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            Abstract
IRASâ€‰04368+2557 is a solar-type (low-mass) protostar embedded in a protostellar core (L1527) in the Taurus molecular cloud1,2, which is only 140 parsecs away from Earth, making it the closest large star-forming region. The protostellar envelope has a flattened shape with a diameter of a thousand astronomical units (1â€‰au is the distance from Earth to the Sun), and is infalling and rotating3,4,5. It also has a protostellar disk with a radius of 90â€‰au (ref. 6), from which a planetary system is expected to form7,8. The interstellar gas, mainly consisting of hydrogen molecules, undergoes a change in density of about three orders of magnitude as it collapses from the envelope into the disk, while being heated from 10â€‰kelvin to over 100â€‰kelvin in the mid-plane, but it has hitherto not been possible to explore changes in chemical composition associated with this collapse. Here we report that the unsaturated hydrocarbon molecule cyclic-C3H2 resides in the infalling rotating envelope, whereas sulphur monoxide (SO) is enhanced in the transition zone at the radius of the centrifugal barrier (100â€‰Â±â€‰20â€‰au), which is the radius at which the kinetic energy of the infalling gas is converted to rotational energy. Such a drastic change in chemistry at the centrifugal barrier was not anticipated, but is probably caused by the discontinuous infalling motion at the centrifugal barrier and local heating processes there.
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                    Figure 1: IRAS 04368+2557 in the cyclic-C3H2 (523â€“432) and SO (JN = 78â€“67) lines.


Figure 2: A model of an infalling rotating envelope.
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Extended data figures and tables

Extended Data Figure 1 Distribution of 0.8-mm continuum emission from dust grains.
The synthesized beam size is 0.61â€²â€²â€‰Ã—â€‰0.39â€²â€². Contour levels are âˆ’10Ïƒ, âˆ’5Ïƒ, 5Ïƒ, 10Ïƒ, 20Ïƒ, 40Ïƒ, 80Ïƒ and 160Ïƒ where 1Ïƒ is 1.1â€‰mJy.


Extended Data Figure 2 Integrated intensity maps and PV diagrams of cyclic-C3H2 (918â€“827/928â€“817) and SO(JN = 76â€“65).
Contours are every 3Ïƒ (34.5â€‰mJyâ€‰beamâˆ’1â€‰kmâ€‰sâˆ’1), starting from 3Ïƒ (the outermost contour), for a, every 3Ïƒ (30â€‰mJyâ€‰beamâˆ’1), starting from 3Ïƒ, for b, every 20Ïƒ (140â€‰mJyâ€‰beamâˆ’1â€‰kmâ€‰sâˆ’1), starting from 10Ïƒ, for c, and every 3Ïƒ (12â€‰mJyâ€‰beamâˆ’1), starting from 3Ïƒ, for d.


Extended Data Figure 3 Velocity profile along the line of sight.
a, A schematic illustration of the infalling rotating envelope and definition of the coordinates. An observer is on the left-hand side, and is looking at the envelope in an edge-on configuration. In front of the radius of the centrifugal barrier, r0, the accretion shock appears. Inward of the centrifugal barrier, a disk structure is expected. b, Velocity profile along the line of sight with an offset of xâ€‰au from the protostar. Only the velocity field of the infalling rotating envelope is shown.


Extended Data Figure 4 Velocity channel maps of the SO JN = 78-67 line.
Contours show 3Ïƒ, 6Ïƒ, 9Ïƒ, 12Ïƒ, 15Ïƒ, 20Ïƒ, 30Ïƒ and 40Ïƒ where 1Ïƒ is 7â€‰mJyâ€‰beamâˆ’1. The cross mark represents the continuum peak position.


Extended Data Figure 5 Velocity channel maps of the cyclic-C3H2 523-432 line.
Contours show every 3Ïƒ where 1Ïƒ is 4â€‰mJyâ€‰beamâˆ’1. The cross mark represents the continuum peak position.


Extended Data Figure 6 Velocity structure of the SO JN = 78â€“67 line.
a, Position velocity map along the east direction through the protostar position. Contours are every 4Ïƒ (28â€‰mJyâ€‰beamâˆ’1) starting from 2Ïƒ. No effect of the outflow can be recognized. b, First moment map. The lowest level is 3Ïƒ. The cross mark represents the continuum peak position.


Extended Data Figure 7 Spectral profiles of SO (JN = 78-67) line.
Spectra towards the three positions centred at the protostar position are shown.


Extended Data Figure 8 Ï‡2 plot for constraining the SO column density, the H2 density and the gas temperature.
a, The plot is prepared from the minimum Ï‡2 value with respect to the H2 density and the temperature for each SO column density. b, Contours represent the Ï‡2 value as a function of the H2 density and the temperature with the SO column density of 4â€‰Ã—â€‰1014â€‰cmâˆ’2.


Extended Data Table 1 Flux densitiesFull size table
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        Editorial Summary
The chemistry of stellar disk formation
The young protostar IRAS 04368+2557 in the constellation of Taurus is surrounded by an infalling and rotating protostellar envelope and an inner protostellar disk out of which a planetary system is expected to form. Nami Sakai et al. report the presence of cyclopropenylidene (cyclic-C3H2) in the protostellar envelope, and enhanced sulphur monoxide (SO) at the centrifugal barrier, inward of which the disk is forming. The chemistry revealed at the transition from envelope to disk had not been predicted in models, and provides useful clues to understanding the mechanisms of disk evolution around stars.
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