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ABSTRACT

The evidence of a relation between the mass accretion rate and the disk mass is established for

young, Class II pre-main sequence stars. This observational result opened an avenue to test theoretical

models and constrain the initial conditions of the disk formation, fundamental in the understanding

of the emergence of planetary systems. However, it is becoming clear that the planet formation starts

even before the Class II stage, in disks around Class 0 and I protostars. We show for the first time

evidence for a correlation between the mass accretion rate and the disk mass for a large sample of

Class I young stars located in nearby (< 500 pc) star-forming regions. We fit our sample, finding that

the Class I objects relation has a slope flatter than Class II stars, and have higher mass accretion rates

and disk masses. The results are put in context of the disk evolution models.

Keywords: Star formation; Stellar accretion disk; Protostars; Low mass stars; Planet formation; Cir-

cumstellar disks; Circumstellar dust

1. INTRODUCTION

Young stellar objects (YSOs) evolve as a result of a

complex interplay between the forming star, the circum-

stellar disk, where planet formation occurs, and the en-

velope. Modeling efforts to describe such intricate inter-

play span all ranges of the protostellar lifetime from pre-

stellar cores to non-accreting young stars. However, the

comparison of theoretical predictions with observations

of stellar properties is limited to the well-characterized

Class II disks of the pre-main-sequence phase (Manara

et al. 2022, and references therein).

Observations of the Class 0/I stages are especially im-

portant in the context of constraining the initial con-

ditions for the models of disk evolution. In particular,

a fundamental parameter which describes part of this

interplay is the mass accretion rate (Ṁacc) which corre-

lates with the disk mass (Mdisk). This correlation was

predicted by viscous model (Hartmann et al. 1998), and

recently confirmed by observations (Manara et al. 2016)

for Class II objects.

Since the advent of submillimeter interferometry and

complete surveys of planet-forming disks, our knowledge

of the disks around the youngest protostars has greatly

expanded (Sheehan & Eisner 2017; Williams et al. 2019;

Maury et al. 2019; Tychoniec et al. 2020; Tobin et al.

2020; Miotello et al. 2022). At the same time, thanks

to new infrared (IR) facilities, some efforts to charac-

terize stellar properties of the youngest stars (e.g., Laos

et al. 2021; Fiorellino et al. 2021) as well as available

archival observations (Muzerolle et al. 1998; White &

Hillenbrand 2004; Doppmann et al. 2005; Connelley &

Greene 2010) show a promising way to investigate Ṁacc

in the protostellar phase.

In this letter we put recent observations of Class I pro-

tostars in the context of disk evolution models, both

in the viscous and disk wind paradigms (Lodato et al.

2017; Tabone et al. 2021), and models of early stages

of core collapse and disk formation (Zhao et al. 2020;

Hennebelle et al. 2020). We present and discuss the
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Ṁacc vs.Mdisk relation for the first time for Class I pro-

tostars.

2. SAMPLE & METHOD

This work is based on the already existing observa-

tions of protostellar sources. The sample analysed here

is composed of 26 Class I young stars (whose spectral

index between 2 and 24µm is α > −0.3, i.e. we include

also Flat spectrum objects) located within 500 pc of the

Sun. The choice of these sources is driven by the need of

an homogeneous computation of the mass accretion rate

and the disk mass. Therefore, we collect sources whose

accretion analysis is based on near-IR (NIR) spectro-

scopic tracers, and for which millimeter archival data

from which we calculate the disk dust mass are avail-

able. These criteria were satisfied by the 3 objects from

Nisini et al. (2005a) in Corona Australis cloud; the 3 ob-

jects from Antoniucci et al. (2008) all within 450 pc; 6

objects out of the 10 analysed by Fiorellino et al. (2021)

in NGC 1333 cluster in the Perseus star-forming region;

and 14 objects from Fiorellino et al. (submitted) out of

the 40 protostars analysed therein. The list of targets

included in the analysis is reported in Appendix A.

2.1. The Mass Accretion Rate

The mass accretion rate for all these sources was com-

puted by using similar methods that provide comparable

results. The main common assumption is that the accre-

tion during the Class I stage can be described through

the magnetospheric accretion scenario (for a recent re-

view, see Hartmann et al. 2016) and computed with the

related equation:

Ṁacc ∼
(

1 − R?
Rin

)−1
LaccR?
GM?

(1)

where Rin is the inner-disk radius which we assume

to be Rin ∼ 5R? (Hartmann et al. 1998), and G is

the gravitational constant. Nisini et al. (2005a) com-

puted the accretion luminosity by the difference be-

tween the bolometric and the stellar luminosity. They

found that their results for Class I protostars were in

agreement with Lacc computed using empirical relations

which link the HI emission lines, Paβ and Brγ, with the

accretion luminosity in Class II PMS stars from Muze-

rolle et al. (1998). Antoniucci et al. (2008) derived

the accretion rates using a self-consistent method based

on the aforementioned empirical relations, the assump-

tion that the bolometric luminosity is the sum of the

accretion and stellar luminosity (Lbol = Lacc + L?),

the equation of the bolometric magnitude in K band:

Mbol = BCK+mK+2.5 log(1+rK)−AK−5 log(d/10pc),

and the assumption that these sources lie on the birth-

line (as described by Palla & Stahler 1990). Later on,

Fiorellino et al. (2021) and Fiorellino et al. (submit.)

adopted the same self-consistent method by using the

most recent empirical relations by Alcalá et al. (2017)

and assuming the age of these sources is between the

birthline and 1 Myr, based on Spitzer-based lifetime es-

timates for Class I and Flat objects (Enoch et al. 2009;

Dunham et al. 2014). For a detailed description of the

self-consistent method we refer the reader to Antoniucci

et al. (2008) and Fiorellino et al. (2021). Average errors

on the mass accretion rate is 0.8 dex (Fiorellino et al.

2021). However, we note that since young stars vari-

ability, a further 0.5 mag uncertainty in flux (Lorenzetti

et al. 2013) should be considered. This propagates a

variation on the flux of about 50%, enlarging the uncer-

tainties on the Ṁacc as a consequence.

We would like to focus the attention of the reader

on the following observational limit. This kind of mass

accretion analysis is possible only for sources where the

IR veiling due to the disk and envelope is sufficiently

low that we can see the photosphere. Usually, according

to the current correspondence between Classes based on

the SED spectral index and evolutionary path, the less

embedded objects are the more evolved ones. Therefore,

we can consider this sample of Class I representative of

the brightest and more evolved Class I protostars.

2.2. The Disk Dust Mass

For the overall sample we performed a coordinate

and sources name search across the literature and also

looked for archival interferometric data. We included a

dust mass measurement in our analysis if the flux mea-

surement was available at <1” resolution. In the sub-

arcsecond regime with size of the beam comparable to

the disk size, the envelope contribution is usually negli-

gible, especially for Class I systems where the envelope

is largely dissipIn the sub-arcsecond regime with size

of the beam comparable to the disk size, the envelope

contribution is usually negligible, especially for Class I

systems where the envelope is largely dissipated (Ty-

choniec et al. 2020). If there was no flux reported in

the literature but data was available in the archive, we

performed 2D Gaussian fit to the continuum image to

extract the flux density.

ated (Tychoniec et al. 2020). If there was no flux

reported in the literature and data was available in the

archive, we performed 2D Gaussian fit to the continuum

image to extract the flux density. This was done on the

pipeline processed products in the archive, without any

additional processing.

From the flux density (Fν) we calculated the dust mass

by inverting the modified black-body equation:

Mdust =
d2Fν

κν(β)Bν(Tdust)
, (2)
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where d is the distance to the source, Bν is the Planck

function for the dust temperature Tdust, and κν is the

dust opacity at the frequency of the observation ν. The

disk mass (Mdisk) is obtained from the dust mass as-

suming a typical dust-to-gas ratio of 1:100. Eq. 2 is

accurate for optically thin emission, otherwise it pro-

vides a lower limit on the dust mass measurement. An

isothermal disk with T = 30K is assumed, which is the

temperature typically used for young, embedded disks.

If the disks are colder, similar to the Class II systems,

this would result in the increase of the total dust mass.

Dust opacity value at 1.3 mm is 0.00899 g cm−2 from

Ossenkopf & Henning (1994) and for observations at

different wavelengths the spectral emissivity is scaled

with β = 1, which assumes some degree of grain growth

(Natta et al. 2005). With uniform assumptions on dust

properties we are not introducing additional discrepancy

between the disks measured within different observing

projects. The accuracy of the disk mass estimation is a

matter of ongoing debate (see Miotello et al. 2022; Ma-

nara et al. 2022, and references therein). Several studies

point to severe underestimation of the disk mass due to

optical thickness or dust scattering (Zhu et al. 2019).

Recent work of Sheehan et al. (2022) shows that Class

0/I disk dust masses can be overestimated – especially

on the low-mass end – if the simplistic assumption of

isothermal disk is used. Combined, these effects would

result in increased spread of the disk masses (i.e., more

massive disks would be even more massive while the low-

mass end would have even lower masses).

3. RESULTS AND DISCUSSION

Viscous models of disk evolution predict a strong cor-

relation between Ṁacc and Mdisk (e.g. Hartmann et al.

1998; Dullemond et al. 2006; Rosotti et al. 2017). In

the last years, this relation has been investigated in

CTTSs samples thanks to accurate measurements of the

mass accretion rate and disk mass for several nearby

(< 500 pc) star forming regions (see Manara et al. 2022,

and references therein). In brief, these works show that

the predicted trend is confirmed by observations with a

spread of about ∼ 1 dex (Manara et al. 2016). Moreover,

the spread is still present for old star-forming regions as

Upper Scorpius (Manara et al. 2020). This is contrary

to expectations of the viscous model which predicts a

decrease of the spread with the age of the CTTSs pop-

ulation. An interesting missing piece of information in

this debate is whether the strong correlation is still valid

in the earlier stages, where the viscous timescale starts

to be comparable or larger than the YSOs lifetime it-

self. In particular, with information of the accretion

rates and disk masses in the earlier stages of evolution

Figure 1. Mass accretion rate vs. disk dust mass. Red
filled circles are the Class I sources where Ṁacc is the mean
value between results assuming the birthline and 1 Myr old
evolutive track. Purple filled circles are other Class I from
the literature. Empty circles are Class II from Lupus sam-
ple. Black dashed lines correspond to several disk depletion
times tν = Ṁacc/Mdisk, from 103 yr (top) to 107 yr. A rep-
resentative error bar for the mass accretion rate is shown in
grey on the top left corner of the plot.

we can constrain initial conditions for the disk evolution

models.

3.1. Ṁacc/Mdisk in Class I protostars

Fig. 1 shows the mass accretion rate as a function of

the total disk mass for our sample of Class I protostar.

For each source, we plot the Ṁacc derived assuming

the sources on the birthline and the one derived assum-

ing they are 1 Myr old, which correspond to the edges

of the possible values. We also plot Class II disks in

Lupus, for which properties were obtained by Manara

et al. (2022), for a comparison of our sample with more

evolved sources. The depletion time tν = Ṁacc/Mdisk

from 103 yr to 107 yr are plotted (black dashed lines).

The plot shows that the more disk massive Class I sys-

tems are matching a trend seen for Class II disks in Lu-

pus star-forming region from Manara et al. (2016) with

depletion times 104 yr < tν < 107 yr. An exception is

represented by two protostars, the ones with the less

massive disk, and the only two sources laying on a re-

gion of the Ṁacc vs.Mdisk described by depletion times

shorter than 104 yr . Considering the overall sample of

Class I, there is a large scatter on Ṁacc vsMdisk distribu-

tion. This trend is particularly notable in sources with

Mdisk < 10−2 M�.

To investigate the relation between Class I and

II YSOs samples, we performed a two-sample Kol-

mogorov–Smirnov test (KS test) to quantify the differ-
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Figure 2. Mass accretion rate vs. disk dust mass. Symbols
are as in Fig. 1. The blue line corresponds to our best fit for
the overall sample of Class I YSOs, while the light blue lines
are a subsample of the results of some chains. The dashed
grey shows the best fit for Class II YSOs

(Manara et al. 2016).

ence of their Mdisk/Ṁacc/yr distributions. We obtained

that the probability that the Class I and II samples could

have been drawn from the same probability distribution

is 0.2 considering Class I on the birthline, and 0.4 con-

sidering Class I being 1 Myr old. Assuming the two ages

as “limits” for our sample, the probability that our sam-

ple of Class I YSOs is drawn from the same probability

distribution of the Lupus Class II is 0.2 < p < 0.4. We

note that by assuming 1 Myr as the Class I sample age,

the probability to have the same statistical distribution

of Class II is not negligible. This result shows that the

Mdisk/Ṁacc/yr distribution can be separated depend-

ing on the evolutionary stage of the disk, evolving with

the age. This can be due to a different evolution of

the disk during the Class I stage, when the refuel from

the envelope is not negligible. Fig. 1 also suggests that

Class I disks accrete more material on the central star

than Class II.

In Fig. 2 we performed a linear regression fit of the

Class I protostars sample (light-blue dashed line) con-

sidering the mean value of the Ṁacc between the one

computed assuming sources on the birthline and 1 Myr

old, having as error the standard deviation plus the in-

trinsic uncertainty. We used the hierarchical Bayesian

method by Kelly (2007) which considers error in both

the axes of the plot. We found the following rela-

tion log(Ṁacc) = (0.3 ± 0.2) log(Mdisk) + (−6.3 ± 0.3)

with a standard deviation of 0.4 ± 0.1. We compare

our fit with the one performed for Class II (Manara

et al. 2016). The grey dashed line in Fig. 2 shows the

Class II slope of 0.7 ± 0.2 moved upwards in the plot,

at the same intercept we obtained. Our best fit shows

a slope flatter than the one obtained for Class II, lying

always above the Class II sample. We note that if we

remove from the fitted sample the two sources with the

smallest disk mass, we find a slope of 1.1 ± 0.2, com-

patible within the error with the Class II slope. This

could suggest that to determine how and how much the

Class I and II YSOs Ṁacc −Mdisk distributions are dif-

ferent, we should analyse Class I objects with low disk

mass, comparable with the disk mass typical of Class II

sources, to verify whether these two sources are out-

liers or Class I show a flatter slope in general. On the

other edge of the distribution, we expect that more em-

bedded (and younger) protostars, with Mdust > 20 M⊕
(i.e. Mdisk > 6× 10−4M�), would lay above the current

distribution, i.e. higher Ṁacc and similar Mdisk, as sug-

gested by simulations by Hennebelle et al. (2020) which

provide almost constant value of about 1.5 × 10−2 M�
for protostellar disk mass until 0.16 Myr. In this case,

it would be possible to exclude the same evolutionary

path (same slope) with different initial disk conditions.

Limiting our discussion to the Class I we analysed, we

can state that they tend to have higher mass accretion

rate when contrasted with Class II disks with a com-

parable disk mass, and that the Ṁacc/Mdisk distribu-

tion is flatter in Class I than in Class II YSOs. This

implies that, assuming Mdisk and Ṁacc constant within

the Class I lifetime (∼ 0.54 yr, Enoch et al. 2009; Dun-

ham et al. 2014), the disk should be dissipated within

105 − 106 yr for most of the protostars in our sample.

But we know that the presence of the disk on the YSOs

systems last until ∼ 106 − 107 yr. Possible solutions to

this discrepancy are:

(a) Ṁacc is not constant. For example, it can be possible

that during this so short evolutionary stage, Ṁacc de-

creases rapidly, reaching lower values typical of Class II

objects, not totally dissipating the disk;

(b) Ṁacc is constant during the Class I protostellar stage,

but the disk is fuel by an “extra mass” coming from the

envelope.

While we still have to collect suitable data to check

predictions on the Ṁacc/Mdisk distribution which con-

sider a continuous fuel of material from the envelope

to the disk (i.e. Hueso & Guillot 2005), the scenario

in which Ṁacc decreases rapidly to conserve the disk

is described Lodato et al. (2017). To investigate this

hypothesis, we plot on Fig. 3 the comparison between

our results and isochrones by Lodato et al. (2017) for

Mdisk/Ṁacc = 104, 105, and 105 yr, and initial disk mass

of 0.01, 0.1, and 1 M�. Results suggest that there is no
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Figure 3. Mass accretion rate vs. disk dust mass. Symbols
are as in Fig. 1. Brown, light blue, and blue dashed lines are
isochrones from Lodato et al. (2017) at tν = 104, 105, and
106 yr, respectively. For each tν we show in solid, dashed,
and dash-dotted lines isochrones for three different initial
disk masses (0.01, 0.1, and 1M�, respectively).

correlation between the assumed age of the stars and

the viscous timescales of the isochrones, and that our

data can be reproduced by a variety of isochrones with

different tν and initial disks conditions. We note that

most of the sources cluster in the region between 105

and 106 yr and Mdisk,0 between 0.01 and 1 M�.

3.2. The Ṁacc/Mdisk Evolution

The comparison between Class I and Class II

Ṁacc/Mdisk distributions leads to the question: are

our Class I sources going to reproduce Lupus Class II

population in 1 Myr? A positive answer to this question

would imply not only that the disk is able to survive

until Class II stage, but also that the Ṁacc and Mdisk

values are compatible with the Class II population ones.

In order to put the measured accretion rates and disk

masses in the context of disk evolution models, we plot in

Fig. 4 evolutionary tracks of different evolution models,

namely viscous evolution, pure disk wind evolution, and

hybrid case in which both modes of evolution are in

place. Each of the models is briefly described below.

According to Lodato et al. (2017), the evolutionary

track of a viscously evolving disk is prescribed as :

Ṁacc =
1

2(2 − γ)

M0

tν

(
Mdisk

M0

)5−2γ

(3)

where M0 is the initial disk mass, tν is the aforemen-

tioned viscous timescale, and γ is a factor depending on

the value of the viscosity and the radius of the source.

Figure 4. Mass accretion rate vs. disk dust mass. Symbols
are as in Fig. 1. Solid lines represent evolutionary tracks
assuming different models: purely viscous (orange), hybrid
of viscous and MHD wind (brown), and dominated by MHD
wind (light blue).

For γ we assume 1.5, following value assumed in Lodato

et al. (2017), where 1.5 is showed to be consistent with

Minimum-Mass Solar Nebula and the value between 1.2

and 2 is needed to reproduce the evolution of disks in

Lupus. We set M0=1 M� to match presented samples.

Evolution of the disk under both MHD disk wind and

viscous effects (i.e. hybrid model) follows a relation de-

scribed in Tabone et al. (2021):

Ṁacc = Ṁacc,0

(
Mdisk

M0

)ψ+3+4ξ
ψ+1+2ξ

, (4)

where Ṁacc,0 is the initial accretion rate, ψ is the ratio

between wind and turbulent torque, ξ is the mass ejec-

tion index, which is a derivative of ln(Ṁacc) over ln(r)

as defined in (Ferreira & Pelletier 1995). Values of the

parameters used to compare the model with our results

on Fig. 4 are: ψ=3, ξ = 0.1875 following prescription in

Tabone et al. (2021) and Ṁacc,0 = 105 yr is used to best

fit the data. In a disk where accretion and mass-loss

evolution is purely dependent on the MHD wind, the

relation can be parametrized as follows (Tabone et al.

2021).

Ṁacc = Ṁacc,0

(
Mdisk

M0

)1−ω

, (5)

where ω is an index that describes the dependence of the

disk wind torque on characteristic surface density. For

the representative comparison we select intermediate

value of ω=0.5 and Ṁacc,0 = 105yr to best fit the data.
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Tabone et al. (2021) showed that the slope of the evo-

lutionary track changes when MHD disk wind effect are

introduced. The slope becomes shallower for disk wind

with magnetic field strength decreasing with time, up to

becoming completely flat (constant accretion rate with

decreasing mass) for constant magnetic field strength

with disk evolution. The pure viscous model prescribed

by Eq. 3 is shown in Fig. 4 (orange line), together with

the evolutionary tracks of an hybrid model of viscous

and MHD disk wind (brown line), and another hybrid

model where MHD disk wind largely dominates the

evolution (brown dashed line), reproduced using Eqs. 60

and 61 in Tabone et al. (2021), respectively. Fig. 4

suggests that we can conclude that the pure viscous

model does not describe well the transition between our

Class I sample and Lupus Class II, at least, not for the

protostars with disk masses � 10−2 M� and > 0.1 M�.

Also the purely MHD disk wind evolution of the accre-

tion disk seems unlikely to reproduce the evolution from

Class I to Class II that we observe. But it is interesting

to notice that the slope of the MHD wind model can

reproduce the trend of the only Class I sample if shifted

toward the top of the plot, i.e. by assuming higher Ṁacc.

However, the plot qualitatively suggests that the hybrid

model can better represents both the Class I ans II data

distribution, therefore some wind contribution should

be included in the viscous evolution to best reproduce

the observations.

Limitations of comparing our observational results with

models lies in the following two reasons. First, these

models do not investigate the earliest stages of the star

formation, in other words, both models by Lodato et al.

(2017) and Tabone et al. (2021) set the disk mass to

a fixed value which dissipates with time as mass is ac-

creted on the forming star, while in the protostellar

phase the disk mass is replenished by the envelope.

Second, both the magnetic effects and the disk viscous

timescale depends on the environmental effects, and our

sample is composed by Class I stars belonging to very

different regions in the solar neightbothood. Naturally,

observations of single star-forming clouds and models

that include the earliest stages of disk formation are

necessary to further constrain the disk wind and viscous

models. Also, the disk masses are highly uncertain, so

obtaining disk masses at longer wavelengths like the

upcoming Band 1 of ALMA or the shortest VLA wave-

lengths would improve this analysis. Moreover, the

uncertainty on the protostars’ age propagates to the

mass accretion rate, providing uncertainties larger than

for Class II PMS stars.

3.3. Ṁacc vs.Mdisk relation and planets formation

Assuming that planets form by accreting materials

onto planetesimals, and given some assumptions on the

disk structure and evolution, in the last decade many

population synthesis models were developed to describe

different kind of produced exoplanetary systems (see

Benz et al. 2014, for a review). In particular, the popula-

tion synthesis of planet formation by Lubow & D’Angelo

(2006) predicts a population of disks with greatly de-

creased accretion rates onto protostars due to the pres-

ence of gas giant planets. We do not see this population

in the Ṁacc –Mdisk plot, as Manara et al. (2019) for

CTTSs, showing that this effect is not present even in

younger disks. It is unclear if those disks are massive

enough to host gas giants or perhaps this effect is not

present in general.

4. SUMMARY AND CONCLUSIONS

We presented for the first time in this letter the

Ṁacc vs.Mdisk plot populated with also Class I YSOs,

shifting to the protostellar stage the investigation of the

disk initial conditions, crucial to understand the star and

planet formation. Our data show that younger sources

present higher mass accretion rate, more massive disks

in general, and have “depletion times” (i.e. Mdisk/Ṁacc)

faster than Class II YSOs suggesting an evolutionary

trend between Class I and II YSOs. We also measure

higher Ṁacc in Class I than in Class II with the same

disk mass. Since our sample is limited to brightest and,

thus, older sources among Class I, we can consider our

results as lower limits for Class I in general.

We fitted the Ṁacc/Mdisk distribution of our Class I

sample finding a slope flatter than the corresponding

slope for Class II sources. But focusing only on the more

massive disks, we found the Class I slope is in agreement

with the Class II slope, suggesting that differences be-

tween the Ṁacc −Mdisk distributions of Class I and II

should be investigated in protostars whose disk mass is

comparable with typical Class II Mdisk.

We tested our results with most recent viscous and

MHD wind models. We tentatively speculate that our

data can be described by viscous model together with

some contamination by MHD winds (hybrid model).

However, we find no definitive conclusions about which

of these models better represent our data. We associ-

ated this to the absence of an envelope feeding the disk

in these models, and to the fact that even if our sample is

analysed in an homogeneous way, it is affected by differ-

ent environmental effects, since these protostars belong

to different star-forming regions.

Uniform samples of Class I and Class II protostars

with identical initial conditions, i.e. in the same star-
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forming region, and theoretical models which describe

both stages are necessary to draw solid conclusions on

the evolutionary path of YSOs and to be able to set

the initial conditions for stars and planets formations.

While VLT/KMOS can be used efficiently on larger sam-

ples, JWST will deliver most sensitive information on

photospheres with NIRSpec and eventually enable the

investigation of the protostellar accretion rates for even

more embedded sources with MIRI.
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APPENDIX

A. THE SAMPLE

Tab. 1 lists the main properties of the protostars included in the analysis.

Table 1.

Name Cloud Distance Ṁacc Mdust ref.

pc M�/yr M⊕

(1) (2) (3) (4) (5) (6)

IRS2 CrA 160.5 ± 1.8 a 3 × 10−7 693.8 ± 1.6 1, 4

IRS5a CrA 160.5 ± 1.8 a 3 × 10−8 587.1 ± 2.1 1, 4

HH 100 IR CrA 160.5 ± 1.8 a 2 × 10−6 443.5 ± 8.0 1, 4

HH 26 IRS L1630 450 8.5 × 10−7 468.7 ± 18.1 2, 5

HH 34 IRS L1641 460 41.1 × 10−7 2282.7 ± 67.7 2, 5

HH 46 IRS Bok globule 450 2.2 × 10−7 1126.8 ± 14.5 2, 6

2MASSJ03283968+3117321 NGC 1333 293 ± 22 b (1.4 − 8.3) × 10−8 12.8 ± 0.8 3, 6

2MASSJ03285842+3122175 NGC 1333 293 ± 22 b (19 − 70) × 10−8 11.3 ± 0.6 3, 6

2MASSJ03290149+3120208 NGC 1333 293 ± 22 b (16 − 38) × 10−8 7.7 ± 2.2 3, 6

SVS 13 (V512 Per)† NGC 1333 293 ± 22 b (19 − 220) × 10−8 969.7 ± 15.5 3, 7

LAL96 213 NGC 1333 293 ± 22 b (13 − 120) × 10−8 318.5 ± 0.9 3, 6

2MASSJ03292003+3124076 NGC 1333 293 ± 22 b (0.8 − 3.6) × 10−8 3.8 ± 1.6 3, 8

CG2010IRAS032203035N Per-IC348 219.8 ± 16.2 a (3.2 − 9.3) × 10−8 167 ± 25 this work, 7

Table 1 continued
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Table 1 (continued)

Name Cloud Distance Ṁacc Mdust ref.

pc M�/yr M⊕

(1) (2) (3) (4) (5) (6)

2MASSJ033312843121241 Per-IC348 319.5 ± 23.7 a (1.5 − 3.0) × 10−7 190 ± 28 this work, 6

BHS98MHO1 Tau-L1495 134.0 ± 7.0 a (1.2 − 3.3) × 10−7 171 ± 18 this work, 9

BHS98MHO2 Tau-L1495 131.0 ± 2.9 a (2.3 − 5.9) × 10−8 100.5 ± 4.5 this work, 9

IRAS041692702 Tau-L1495 129.5 ± 12.9 c (3.6 − 8.3) × 10−8 147 ± 47 this work, 10

VFSTau Tau-Aur 133.9 ± 2.4 a (1.2 − 3.2) × 10−7 1.79 ± 0.13 this work, 11

2MASSJ042200692657324 Tau-Aur 133.9 ± 2.4 d (3.9 − 4.8) × 10−7 139 ± 15 this work, 12

IRAS042952251 Tau-L1546 160.76 ± 16.1 c (2.1 − 4.4) × 10−8 125 ± 62 this work, 10

IRAS043812540 Tau-L1527 141.8 ± 1.4 c (3.2 − 5.9) × 10−8 24.6 ± 4.9 this work, 13

Parenago2649 ONC A 398.5 ± 2.5 a (0.4 − 3.3) × 10−7 105 ± 21 this work, 14

2MASSJ054050590805487 ONC A 440 ± 44 e (3.6 − 8.1) × 10−8 72 ± 15 this work, 15

2MASSJ054049910806084 ONC A 440 ± 44 e (1.3 − 3.7) × 10−7 10.2 ± 2.7 this work, 15

IRAS054050117 ONC B 420 ± 42 e (1.5 − 4.2) × 10−7 191 ± 38 this work, 15

VSCrA CrA 160.5 ± 1.8 a (0.5 − 2.1) × 10−8 306.7 ± 6.9 this work, 4

Note—aParallax distance with Gaia EDR3 direct match (Gaia Collaboration et al. 2021), Distance to the region (error
is set to 10% if not stated in literature): bOrtiz-León et al. (2018), cKrolikowski et al. (2021), dassumed to be the same
as FS TauA where Gaia EDR3 is available, eTobin et al. (2020). References: 1 - Nisini et al. (2005b), 2 - Antoniucci et al.
(2008), 3 - Fiorellino et al. (2021), 4 - ALMA#2019.1.01792.S, 5 - Tobin et al. (2020), Zhang et al. (2016), 6 - Tychoniec
et al. (2020), 7 - Tobin et al. (2018), 8 - Yang et al. (2021), 9 - Akeson & Jensen (2014), 10 - Sheehan & Eisner (2017),
11 - Akeson et al. (2019), 12 - Villenave et al. (2020), 13 - van ’t Hoff et al. (2020), 14 - ALMA#2019.1.01813.S, 15 - Tobin
et al. (2020). Mass accretion rates correspond to the range of values inferred assuming the age varying from the birthline
to 1 Myr.
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