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Fig. 1. The SEDs of the objects BRAN 76 (top left), EX Lupi (top right), Haro 5a IRS (middle left), HH 354 IRS (middle right), HH 381 IRS
(bottom left) and Parsamian 21 (bottom right) including PACS spectra and photometry data (turquoise line + blue dots at 70, 100 and 160 µm),
SPIRE high resolution spectra (dark blue and red lines) and SPIRE photometry (black dots at 250, 350 and 500 µm) combined with spectra from
Spitzer (lines in other colors below 50 µm) and photometry (diamonds; color-grouped by literature) from other sources.

robustness of the line fitting, as discussed above, we could mea-
sure a few CO transitions above a 3� detection and obtained up-
per limits up to J = 38 � 37. We also find tentative evidence of
water and OH lines (see Tab. B.1). Fig. 9 shows di↵use emission
around the object, mainly in the 160 µm channel which traces
cold dust, in the west and south-east. The SPIRE photometry
shows mainly di↵use emission in the north, which appears not
to originate from the target.

EX Lup EX Lup is the only EXor in our sample. The proto-
type of its class, it has shown several outbursts, in particular
in 2008 during which its silicate, in emission, changed between
quiescence and outburst, with evidence of thermal annealing in
the surface layer of the inner disk by heat from the outburst
(Ábrahám et al. 2009). The SED is shown in Fig. 1 with SPIRE

and PACS photometry. We complement the SED with additional
photometry (Helou & Walker 1988, Cutri et al. 2003 down to
12 micrometers, which are matching with the PACS photometry
in the intersecting area at 60 µm. There is no evidence of enve-
lope emission, as previously inferred (e.g., Sipos et al. (2009)).
The Herschel photometry of EX Lup is point-like. We confirm
the presence of LEDA 165681 in the south-east of the target,
a background galaxy. The line maps of PACS show centered
emission on the target coordinates, without any sort of outflows.
The amount of CO lines in EX Lup where the signal is found
above 3� at the coordinates of the target is with two detections
low. Also, those two lines show no significant emission in ad-
jacent spaxels. We found emission above 3� for other CO lines
in the central 3 ⇥ 3 spaxels (see Appendix B), which provides
further evidence that the CO detection is true. Additional data
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The formation of young stars undergoes episodic, albeit quite common, accretion events in the early life of a young star. The separation of the classical types of
outbursting sources, FU Orionis objects and EXor-type objects, has now become blurred thanks to new outbursting sources discovered in the recent past. The physical
mechanism (if a common one exists) at the origin of the outbursts still remains unclear. Massive mass transfer through the disk occurs due to episodic accretion, with
consequences for planet formation; in addition the strong increase in luminosity can evaporate ices present in the disk. We present our analysis of 12 erupting young
stars observed with Herschel and Spitzer (Postel et al. 2019, A&A, 631, A30). The Herschel spectra show many rotational lines of CO, ranging from J=38-37 to J=4-3.
Rotational diagrams indicate several excitation temperatures in the low temperature regime (<100K), mid-temperature regime (400-500K) and evidence for a higher
temperature component in some cases. Additional lines are detected such as atomic lines (O I, C I, CII, N II), and possibly faint OH and H2O lines. Spitzer data further
reveal several ices in the embedded objects (such as CO2, CH3OH, NH4+) with silicate in absorption, while at least one target shows silicate in emission, similar to the
prototype FU Ori. We present the data in the context of episodic accretion and its signature in emission gas lines, and an analysis of the FUor Re 50 N IRS 1 with the
thermochemical code ProDiMo (Postel et al. 2021, submitted).

Fig. 1a: The SEDs of the
objects BRAN 76 (top left),
EX Lupi (top right), Haro
5a IRS (middle left), HH
354 IRS (middle right), HH
381 IRS (bottom left) and
Parsamian 21 (bottom
right) including PACS
spectra and photometry
data (turquoise line + blue
dots at 70, 100 and 160
μm), SPIRE high resolution
spectra (dark blue and red
lines) and SPIRE
photometry (black dots at
250, 350 and 500 μm)
combined with spectra
from Spitzer (lines in
other colors below 50 μm)
and photometry
(diamonds; color-grouped
by literature) from other
sources.

•Rab, C., et al. 2017, A&A, 604, 15
•Postel, A., et al. 2019, A&A, 631, A30
•Postel, A., et al. 2021, submitted

Fig. 3: Spitzer IRS spectra (5-40µm) showing the high-resolution module SH (black) and LH (red) data
and the low-resolution module SL (green) and LL (blue) data. Most FUors in our sample show deep
absorption features from silicates (near 10µm and 18µm) and from ices (mainly CO2, H2O, CH3OH).
Some gas emission lines (mainly [Fe II] at 17.9, 24.5, 26.0, 35.3 µm) are also detected. Note the deep
H2O absorption in Haro 5a IRS, HH 354 IRS, on top of the silicate feature. In contrast H2O ices are
weaker in PP 13 S, Re 50N IRS1, HH 381 IRS, and V883 Ori. Silicate absorption is also weak in HH 381
IRS and V883 Ori. BRAN 76 shows silicate in emission, while V733 Cep shows no evidence of features
in absorption or emission. Quanz et al. (2006) also showed this dichotomy of FUors with deep
absorption features and strongly increasing SED and other FUors with emission features and flatter
infrared slope. From Postel et al. (2019).

Fig. 2: Left: CO J=4-3 to J=38-37 rotational diagrams of all
objects. We plot the decadic logarithm of the column densities
Nu divided by the statistical weight gu, as function of the upper
level energy of the transition Eu in Kelvin. SPIRE data are fitted
with black, PACS data are fitted with blue and red. As the plots
contain a logarithmic scale, the errors are actually not
symmetric, but we use it here as an approximation.
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Fig. 3. Zoom-in of the Spitzer spectra for our targets (from the PI: Audard program). The colors of the di↵erent modules are black (SH), red (LH),
green (SL), blue (LL). The top 3 targets (and possibly HH 381 IRS) show evidence of H2O and HCOOH ice at ⇡ 6 µm, CH3OH and NH+4 at at
⇡ 6.8 µm, CH4 at ⇡ 7.7 µm, and NH3 at 8.5� 9 µm. In addition, all targets except BRAN 76 and V733 Cep show absorption by CO2 ice at 15 µm.

V1647 Ori V1647 Ori, an object intermediate between FUors
and EXors, is shown together with photometry (Reipurth & As-
pin 2004, Aspin 2011, Mosoni et al. 2013) in the IR. The object
has shown significant flux variations since its initial outburst in
2003 and was observed at many occasions from the optical to
the millimeter ranges, decaying in 2006 and outbursting again in
2008 (see Aspin et al. 2009 and Audard et al. 2014 and refer-
ences therein).

The SPIRE spectra are quite noisy, therefore we provide also
the low resolution spectra, which however do not resolve any
lines. In the images, we find di↵use emission around the tar-
get, especially in the PACS data. We identify emission knots
in the north (HH 22 MIR), which also shows significant dif-
fuse emission in the SPIRE data, and the south-west (2MASS
J05461162-0006279) which does not separate from the back-
ground emission in SPIRE. There is also some faint extension
of di↵use emission from V1647 Ori in PACS, going westwards,
which increases at some distance in the SPIRE data. The spectra
show both OI transitions, OH, N II, C I and CO transitions from
J = 4 � 3 to J = 25 � 24. For the higher lines up to J = 37 � 36,
we provide upper limits, as well as for most 13CO lines. The
emission of C I at 809 GHz, as well as the CO J = 7 � 6 and
J = 6 � 5 lines show the strongest emission o↵-source, in the
north-east, where the object HH 22 MIR can be seen in the RGB
images. It is not clear how much of the emission is contributed
by V1647 Ori. The N II emission behaves di↵erently, showing
less di↵use emission than most other objects, with a peak at the
target coordinates, indicating that that emission originates from
the source.

4.2. SED Variability

We notice di↵erences in the SEDs between our data and former
observations for HH 381 IRS and PP 13 S. The numerical factors
were obtained by measuring the di↵erence of the photometry to

the spectrum at the same wavelength. In case of PP 13 S, the o↵-
set is up to factor 1.7 (Cohen et al. 1983) (observed 1981), while
the measurements of IRAS (Infrared Astronomical Satellite, ob-
served 1983.5) and Herschel (PACS photometry: March 2013)
in the PACS range match. For HH 381 IRS, the o↵set to pub-
lished photometry ranges between factor 8.5 and 43.8 for MSX
(Midcourse Space Experiment, data observed in 2006/2007), and
1.8-2.7 for IRAS (1983.5), compared to the Herschel photome-
try (PACS photometry: November 2012).

As we have at least for HH 381 IRS already between pub-
lished data a strong o↵set, and since the observations of Spitzer

(2010) and Herschel match quite well, it is unlikely that there is
an issue with the observation. We therefore assume that the ob-
jects increased their luminosities over time, which took place in
the IR.

4.3. Rotational Diagrams

We derive CO rotational temperature for our targets, which can
be found in Table 3, where also the column density is listed. The
method that we use is described in Goldsmith & Langer (1999)
in detail and was applied on Herschel data in Green et al. 2013a
and Dionatos et al. 2013. We use the same approach as Green
et al. 2013a, separating the data into three domains of LTE, one
for SPIRE (Jup  13 or Eu  505 K) and two for the di↵er-
ent PACS orders (PACS R1, in this paper called PACS long:
14  Jup  24 or 560 K  Eu  1670 K; PACS B2A/B2B, in this
paper called PACS short: Jup � 25 or Eu > 1700 K). However,
we use the luminosity L of the CO lines instead of the fluxes
(same approach as Dionatos et al. 2013) to eventually obtain the
column densities log10(N) of the molecules. Data for the upper
level energy Eu, Einstein coe�cients Aul and partition function
Q were obtained by the CDMS catalog (Müller et al. 2005). For
the plots, Nu is given by L ⇥ 4⇡/(h ⇥ ⌫ul ⇥ Aul), which is divided
by the statistical weights of the respective line. As a function of
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Fig. 5. CO rotational diagrams of all objects. We plot the decadic logarithm of the column densities Nu divided by the statistical weight gu, as
function of the upper level energy of the transition Eu in Kelvin. SPIRE data are fitted with black, PACS data are fitted with blue and red. As the
plots contain a logarithmic scale, the errors are actually not symmetric, but we use it here as an approximation.

The similarity of the line fluxes in those objects compared
to HH 381 IRS, but the strong di↵erence in the high tempera-
ture domain, might be related to the luminosity increase of HH
381 IRS (further discussed in 5.3), although we caution that few
lines were detected, probably because of the larger noise and
stronger continuum. Optical depths e↵ect, e.g., due to the opti-
cal thickness of the dust continuum, may play a role, although
the SEDs (dominated by dust emission) are relatively similar to
other targets with weak or no CO emission in the PACS range,
as discussed above.

5.2. Evolved objects

For the more evolved objects in our sample, i.e., EX Lup (with
no envelope) or BRAN 76 (a possibly evolved FUor with less
envelope and a silicate feature in emission, like FU Ori), our
spectra are quite noisy. Our analysis has tentatively detected a
few CO lines in EX Lup 4.1, despite the formal statistical uncer-
tainties. BRAN 76, on the other hand, displayed CO emission
only in the PACS short range. V1647 Ori, whose classification is
unclear and with its flat SED, shows enough signal for the detec-
tion of several CO lines. For the moment, there is not enough ev-
idence for making a link between the detectability of molecular
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Fig. 6. Occurrence of the CO rotation temperatures found in our tar-
gets and for V1057 Cyg, V1331 Cyg and V1515 Cyg from Green et al.
(2013b). Temperatures above 1700 K are not shown here, because of
the high uncertainty of the measurements.
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Fig. 7. Temperature measurements of PACS long as function of SPIRE
measurements. Only temperatures derived by at least three CO lines are
shown (see Table 3), to have more robust error bars.

or atomic lines and the properties of the targets. In a subsequent
analysis, we aim to investigate this issue by modeling the objects
with the radiation thermo-chemical code ProDiMo (Woitke et al.
2009), and thus, derive geometrical information on the emission
lines, in particular thanks to the enhanced version of the code
by Rab et al. (2017) that takes into account the envelope around
outbursting sources.

5.3. Young embedded objects

Our sample of outbursting sources shows a large variety of
SEDs. Quanz et al. (2007) suggested that this could be due to
the evolutionary stage (Class I vs. Class II YSO), but some fea-
tures cannot be explained only by the evolutionary stage. PP 13
S, V883 Ori, HH 381 IRS and V346 Nor, all FUors or FUor-
like objects, show similar shape of their SEDs and should in
the Quanz scheme be in a similar evolutionary stage. Therefore
the question arises if there is any correlation between properties
among those objects. For the emission lines in these targets, they
are strongest in PP 13 S and V346 Nor, while V883 Ori and HH
381 IRS show lines on a much lower level in the SEDs, despite
similar continuum levels in the far infrared. The lines themselves
are very di↵erent between PP 13 S and V346 Nor. While PP 13
S shows strong atomic oxygen emission and only moderate CO,
V346 Nor shows strong CO emission but weak oxygen. We men-
tion for HH 381 IRS increased luminosity over the last years in
the IR. A strong increase of luminosity over a long timescale in-
dicates that it might be in the beginning phase of a long outburst,
with a strong mass accretion onto the embedded object. How-
ever, we note that, although detected, [O I] line flux at 63 µm,
a common tracer of high accretion rates (Green et al. 2013b),
is particular weak in HH 381 IRS, like the other detection of
OH, H2O and CO lines. Taking into account the distance and
looking at the luminosity of the line (see 8), the O i emission of
HH381 appears to be among the more luminous objects of our
sample, still below V346 Nor and about one order of magnitude
above PP 13 S. For HH 381 IRS, the controversy between the
rising bolometric luminosity and the absence of strong accretion
tracers is very interesting, as it shows that the bolometric lumi-
nosity is not dominated by accretion luminosity, but instead is
dominated by photospheric luminosity of the central source. The
mass accretion and accretion luminosity may quickly drop after
the onset of the burst, because of the exhausted mass reservoir in
the innermost disk, but the star bloats in response to the accreted
energy which leads to a dramatic increase in the photospheric lu-
minosity. As a result, the total luminosity may keep rising. Such
situations in the evolution of bursting stars were shown recently
in Elbakyan et al. (2019). Similar to the evolved objects, we will
investigate the characteristics among the young objects in the fu-
ture with ProDiMo, since for the moment, there is no correlation
visible.

5.4. Correlation between lines

In the following, we discuss correlation between lines which
have been found either in our data or by other groups, in which
case we check their consistency within our sample of YSOs. In
Fig. 8 we show the luminosity of the [O I] emission at 63 µm
as function of the bolometric luminosity of our targets. Table 1
shows the 63 µm O i luminosity of our targets. Haro 5a IRS is
missing here. For Parsamian 21, V733 Cep and V883 Ori we
show upper limits only. In addition to our sample, we used HBC
722, V1735 Cyg, V1057 Cyg, V1515 Cyg and FU Ori from
Green et al. 2013b. Along with the targets, we show our best
fit result as black line in the plot (not including the upper lim-
its and EX Lup). We find a clear correlation of the bolometric
luminosity and the luminosity of the 63 µm emission line with
f (x) = 0.58 · x�3.6. However, as mentioned in 5.3, some objects
do not follow this principle. Due to the "knee" at ⇡ 30L�, we cre-
ated two other fits, one for L > 30 · L� and one for L < 30 · L�.
For comparison, the former analysis of Green et al. 2013b re-
sulted in f (x) = 0.70 · x�3.7. Our sample of FUors is still small,
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Fig. 7. Line fluxes of the best model (green diamonds) compared to a model with disabled disk accretion (Ṁ = 0, fUV = 1%, blue diamonds) and
with disabled UV field (Ṁ = 4.2 ⇥ 10�4

M� yr�1, fUV = 0, orange diamonds). The best model uses both, disk accretion (Ṁ = 6 ⇥ 10�4
M� yr�1

and the UV field (fUV = 3%) in combination.

cavity, we bypass this with the introduction of the UV field orig-
inating from the central source. For reaching su�ciently high
temperatures for the CO transitions with short wavelengths and
the [O i], the respective parameters appear to be inevitable in the
constraints of ProDiMo. It turns out that the UV field and the
disk accretion are both a necessity to create the short emission
lines in the observed combination, and the accretion of the en-
velope is the main parameter in our model, responsible for the
overall shape of the SED for this object.

5. Discussion

The major di�culty is the distribution of the temperature around
the source, which cannot only be provided by the central source.
The matching of the emission lines shows that a simple envelope
+ disk model of Re 50 N IRS 1 is not su�cient, but the system
requires a higher complexity of additional heating mechanisms.
We therefore use the UV field to model the e↵ects of shocks
in jets/outflows to recreate the high-J CO lines, since ProDiMo
does not have the capabilities to model them directly. Evidence
for the presence of a protostellar jet is provided by the strong
[O i] lines in the Herschel spectra and was shown in other works
to be a source for a radiation component (see Dionatos & Güdel
2017 and Dionatos et al. 2020). The inclination and the open-
ing angle of the outflow cavity of the object play a main role in
the visibility of the gas emission lines, as they a↵ect the visibil-
ity of the accretion disk, where a large fraction of the emission
originates from. The envelope of Re 50 N IRS 1 is likely still
dense enough to absorb most of the emission lines in the line
of sight of the disk. Most of the CO emission originates in the
inner disk, at some tens of au, where high J transition lines in
our model originate from. For the intermediate J transition lines,
the envelope close to the outflow cavity turns out to be the ma-
jor source, where another high population of CO is located. The
cavity is also where the highest temperatures of the gas occur,
which is also where the radiation field of shocks would be cre-
ated at. Both, the CO abundance and temperature distribution is
in agreement with former works on outbursts, like the hydrody-
namical simulations from Vorobyov et al. (2013) which targeted
the behaviour of CO.

For some of the spectral features in the SED, e.g. the narrow
absorption of CO2 ice at 15 µm, no matching happened since

ProDiMo currently does not have the capabilities to model these
features.

The high accretion rate of the circumstellar disk of 6 ⇥10�4

M� yr�1 would cause the accretion disk to dissipate, if it would
stay at this high level for a long time, since the mass infall rate
of the envelope with 1.35 ⇥10�5

M� yr�1 which feeds the disk
over a long time period is significantly lower. This means that
the object cannot keep the current properties but the disk accre-
tion is currently in a burst phase which will last for a limited
amount of time before a lowering of the disk accretion rate must
start. The Spitzer data have been observed some time before the
Herschel data (2010 vs. 2013), so during the brightening of the
object the SED in the near- and mid-IR could have changed. A
check with recent photometry or even a spectrum would be in-
teresting to confirm this. For a possible observation, a major part
of the SED in the near- and mid-IR should be traced while the
spectral resolution plays a minor role.

When calculating the stellar radius based on the values of
the modelled object via Rstar = 0.5ṀGMstar/Laccr (assuming
that half of the energy goes into the star and half escapes), we
would end up with a stellar radius of 52 R� during the outburst,
a too large value compared to models. This equation also as-
sumes that the luminosity is dominated by the accretion lumi-
nosity and is therefore a lower limit. Given the small impact on
the SED, we think that a reduction of the stellar mass to 0.3 M�
is feasible, leading to a reduced radius of 31 R� which appears
still high. A larger distance than the used 414 pc would lead to
higher luminosities, and thus, a lower radius. A 10% increase (⇡
450 pc) would lead to 110 L�, and a radius of less than 26 R�,
which is more of a reasonable value according to recent numer-
ical simulations of stellar characteristics during accretion bursts
(Elbakyan et al. 2019). Großschedl et al. (2018) showed that the
Orion A cloud is inclined from the plane of sky and reaches up
to 470 pc, depending on the Galactic longitude. Based on their
Figure 3, at l = 211.6�, YSOs generally are have distances of
425-450 pc (the range is consistent with their derived median
distance for the Tail of Orion A, L1641, ⇡ 430 pc, although they
derive an average distance of 409.36 ± 31.9 for the above longi-
tude, using a 1-degree longitude bin, albeit with a large uncer-
tainty), suggesting that a higher distance for Re 50 N IRS 1 is
possible.

For some parameters, there seem to be strong di↵erences
among other works. Gramajo et al. (2014) listed for the object a
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Fig. 9. Spatial variation of the gas component (left) and dust (right) temperature. The highest temperatures of the gas are reached on the outflow
cavity on small distance to the central source. The hot area between the disk and envelope is caused by numerical e↵ects due to the reduced number
density of CO in this region (see Fig. 8).

�
�
�
�
�
��
�
	�
�



��

��

�

��

��

��

��

��

����


� ����� ����� ����� ����

��������
����� �

Fig. 10. CO rotational diagram for the best model compared to the
observational data obtained with Herschel. The gap around 2000 K is
caused by a non-detection of the lines in the Herschel data.

few 10�6
M�/yr) if the core was initially close to a Bonnor-Ebert

sphere. The significantly higher infall rate therefore means that
the temperature of the core is much higher, possibly due to a UV
source, or the initial pre-stellar core was o↵ the equilibrium. The
latter could happen if the core was created by a shock wave.

Postel et al. (2019) include several objects with a similar
shape of the SED as Re 50 N IRS 1, e.g. PP 13 S, V346 Nor,
V883 Ori and HH 381 IRS. However, the emission lines among
these objects appear very di↵erent, raising the question of the
reason for this. From our results with ProDiMo for Re 50 N IRS
1, it appears that these objects, if they show similar line proper-
ties, namely PP 13 S and V346 Nor, must host a similar distri-
bution of the temperature in the disk and outflow cavity. Thus,
objects like V883 Ori and HH 381 IRS, which show very faint
emission lines, could consist of a colder disk, which would im-
ply that the activity of these objects is way lower than the one of
Re 50 N IRS 1. Also, inclination could play a role for these ob-
jects, with an envelope shadowing emission lines from the disk,
as proposed by Green et al. (2006). There could be also a reduced
outflow cavity, obscuring the disk. This would mean that they are
in an earlier evolutionary stage if the cavity did not become large
yet, but the envelope shows a similar mass infall rate as later ob-
jects. Objects with a similar SED as Re 50 N IRS 1 would be
of interest for further modelling with ProDiMo, to test these as-
sumptions, and also multi-dish (sub-)mm observations with high
angular resolution would provide valuable information about the
inner regions of the objects, in particular the outflow cavity and
the disk, which have not yet been observed, especially if they
can provide information about the temperature.

While the observed features of Re 50 N IRS 1 could be well
reproduced in this work, some line features in other objects could
be an interesting challenge. HH 354 IRS shows a di↵erent shape
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Fig. 1b: The SEDs of
the objects PP 13 S
(top left), Re 50 N IRS
1 (also known as HBC
494) (top right),
V1647 Ori (middle
left), V346 Nor
(middle right), V733
Cep (bottom left) and
V883 Ori (bottom
right). Data similar as
in Figure 1a. The SED
of faint objects (here
V1647 Ori and V733
Cep) is
complemented with
low resolution
spectra from SPIRE
(thick, orange and
purple lines at the
same wavelength
window as the high-
resolution spectra).
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Fig. 2. The SEDs of the objects PP 13 S (top left), Re 50 N IRS 1 (also known as HBC 494) (top right), V1647 Ori (middle left), V346 Nor
(middle right), V733 Cep (bottom left) and V883 Ori (bottom right). Data similar as in Figure 1. The SED of faint objects (here V1647 Ori and
V733 Cep) is complemented with low resolution spectra from SPIRE (thick, orange and purple lines at the same wavelength window as the high
resolution spectra).

with higher sensitivity for CO are required for a deeper analysis
of those lines, as we did for other objects with CO emission in
this paper (see Fig. 5).

Haro 5a IRS Published photometry (Skrutskie et al. 2006,
Reipurth et al. 2004, Lis et al. 1998, Wolstencroft et al. 1986,
Chini et al. 1997) complements the emission to the near-IR and
mm range. PACS and SPIRE spectra in the SEDs show strong
emission lines of atomic (O I) and molecular (CO) species, indi-
cating high column densities. The wavelength of the SED peak
emission lies slightly below 100 µm. In the images of PACS and
SPIRE in Fig. 10, one can recognize more significant di↵use
emission around the target with another object close by in the
north east (HOPS 85). There is also a filament, mainly in the
160 µm channel (red) in the north, which one can also find in the

SPIRE data. The SPIRE data show also some stronger filament-
like emission in the south, so that the target appears to be within
a single filament. We detect CO lines from J = 4�3 to J = 10�9
in the SPIRE spectra, as well as 13CO J = 6 � 5 and J = 5 � 4.
We detect two C I lines (809 and 492 GHz) and provide an up-
per limit for C I at 1300 GHz. The emission in the SPIRE maps
is for C I at 809 GHz and the CO transmission from J = 9 � 8
till J = 5 � 4 separated in two areas: The first one is localized
around the target coordinates, with a slight o↵set for C I to the
north-east. The CO emission is more localized at the target coor-
dinates, with higher emission in the south-west for CO J = 8�7.
The second area is the south-west itself which is emitting even
stronger than the source. Both areas are correlating well with the
RGB images of PACS and SPIRE, and are probably tracing the
filament.
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Occurrence of the CO
rotation temperatures found
in our tar- gets and for
V1057 Cyg, V1331 Cyg and
V1515 Cyg from Green et al.
(2013). Temperatures above
1700 K are not shown here,
because of the high
uncertainty of the
measurements. LTE
temperatures of 0-100 K,
400-500 K, and in some
cases 1000-2000 K. We
confirm the warm
component detected in
FUors by Green et al. (2013).

Fig 4: Line fluxes of the best ProDiMo model (green diamonds) compared to a model with disabled disk accretion
(M = 4.2 × 10−4 M⊙ yr−1, fUV = 0, orange diamonds). The best model uses both, disk accretion (M = 6 × 10−4 M⊙ yr−1 and
the UV field (fUV = 3%) in combination. The thermo-chemical model ProDiMo was adapted by Rab et al. (2017) to account
for the envelope structure in erupting young stars.

CO rotational diagram for the best model 
compared to the observational data obtained with 
Herschel. The gap around 2000 K is caused by a 
non-detection of the lines in the Herschel data. 
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