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Figure 1. A synthesized image of the 870 µm continuum emission
from the TW Hya disk with a 30 mas FWHM (1.6 AU) circular

L1498

The Astrophysical Journal, 805:125 (27pp), 2015 June 1

L1498

tered light emission (Akiyama et al. 2015; Rapson
. 2015; Debes et al. 2013, 2016).
this Letter, we present and analyze observations
shed new light on the substructure in the TW Hya
. We have used the long baselines of ALMA to meathe 870 µm continuum emission from this disk at
nprecedented spatial resolution of ⇠1 AU. Section 2
ents these observations, Section 3 describes a broadh analysis of the continuum data, and Section 4 conrs potential interpretations of the results in the cons of disk evolution and planet formation.
OBSERVATIONS AND DATA CALIBRATION

W Hya was observed by ALMA on 2015 Novem23, November 30, and December 1. The array ined 36, 31, and 34 antennas, respectively, configured
pan baseline lengths from 20 m to 14 km. The correr processed four spectral windows centered at 344.5,
8, 355.1, and 357.1 GHz with bandwidths of 1875,
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How to identify the heritage of PSNe?
❖

In the ISM atoms in different phases and carriers, some
unobservable.
eg. for N: N and N2, in the gas phase, NH3 in the ices.
❖

These are called reservoirs.

❖

Did cosmomaterials (meteorites, comets, etc) record the
interstellar heritage of protosolar nebulae (PSNe) reservoirs?

❖

Isotopic ratios allow to identify species linked to reservoirs.
❖

Ex: D/H, prestellar water reservoir (partially) preserved in
Earth’s water (Cleeves et al 2014).

The wide picture of the N Isotopic ratio, Ʀ

What causes this variability?

Ʀ(CN) in the PSN analog TW Hydra
A&A proofs: manuscript no. paper17

Fig. 1. Integrated intensity (mJy km s 1 /beam) of the C 14N hyperfine component at 340019.62550 MHz (left panel) and of the two C 15N hf
components (right panel) towards TW Hya as seen with ALMA. The C 14N map is the weighted average of the 7 hyperfine components. In each
panel, the average spectrum within 2.600 (dashed circle) is shown (rest frequency scale). For C 14N, the frequency is expressed with respect to
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Ʀ(CN) through direct fits in the UV plane to optically thin lines, ALMA Band 7 data.
Ʀ(HCN) = 200 ± 100 (MWC 480, Guzman et al 2015), improved to 130 ± 30, ALMA Band 5 data.

Alternatively, constraints on the composition of the primitive solar system may be obtained through the observations of
prestellar cores and planet forming disks around solar-type stars,

Shinnaka et al. 2014). The dominant nitrogen reservoir is in fact
the most depleted in 15N. The observed range of values raises
fundamental, yet unsolved, questions on our understanding of
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Optically thin emission!
Ʀ (CN) = 340 ± 30
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Ʀ(CN) through direct fits in the UV plane to optically thin lines, ALMA Band 7 data.
Ʀ(HCN) = 200 ± 100 (MWC 480, Guzman et al 2015), improved to 130 ± 30, ALMA Band 5 data.

Alternatively, constraints on the composition of the primitive solar system may be obtained through the observations of
prestellar cores and planet forming disks around solar-type stars,

Shinnaka et al. 2014). The dominant nitrogen reservoir is in fact
the most depleted in 15N. The observed range of values raises
fundamental, yet unsolved, questions on our understanding of

Ʀ variability in PSNe
❖

If real and not due to systematics:
❖

Two reservoirs of N in PSNe.

❖

Variation seen in the SS not due to evolution:
❖

Heritage from the PSN.

Prestellar origin of Ʀ

❖

❖

Large scatter of Ʀ in the ISM:
❖ Extreme case: N2H+ (e.g. Bizzocchi et al 2013; Fontani et al 2015).
Is this the origin of the variability in the PSN?

Measuring Ʀ in PSCs
P. Hily-Blant et al.: The CN/C15 N isotopic ratio towards dark clouds

❖

It can be measured directly, ex:
NH2 D
R(NH2 D) = 15
NH2 D

❖

Different zero point energies in
reaction paths (chemical
fractionation, CF) different Ʀ in
different carriers. (Terzieva &
Herbst 2000; Hily-Blant et al 2013).

❖

CF only efficient in low
temperature environments: PSCs

❖

may not be efficient at all for N
(Roueff
etabundances
al 2015).
Fig. 1. Fractional
(left) and abundance ratios (right) of selected species. The observed isotopic ratios towards L1544 for HCN and CN,
as well as towards L1498 for CN, are shown as hatched areas (right panel). The 15N atom is noted N., such that CN. matches C15 N, etc. The dotted
line shows the adopted reference elemental isotopic ratio, 14 N/ 15N = 440 (Marty et al. 2011).

Carbon CF in HCN, problems for Ʀ?
❖

Problem: In PSCs main isotopologue is usually
optically thick (e.g. CN, HCN, NH3 -> τ ≿ 10).
❖

Workaround for C bearing species, Ʀ obtained
through double isotopologues, ex:
HCN
H13 CN
R(HCN) =
⇡
⇥
15
15
HC N
HC N

12

C
13 C

ƦC ~70

❖

Old problem: HCN hyperfine (HF) anomalies (e.g.
Kwan & Scoville 1974).

❖

Solution: Radiative transfer (RT) simulations.
❖

Target to reproduce:
L1498 a well studied PSC (e.g. Tafalla et al 2004
& 2006; Padovani et al. 2011).

❖

Constrain physical structure.

❖

RT of all isotopologues together.

L1498 in context

L1498

Physical structure of L1498
❖

To do the RT a good model of the
physical structure is needed.

❖

Herschel-SPIRE continuum data has
been used to constrain the density
structure of L1498.

❖

The physical structure obtained is
consistent with previous works
(e.g. Tafalla et al 2004).

A new possibility: fractionation in the ices
❖

Roueff et al. 2015 no gas phase CF for N.

❖

Small Ʀ towards B1 (Daniel et al. 2013):
❖

❖

Other mechanism at work?

Is this new mechanism in the ices?
❖

Deuteration and D/H exchanges are known to occur
in ices (e.g. Faure et al. 2015)

IRAM-30m Observations

Model predictions for NOEMA

Source: IRAS 03282, Protostar

Fractionation in ices

❖

Towards cold envelope -> Ʀ0

❖

Towards evaporating ice -> Ʀ’0

❖

If Ʀ0 ≠ Ʀ'0 => N fractionation
processes are occurring in the
ices.

Conclusions and perspectives
❖

❖

Ʀ has been measured in two PSN analogs (CN, TW Hya; HCN, MWC 480),
perhaps the first clue for two reservoirs of N in PSNe.
Could these reservoirs have a prestellar origin?
❖

To do so, we are addressing carbon fractionation issue in HCN together with
solving the problem of its HF anomalies:
❖

❖

Inner motions + turbulent envelope -> a 40 year old problem is now solved.

A new possibility for Ʀ variability in the PS phase:
Fractionation in ices.
❖

30m + NOEMA.

❖

ALMA cycle 4 proposal.

