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Possible Planet formation in the young, low-mass, multiple stellar system GGTau-A

Forming planets around binary stars may be more difficult than around single stars [START_REF] Nelson | Planet Formation is Unlikely in Equal-Mass Binary Systems with A ˜50 AU[END_REF][START_REF] Mayer | Gravitational instability in binary protoplanetary discs: new constraints on giant planet formation[END_REF][START_REF] Thébault | Relative velocities among accreting planetesimals in binary systems: The circumprimary case[END_REF] . In a close binary star (< 100 au separation), theory predicts the presence of circumstellar discs around each star, and an outer circumbinary disc surrounding a gravitationally cleared inner cavity [START_REF] Artymowicz | Dynamics of binary-disk interaction. 1: Resonances and disk gap sizes[END_REF][START_REF] Bate | Accretion during binary star formation -II. Gaseous accretion and disc formation[END_REF] . As the inner discs are depleted by accretion onto the stars on timescales of few 10 3 yr, replenishing material must be transferred from the outer reservoir in order to fuel planet formation (which occurs on timescales of ∼1 Myr). Gas flowing through disc cavities has been detected in single star systems [START_REF] Casassus | Flows of gas through a protoplanetary gap[END_REF] . A circumbinary disc was discovered around the young low-mass binary system GGTau-A [START_REF] Skrutskie | Detection of circumstellar gas associated with GG Tauri[END_REF] , which has recently been proven to be a hierarchical triple system [START_REF] Di Folco | the fifth element[END_REF] . It has one large inner disc [START_REF] Andrews | Resolved Multifrequency Radio Observations of GG Tau[END_REF] around the southern single star and shows small amounts of shocked H 2 gas residing within the central cavity [START_REF] Beck | Circumbinary Gas Accretion onto a Central Binary: Infrared Molecular Hydrogen Emission from GG Tau A[END_REF] , but other than a weak detection [START_REF] Guilloteau | The Ringworld Revisited[END_REF] , hitherto the distribution of cold gas in this cavity or in any other binary or multiple star system has never been determined. Here we report imaging of massive CO-emitting gas fragments within the GG Tau-A cavity. From the kinematics we conclude that the flow appears capable of sustaining the inner disc beyond the accretion lifetime, leaving time for planet formation to occur.

The 1-5 Million year old [START_REF] Hartigan | A Spectroscopic Survey of Subarcsecond Binaries in the Taurus-Auriga Dark Cloud with the Hubble Space Telescope[END_REF][START_REF] White | A Test of Pre-Main-Sequence Evolutionary Models across the Stellar/Substellar Boundary Based on Spectra of the Young Quadruple GG Tauri[END_REF] triple stellar system GGTau-A is located at 140 pc in a hole of the Taurus molecular cloud. Its molecular emission is free of contamination [START_REF] Dutrey | Images of the GG Tauri rotating ring[END_REF] and there is no known outflow neither jet associated to the source. The main binary GGTau-A (Aa-Ab) and the close-binary GGTau-Ab (Ab1-Ab2) have an apparent separation of 35 au and 4.5 au, respectively [START_REF] Di Folco | the fifth element[END_REF] .

The outer circumbinary Keplerian disc of gas and dust surrounding GGTau-A consists of a ring extending from radius r ∼ 190 to 280 au and an outer disc extending up to 800 au from the central stars with a total mass ∼ 0.15 M ⊙ [START_REF] Dutrey | Images of the GG Tauri rotating ring[END_REF] .

Using the Atacama Large Millimetre Array (ALMA), we observed GGTau-A in the dust thermal emission at 0.45 mm and in CO J=6-5 line (Fig. 1: panels a,b,c) with an angular resolution θ ≃ 0.25 ′′ or ∼35 au. The continuum image shows cold dust emission from only one circumstellar disc-like structure associated with GGTau-Aa [START_REF] Andrews | Resolved Multifrequency Radio Observations of GG Tau[END_REF][START_REF] Piétu | High resolution imaging of the GG Tauri system at 267 GHz[END_REF] . We estimate the minimum dust disc size to be ∼ 7 au while the minimum mass of gas and dust is roughly 10 -3 M ⊙ about Jupiter's mass. The complex CO J=6-5 spectral line shape at the location of GGTau-Aa also reveals the existence of a CO circumstellar disc of outer radius ∼ 20 au (Methods and Extended Data: Fig. 2). We do not detect cold dust emission around GGTau-Ab even though the existence of inner dust disc(s)

was reported from unresolved Infrared emission [START_REF] Skemer | Dust Grain Evolution in Spatially Resolved T Tauri Binaries[END_REF] . Our 0.45 mm upper limits (Methods) are compatible with tidal truncation which prevents any circumstellar disc to extend beyond about 2 au [START_REF] Di Folco | the fifth element[END_REF] .

The ALMA CO J=6-5 image (Fig. 1 panels a,b,c and Extended Data: Fig. 1 and Fig. 2) also clearly resolves CO gas within the central cavity with a structure indicative of the streamer-like features which have been hinted at by hydrodynamic simulations in binary systems [START_REF] Bate | Accretion during binary star formation -II. Gaseous accretion and disc formation[END_REF][START_REF] Artymowicz | The effect of an external disk on the orbital elements of a central binary[END_REF] . The CO gas appears inhomogeneous as a series of fragments and the structure is dominated by an east-west extension, contrary to the very low level (Signal-to-noise ratio of 2) northern feature seen in continuum reported by [START_REF] Piétu | High resolution imaging of the GG Tauri system at 267 GHz[END_REF] . The IRAM image (Fig. 1 panels d,e,f and Extended Data: Fig. 2) reveals, at lower angular resolution, that the CO J=2-1 emission peaks are located near the inner edge of the outer ring (at radius ∼ 100 -150 au). In contrast, the CO J=6-5 emission peaks near GGTau-Aa and GGTau-Ab, close to the bright regions of near-infrared v = 1-0 S(1) H 2 emission (Fig. 1 panel c) interpreted as shock excited gas at the interface between the streamer and gas associated with the inner discs [START_REF] Beck | Circumbinary Gas Accretion onto a Central Binary: Infrared Molecular Hydrogen Emission from GG Tau A[END_REF] . A study of the excitation conditions (Methods) reveals that CO J=2-1 and J=6-5 emissions arise in different physical conditions. The CO J=2-1 peaks correspond to extended, cold (∼ 35 K) optically thick areas while the CO J=6-5 peaks trace optically thin, warmer gas (∼ 70 K)

particularly at the interface between the streamer and the inner disc of Aa. The mass of each CO J=6-5 clump is about ∼ 5 • 10 -5 M ⊙ (Methods). With a minimum accretion rate of 10 -8 M ⊙ /yr, a fragment reaching the Aa disc may disappear in at most 5,000 years (a few tens times the orbital period of the binary Aa-Ab). The Aa disc mass currently represents about 20 such fragments; in 1 Million year, at least 200 fragments of similar mass must have been accreted to sustain such a disc. The corresponding minimum mass, that accreted from the circumbinary disc, represents about 10 % of the current outer disc mass (∼0.15 M ⊙ ). The morphology of the gas in the CO J=6-5 and J=2-1 maps reveals departures from symmetry, unlike hydrodynamical simulations which predict symmetric streamers for an equal-mass, low eccentricity binary system [START_REF] Bate | Accretion during binary star formation -II. Gaseous accretion and disc formation[END_REF] . GGTau-Aa and Ab each have a mass of about 0.65 M ⊙ [START_REF] White | A Test of Pre-Main-Sequence Evolutionary Models across the Stellar/Substellar Boundary Based on Spectra of the Young Quadruple GG Tauri[END_REF] and their orbital eccentricity is constrained to e ≤ 0.35 [START_REF] Beust | Dynamics of the young multiple system GG Tauri. I. Orbital fits and inner edge of the circumbinary disk of GG Tau A[END_REF] .

The origin of this asymmetry might either be found in this eccentricity [START_REF] Pierens | On the migration of protoplanets embedded in circumbinary disks[END_REF][START_REF] Pierens | Migration and gas accretion scenarios for the Kepler 16, 34, and 35 circumbinary planets[END_REF] or in the triple nature of GGTau, as the binarity of Ab breaks the symmetry.

The change in velocity of the CO J=6-5 emission along the major axis of the dust ring is similar to that of CO J=2-1 (Fig. 1 panels b,e and Extended Data: Fig. 1 and2) and the velocity gradient is that of a rotating disc [START_REF] Dutrey | Images of the GG Tauri rotating ring[END_REF][START_REF] Guilloteau | the ring world[END_REF] . At radius 200 au, we find that the velocity of the CO J=6-5

gas agrees with the known Keplerian speed (Methods and Extended Data: Table 1) derived from existing [START_REF] White | A Test of Pre-Main-Sequence Evolutionary Models across the Stellar/Substellar Boundary Based on Spectra of the Young Quadruple GG Tauri[END_REF] CO maps [START_REF] Dutrey | Images of the GG Tauri rotating ring[END_REF][START_REF] Guilloteau | the ring world[END_REF] and corresponds to the canonical dynamical mass of the triple star GGTau-A (1.28 M ⊙ ) [START_REF] Dutrey | Images of the GG Tauri rotating ring[END_REF][START_REF] Guilloteau | the ring world[END_REF] . This is still true down to a radius of ∼ 70-80 au. Closer to the stars, the velocity pattern of the CO J=6-5 becomes dominated by the individual gravitational field of GGTau-Aa and GGTau-Ab. Limited angular resolution (35 au) precludes detailed kinematical analysis but the study of northern CO J=6-5 peak vicinity reveals that its velocity gradient is dominated by rotation, with departure compatible with infall motion (Methods and Extended Data: Fig. 3).

A second result deals with the dust and gas circumbinary reservoir. The dust emission from the circumbinary ring is very well resolved (Fig. 1 and Extended Data: Fig. 4) but appears uniform within the noise. The combination of the 0.45 mm ALMA image with existing 1.3 and 3.4 mm continuum maps [START_REF] Dutrey | Images of the GG Tauri rotating ring[END_REF][START_REF] Guilloteau | the ring world[END_REF] allows for a direct measurement of the radial dependance of the temperature in the circumbinary dust disc. Using a radiative transfer model (Methods), we determined the dust temperature profile T D (r) = 13.8 × (r/200 au) -1.1 K which gives a temperature of ∼ 8.5 K at 300 au. Thanks to the 0.45 mm image, the derived dust temperature is almost independent from the dust properties. This represents a significant improvement on the knowledge of the midplane physical conditions (Methods, Extended Data: Table 2 and Fig. 4). Since our measurement is the result of vertical averaging of the temperature and the upper layers of the disc are hotter due to direct irradiation by the stellar UV flux, the mid-plane must be even colder. The limited grain growth (Methods) helps explaining the low temperature since small grains are most efficient at attenuating UV radiation coming from the central stars. Furthermore, at the ring inner edge, a puffed-up rim, caused by direct stellar heating, should cast a shadow on the outer region of the disc. Such a shielding effect could explain the steep slope of the temperature profile. Previous 13 CO measurements and analysis yielded a similarly steep slope (exponent ∼ 0.9) for the gas temperature profile in the circumbinary disc but a warmer gas temperature (∼ 20 K, at 300 au) [START_REF] Guilloteau | the ring world[END_REF] . This is consistent with CO molecules being trapped onto grains in the mid-plane, whose temperature is below the CO freeze-out point (∼ 17 K), and CO gas only present in the heated upper layers of the disc [START_REF] Dutrey | Physical and chemical structure of planet-forming disks probed by millimeter observations and modeling[END_REF] .

Fig. 1 shows that, unlike the continuum emission of dust, little CO J=6-5 line emission is detected near the circumbinary disc inner radius at ∼ 200 -250 au. This could be attributable to both inadequate H 2 density to thermalize the upper energy level of the CO transition and to lower sensitivity of the interferometer to relatively large angular scale (> 1 ′′ ) structure (Methods). Fig.

1 also shows strong excess of CO J=6-5 and 2-1 emission at position angle ∼ 120 • (measured East of North) and radius ∼ 240 -270 au. From these CO data alone we cannot discriminate between a temperature and/or density increase (Methods). We suggest that this localized emission is attributable to a progenitor of a sub-stellar body reminiscent of the planetary-mass companion imaged around the low-mass binary 2MASS0103AB [START_REF] Delorme | Direct-imaging discovery of a 12-14 Jupiter-mass object orbiting a young binary system of very low-mass stars[END_REF] . Such a companion would provide a natural explanation for the confinement of ∼ 80% of the circumbinary mass within the ∼ 90 au breadth of the ring [START_REF] Guilloteau | the ring world[END_REF] . Simulations of the evolution of binary systems in which Kepler detected exoplanets demonstrate that Saturn-mass proto-planets can remain at the ring outer edge in some cases [START_REF] Pierens | Migration and gas accretion scenarios for the Kepler 16, 34, and 35 circumbinary planets[END_REF] . We do not detect an outer gap in the gas and dust circumbinary disc of GG Tau-A but existing 12 CO, [START_REF] White | A Test of Pre-Main-Sequence Evolutionary Models across the Stellar/Substellar Boundary Based on Spectra of the Young Quadruple GG Tauri[END_REF] CO and thermal dust images are not incompatible with its existence (Methods).

Our observations demonstrate that active replenishment from the outer disk can sustain the circumprimary disc surrounding GGTau-Aa beyond accretion lifetime, increasing its potential for planet formation. The presence of the condensation at the inner edge of the outer ring is puzzling and needs further investigations to determine its links with accretion processes and possible planet formation. Since almost half of Sun-like stars were born in multiple systems [START_REF] Duchêne | Stellar Multiplicity[END_REF] , our observations provide a step towards understanding the true complexity of protoplanetary discs in multiple stellar systems and unveiling planet formation mechanisms for a significant fraction of stellar systems in our Galaxy.
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This paper makes use of the following ALMA data: ADS/JAO.ALMA2011.0.00059. Since it is an offset, it does not introduce any error on the velocity gradient. The absolute flux scale was determined using Ceres. The ALMA data were calibrated using CASA then exported through UVFITS to be imaged and analysed using GILDAS. Extended Data: Fig. 1 presents the resulting channel maps.

The integrated ring+disc continuum flux is in good agreement with the previous unresolved detection 25 : no more than 20 % of the flux is lost.

For the CO J=6-5 line, we only recover a fraction of the integrated line flux of ∼ 38 ± 8

Jy.km/s [START_REF] Thi | Detection of H 2 Pure Rotational Line Emission from the GG Tauri Binary System[END_REF] . The ALMA antenna configuration exhibits a lack of short baselines which induces a partial loss of flux for the extended structures that deconvolution cannot recover, particularly in the CO circumbinary disc which extends up to 800 au. We ran several disc simulations of the CO J=6-5 emission using the ALMA simulator [START_REF] Pety | ALMA+ACA Simulation Tool[END_REF] with the most extended emission due to deconvolution limits). The continuum image at 1.3 mm was produced using line-free channels. Its effective noise is limited by dynamic range to about 1 mJy/beam. Extended Data: Fig. 2 shows the CO J=2-1 channel maps.

Proper Motions. Accounting for the expected orbital motion, we adopted proper motions of (17,-19) mas/yr for the center of mass of the system [START_REF] Ducourant | Pre-main sequence star Proper Motion Catalogue[END_REF] to merge all data.

Inner dust disc properties For the disc of GGTau-Aa, the total fluxes of 55 mJy at 0.45 mm and 10 mJy at 1.3 mm are consistent with an optically thick dust emission at mean temperature ∼ 35 K [START_REF] Piétu | Faint disks around classical T Tauri stars: small but dense enough to form planets[END_REF] and an outer radius of the order of ∼ 7 au, a size in agreement with the tidal truncation by GGTau-Ab. Assuming a standard dust opacity of 0.02 cm 2 g -1 at 1.3 mm, the minimum disc mass is roughly 10 -3 M ⊙ or a Jupiter's mass worth of gas and dust. The rate at which matter is accreting from the disc onto the surface of GGTau-Aa is in the range of ∼ 10 -7.56 -10 -8.02 M ⊙ /yr [START_REF] Hartigan | A Spectroscopic Survey of Subarcsecond Binaries in the Taurus-Auriga Dark Cloud with the Hubble Space Telescope[END_REF] . Such a disc would dissipate in less than ∼ 3 • 10 4 -10 5 yr without external replenishment. We place an upper limit on the circumstellar disc mass surrounding GGTau-Ab of ∼ 10 -5 M ⊙ at 3σ (a little more than one Earth mass) or an upper limit on its radius of ∼ 1 au by extrapolating the dust opacity to 0.45 mm, 0.067 cm 2 g -1 , and using a similar temperature as in the disc of GGTau-Aa. This is consistent with the separation of Ab1 and Ab2 of ∼ 4.5 au 8 .

Inner cavity: CO excitation conditions We performed escape probability calculations using the code RADEX [START_REF] Van Der Tak | A computer program for fast non-LTE analysis of interstellar line spectra. With diagnostic plots to interpret observed line intensity ratios[END_REF] (http://www.sron.rug.nl/ vdtak/radex/radex.php), a radiative transfer code dedi-cated to calculations of molecular line excitations. At the location of the eastern CO J=2-1 peak (∼80 au from the stars), the CO lines are optically thick, H 2 densities must be greater than 10 5 cm -3 , and the gas is cold with a temperature in the range ∼ 30-40 K. Closer to the stars, the peaks of the bright CO J=6-5 regions correspond to optically thin emission, with a warmer temperature of about 70 K and a H 2 density of ∼ 5 • 10 5 cm -3 . These densities agree with the preshock gas densities derived from shock models for the 2.12µm H 2 emission maps. With a standard CO/H 2 ratio of 10 -4 , the mass of each optically thin clump is of the order of ∼ 3 -7 • 10 -5 M ⊙ .

Inner cavity: CO velocity field We studied the velocity variations of the CO J=6-5 emission.

The spectra displayed in Fig. 3 (Extended Data), at the locations of the CO J=6-5 clumps also

show that the velocity is dominated by rotation. The complexity of the system which is triple and the quality of the data precludes any detailed modeling of the velocity field but some points can be addressed. From a compilation of existing values in the literature, we derive for GGTau-Aa, a velocity of 5.8 ± 0.2km/s [START_REF] Nguyen | Close Companions to Young Stars. I. A Large Spectroscopic Survey in Chamaeleon I and Taurus-Auriga[END_REF] . This implies a difference of the order of 0.6 ± 0.2 km/s with the known systemic (barycentric) velocity of the whole stellar system [START_REF] Guilloteau | the ring world[END_REF] . Fig. 3 (Extended Data) reveals that the measured CO gas velocity near GGTau-Aa is in very good agreement with Aa velocity as it is expected for bound motions. Around the disc minor axis, we note that the iso-velocity contours are twisted at a radius of about 70-80 au from the mass center. Inside this radius, the iso-contours are closely packed, and suddenly spread out beyond. Furthermore, the iso-velocity contours are aligned on the Aa-Ab line between GGTau Aa and Ab. This is exactly what is expected when the gravitation field, externally dominated by the total stellar mass (1.28 M ⊙ ) becomes dominated by the individual objects Aa and the binary Ab. At the location of the CO J=6-5 clumps, the spectra displayed in Fig. 3 also exhibit a large velocity dispersion (δv ≃ 2 -2.5 km/s) which can be partly due to infall. We check this by analysing the velocity field along the minor axis at the northern clump. In an inclined disc, projected velocities due to infall are maximum along the minor axis contrary to rotation velocities which are maximum along the major axis [START_REF] Guilloteau | Physical parameters of the Keplerian protoplanetary disk of DM Tauri[END_REF][START_REF] Rosenfeld | Fast Radial Flows in Transition Disk Holes[END_REF] . Taking into account the beam size of 35 au, we find that the maximum velocity dispersion along the minor axis in a spectrum would be of the order 1.2 km/s if it is only due to Keplerian rotation around central objects of 0.65 M ⊙ (because this CO J=6-5 clump is located in the area where the velocity field is dominated by GGTau-Ab). This is a factor two lower than the observed line-widths of 2-2.5 km/s.

In discs, turbulence cannot explain such a large dispersion [START_REF] Guilloteau | Chemistry in disks. VIII. The CS molecule as an analytic tracer of turbulence in disks[END_REF] . However, infall velocities can be √ 2 larger than Keplerian velocities. It is therefore reasonable to conclude that the observed velocities and line-widths are compatible with a combination of rotation and infall. For the southern clump, located near GGTau-Aa, the velocity profile is very complex. For instance, the spectrum onto the Aa star shows two double peaked profiles, perfectly centered on the velocity of Aa (5.8 km/s), but with significantly different widths (FWHM ≃ 1.5 and 6 km/s). The total velocity dispersion of the broader double peaked profile (∼ 6 km/s) is compatible with a circumstellar disc of outer radius of the order of ∼ 20 au [START_REF] Beckwith | Molecular line emission from circumstellar disks[END_REF] , if the inclination of the system is the same as that of the outer ring (35 o ). Such a CO outer radius is compatible with the value derived from the dust (provided a small part of the dust emission is optically thin) and tidal truncation due to GGTau-Ab (the physical star separation being about 42 au).

Outer disc: dust ring properties We use Diskfit, a radiative transfer code dedicated to the modeling of the disc images in mm/submm regime [START_REF] Boehler | Probing dust settling in proto-planetary discs with ALMA[END_REF] , to analyse the dust properties inside the outer ring using the best data available (3 mm and 1.3 mm PdBI data and 0.45 mm ALMA observations).

A modified Levenberg-Marquardt scheme with step adjustment is used to derive the best fit [START_REF] Piétu | Probing the structure of protoplanetary disks: a comparative study of DM Tau, LkCa 15, and MWC 480[END_REF] . The analysis is performed in the Fourier plane to avoid non linear effects due to the deconvolution.

We explore large ranges for all parameters to avoid local mimima. Fig. 4 and Table 2 (Extended Data) present the results, with 1σ formal errorbars derived from the covariance matrix. The errors are computed on the basis of the difference between data and model, so includes dynamic range limitations in addition to thermal noise. We use simple truncated power laws to model the surface density and temperature. We allow dust emissivity to vary with frequency as (κ

ν = κ o × (ν/ν o ) β ).
Such a simple model is valid for the dust distribution since the emission is known to be confined in a ring with sharp edges [START_REF] Andrews | Resolved Multifrequency Radio Observations of GG Tau[END_REF][START_REF] Guilloteau | the ring world[END_REF] . The derived geometrical parameters are in very good agreement with the previous results [START_REF] Guilloteau | the ring world[END_REF] . Since the dust temperature is mostly constrained by the ratio of the flux density at 0.45 mm and 1.3 mm, we checked that the results remain robust even assuming an absolute flux calibration error as high as 20% at 0.45 mm. The density, temperature and dust spectral index are robust with respect to all minimizations. However, we find a slight dependence between β and the surface density. This is not surprising because in the optically thin case, the brightness temperature is proportional to τ ∝ κ(0.45mm) × Σ(r) (with κ(0.45mm) the absorption coefficient of the dust at 0.45 mm). A better removal of this dependence would require higher angular resolution at 1.3 mm. We found a value for the spectral index β = 1.0 ± 0.1, which indicates moderate grain growth compared to interstellar dust. Such a grain growth is compatible with a recent analysis of the dust ring performed between 7 and 1.3mm [START_REF] Andrews | Resolved Multifrequency Radio Observations of GG Tau[END_REF] . We found a marginal dependency of β with radius, suggesting that larger dust particles reside near the inner edge of the outer disc (i.e. closer to the central stars), as observed for some circumstellar discs orbiting young single stars [START_REF] Guilloteau | A dual-frequency sub-arcsecond study of proto-planetary disks at mm wavelengths: first evidence for radial variations of the dust properties[END_REF] . So far, dust temperatures were derived either from Monte-Carlo dust disc models [START_REF] Madlener | The circumstellar disk of HH 30. Searching for signs of disk evolution with multi-wavelength modeling[END_REF] or one-dimensional thermal models associated to pure mm data [START_REF] Andrews | Resolved Multifrequency Radio Observations of GG Tau[END_REF] . In our case, we are able to directly derive the dust temperature thanks to the deviation from the Rayleigh Jeans regime at 0.45 mm, combined with sufficiently high spatial resolution at 0.45 mm and 1.3 mm. This permits to remove the degeneracy between the temperature and the opacity. This direct measurement is of great interest for a better characterisation of disc mid-planes where planet formation is expected to occur.

Outer disc: CO excitation conditions Analysis of the physical conditions in the outer ring at radius around 200 au shows that the mid-plane H 2 density (∼ 10 9 cm -3 ) is high enough to thermalise CO transitions up to J=6-5 [START_REF] Guilloteau | the ring world[END_REF] . Excitation of the CO J=6-5 line requires a H 2 critical density of ∼ 3 • 10 5 cm -3 . We also derive a dust temperature lower than the CO freeze out temperature of 17 K. Therefore the observed large scale emissions from the CO J=1-0 and J=2-1 transitions must arise from a warmer molecular layer located above the mid-plane as predicted by layered disc models [START_REF] Dutrey | Physical and chemical structure of planet-forming disks probed by millimeter observations and modeling[END_REF] . and revealed by ALMA observations of HD 163296 [START_REF] De Gregorio-Monsalvo | Unveiling the gas-and-dust disk structure in HD 163296 using ALMA observations[END_REF] .

Using our measurement of the dust temperature we find that the hydrostatic scale height of the gas and dust is about ∼ 25 and ∼ 35 au at radii of 200 and 300 au, respectively. If the CO gas originates in a layer located at about 3 scale heights (in agreement with chemical models), and taking into account the vertical temperature gradient the H 2 density would be ∼ 10 5 and ∼ 10 4 cm -3 at radii of 200 and 300 au, respectively. This is sufficient to thermalise the J=1-0 and J=2-1 lines, but not the J=6-5 transition, which can be partially sub-thermally excited outside the ring. Note that any gap at the outer edge of the ring created by an embedded proto-planet (see section below) would imply some sub-thermal excitation there.

Outer disc: a CO hot spot at the outer edge of the ring The CO J=6-5 and J=2-1 maps reveal a brightness enhancement of unknown origin near the outer edge of the dust ring (Fig. 1 and spectrum in Extended Data: Fig. 3). From the CO J=2-1 emission which is optically thick and thermalised, we derive a minimum temperature of ∼ 40 K in this clump. This indicates a temperature enhancement of at least 20 K compared to the surrounding optically thick CO gas. The feature is clearly dominated by the gas emission, unlike the recent detection of a dusty vortex-like structure, or dust trap, in the circumstellar disc associated with Oph IRS 48 [START_REF] Van Der Marel | A Major Asymmetric Dust Trap in a Transition Disk[END_REF] . In the high angular resolution continuum maps at 0.45 mm and 1.3 mm, there is no dust counterpart to this bright CO peak. The dust absorption coefficient being small, only a sufficiently large and massive dust clump would be detectable. Given the effective (dynamic range limited) noise, the (dust) mass limit is about a few 10 -7 M ⊙ at 3σ, or the size must be smaller than about 4 au, assuming a dust temperature of 40 K. In Fig. 3 (Extended Data), there is a marginal excess emission at 1.3 mm (4σ level) in the difference map (right panel) at the location of the blob. This has to be taken with caution since there are other 4σ peaks which likely trace some extended cold emission beyond the ring outer radius [START_REF] Guilloteau | the ring world[END_REF] .

Analysis of the GGTau-A dust ring in term of dust trap, based on resolved images between 7 and 1.3mm, have been recently achieved but remains inconclusive [START_REF] Andrews | Resolved Multifrequency Radio Observations of GG Tau[END_REF] . The presence of the outer binary GGTau-B could induce gravitational disturbances in the circumbinary disc especially if its orbit is eccentric [START_REF] Beust | Dynamics of the young multiple system GG Tauri. II. Relation between the stellar system and the circumbinary disk[END_REF] . However, the total mass of GG Tau B is very low (∼ 0.17 M ⊙ 13 ) and it is located far away from the GGTau-A circumbinary ring (∼ 10" or 1400 au). Therefore, we conclude that it is unlikely that GG Tau B would have induced such a sizeable disturbance in the circumbinary ring.

We explore here another interesting possibility; this feature would be an indirect evidence for an unknown (already formed) embedded companion that is still actively accreting material from the circumbinary disc [START_REF] Gressel | Global Hydromagnetic Simulations of a Planet Embedded in a Dead Zone: Gap Opening, Gas Accretion, and Formation of a Protoplanetary Jet[END_REF] . In this scenario, the planet remains undetectable at mm wavelengths but the warmer accreting envelope can be seen [START_REF] Wolf | Detecting Planets in Protoplanetary Disks: A Prospective Study[END_REF][START_REF] Wolf | On the Observability of Giant Protoplanets in Circumstellar Disks[END_REF] . The presence of such a companion would provide an explanation for the mass confinement in a narrow ring (∼ 80% of the circumbinary mass is located within the ∼ 90 au breadth ring [START_REF] Guilloteau | the ring world[END_REF] ). This situation is similar to the gas free, dusty ring orbiting the more evolved star Fomalhaut, where the confinement by shepherding planets appears as the most consistent explanation [START_REF] Boley | Constraining the Planetary System of Fomalhaut Using High-resolution ALMA Observations[END_REF] .

Simulations of the evolution of Kepler systems where exoplanets have been observed reveal that Saturn-like planets are expected to migrate to reach the 4:1 resonance 20 without opening a gap, except if the disc is very cold, as is the case for the GGTau ring. In such cold discs, a proto-planet can remain at the ring outer edge and the size of the gap will mainly depend on the planet mass [START_REF] Pierens | Migration and gas accretion scenarios for the Kepler 16, 34, and 35 circumbinary planets[END_REF] .

So far, we do not detect a gap in the gas and dust circumbinary distribution of GGTau-A. Our CO J=6-5 map shows that there is almost no CO J=6-5 emission located outside the outer ring; this is expected if there is a gap or a strong density decrease which implies sub-thermal excitation. Gap opening depends on several physical parameters such as the mass of the planet, the disc viscosity and aspect ratio [START_REF] Crida | On the width and shape of gaps in protoplanetary disks[END_REF] . For example, a Saturn-like body located at 250 au, in the circumbinary disc would open a gap of about 35 au assuming standard viscosity (α = 10 -2 ) and aspect ratio h(r)/r = 0.1. Under the same physical conditions, the gap would be only 12 au wide for a Neptune-like planet [START_REF] Takeuchi | Gap Formation in Protoplanetary Disks[END_REF] . Observing a gap in the existing CO J=2-1 map would be difficult because the CO J=2-1 line is very optically thick, making the expected ring/gap brightness contrast difficult to detect, except if the gap is very deep with a high ring/gap density contrast (larger than the CO opacity), and is large enough to be directly seen (about 40 au compared to the beam size). [START_REF] White | A Test of Pre-Main-Sequence Evolutionary Models across the Stellar/Substellar Boundary Based on Spectra of the Young Quadruple GG Tauri[END_REF] CO is less optically thick (by a factor 70) but the existing 13 CO J=2-1 map 21 has an angular resolution (0.88× 0.56 ′′ or 120×80 au) insufficient for a direct imaging. However, a ring/outer disc density contrast of ∼25 at 260 au was reported [START_REF] Guilloteau | the ring world[END_REF] . This contrast can be the signature of an unresolved gap in the [START_REF] White | A Test of Pre-Main-Sequence Evolutionary Models across the Stellar/Substellar Boundary Based on Spectra of the Young Quadruple GG Tauri[END_REF] CO J=2-1 map. A spectroscopic detection [START_REF] Dutrey | Extended Data Extended Data Table 1 Parameters relevant of the analysis of the ALMA data[END_REF] would be possible only on very high sensitivity data which does not exist so far. Very sensitive observations of optically thinner CO isotopologues at high angular resolution (≪ 0.1-0.2 ′′ ) are needed to study the clump properties (including viewing of a gap) and its implications for planet formation scenarios.

Figure 1 :

 1 Figure 1: ALMA (a,b,c) and IRAM (d,e,f) GGTau-A images. (a) 0.45 mm emission (contours) and

  figuration data were obtained on Feb, 16 2008. System temperatures were 120 K. Flux calibration,
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Extended Data Figure 2 Archival PdBI large scale CO J=2-1 channel map. The beam size is 0.68 ′′ × 0.31 ′′ Stars give the location of Aa and Ab. Black ellipses show the ring edges. The three spectra sets (Jy/Beam unit) show the velocity gradient along the northern/southern CO J=6-5 clump, respectively (dominated by rotation). On spectra, the red line is the systemic velocity (6.4 km/s). From east to west, the black contours corresponds to velocity contours of 6.0, 6.4 and 6.8 km/s. The systemic velocity contour is exactly passing between the two stars (barycenter). The single spectrum corresponds to the location of the hot spot. 
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