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7208b Self-consistent model of helicon discharge
Shogo Isayama, Tohru Hada(Kyushu Univ), Shunjiro Shinohara(TUAT)

Helicon plasma is a high-density and low-temperature plasma generated by the helicon wave, i.e., electromag-
netic whistler wave bounded typically in the cylindrical geometry. Since helicon plasma can be generated under
a wide range of external parameters, it is expected to be useful for various applications. The mechanism of
helicon plasma production has been studied by many authors with theoretical and experimental investigations.
On the other hand, there remains a central problem that has not been fully answered: How does the helicon
discharge grow? The mechanism of the helicon discharge includes the wave propagation in the plasma (disper-
sion relation), collisional or non-collisional wave damping and plasma heating, and ionization/recombination
of neutral particles which causes time evolution of the dispersion relation.

In this study, we construct a fluid model of the helicon discharge including all the physics mentioned above
self-consistently. By numerically solving the model, we show the time evolution of the helicon discharge in
the cylindrical model and discuss how the waves influence the plasma density, electron temperature and their
profiles. Furthermore, we make some comparisons with experimental results.
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A prominent effect of turbulence is transport enhancement through eddy viscosity, eddy diffusivity, turbulent
magnetic diffusivity, etc. However, in a system with broken symmetry, turbulence may also contribute to
transport suppression. Turbulent dynamo against the turbulent magnetic diffusivity is one of such examples.
In this work, the effect of kinetic helicity (velocity—vorticity correlation) on turbulent momentum transport is
investigated. The turbulent kinetic helicity (pseudoscalar) enters into the Reynolds stress (mirrorsymmetric
tensor) expression in the form of a helicity gradient as the coupling coefficient for the mean vorticity and/or
the angular velocity (axial vector), which suggests the possibility of mean-flow generation in the presence of
inhomogeneous helicity. This inhomogeneous helicity effect, which was previously confirmed at the level of a
turbulence- or closure-model simulation, is examined with the aid of direct numerical simulations of rotating
turbulence with non-uniform helicity sustained by an external forcing. The numerical simulations show that
the spatial distribution of the Reynolds stress is in agreement with the helicity-related term coupled with the
angular velocity, and that a large-scale flow is generated in the direction of angular velocity. Such a large-scale
flow is not induced in the case of homogeneous turbulent helicity. This result confirms the validity of the
inhomogeneous helicity effect in large-scale flow generation and suggests that a vortex dynamo is possible even
in incompressible turbulence where there is no baroclinicity effect.
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7.244b Formation Mechanism of Galactic Center Molecular Loops in Multi-
Phase Clumpy Interstellar Medium

Chih-Han Peng (Graduate School of Science, Chiba Univ.), Yuki Kudoh (Graduate School
of Science, Chiba Univ.), Yuta Asahina (Division of Theoretical Astronomy, NAOJ), Ryoji
Matsumoto (Graduate School of Science, Chiba Univ.)

Huge molecular loops are found in Galactic central region (Fukui et al. 2006). The scale of molecular
loops are about few hundreds parsec in height and length. At the foot points of molecular loops, strong CO
emission and large velocity dispersions are observed. These features indicate that molecular gas slide down
along undulating magnetic field lines. Numerical simulations of Parker instability can explain the velocity
profile along the molecular loop. However, it is not easy to uplift dense molecular gas from the equatorial
region. Here we consider the possibility that dense gas clouds moving in the interstellar medium trigger the
Parker instability. We carried out MHD simulations taking into account the heating and cooling function
(Inoue et al. 2006) to deal with thermal processes in multi-phase interstellar medium. We found that Parker
instability triggered by the upward motion of molecular clouds can form molecular loops and reproduce the
velocity distribution along the molecular loops.
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7402a Supernova neutrinos and multi-messenger strategies
Shunsaku Horiuchi (Virginia Tech)

Neutrinos open new windows to unraveling the mysteries of some of the most violent astrophysical phenomena
in the Universe, from the mechanism of supernovae to the origins of cosmic rays. Current and upcoming
neutrino detectors are well positioned to realize the promise of neutrino astronomy. This talk will focus on the
particular case of core collapse of massive stars and their subsequent supernovae. These explosive transients are
ubiquitous, yet timely information on how the core of a massive star collapses is lost when photon messengers
are initially obscured by several solar masses of opaque stellar plasma. Consequently, neutrinos offer a unique
opportunity to reveal the physical conditions deep in the interiors of core-collapse supernovae in realtime. I will
summarize the current theoretical understanding of the supernova explosion mechanism, explore the landscape
of neutrino emission predictions, and discuss the importance of neutrinos in the context of multi-messenger
astronomy including photons and gravitational waves. In particular, I will focus on recent developments in
multi-dimensional simulations of core collapse and multi-progenitor studies, which have allowed multi-messenger
signals to be studied across a broad range of realistic systems.
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7409a IceCube ' s Role in Multi-messenger Astronomy
Matthew Relich, (IceCube collaboration)

The IceCube detector is comprised of a cubic kilometer of instrumented ice located at the South Pole. With
over 5000 optical modules buried deep in the ice, it measures the properties of muons and electro-magnetic
cascades in order to study and probe a variety of physics phenomena from neutrino oscillations, to dark matter,
to searching for the origin of astrophysical neutrinos. As IceCube continues to mature, many flagship analyses
are moving online to become triggers for observatories around the globe. This presentation will highlight
IceCube’ s role in multi-messenger astronomy and layout the latest analyses to move into a realtime framework.
We discuss how the high energy cosmic ray sources can be identified by the multi-messenger approach triggered
by the IceCube’s neutrino signals.
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MO8b Parameter survey of mode coupling in a single sheared current sheet

Shuoyang Wang, Takaaki Yokoyama (The University of Tokyo)

Magnetic reconnection is a strong supporting mechanism to explain various energy release events in the
universe. But how to reach fast reconnection in an enormous 3D system is still unresolved. In our previous
research, we noticed that when multiple tearing layers coexist in the same sheared current sheet, inflow and
outflow regions tend to couple with each other across the layer and form a positive-feedback system (PFS),
which enhances the reconnection rate overall. In order to understand more details on the mode coupling, we
applied 4 different sets of rotational-symmetric tearing eigenmodes to the same sheared current sheet and solve
3D resistive MHD equations. The resulting reconnection rate is not a monotonic function of the PFS aspect
ratio, namely the ratio between the vertical size of PFS and the distance between two tearing layers. When
the ratio is small, the PF'S does not build. On the other hand, the reconnection reduces with PFS aspect ratio
when it is larger than a certain threshold. Due to the coupling, strong cascading of energy to the smaller scale
are observed. The cascading at first concentrate along the initial mode direction but afterwards inclined to be
along the initial guide field direction. No inverse cascade is found thus no large structure is reproduced.
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M26a Thermal Evolution of Reconnection Outflows in Solar Eruptions
Mark C. M. Cheung (NAOJ, LMSAL), Shinsuke Takasao (University of Kyoto)

The atmosphere of the Sun is a natural laboratory for astrophysical reconnection. We study reconnection
outflows from solar eruptions using (1) an MHD simulation including field-aligned thermal conduction, and (2)
application of a validated differential emission measure (DEM) inversion method on narrow-band EUV images
from the Atmospheric Imaging Assembly (AIA) onboard the Solar Dynamics Observatory (SDO).

The comparative study allows us to (a) examine the role of mass transport and compression by retracting
field lines, (b) elucidate the role of the fast mode shock for the energy and mass budget of flare loops, and (c)
follow the thermal history of plasma from chromspheric evaporation to condensation.
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M39a Analysis for a flare trigger with IRIS, SDO, and Hinode

Yumi Bamba (ISEE/Nagoya Univ., ISAS/JAXA), Kyoung-Sun Lee (ISAS/JAXA), Shinsuke
Imada, Kanya Kusano (ISEE/Nagoya Univ.)

IRIS successfully scanned over pre-flare brighteinig and a flare trigger region for the X1.6 flare occurred on
2014 October 22 in AR 12192, and SDO and Hinode also observed the region. We aim to examine the occurrence
of internal magnetic reconnection, which occurs between large-scale magnetic field of AR and small-scale flare
trigger field, because we so far used pre-flare brightening as a marker of a flare trigger region (Bamba t al.
2013, 2014). We analyzed SDO/HMI filter and vector magnetograms, AIA 1600 A data, IRIS slit jaw images in
C IT and Mg II k lines and raster scan data in C II, Mg IT k, Si IV lines, and Hinode/EIS He II, Fe XII, Fe XV
lines. We first distinguished a candidate of flare trigger region using co-alignment images of AIA 1600 A images
and HMI magnetograms. Then we measured the shear angle of transverse magnetic field with respect to the
potential magnetic field over the AR, and we determined that the flare was triggered by the Reversed Shear
(RS) type magnetic field. We focused also on the last pre-flare brightening over the local polarity inversion
line, which satisfies the condition of RS-type configuration, and calculated the Doppler velocities around the
region using IRIS and Hinode/EIS data. As a result, strong blue shift (~40km/s) was observed just beside the
pre-flare brightening at almost the same timing in all the IRIS and EIS lines, i.e. from lower chromosphere to
corona. We interpreted that the last pre-flare brightening was caused by internal magnetic reconnection, and
it supports the theoretical prediction of Kusano model (Kusano et al. 2012).
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M40a, Statistical Analysis on Flaring Active Regions of the Sun

Shin Toriumi (NAOJ), Carolus J. Schrijver (LMSAL), Louise K. Harra (UCL-MSSL), Hugh Hud-
son (University of Glasgow), Kaori Nagashima (MPS)

It is widely accepted that solar flares are produced via magnetic reconnection in sheared magnetic structures
in active regions (ARs). In this work we study the statistical properties of large flares. We analyzed all flares
with GOES SXR magnitudes greater than M5.0 with heliocentric angles of <45° in the period from May 2010
to September 2015. These constraints led to a total of 51 flares from 29 ARs. Utilizing the SDO/HMI and
ATA data sets, we found that (1) about 10% of all the analyzed ARs violated Hale’s polarity rule, as opposed
to only a few % for all ARs (Wang & Sheeley 1989), (2) the flare durations (FWHM time and e-folding decay
time of the GOES SXR light curves) were linearly proportional to the separation between the two flare ribbons
in positive and negative polarities, and (3) the ribbon area became larger with the duration. Moreover, (4) for
the flares of the same magnitudes and durations, the CME-poor events were generally produced from larger
regions compared to the CME-productive ones. If we assume that the ribbon separation reflects the length of
the reconnected loops, Result (2) may indicate that the time scale of the flares is determined by the Alfvén
transit time over the loop. Result (3) may simply show that as more magnetic flux is involved, the reconnection
processes continue longer, while Result (4) may indicate that larger ARs have stronger overlying fields that
inhibit the successful filament eruption (Sun et al. 2015). In our data sets, most of the flares (~ 80%) were
from J-shaped ARs. The formation of such complex ARs will be investigated in our future theoretical studies.
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P101a Centrifugal Barrier of Infalling-Rotating Envelope around the Class I

Protostar IRAS 0436542535

0000 (00),0000, Ana Lopez-Sepulcre, 0 000,000 (00), 000 (UEC), 000
0 (NAOJ), 0000 (B 0O0), Cecilia Ceccarelli, Bertrand Le och, Claudine Kahane(CNRS,
IPAG), Emmanuel Caux, Charlotte Vastel(CNRS, IRAP)

Sub-arcsecond images of the rotational line emission of CCH, CS, and SO have been obtained toward the
Class I protostar IRAS 0436542535 in TMC-1A with ALMA. A compact component around the protostar is
clearly detected in the CS and SO emission, while an extended envelope is seen in the CCH and CS emission.
The velocity structure of the compact component of CS reveals infalling-rotating motion conserving the angular
momentum. A centrifugal barrier of the infalling-rotating envelope is identified at the radius of 50 + 10 AU.
The observed velocity structure is well explained by a ballistic model of an infalling-rotating envelope, although
the distribution of the infalling gas is not totally symmetric around the protostar. With the aid of the model,
the mass of the protostar and the inclination angle of the disk (0° for edge-on) are evaluated to be 0.25 Mg
and -20°, respectively. The distribution of SO is mostly concentrated at the radius of the centrifugal barrier,
although it also shows asymmetry around the protostar. This result clearly demonstrates that the centrifugal
barrier of the infalling-rotating envelope exists even in the Class I source and that it causes drastic change in
chemical composition of the gas infalling onto the protostar.
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P103c Searching for the centrifugal barrier of the infalling-rotating envelope

in two hot corinos with ALMA

Ana Lépez Sepulcre, Nami Sakai, Yoko Oya, Muneaki Imai, Yoshimasa Watanabe, Satoshi
Yamamoto
The formation of rotationally supported disks around young protostars constitutes one of the most important
issues in star formation studies. Recent findings with ALMA have revealed a drastic chemical change in the
transition zone between the infalling-rotating envelope and the inner disk of the Class 0 protostar L1527,
where the accretion shock just before the centrifugal barrier results in enhanced SO emission around it. More
recently, a similar result has been found in the more evolved, Class I protostar TMC-1A, where SO is mostly
concentrated at the radius of the centrifugal barrier. In order to evaluate whether this is a common feature
among protostars, we have observed SO and other molecular tracers in a number of selected protostars with
ALMA. T will present our results on two of such protostars, the hot corino sources NGC 1333 IRAS 4A (Class
0) and Elias 29 (Class I), and I will compare them with those reported for other protostellar sources so far.
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Pllla Long-Term Monitoring Observations of Active Pre-main Sequence Stars:

Where Do Jets Launch?

Michihiro Takami, Y.J. Wei, M.Y. Chou, J.L. Karr (ASIAA, Taiwan), T.L. Beck (STScI),
N. Manset (CFHT), M. White (Australian National Univ.), K. Grankin (Crimean Atrophys-
ical Observatory), M. Fukagawa (NAOJ), H.M. Gunther (MIT), C. Schneider (ESTEC), R.
Kurosawa (MPIfR) et al.

Understanding the mechanisms of mass accretion and ejection is one of the key issues of star formation
theories. In particular, jets seem to play a fundamental role in removing excess angular momentum from the
disk, allowing mass accretion to occur. However, observational studies are hampered mainly by the limited
angular resolutions of current telescopes, which are not sufficient for resolving structure and kinematics in the
jet launching region. We are therefore using an alternative approach to tackle this issue: long-term monitoring
of mass accretion and the extended jets of four active T Tauri stars. The observations include optical high-
resolution spectroscopy with CFHT-ESPaDOnS; optical and near-IR photometry at Crimean Astrophysical
Observatory and JAXA-ISAS; and integral field spectroscopy using Gemini-NIFS. Five-year observations of
optical spectra at CFHT show remarkably different time variation in their emission line profiles between DG
Tau, RW Aur A and RY Tau. The variations observed in RW Aur A and RY Tau may be related to time
variable ejection in the jet. Continuing the observations and combining the different dataset will eventually
inform us about the presence of jets launched from the magnetosphere/inner disk edge.
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P112b Stable and Unstable Regimes of Mass Accretion onto RW Aur A

Michihiro Takami, Y.J. Wei, M.Y. Chou, J.L. Karr (ASIAA, Taiwan), T.L. Beck (STScI), N.
Manset (CFHT), M. White (Australian National University), M. Fukagawa, T.-S. Pyo (NAOJ),
R. Kurosawa (MPIfR), W.P. Chen (National Central University, Taiwan), R. Galvan-Madrid
(UNAM, Mexico), H.Y. Liu (ESO), J.F. Donati (UPS-Toulouse/CNRS-INSU)

We present monitoring observations of the active T Tauri star RW Aur, from 2010 October to 2015 January,
using optical high-resolution spectroscopy with CFHT-ESPaDOnS (see the other talk for the overall project).
Optical photometry in the literature shows bright, stable fluxes over most of this period, with lower fluxes (by
2-3 mag.) in 2010 and 2014. In the bright period our spectra show clear photospheric absorption, complicated
variation in the Ca II 8542 A profile shapes, and a large variation in redshifted absorption in the O I 7772
and 8446 A and He I 5876 A lines, suggesting unstable mass accretion during this period. In contrast, these
line profiles are relatively uniform during the faint periods, suggesting stable mass accretion. The changes in
optical continuum fluxes and line profiles qualitatively agree with the theory of magnetospheric mass accretion
with enhanced and suppressed magnetic Rayleigh-Taylor instabilities at high and low mass accretion rates,
respectively. However, the large decreases in photometric flux and the weakness or absence of photospheric
absorption during the faint periods challenge the existing theories.
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P124a Universality of relation between SFR and mass of dense gas

Yoshito Shimajiri, Ph. André, V. Konyves, B. Ladjelate, A. Roy, A. Maury (CEA /Saclay), S.
Bontemps, J. Braine (Bordeaux Univ.), N. Schneider (Cologne Univ.)

Essentially the same relation between star formation rate (SFR) and mass of dense gas above the threshold
(Mgense) is found in nearby Galactic clouds [SFR=4.6x10"8Mzyr—! x(Mgense/Me ) — Lada et al. 2010] and
external galaxies [SFR=1.8x10"8Mgyr ! x(Mgense/ M) — Gao & Solomon 2004]. A very similar relation can
be derived from the Herschel results in nearby clouds (Andre et al. 2014), suggesting that the star formation
scenario sketched above may well apply to the ISM of other galaxies. In other words, there may be a quasi-
universal “star formation law” converting the dense molecular gas of supercritical filaments into stars above
the threshold at Ay >8. They, however, used the different dense gas tracers. To investigate the universal star
formation law converting the dense molecular gas into stars, wide-field mapping observations in the same dense
gas tracers are crucial. We have carried out wide-field mapping observations with a spatial resolution of ~0.04
pc in HCN(1-0) toward Ophiuchus, Aquila, and Orion B using the MOPRA 22m, IRAM 30m, and Nobeyama
45m telescope. The SFRs in each region are estimated to be ~1-30x 10~ Muyr~—! from the number of the Class
IT objects. The mass of dense gas Mgense is estimated to be ~400-3000 Ms. We found that the relationship
between SFR and the mass of dense gas can be expressed as SFR=3.0x 1078 Mg yr~! x (Mgense/ M ). The same
relationship is found in the external galaxies. These results suggest the universality of the star formation law
converting the dense gas into stars.
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P130b Probing the mass accretion by the surrounding material in Taurus B211

filament
Yoshito Shimajiri, Ph. André, P. Palmeirim, V. Konyves, B. Ladjelate, A. Roy, and A. Maury
(CEA/Saclay).

The observations of the Herschel Gould Belt survey project revealed an omnipresence of parsec-scale filaments
in molecular clouds. Detailed analysis of the radial column density profiles shows the filaments are characterized
by a quasi-uniform distribution with a typical Full width at half maximum value of 0.1 pc. This characteristic
width of 0.1 pc suggests that the filaments may form as a result of the dissipation of large-scale turbulence.
Furthermore, a lot of sub-filaments are distributed around the main filament. These morphologies suggest that
accretion flows are feeding a main filament with the surrounding materials. To examine whether the surrounding
materials are inflowing into the B211 filaments by the gravity from the viewpoint of the kinematics, we produced
the simple model that the surrounding materials are inflowing by the gravity. We compared the velocity
structures of the filament and surrounding materials traced in '2CO and '*CO with the simple model. The
position-velocity (PV) diagrams of 12CO and '*CO with cut lines along the perpendicular to the filament show
that the peak velocities are approaching to the systemic velocity of the B211 filaments with the approaching
to the B211 filaments. The 2CO and '3CO distributions on the PV diagrams have good agreements with
that of the simple model of the inflowing gas, suggesting that the surrounding materials are inflowing into the
filaments by the gravity.
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P134a High mass star formation in M16’s region explained by cloud-cloud

collision
COSTES Jean, TORII Kazufumi, HASEGAWA Keisuke, HATTORI Yusuke, OHAMA Akio,
SANO Hidetoshi, YAMAMOTO Hiroaki, TACHIHARA Kengo, FUKUI Yasuo, and FUGIN
members
M16 is a famous region for high mass stars formation, but the comprehension of its formation mechanism is
still poorly understood. Indeed, observation of high mass star formation is technically difficult due to a short
time scale and a really fast evolution. Moreover, clouds with high density usually result in fragmentation,
which prevents the formation of a dense core. Using observations of 2CO J=2-1 and J=1-0 from NANTEN2
telescope, which have a low resolution but cover a large area, and combining it with 12CO J=1-0 from Nobeyama
45m telescope, which has a high resolution, two molecular clouds with a velocity separation of 10 km s~ are
revealed to be associated with M16, which is around 2100 pc from us. The clouds have a crossing time of
2 x 10° years and contains about 11 O stars. The blue shift cloud, which fits clearly the Spitzer bubble N19,
has a velocity from 16 to 20 km s~', has a size of 15 pc and a mass of 3 x 10* M, , seems to have a hole
in it which is filled in by the red shift cloud, at a velocity from 21 to 27 km s™!, a size of 40 pc and a mass
of 1 x 10° M. Using channel velocity maps and J=2-1 over J=1-0 ratios, and using the numerous articles
and pieces of evidence for cloud-cloud collision, we suggest that cloud-cloud collision is a trigger for the O star
formation in M16’s region.
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P140c Spectral-line survey toward an outflow-shocked region, OMC2-FIR 4

Yoshito Shimajiri (CEA), T. Sakai (The Univ. of Electro-Communications), Y. Kitamura
(JAXA), M. Saito, F. Nakamura, R. Kawabe (NAOJ), T. Tsukagoshi, M. Momose (Ibaraki
Univ.), S. Takakuwa (ASIAA), T. Yamaguchi, N. Sakai, and S. Yamamoto (Univ. of Tokyo)

We performed the first spectral-line survey at 82-106 GHz and 335-355 GHz toward the outflow-shocked
region, OMC2-FIR 4, the outflow driving source, FIR 3, and the northern outflow lobe, FIR 3N. We detected
120 lines. The line profiles are found to be classifiable into two types: one is a single Gaussian component with a
narrow (<3 km/s) width and another is two Gaussian components with narrow and wide (>3 km/s) widths. The
narrow components for the most of the lines are detected at all positions, suggesting that they trace the ambient
dense gas. For CO, CS, HCN, and HCO™, the wide components are detected at all positions, suggesting the
outflow origin. The wide components of C34S, SO, SiO, H'3CN, HC'*N, Hi3CO, HoCS, HC3N, and CH3OH are
detected only at FIR 4, suggesting the outflow-shocked gas origin. The rotation diagram analysis revealed that
the narrow components of CoH and H'3CO™ show low temperatures of ~12.5 K, while the wide components
show high temperatures of 20-70 K. This supports our interpretation that the wide components trace the
outflow and/or outflow-shocked gas. We compared observed molecular abundances relative to H*CO™ with
those of the outflow-shocked region, L1157 B1, and the hot corino, IRAS 16293-2422. Although we cannot
exclude a possibility that the chemical enrichment in FIR 4 is caused by the hot core chemistry, the chemical
compositions in FIR 4 are more similar to those in L1157 B1 than those in IRAS 16293-2422.
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P205a High Contrast and High Dispersion Spectroscopy Capability of IRCS
(R~20,000, K-band)+AO188 in Subaru Telescope for Characterizing
Nearby Directly Imaged Exoplanets
Stevanus Kristianto Nugroho (Tohoku University), Toru Yamada (Tohoku University)

High contrast and high dispersion spectroscopy has been proven to be a powerful method to characterized
directly imaged exoplanets. The telluric and stellar lines are spectroscopically separated from the planetary
signal due to Doppler shift. We simulate high contrast and high dispersion spectroscopy of directly imaged
exoplanet using IRCS (R~20,000)4+A0188 in 8.2 meter Subaru telescope. We took archived data from SMOKA
(Subaru-Mitaka-Okayama-Kiso-Archive) in K-band (1.97-2.47 um) as the stellar spectrum template. The
exoplanet spectrum was created to mimic the thermal emission of § Pictoris b then Doppler shifted 15 km/s.
The planet to star contrast (F,,/F;) and separation were varied to find the limit of this instrument. The stellar
and telluric lines were removed using the help of SVD (Singular Value Decomposition) technique. The exoplanet
spectrum was recovered by cross correlating the residual with the injected spectrum by varying radial velocity.
With equivalent 9.4 hours of exposure time, we succeed to recover the planet signal at 50yise for Fp,/F as low
as 2.5x107° at ~0.35” from the host star. While at ~0.15”, 50,0ise detection of F,/Fs is only at 2.5x10~%.
This technique can still be improved by using coronagraph, better instruments (e.g. IRD+SCExAO), and
more sophisticated telluric+starlight removal algorithm so that it will be a great companion to characterize
the directly imaged exoplanets that will be found by TMT, E-ELT, TESS, WFIRST and JWST.
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John Livingston (University of Tokyo), Michael Werner, Varoujan Gorjian (Jet Propulsion
Laboratory, California Institute of Technology), Charles Beichman (NASA Exoplanet Insti-
tute, California Institute of Technology), Ian Crossfield (University of Arizona), Erik Petigura
(California Institute of Technology), Joshua Schlieder (NASA Ames Research Center), Kather-
ine Deck (California Institute of Technology)

K2 is in the midst of identifying transiting exoplanet candidates around stars in the ecliptic plane. We are
conducting Spitzer follow up observations for the purpose of confirming and characterizing these candidates.
Spitzer’s high cadence, high precision photometric capability in the near infrared make it uniquely suited to this
task. The higher cadence allows for better measurement of transit timing and orbital parameters. The addition
of even a single additional transit measurement can drastically reduce uncertainty in the period. This is crucial
for the future study of exoplanet atmospheres by observatories such as JWST, and Spitzer’s high precision
photometry enables this for transits that cannot be measured from the ground. For multi-planet systems with
near-resonant periods, the deviation from Keplerian orbits can be large, and Spitzer can measure transit timing
variations (TTVs) which cannot be detected in the K2 data alone. The achromaticity of measured transit depth
between the Kepler and Spitzer bandpasses helps to confirm the planetary nature of the transit signals in the
K2 data. This study is expected to increase the total number of known exoplanets orbiting M dwarf host stars
by as much as 50%, as well as constrain their orbital and physical characteristics.
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P230a Viscous Instability Triggered by Layered Accretion in Protoplanetary

Disks
Yasuhiro Hasegawa (JPL/Caltech), Taku Takeuchi (Titech)

Layered accretion is one of the inevitable ingredients in protoplanetary disks when disk turbulence is excited
by magnetorotational instabilities (MRIs). In the accretion, disk surfaces where MRIs fully operate have a
high value of disk accretion rate (M ), while the disk midplane where MRIs are generally quenched ends up
with a low value of M. Making use of the traditional viscous a—parameter that was derived intuitively, layered
accretion has been investigated extensively in 1D disk models. Significant progress on understanding MRIs has
recently been made by a number of dedicated MHD simulations, which requires improvement of the classical
treatment of « in 1D disk models. To this end, we obtain a new expression of a by utilizing an empirical
formula that is derived from recent MHD simulations of stratified disks with Ohmic diffusion. It is interesting
that this new formulation can be regarded as a general extension of the classical . Armed with the new «,
we perform a linear stability analysis of protoplanetary disks that undergo layered accretion, and find that a
viscous instability can occur around the outer edge of dead zones. Disks become stable in using the classical
o. We identify that the difference arises from Y —dependence of M; whereas ¥ is uniquely determined for a
given value of M in the classical approach, the new approach leads to M that is a multi-valued function of X.
We confirm our finding both by exploring a parameter space and by performing the 1D, viscous evolution of
disks. We finally discuss other non-ideal MHD effects that are not included in our present analysis.
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