models are used as inputs for the BETTII Interferometry
Simulation code to generate outputs interferograms.
As we vary the parameters, we note the variation in the
interferogram amplitudes and visibilities. We use these as
measures of sensitivity of the observations to model
parameters.

About 60% of stars form in clusters of 100s of stars. Since these clusters contain many stars in
close proximity and have extincting gas and dust, it is difficult to study embedded YSOs in
optical wavelengths. Herschel surveys helped by providing higher resolution information at 70-
500 microns than previous missions; but its resolution is insufficient in areas of active star
formation.
BETTII's combination of wavelength coverage, spatial resolution, and spectroscopic capability
will complement ALMA and JWST observations by providing sensitivity to material in the
temperature range from 50K -150K.[1] However BETTII being the first of its kind of limited
baseline interferometers, it is important to understand the expected sensitivities of such an
instrument to various physical properties of the YSOs it is designed to observe.

The fringe amplitudes depend on the
spatial distribution of the emission
convolved with the point spread function
(PSF) of the instrument apertures. For a
point source, the amplitude is maximum.
For an extended source that is smaller than
the beam size, the amplitude reduces. The
difference between the two bands is
mainly because the emission is greater and
less extended in the SW wavelengths. The
effects of the various YSO parameters are
listed below.

Inclination angle: In face-on orientation
(0°) of YSOs, the emission from the disk
passes through lesser column densities of
dust and gas exterior to it. Thus its extent
is limited, thereby leading to higher fringe
amplitudes, as opposed to in the edge-on
case (90°). The sensitivity is greater for
higher inclination angles.

Disk mass: The fringe amplitude is higher
for greater disk masses, because the
100AU disk is like a point source whose
contribution increases with mass as
compared to the emission from the
envelope. This effect reduces at edge-on
angles of viewing where the optical depth
is much higher.

Envelope mass: With greater envelope
mass, the extended emission increases.
This reduces the fringe visibility. However
the total power increases and it has a
greater effect on the fringe amplitude.

Envelope radius: Since the typical
envelope size is comparable to or larger
than the beam size, its effect in lowering
the fringe amplitude is negligible.

Both the BETTII bands are sensitive to 
inclination angle, but only the LW Band 
also has a significant sensitivity to disk 

mass. This will allow distinguishing 
between YSO incident angle and disk mass.

Table showing relative sensitivities of the 
two bands of BETTII to different YSO 

physical parameters
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The fringe visibility and amplitude 
sensitivity for envelope mass follow 

distinctly different patterns. This can be 
used to break the degeneracy between 

envelope mass and disk mass

Visibility (LW) Amplitude (LW)

Disk Mass in 10-3 M⊙
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Amplitude is the 
absolute measure of 
fringe contrast and is 
given by  Imax–Imin

Visibility is the relative 
measure of fringe 
contrast and is given by 
(Imax–Imin)/ ( Imax+Imin)

Example of BETTII LW Band 
central pixel interferogram
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