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研究概要 

「太陽系のような環境はどれほど宇宙で普遍的に存在するのか？」。この問いに答えるには、母

体となる星間分子雲から星や惑星がどのように作られるか、という物理進化の理解が不可欠である。

同時に、星間分子雲で作られた様々な分子がどのように惑星系へもたらされるか、という化学進化

の理解も原始地球環境との関連で非常に重要である。当研究室では、アルマ望遠鏡などの最先端電

波望遠鏡を用いて、これらの両面から星と惑星の誕生過程を研究している。また、観測に必要な分

子の回転遷移輝線の周波数を精密に測定する分子分光実験の準備も進めている。 
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Star and planet formation is one of the most fundamental structure-formation processes in the universe. 
By use of the state-of-the-art radio telescopes including ALMA, we are investigating when a disk structure 
is formed around a solar-type protostar, and how it is evolved into a protoplanetary disk and eventually to 
a planetary system. This is an essential question deeply related to the origin of the Solar system. We 
particularly focus on a relation between physical evolution and chemical evolution during star and planet 
formation. Related laboratory spectroscopic studies in the millimeter and submillimeter regimes are also 
planned.  

 
1. Overview 
    In formation of a solar-type (low-mass) star, a rotationally supported disk is formed around the 
protostar, and is eventually evolved into a planetary system.  A detailed understanding of this process is 
essential in exploring the origin of the Solar System, and hence, it is recognized as one of the principal 
targets of astronomy and astrophysics.  Now such a disk structure is known to exist in the Class I protostars 
and even in some Class 0 protostars on the basis of interferometric observations of the rotational emission 
of CO and its isotopologues including those with Atacama Large Millimeter/submillimeter Array (ALMA).  
However, it is still controversial when and how a rotationally supported disk is formed.   

In addition, a comprehensive understanding of chemical evolution from protostellar cores to 
protoplanetary disks is also important in relation to the origin of the Solar System.  So far, it has been 
established that chemical composition of the protostellar cores shows significant chemical diversity.  One 
distinct case is the hot corino chemistry, which is characterized by rich existence of saturated organic 
molecules.  The other distinct case is the warm carbon-chain chemistry (WCCC), which is characterized by 
rich existence of unsaturated organic molecules such as carbon-chain molecules.  It is proposed that a 



duration time of the starless core phase would cause this diversity; a longer duration time favors hot corino 
chemistry.  More interestingly, how is this chemical diversity brought into protoplanetary disks and 
planetary systems?  Now, ALMA is ready to answer this important question.   
    We are conducting extensive observations of young protostellar sources with ALMA.  Sub-arcsecond 
resolution images of various molecules are obtained toward a few representative sources, and totally 
unexpected physical and chemical features are being unveiled.  The most important result is the discovery 
of the centrifugal barrier of the infalling-rotating envelope and drastic chemical change associated with it in 
L1527 (Sakai et al. 2014).  In this study, we demonstrated that chemical approach is very powerful in 
exploring the disk formation around low-mass protostars.  In L1527, the infalling- rotating envelope is 
traced by carbon-chain molecules and CS, while the centrifugal barrier is highlighted by SO.  On the other 
hand, H2CO traces from the envelope to the disk across the centrifugal barrier.   
    The centrifugal barrier was then identified in a few other young stellar objects. Around the Class I 
protostar in TMC-1A (WCCC type), the CS emission clearly traces the infalling-rotating envelope, while the 
SO emission selectively traces the centrifugal barrier.  Although the distributions of CS and SO are 
asymmetric around the protostar, the essential feature of the chemical differentiation is similar to the L1527 
case.  With the aid of the ballistic model, the radius of the centrifugal barrier is determined to be 50 au. 
The gas certainly keeps falling beyond the centrifugal radius (100 au) in this source (Sakai et al. 2016).  
Another WCCC source IRAS15398-3359 shows a similar trend (Oya et al. 2014). In this source, the CCH and 
H2CO distributions were studied.  The both molecules traces the disk/envelope component as well as the 
out ow cavity. The integrated intensity distribution of the CCH emission shows a marginal dip toward the 
porotostar, while that of H2CO has a clear peak at the protostar.  This trend is consistent with that found in 
L1527, although the velocity gradient was not detected clearly at a resolution of 0.5", because of the small 
protostar mass and the small radius of the centrifugal barrier.  The rotating ring traced by the SO emission 
is also found for L1489 by Yen et al. 
(2014).  This source is a Class I 
protostar in Taurus, and the Keplerian 
disk structure is reported. The 
position velocity diagram of SO shows 
a bar-like feature, indicating the 
rotating ring with the radius of 300 au. 
Unfortunately, no carbon-chain 
molecules and CS were observed for 
this source, and the infalling-rotating 
envelope was not characterized.  
Nevertheless, the SO ring may trace 
the centrifugal barrier, as in the case 
of L1527 and TMC-1A.  Thus, the 
existence of the centrifugal barrier 
and the chemical change there could 
be more general phenomena.   
    Following these studies, we are extending our ALMA observations to the hot corino sources, (2) IRAS 
16293-2422A and (3) NGC1333IRAS4A, as well as hybrid chemical-type sources, (4) L483 and (5) B335, in 
relation to the disk formation.  In relation to the above ALMA studies on disk formation, understanding the 
mechanism of angular momentum extraction is important to form protostar and keplarian disk.  Thus, we 
have also studied molecular outflow (6) in Intermediate-mass protostelar source, HH46/47.  Furthermore, 
we have conducted very high angular resolution observation toward L1527 to understand what is going on 
around the centrifugal barrier (7).  In addition, we studied the deuterium fractionation of H2CO in the 
prototypical WCCC source L1527(8).  This helps us to understand fundamental chemistry occurring in star 
forming cores.  Finally, we studied the origin of gas detected in debris disks around main sequence of 
slightly younger stars, to judge the gas is primordial or secondary origin (9). This study helps us to 
understand the future of the chemistry found in protostellar/protoplanetary disks. 
 



1. ALMA observation of the hot corino source, IRAS16293-2422A (Led by Oya & Sakai) 
    We have analyzed rotational spectral line 
emission of OCS, CH3OH, HCOOCH3, and H2CS observed 
toward the low-mass Class 0 protostellar source IRAS 
16293–2422 Source A at a sub-arcsecond resolution (∼
0.6” × 0.5”) with ALMA. Significant chemical 
differentiation is found on a scale of 50 au. The OCS 
line is found to trace well the infalling–rotating 
envelope in this source. On the other hand, the 
distributions of CH3OH and HCOOCH3 are found to be 
concentrated around the inner part of the 
infalling–rotating envelope. With a simple ballistic 
model of the infalling–rotating envelope, the radius of 
the centrifugal barrier (a half of the centrifugal radius) 
and the protostellar mass are evaluated from the OCS 
data to be from 40 to 60 au and from 0.5 to 1.0M., 
respectively, assuming the inclination angle of the 
envelope/disk structure to be 60° (90° for the edge-on 
configuration). Although the protostellar mass is 
correlated with the inclination angle, the radius of the 
centrifugal barrier is not. This is the first indication of 
the centrifugal barrier of the infalling–rotating 
envelope in a hot corino source. CH3OH and HCOOCH3 
may be liberated from ice mantles by weak accretion 
shocks around the centrifugal barrier and/or by 
protostellar heating. The H2CS emission seems to 
come from the disk component inside the centrifugal 
barrier in addition to the envelope component. The 
centrifugal barrier plays a central role not only in the 
formation of a rotationally supported disk but also in 
the chemical evolution from the envelope to the 
protoplanetary disk.  
Reference: #4 in the publication list   
 
2. ALMA observation of the hot corino source, NGC1333IRAS4A (Led by Lopez-Sepulcre & Sakai) 
    Hot corinos are extremely rich in complex organic molecules (COMs). Accurate abundance 
measurements of COMs in such objects are crucial to constrain astrochemical models. In the particular case 
of close binary systems this can only be achieved through high angular resolution imaging.  We aim to 
perform an interferometric study of multiple COMs in NGC1333 IRAS 4A, a protostellar binary hosting hot 
corino activity, at an angular resolution that is sufficient to easily distinguish the emission from the two 
cores, separated by 1.8”. We used the Atacama Large (sub-)Millimeter Array (ALMA) in its 1.2mm band to 
image, with an unprecedented angular resolution of 0.5”, the emission from 10 different organic molecules 
in IRAS 4A. This allowed us to clearly disentangle the two protostellar cores present, A1 and A2. For the first 
time, we were able to derive the column densities and fractional abundances simultaneously for the two 
objects, allowing us to analyse the chemical dfferences between them. Molecular emission from organic 
molecules is concentrated exclusively in A2, while A1 appears completely devoid of COMs or even simpler 
organic molecules such as HNCO despite it being the strongest continuum emitter. A2 displays typical hot 
corino abundances, which are higher than reported in previous lower-resolution studies by an order of 
magnitude.  The hot corino has a deconvolved size of 70 au. In contrast, the upper limits we placed on 
COMs abundances for A1 are extremely low, surprisingly lying about one order of magnitude below 
pre-stellar values. The difference in the amount of COMs present in A1 and A2 is huge, ranging between a 
factor ~20 and ~300. We estimate that the size of a hypothetical hot corino in A1 should be less than 10 au.  

Fig 2. PV diagram along the envelope of 
IRAS16293-2422A. Blue contours represent the 
results of the infalling-rotating envelope 
models, where M = 0.75 M., rCB = 50 au, and i 
= 60°. The outer radii of the envelope (R) in the 
models for OCS, CH3OH, HCOOCH3, and H2CS 
are 180, 80, 55, and 150 au, respectively. The 
contour levels are every 20% from 5% of each 
peak intensity. 



Our results favour a scenario in which the protostar in A2 is either more massive and/or subject to a higher 
accretion rate than A1, as a result of inhomogeneus fragmentation of the parental molecular clump. This 
naturally explains the smaller current envelope mass in A2 with respect to A1, as well as its molecular 
richness. The extremely low abundances of organic molecules in A1 demonstrate that the dense inner 
regions of a young protostellar core that has not yet formed a hot corino may be much poorer in COMs than 
the outer protostellar envelope. Finally, our results suggest that IRAS 4A is most likely a chemically younger 
version of the protostellar binary IRAS 16293–2422. The emissions are not well resolved and so it is difficult 
to study whether the COMs exist mainly around the centrifugal barrier as in the case of IRAS16293-2422 or 
not.  Nevertheless, all those are concentrated around the protostar(A1), suggesting similar situation to 
that in IRAS16293-2422.                                     Reference: #16 in the publication list  

Fig. 3 Moment 0 maps of representative molecular lines. The transition is specified if more than one line 
from the same species was detected. The continuum peak position of the two protostellar cores A1 and A2 
are marked with green crosses. Contours start at 5 sigma and increase by steps of 5 sigma in all the maps. 
The synthesised beam is depicted in white on the lower-left corner. 
 
3. 2. ALMA Observation of the isolated star-forming core, B335 (Led by Imai & Sakai) 
We have observed the low-mass Class 0 protostar IRAS 19347+0727 in B335 by using ALMA in the 1.2 mm 
band. Saturated complex organic molecules (COMs), CH3CHO, HCOOCH3, and NH2CHO, are detected in a 
compact region within a few 10 au around the protostar. Additionally, CH3OCH3, C2H5OH, C2H5CN, and 
CH3COCH3 are tentatively detected. Thus, this is the first evidence of a hot corino in a Bok globule. 
Carbon-chain related molecules, CCH and c-C3H2, are also found in this source, whose distributions are 
extended over a scale of a few 100 au. On the other hand, sulfur-bearing molecules CS, SO, and SO2 have 
both compact and extended components. Fractional abundances of the COMs relative to H2 are found to be 
comparable to those in known hot corino sources. Though the COMs lines are as broad as 5–8 km s−1, they 
do not show obvious rotation motion in the present observation. Thus, the COMs mainly exist in a structure 
whose distribution is much smaller than the synthesized beam (0.58"x0.52").  
Reference: #7 in the publication list 



 
5. L483: Warm Carbon-Chain Chemistry Source Harboring Hot Corino Activity (Led by Oya & Sakai) 
The Class 0 protostar, L483, has been observed in various molecular lines in the 1.2 mm band at a 
subarcsecond resolution with ALMA. An infalling–rotating envelope is traced by the CS line, while a very 
compact component with a broad velocity width is observed for the CS, SO, HNCO, NH2CHO, and HCOOCH3 
lines. Although this source is regarded as the warm carbon-chain chemistry (WCCC) candidate source at a 
1000 au scale, complex organic molecules characteristic of hot corinos such as NH2CHO and HCOOCH3 are 
detected in the vicinity of the protostar. Thus, both hot corino chemistry and WCCC are seen in L483. 
Although such a mixed chemical character source has been recognized as an intermediate source in 
previous single-dish observations, we here report the first spatially resolved detection. A kinematic 
structure of the infalling–rotating envelope is roughly explained by a simple ballistic model with a 
protostellar mass of 0.1-0.2 M. and a radius of the centrifugal barrier (half of the centrifugal radius) of 
30-200 au, assuming an inclination angle of 80° (0° for face-on). The broad-line emission observed in the 
above molecules most likely comes from the disk component inside the centrifugal barrier. Thus, a drastic 
chemical change is seen around the centrifugal barrier.            Reference: #13 in the publication list 
 

Fig.5 Integrated intensity maps of (a) SO (JN=67-56), (b) HNCO (120,12–110,11), (c) NH2CHO (120,12-110,11), and 
(d) HCOOCH3 (205,16-195,15; A). The contours represent the 1.2 mm continuum map, where the contour 
levels are 10σ, 20σ, 40σ, 80σ, and 160σ, where the rms level is 0.13 mJy beam−1. 
 
6. Molecular outflow in HH46/47: wide-angle disk wind (Led by Zhang) 

Fig.4 The continuum map and the 
moment 0 maps of CCH (N=3–2, 
J=5/2–3/2, F=3–2), SO (NJ=67–56), 
HCOOCH3 (205,16–195,15), and NH2CHO 
(120,12–110,11). The contours represent 
the continuum flux of 10σ, 20σ, 40σ, 
80σ levels, where σ is 0.3 mJy beam−1. 
Compared with the synthesized beam 
size shown in the bottom left of each 
figure, distributions of COMs are not 
resolved. The velocity range is 
7.02–9.46 km s−1 for CCH, 6.69–9.27 
km s−1 for SO, 5.06–11.67 km s−1 for 
HCOOCH3, and 5.20–10.22 km s−1 for 
NH2CHO, 2.85–13.66 km s−1. 



The accretion disk drives fast MHD 
winds which usually contain two 
components, a collimated jet and a radially 
distributed wide-angle wind. These winds 
further entrain the ambient gas into a 
secondary outflow which is usually traced 
by various molecules. Because the 
accretion process is episodic, people expect 
that the jet and the wide-angle wind is also 
episodic. While episodic outbursts in jet has 
been seen before, episodicity in the 
wide-angle wind has not been seen. In 
ALMA cycle 3 we observed the HH 46/47 
molecular outflow which is driven by a 
low-mass protostar. We detected multiple 
outflowing shells with wide opening angles 
which are well separated in the velocity 
space. With simple model fitting, we can 
explain these wide outflowing shells as 
results of entrainment of ambient gas by 
the wide-angle wind in multiple outburst 

events. This is the first clear evidence that the wide-angle wind, same as the collimated jet, experiences 
episodicity, as expected by theories of episodic accretion and wind launching. The coherent entrained shells 
further implies that the wide-angle wind should be launched from a relatively narrow region on the disk, 
which put constraints on the wind launching mechanism.  
Fig.6 Upper: Integrated emission map for the red-shifted and blue-shifted outflows (red and blue contours) 
overlaid with continuum emission (black), showing the multiple shell structures. Lower: the 
position-velocity diagram along the outflow axis. The multiple shells are well defined in the velocity space. 
 
7. Resolving the Centrifugal Barrier in L1527 (Led by Sakai) 

We have resolved for the first time the radial and vertical structure of the almost edge-on 
envelope/disk system of the low-mass Class 0 protostar L1527. For that, we have used ALMA observations 
with a spatial resolution of 0.25”x0.13” and 0.37”x0.23” at 0.8 mm and 1.2 mm, respectively. The L1527 
dust continuum emission has a deconvolved size of 78 au x 21 au, and shows a flared disk-like structure.  A 
thin infalling-rotating envelope is seen in the CCH emission outward of about 150 au, and its thickness is 
increased by a factor of 2 inward of it. This radius lies between the centrifugal radius (200 au) and the 
centrifugal barrier of the infalling-rotating envelope (100 au). The gas stagnates in front of the centrifugal 
barrier and moves toward vertical directions. SO emission is concentrated around and inside the centrifugal 
barrier.  The rotation speed of the SO emitting gas is found to be decelerated around the centrifugal barrier.  
A part of the angular momentum could be extracted by the gas which moves away from the mid-plane 
around the centrifugal barrier.  If this is the case, the centrifugal barrier would be related to the launching 
mechanism of low velocity outflows, such as disk winds.            Reference: #11 in the publication list 



Fig. 7 (Left) Integrated intensity distribution of CCH (N=4−3, J=9/2−5/2, F=5−4 and 4−3: colour) superposed 
on the 0.8 mm dust continuum map (contours: 10σ, 40σ, 160σ, 320σ and 640σ). The IRE traced by CCH is 
broadened inward of the radius of about 150 au. (Right) Illustration of envelope/disk-system image revealed 
by the ALMA observation.             
8. Distribution of D2CO in L1527 (Led by Yoshida) 

We have analyzed ALMA observations of formaldehyde (H2CO) and its deuterated species (D2CO) 
towards a low-mass star-forming region L1527. We have found that the distribution of D2CO is different 
from that of the normal species. H2CO line emission is concentrated within 100 au around the protostar, 
whereas D2CO line emission mainly comes from the outer envelope. The absence of high velocity 
components of D2CO also supports that D2CO is deficient in the vicinity of the protostar.  By analyzing 2 
lines of D2CO and 1 line of H2CO, the deuterium fractionation ratio is derived to be lower at the protostar 
position than that in the outer envelope. We have also analyzed the observations of CCH and CCD, and 
confirmed that the deuterated species is deficient at the protostar while the normal species resides in the 
inner infalling-rotating envelope around the protostar. These results indicate that the normal species are 
selectively produced in the vicinity of the protostar, while the deuterated species are destructed as they fall 
towards the protostar. Detailed observations and analysis are needed to investigate the formation 
mechanism of the normal species around the protostar. 

Fig 5. (a) Integrated 
intensity distribution of 
D2CO (404-303; color) 
superposed on that of 
H2CO (515-414; contours). (b) 
PV diagram of D2CO 
(404-303; color) superposed 
on that of H2CO (515-414; 
contours) along 
north-south direction. 
 
 
 

 
 
9. Detection of [CI] Emission in Gaseous Debris Disks of 49 Ceti and β Pictoris (Led by Higuchi) 

We have detected [C I] 3P1–3P0 emissions in the gaseous debris disks of 49 Ceti and β Pictoris with the 
10 m telescope of the Atacama Submillimeter Telescope Experiment, which is the first detection of such 
emissions. The line profiles of [C I] are found to resemble those of CO(J = 3–2) observed with the same 
telescope and the Atacama Large Millimeter/submillimeter Array. This result suggests that atomic carbon 
(C) coexists with CO in the debris disks and is likely formed by the photodissociation of CO.  Assuming an 
optically thin [C I] emission with the excitation temperature ranging from 30 to 100 K, the column density of 
C is evaluated to be (2.2±0.2)×1017 and (2.5±0.7)×1016 cm−2 for 49 Ceti and β Pictoris, respectively. The C/CO 
column density ratio is thus derived to be 54±19 and 69±42 for 49 Ceti and β Pictoris, respectively. These 
ratios are higher than those of molecular clouds and diffuse clouds by an order of magnitude. The unusually 
high ratios of C to CO are likely attributed to a lack of H2 molecules needed to reproduce CO molecules 
efficiently from C. This result implies a small number of H2 molecules in the gas disk,i.e., there is an 
appreciable contribution of secondary gas from dust grains. Reference: #14 in the publication list 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
10. A New Terahertz Emission Spectrometer (Led by Chiba) 
    In radio astronomy, accurate rest frequencies of molecular transitions are indispensable for secure 
identifications of molecular species and accurate analysis of Doppler shifts caused by motions of the target 
sources.  Rest frequencies of various molecules have been measured in the laboratory, but the their 
accuracies are sometimes insufficient for the above astronomical purposes.  With this in mind, we 
developing a new THz emission spectrometer.  This spectrometer is equipped with a superconducting hot 
electron bolometer(HEB) mixer receiver covering the frequency ranges of 0.8-0.9 THz and 1.3-1.5 THz, and 
XFFTS spectrometer with the spectral resolution of a few tens of kHz as a backend.  The lower frequency 
measurements are also planned by using the ALMA-type SIS mixer receivers. 
 

Fig.9 Gas-cell and THz-HEB-receiver system 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig.7 (Left) Detection of 
Submillimeter-wave [CI] Emission in 
Gaseous Debris Disks of 49 Ceti and β 
Pictoris (a) CO spectrum observed with 
the ASTE toward 49Ceti. (b) Comparison 
with the ALMA spectrum. (c) [C I] 
spectrum observed with the ASTE 
toward 49Ceti. The vertical red line 
indicates the systemic velocity of the gas 
disk (Dent et al. 2005). (Right top) Basic 
carbon chemistry producing CO in debris 
disks. (Right bottom) Artist’s image of 
debris disk                                       
 
 



 
 
 
 
 
Oral Presentations 
Invited 
1) Nami Sakai, Star Formation in Different Environments, “Chemical diagnostics of disk formation”, 2016, Jul. 
25-29, ICISE, Quy Nhon, Vietnum 
2) Aya Higuchi, ALMA ワークショップ：デブリ円盤から太陽系へ, ALMA 望遠鏡によるデブリ円盤観測, 
千葉工業大学 東京スカイツリーキャンパス, 2016 年 8 月 8-9 日 
3) Nami Sakai, RIKEN summer school, “Astrochemical Approach to Star and Planet Formation”, Tsukuba 
International Congress Center, Japan, 9-10, Sep., 2016 
4) Nami Sakai, Pioneering New Fields: Forefront of RIKEN’s Science and Beyond, “Astrochemistry: A Growing 
Interdisciplinary Field”, 2016, Nov. 21-22, Japan 
5)樋口あや, 宇宙電波懇談会, “研究(星団・惑星形成)・評価活動(45m・ALMA)・教育経験を振り返っ

て”, 国立天文台, 三鷹, 2017 年 2 月 22-23 日 
6) Nami Sakai, ESO Star Formation conference: Star Formation from Cores to Clusters, “Observation 
Overview:Pre- and Protostellar Cores”, 2017, Mar. 5-9, Santiago, Chile 
7) Satoshi Yamamoto, Yoko Oya, and Nami Sakai, IAU symposium 332: Astrochemistry VII, “Chemical Tracers 
of Dynamics in Low-Mass Protostellar Objects”, 20-24, March, 2017, Puerto Varas, Chile. (A proceeding 
paper is submitted) 
Contributed 
1) 坂井南美, 樋口あや, 大屋瑤子, 渡邉祥正, 山本智, Cecilia Ceccarelli, Bertrand Lefloch, 花輪知幸, 
廣田朋也, 相川祐理, 酒井剛, “Vertical Structure of the Transition Zone from Infalling Rotating Envelope 
to Disk in the Class 0 Protostar, IRAS04368+2557”, P122a, 日本天文学会, 愛媛大学, 2016 年 9 月 14-16 日 
2) 吉田健人、坂井南美、渡邉祥正、山本智, “星形成領域 L1527 における H2CO の重水素化物の観測”, 
P118a, 日本天文学会, 愛媛大学, 2016 年 9 月 14-16 日 
3) Nami Sakai, “Tracing the production pathways of molecules by 12C/13C ratio”, Fractionation of isotopes in 
space, Florence, Italy, 10-13, Oct., 2016 
4) Kento Yoshida, “Molecular isotopic ratios in the low-mass protostar L1527”, Fractionation of isotopes in 
space, Florence, Italy, 10-13, Oct., 2016 
5) Aya Higuchi, “CO survey towards debris disks with ALMA/APEX”, Workshop on Interstellar Matter 2016, 
Institute of Low Temperature Science, Hokkaido University, Japan, Oct.19-Oct.21, 2016 
6) 坂井南美, 樋口あや, 大屋瑶子, 渡邉祥正, 山本智, Cecilia Ceccarelli, Bertrand Lefloch, 花輪知幸, 
廣田朋也, 相川祐理, 酒井剛, “Resolving Envelope to Disk Transition around the Class 0 Protostar, 
IRAS04368+2557”, P138a, 日本天文学会, 九州大学, 2017 年 3 月 15-18 日 
7) Yichen Zhang, ESO Star Formation conference: Star Formation from Cores to Clusters, “utflow 
Entrainment and Feedback: A Case Study with HH46/47 Molecular Outflow”, 2017, Mar. 5-9, Santiago, Chile 
Postars 
1) Nami Sakai, “Chemical Diversity in Low-Mass Star-Forming Cores and It's Future toward the 
Protoplanetary Disks”, Early Phase of Star Formation (EPoS), 20, June- 1, July, 2016 
2) Kento Yoshida, Nami Sakai, Yoshimasa Watanabe, Lopez-Sepulcre Ana, Bertrand Lefloch, Shuro Takano 
and Satoshi Yamamoto, RIKEN summer school, “Abundance anomaly of c-C3H2 in the low-mass star-forming 
region L1527”, Tsukuba International Congress Center, Japan, 9-10, Sep., 2016 
3) 樋口あや, 坂井南美, 大屋瑶子, 今井宗明, 渡邉祥正, 山本智, Ana Lopez-Sepulcre, 酒井剛, 廣田

朋也, “Unbiased Chemical Survey of Protostellar Sources in Perseus II”, P116b, 日本天文学会, 愛媛大学, 
2016 年 9 月 14-16 日 
4) 樋口あや, 坂井南美, 大屋瑶子, 今井宗明, 渡邉祥正, 山本智, Ana Lopez-Sepulcre, 酒井剛, 廣田

朋也, “ALMA 望遠鏡を用いたデブリ円盤の CO 観測”, P211b, 日本天文学会, 愛媛大学, 2016 年 9 月

14-16 日 
5) Yutaro Chiba, Nami Sakai, Yuji Ebisawa, Kento Yoshida, Takeshi Sakai, Yoshimasa Watanabe, and Satoshi 



Yamamoto, “A New Terahertz Emission Spectrometer at RIKEN”, Workshop on Interstellar Matter 2016, 
Institute of Low Temperature Science, Hokkaido University, Japan, Oct.19-Oct.21, 2016 
6) Yichen Zhang, Jonathan C. Tan, Maria Drozdovskaya, Shuo Kong, Diego Mardones, Guido Garay, “The 
Effects of the Star-forming Environments on the Thermal and Chemical Evolution of Protostellar Cores”, 
Workshop on Interstellar Matter 2016, Institute of Low Temperature Science, Hokkaido University, Japan, 
Oct.19-Oct.21, 2016 
7) 樋口あや, 坂井南美, 佐藤愛樹, 塚越崇, 百瀬宗武, 小林浩, 石原大助, 渡邉華, 金田英宏, 山本

智, “ASTE 望遠鏡を用いたデブリ円盤の[CI]3P1-3P0観測”, P227b, 日本天文学会, 九州大学, 2017 年 3 月

15-18 日 
8) 千葉雄太郎、坂井南美、海老澤勇治、吉田健人、渡辺祥正、山本智、酒井剛, “テラヘルツ帯実験

室分子分光計の開発”, V109b, 日本天文学会, 九州大学, 2017 年 3 月 15-18 日 
9) Kento Yoshida, Nami Sakai, Yoshimasa Watanabe, Lopez-Sepulcre Ana, Bertrand Lefloch, Shuro Takano 
and Satoshi Yamamoto, IAU symposium 332: Astrochemistry VII, “The molecular isotopic ratios in the 
low-mass protostar L1527”, 20-24, March, 2017, Puerto Varas, Chile 
10) Aya E. Higuchi, Aki Sato, Takashi Tsukagoshi, Nami Sakai, Kazunari Iwasaki, Munetake Momose, Hiroshi 
Kobayashi, Daisuke Ishihara, Sakae Watanabe, Hidehiro Kaneda, and Satoshi Yamamoto, IAU symposium 
332: Astrochemistry VII, “[C I]/CO observations toward gaseous debris disks: 49 Ceti and β Pictoris”, 20-24, 
March, 2017, Puerto Varas, Chile 
 
Seminar 
1) “Chemical Diversity in Low-Mass Star Forming Regions and Its Future toward Protostellar Disks”, Seminar 
at Max Planck Institute For Extraterrestrial Physics, Garching, Munich, Germany, 24, June, 2016 
2) “Chemical Diversity in Low-Mass Star Forming Regions and Its Future toward Protostellar Disks”, Seminar 
at RIKEN-R-Astro, Wako, Saitama, Japan, 4, July, 2016 
3) “Importance of Centrifugal Barrier in Physics and Chemistry of Disk Formation”, NRAO Seminar, Jan. 6, 
2017, VLA, Socoro, NM, US:  
 
Books 
1) 日本評論社 福井康雄編, "スーパー望遠鏡「アルマ」が見た宇宙" 第 4 章, 2016 年 9 月 
 
Press release 
1) Yoko Oya, Nami Sakai, Satoshi Yamamoto, “アルマ望遠鏡で見えてきた化学組成の多様性：原始星を

取り巻く有機分子の回転リングを発見/Rotating Ring of Complex Organic Molecules Discovered around 
Newborn Star: Chemical Diversity in Planet Forming Regions Unveiled”, 東京大学主催-理研共催, 20, June, 
2017 
東京大学ページ   http://www.s.u-tokyo.ac.jp/ja/info/4885/ 
国立天文台ページ   https://alma-telescope.jp/news/mt-post_662 
English page:  
NAOJ 
https://alma-telescope.jp/en/news/mt-rotating_ring_of_complex_organic_molecules_discovered_around_
newborn_star_chemical_diversity_in_plan 
2) Nami Sakai, Yoko Oya, Satoshi Yamamoto, “惑星系円盤誕生における角運動量問題解決の糸口－アル

マ望遠鏡で直接観測－/Protostar displays a strange geometry”, 理研主催-東京大学共催, 8, Feb., 2017 
理化学研究所ページ   http://www.riken.jp/pr/press/2017/20170208_1/ 
国立天文台ページ     https://alma-telescope.jp/news/press/mt-post_693 
RIKEN (English)        http://www.riken.jp/en/pr/press/2017/20170210_1/ 
NAOJ (English)         https://alma-telescope.jp/en/news/mt-protostar_displays_a_strange_geometry 
 
Publications (Refereed and submitted papers) 
1) Nami Sakai, Yoko Oya, Ana Lopez-Sepulcre, Yoshimasa Watanabe, Takeshi Sakai, Tomoya Hirota, Yuri 
Aikawa, Cecilia Ceccarelli, Bertrand Lefoch, Emmanuel Caux, Charlotte Vastel, Claudine Kahane, and Satoshi 
Yamamoto, “Subarcsecond Analysis of Infalling-Rotating Envelope around the Class I Protostar IRAS 

http://www.s.u-tokyo.ac.jp/ja/info/4885/
https://alma-telescope.jp/news/mt-post_662
https://alma-telescope.jp/en/news/mt-rotating_ring_of_complex_organic_molecules_discovered_around_newborn_star_chemical_diversity_in_plan
https://alma-telescope.jp/en/news/mt-rotating_ring_of_complex_organic_molecules_discovered_around_newborn_star_chemical_diversity_in_plan
http://www.riken.jp/pr/press/2017/20170208_1/
http://www.riken.jp/en/pr/press/2017/20170210_1/
https://alma-telescope.jp/en/news/mt-protostar_displays_a_strange_geometry


04365+2535”, Astrophys. J., 2016, 820, L34. 
2) Ana Lopez-Sepulcre, Yoshimasa Watanabe, Nami Sakai, Ryuta Furuya, Osamu Saruwatari, and Satoshi 
Yamamoto, “The role of SiO as a tracer of past star-formation events: The case of the high-mass protocluster 
NGC2264-C”, Astrophys. J., 2016, 820, 85. 
3) Per Bjerkeli, Jes K. Jorgensen, Edwin A. Bergin, Soren Frimann, Daniel Harsono, Steffen K. Jacobsen, Johan 
E. Lindberg, Magnus V. Persson, Nami Sakai, Ewine F. van Dishoeck, Ruud Visser, and Satoshi Yamamoto, 
“Water around IRAS15398-3359 observed with ALMA”, Astron. Astrophys., 2016, 595, A39. 
4) Yoko Oya, Nami Sakai, Ana Lopez-Sepulcre, Yoshimasa Watanabe, Cecilia Ceccarelli, Bertrand Lefloch, 
Cecile Favre, and Satoshi Yamamoto, “Infalling-Rotating Motion and Associated Chemical Change in the 
Envelope of IRAS16293-2422 Source A Studied with ALMA”, Astrophys. J., 2016, 824, 88. 
5) Sheng-Jun Lin,  Yoshito Shimajiri, Chihomi Hara, Shih-Ping Lai, Fumitaka Nakamura, Koji Sugitani, Ryohei 
Kawabe, Yoshimi Kitamura, Atsushi Yoshida, Hidefumi Tatei, Toshiya Akashi, Aya E. Higuchi, Takashi 
Tsukagoshi, “The Intrinsic Abundance Ratio and X-factor of CO Isotopologues in L 1551 Shielded from FUV 
Photodissociation”, Astrophys. J. 2016, 826, 193 
6) Yuri Nishimura, Takashi Shimonishi, Yoshimasa Watanabe, Nami Sakai, Yuri Aikawa, Akiko Kawamura, and 
Satoshi Yamamoto, “SPECTRAL LINE SURVEY TOWARD A MOLECULAR CLOUD IN IC10”, Astrophys. J., 2016, 
829, 94. 
7) Muneaki Imai, Nami Sakai, Yoko Oya, Ana Lopez-Sepulcre, Yoshimasa Watanabe, Cecilia Ceccarelli, 
Bertrand Lefloch, Emmanuel Caux, Charlotte Vastel, Claudine Kahane, Takeshi Sakai, Tomoya Hirota, Yuri 
Aikawa, and Satoshi Yamamoto, “Discovery of a Hot Corino in the Bok Grobule B335”, Astrophys. J., 2016, 
830, L37. 
8) Yichen Zhang, Hector G. Arce, Diego Mardones, Sylvie Cabrit, Michael M. Dunham,  Guido Garay, 
Alberto Noriega-Crespo, Stella S. R. Offner, Alejandro C. Raga, Stuartt A. Corder, “ALMA Cycle 1 Observations 
of the HH46/47 Molecular Outflow: Structure, Entrainment, and Core Impact”, Astrophys. J., 2016, 832, 24. 
9) Mitsunori Araki, Shuro Takano, Nami Sakai, Satoshi Yamamoto, Takahiro Oyama, Nobuhiko Kuze, and 
Koichi Tsukiyama, “PRECISE OBSERVATIONS OF THE 12C/13C RATIOS OF HC3N IN THE LOW-MASS 
STAR-FORMING REGION L1527”, Astrophys. J., 2016, 833, 291. 
10) Alice Zurlo, Lucas A. Cieza, Jonathan P. Williams, Hector Canovas, Sebastian Perez, Antonio Hales, 
Koraljka Mužić, David A. Principe, Dary Ruíz-Rodríguez, John Tobin, Yichen Zhang, Zhaohuan Zhu, Simon 
Casassus, Jose L. Prieto, “The ALMA early science view of FUor/EXor objects - I. Through the looking-glass of 
V2775 Ori”, Mon Not R Astron Soc, 2017, 465, 834-842. 
11) Nami Sakai, Yoko Oya, Aya E. Higuchi, Yuri Aikawa, Tomoyuki Hanawa, Cecilia Ceccarelli, Bertrand Lefloch, 
Ana Lopez-Sepulcre, Yoshimasa Watanabe, Takeshi Sakai, Tomoya Hirota, Emmanuel Caux, Charlotte Vastel, 
Claudine Kahane and Satoshi Yamamoto, “Vertical Structure of the Transition Zone from Infalling Envelope 
to Disc in the Class 0 Protostar, IRAS 04368+2557”, Mon Not R Astron Soc, 2017, 467, L76-L80. 
10) Kei E. I. Tanaka, Jonathan C. Tan, Yichen Zhang, “The Impact of Feedback During Massive Star Formation 
by Core Accretion”, Astrophys. J., 2017, 835, 18. 
12) James O. Chibueze, Timea Csengeri, Ken'ichi Tatematsu, Tetsuo Hasegawa, Satoru Iguchi, Jibrin A. 
Alhassan, Aya E. Higuchi, Sylvain Bontemps, Karl M. Menten, “Class II 6.7 GHZ Methanol Maser Association 
with Young Massive Cores Revealed by ALMA”, Astrophys. J., 2017, 836, 59, 8. 
13) Yoko Oya, Nami Sakai, Yoshimasa Watanabe, Aya E. Higuchi, Tomoya Hirota, Ana Lopez-Sepulcre, Takeshi 
Sakai, Yuri Aikawa, Cecilia Ceccarelli, Bertrand Lefloch, Emmanuel Caux, Charlotte Vastel, Claudine, Kahane, 
and Satoshi Yamamoto, “L483: Warm Carbon-Chain Chemistry Source Harboring Hot Corino Activity”, 
Astrophys. J., 2017, 837, 174. 
14) Aya E. Higuchi, Aki Sato, Takashi Tsukagoshi, Nami Sakai, Kazunari Iwasaki, Munetake Momose, Hiroshi 
Kobayashi, Daisuke Ishihara, Sakae Watanabe, Hidehiro Kaneda, and Satoshi Yamamoto, “Detection of 
Submillimeter-wave [CI] Emission in Gaseous Debris Disks of 49Ceti and βPictoris”, Astrophys. J., 2017, 839, 
L14. 
15) Yoshimasa Watanabe, Yuri Nishimura, Nanase Harada, Nami Sakai, Takashi Shimonishi, Yuri Aikawa, 
Akiko Kawamura, and Satoshi Yamamoto, “Molecular-Cloud-Scale Chemical Composition I:Mapping Spectral 
Line Survey toward W51 in the 3 mm Band”, Astrophys. J., submitted. 
16) Ana Lopez-Sepulcre, Nami Sakai, Yoko Oya, Cecilia Ceccarelli, Aya E. Higuchi, Yuri Aikawa, Emmanuel 
Caux, Tomoya Hirota, Claudine Kahane, Bertrand Lefloch, Charlotte Vastel, Yoshimasa Watanabe, and 
Satoshi Yamamoto, “Complex Organics in IRAS4A Revisited with ALMA: Striking Contrast between Two 



Neighboring Protostellar Cores”, Astron. Astrophys., submitted. 
17) Tatsuya Soma, Nami Sakai, Yoshimasa Watanabe, and Satoshi Yamamoto, “Complex Organic Molecules 
in Taurus Molecular Cloud-1”, Astrophys. J., submitted. 
18) Tomofumi Umemoto, Tetsuhiro Minamidani, Nario Kuno, Shinji Fujita, Mitsuhiro Matsuo, Atsushi 
Nishimura, Kazufumi Torii, Tomoka Tosaki, Mikito Kohno, Mika Kuriki, Yuya Tsuda, Akihiko Hirota, Satoshi 
Ohashi, Mitsuyoshi Yamagishi, Toshihiro Handa, Hiroyuki Nakanishi, Toshihiro Omodaka, Nagito Koide, 
Naoko Matsumoto, Toshikazu Onishi, Kazuki Tokuda, Masumichi Seta, Yukinori Kobayashi, Kengo Tachihara, 
Hidetoshi Sano, Yusuke Hattori, Sachiko Onodera, Yumiko Oasa, Kazuhisa Kamegai, Masato Tsuboi, Yoshiaki 
Sofue, Aya E. Higuchi, James O. Chibueze, Norikazu Mizuno, Mareki Honma, Erik Muller, Tsuyoshi Inoue, 
Kana Morokuma-Matsui, Hiroko Shinnaga, Takeaki Ozawa, Ryo Takahashi, Satoshi Yoshiike, Jean Costes, Sho 
Kuwahara, "FOREST Ultra-wide Galactic Plane Survey In Nobeyama (FUGIN) I: Project Overview and Initial 
Results", PASJ, submitted. 
19) Yasuo Fukui, Kazufumi Torii, Yusuke Hattori, Aya E. Higuchi, et al.“A new look at the molecular gas in M42 
and M43, Possible evidence for cloud-cloud collision which triggered formation of the OB stars in the Orion 
Nebula cluster”, Astrophys. J. submitted. 
20) James M. De Buizer, Mengyao Liu, Jonathan C. Tan, Yichen Zhang, Maria T. Beltran, Ralph Shuping, Jan E. 
Staff, Kei E. I. Tanaka, Barbara Whitney, “The SOFIA Massive (SOMA) Star Formation Survey. I. Overview and 
First Results”, Astrophys. J., submitted. 
 
 
 
 
Laboratory members list 
 
Principal Investigator   
坂井南美 Nami Sakai 
Contact Researcher 
樋口あや Aya Higuchi 
Postdoctoral Researcher 

Yichen Zhang 
Junior Research Associate 
吉田健人 Kento Yoshida 
Student Trainee 
千葉雄太郎 Yutaro Chiba 
Technical Assistant (Part-timer) 
松本律子 Ritsuko Matsumoto 
 
 
 
 
 


