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ABSTRACT

Careful analysis of ground-based and spaceborne infrared observations revealed variability of a growing number of YSOs in the 1-100µm 
wavelength range. The lightcurves at different wavelengths can be interpreted via comparison with synthetic time-dependent SEDs. This 
technique may place strong constraints on basic assumptions of circumstellar disk models, and serve as an efficient diagnostic tool of the 
circumstellar structure.

INTRODUCTION
MEASURING INFRARED VARIABILITY

HOW TO INTERPRET INFRARED VARIABILITY?

CONFRONTING MODELS WITH INFRARED VARIABILITY

CONCLUSIONS CONTACT

At optical wavelengths, many young pre-main sequence 
stars show variability, mainly due to stellar spots or 
variable extinction along the line-of-sight.

At longer wavelengths these effects are less important. 
In the mid- and far-infrared regime - where the bulk of 
emission is related to circumstellar matter - young stellar 
objects (YSOs) were usually assumed to exhibit constant 
brightness. 

The growing number of ground-based and spaceborne
infrared observations revealed that infrared (1-100µm) 
variability is not uncommon among YSOs. 

In this contribution we report on our project aiming to 
explore infrared variability of different types of YSOs, and 
to interpret the results by means of models of the 
circumstellar environment.

There are several factors which make the detection of infrared variability a challenging project: 
Limited temporal coverage
Infrared photometric data on point sources can be collected from space-mission archives (IRAS, MSX, ISO, Spitzer), 
and from papers on LMNQ-band ground-based observations. 

Instrument-related photometric artifacts
In order to measure flux changes, the absolute photometric calibration of different instruments have to be matched. 
Especially in the cases of space missions, detailed knowledge on detector behaviour (transient effects, linearity 
issues) is a must.
Colour correction per instrument
The flux density values quoted in most infrared catalogues are extracted assuming a template spectral energy 
distribution (SED) of F~ν-1. "True" flux values can be obtained by applying a colour correction factor, derived by 
convolving the filter transmission curve with the real shape of the SED. Before constructing a light curve using data 
from different instruments, colour correction has to be applied per instrument. 
Beam confusion
The beam size of infrared space instruments is rather large, particularly at longer wavelengths (e.g. IRAS: 3'@100 
µm). In a star-forming region the probability of including unrelated objects in the beam is rather high. One should 
check – mainly on the basis of higher spatial resolution near- and mid-infrared images - whether all photometric 
points of the lightcurve, obtained by different instruments at different epochs, are related to the same source(s).

Step 1: Model the SED at one selected epoch

A number of numerical codes are available, which can model 
the SED of a young stellar object by assuming a certain 
circumstellar geometry (e.g. flat/flared disk, envelope) and 
performing radiative transfer calculations (e.g. Dullemond et 
al. 2005, and references therein). 

V1057 Cyg: decade-long fading of an FU Ori-type 

star

Model of the circumstellar environment of YSOs can successfully match the SED, but their assumptions on the
geometry and illumination of the circumstellar structure are difficult to verify directly. Comparison of temporal
light variations, measured in the infrared, with predictions of the model may be an efficient tool to check these
assumptions. Utilizing this method we could demonstrated that the infrared flux variations of two Herbig Ae/Be
stars (AK Sco, SV Cep) are consistent with the presence of a puffed-up inner rim in their disks, while the
infrared fading of V1057 Cyg, an FU Ori-type star, does not support the previously accepted envelope model. 
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The figure shows the active (cryogenic) periods of the 
mentioned satellites. The very sparse temporal sampling 
enables to detect either decade-long variations (comparing 
two different satellites), or changes on timescales shorter 
than 1-2 years (the typical length of a single mission).

Step 2: Tune L*  and/or disk geometry in the model

The infrared emission of YSOs can vary in time if the 
illumination of the circumstellar matter by the central 
source is not constant. Possible reasons are the 
following:

(1) the luminosity of the star changes, e.g. due to time-
variable accretion. Obvious examples are the eruptive FU 
Ori or EX Lup-type young stars.

(2) changes in the interstellar geometry modify the 
illumination pattern on the disk  (e.g. the scale height of 
the puffed-up inner rim – which casts a shadow on the 
outer disk - is not stable, due to time-dependent accretion 
which carries variable amount of material into the rim).  

These effects can be modelled by tuning the corresponding 
stellar/geometrical parameters in the setup of our 
stationary model of the circumstellar environment 
(luminosity of the central star or scale heights of the disk). 
The resulting SED can be compared with the initial one, 
in order to demonstrate the observable consequences of 
a changing stellar luminosity and circumstellar structure. 

However, the observed infrared emission does not react 
immediately to a change of illumination. The timescale 
depends on the radial distance of the emitting region from 
the centre, and on its optical depth for the incident light.

Step 3: Check timescales

Optically thin disk surface layer or optically thick disk interior 
react to a change of illumination on completely different 
timescales, as computed by Chiang & Goldreich (1997):

New type time-dependent codes would be necessary to 
compute the timescales for each wavelength correctly. 
However, as a first step, one can usually assume that 
emission from an optically thin region (e.g. puffed-up rim, 
disk atmosphere) reacts instantenously to any change of 
illumination, while the emission of optically thick 
components is constant on most practical timescales. 

With these assumptions it is possible to predict how the 
infrared emission would react, as a function of time, on 
variations of the illumination of the disk. These results can 
be compared with measured infrared lightcurves.

Typical disk structure of a YSO (left), and model SED of AB Aur (right)

These stationary(!!!) models can specify for any given 
wavelength, that (1) which component of the circumstellar
structure (puffed-up   inner rim, disk atmosphere, 
midplane,...) dominates the infrared  radiation in that part of 
the spectrum; whether the emission region is optically thin 
or optically thick for incident starlight. This information will be 
essential to model variability.

In many cases the modelling results are not unique: the SED 
can be fitted by assuming different circumstellar geometries. 

AK Sco: evidence for a puffed-up rim from night-to-night 
infrared variability                                            
AK Sco, an intermediate-mass young star, exhibits night-to-night 
variations in the optical-10µm range (see two nights‘ data on the left 
figure, from Hutchinson et al. 1994). There was no explanation why the 
optical and the 10µm flux show clear anti-correlation.

Near- and mid-infrared: the
infrared emission faded
simultaneously with the
optical decay of the central
object – consistent with
infrared radiation from an
optically thin envelope. 

Far-infrared: no flux change! 
Models of the SED need the
envelope to explain far-IR
emission – but it should then
follow the fading of the star. 

Something is wrong with the
envelope model!

Possible explanations:       

(1) Envelope is optically thick; 
(2) Illumination is not the
dominant energy source; (3) 
Extra illumination from the
environment; (4) Cold
infrared companion; (5) ???
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The modelling of the SED (right panel) suggests that a puffed-up rim 
is responsible for the 2-8µm emission, but at 10µm already the disk 
surface layer dominates. It suggests the following scenario: when the 
luminosity of the central star increases, due to higher accretion rate, 
the inner rim receives more radiation and expands. But a higher rim 
casts more shadow on the disk surface layer and reduces its 
emission, leading to the observed anti-correlation. Detailed modelling 
seems to support this scenario (Csengeri et al. 2006)

SV Cep: monitoring a 400-days fading at infrared wavelengths  

The UX Ori-type young star 
SV Cep was monitored with 
ISO at 15 wavelengths 
between 3 and 100µm. 
Surprisingly, the optical and 
the 100µm emission 
correlate (see fig), while the 
3.6µm flux seems to anti-
correlate with the optical. 
Modelling showed that an 
inner rim is needed to fit the 
SED, and that the observed 
temporal behaviour at 
different wavelengths can 
be explained by the 
occultation of a constant 
luminosity star by an 
vertically expanding inner 
rim (see figures). 

For details on SV Cep see the poster of Juhász et al.


