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(1) 9. X-ray Super-Flares From Pre-Main Sequence Stars: Flare Modeling

Konstantin V. Getman, Eric D. Feigelson, Gordon P. Garmire
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Figure 1. Cumulative distribution functions of the X-ray flare host stellar mass (left), stellar radius (middle), and flare energy
integrated from the start to the stop time (right). The latter is constructed using Kaplan-Meier survival estimators for ‘R’ and
‘D’ flares with the dashed curves representing 95% confidence bands (see Paper I for details). The MYStIX/SFiNCs super-flares
are stratified by brightness: the green curve shows the 55 events associated with > 1000-photon Chandra observations (studied
here) while the red curve shows the 1,031 remaining events associated with < 1000-photon observations.
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Table 1. Fifty Five Bright MYStIX/SFiNCs X-ray Super-flares
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Figure 2. Sample page from the MYStIX/SFiNCs super-flare atlas. See §2.2 for explanations of the figures and legends. The
complete figure set for 55 super flares is available in the electronic article.
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Figure 6. Bivariate scatterplots of several properties of the 55 bright MYStIX/SFiNCs flares (black points) with comparison to
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(2) 10. The Macroporosity of Rubble Pile Asteroid Ryugu and Implications for the Origin of
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Figure 1. The normalized volume frequency distribution for Ryugu boulders, derived from the areal counts of Michikami et
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Figure 4. The density of some classes of carbonaceous chondrites (CC) and ordinary chodrites (OC) from Macke, Consolmagno
& Britt (2011) are compared to the average density of rocks on three rubble pile asteroids as a function of their macroporosity
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%D % Table 3. Overview of the D/H ratios of water in the warm region (< 100 au, 7 > 100 K) toward Class 0 protostars. For L483 and B335, the
reported values are derived from the synthetic spectrum model.
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Fig. 4. Overview of the two methods used to determine the column density of D,O toward B335. Left) Synthetic spectrum model for the emissic Notes. The table Only include interferometric observations of the inner warm r egion toward low-mass Clags 0 protostars.
feature toward B335 for an assumed source size of (2. The estimated optical depth 7 for D,O is shown in the upper left corner. The synthet
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SIRIUS Project. III. Star-by-star simulations of star cluster formation using a direct
N-body integrator with stellar feedback

Michiko S. Fujii, Takayuki R. Saitoh, Yutaka Hirai, Long Wang

One of the computational challenges of cluster formation simulations is resolving individual stars and simulating massive
clusters with masses of more than 10*Mg without gravitational softening. Combining direct N-body code with smoothed-
particle hydrodynamics (SPH) code, we have developed a new code, ASURA-+BRIDGE, in which we can integrate stellar
particles without softening. We add a feedback model for HII regions into this code, in which thermal and momentum feedback
is given within the Stromgren radius. We perform N-body/SPH simulations of star cluster formation. Without softening, a
portion of massive stars are ejected from the forming clusters. As a result, the stellar feedback works outside the clusters. 10
This enhances/suppresses the star formation in initially sub-virial /super-virial clouds. We find that the formed star clusters
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estimated as an initial cluster density. We also find that some clusters have multiple peaks in their stellar age distribution as a 10 10* 10°
consequence of their hierarchical formation.
— 20 1
20—20 -10 0 10 20 10 10
z (pc)
’ 4
2 'K 18R20HIIm001-soft ¢ =9.0Myr 10% 10
10
10%2 10°
2 0 E §
> ~—r
1027 102
—10
— 20 — ‘ 1
20—20 —10 0 10 20 10 —20 —10 0 10 20 10
z (pc) z (pc)
4
28 K18R20HHMO015oft ¢ =11.0 Myg 10% 20 1j$zft.._..t =IL.0Myr 10
10%2 - = R ST
2 o T E o R <
102 | | 107
—10 _10 '
_ — } . T 1
20—20 -10 0 10 20 10 20—20 —10 0 10 20 10
z (pc) z (pc)

Fig. 4. Time evolution of the distribution of gas and stars for models K18R20m001HII-soft. Left: white, blue, and magenta dots indicate stars with masses of
1-8, 8-20, and > 20M,. Color scale indicates gas surface density. Right: blue and red dots indicate stars with masses of 1-20 and > 20M,, respectively.
Color scale indicates the gas temperature.
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Misaligned Circumstellar Disks and Orbital Motion of the Young Binary XZ Tau
Takanori Ichikawa, Miyu Kido, Daisuke Takaishi, Yoshito Shimajiri, Yusuke Tsukamoto, Shigehisa Takakuwa

We report our analyses of the multi-epoch (2015-2017) ALMA archival data of the Class II binary system XZ Tau at Bands
3, 4 and 6. The millimeter dust continuum images show compact, unresolved (r < 15 au) circumstellar disks (CSDs) around
the individual binary stars; XZ Tau A and B, with a projected separation of 39 au. The 12CO (2-1) emission associated with
those CSDs traces the Keplerian rotations, whose rotational axes are misaligned with each other (P.A. -5 deg for XZ Tau A
and 130 deg for XZ Tau B). The similar systemic velocities of the two CSDs (VLSR 6.0 km s-1) suggest that the orbital
plane of the binary stars is close to the plane of the sky. From the multi-epoch ALMA data, we have also identified the relative
orbital motion of the binary. Along with the previous NIR data, we found that the elliptical orbit (e = 0.742-+0.025-0.034, a
= 07.172+07.002-07.003, and w = -54.2-+2.0-4.7 deg) is preferable to the circular orbit. Our results suggest that the two CSDs
and the orbital plane of the XZ Tau system are all misaligned with each other, and possible mechanisms to produce such a
configuration are discussed. Our analyses of the multi-epoch ALMA archival data demonstrate the feasibility of time-domain
science with ALMA.

Circumstellar Disk

Orbit

Figure 11. Schematic picture of the binary system XZ Tau
revealed by the present ALMA observations.
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Jessica Klusmeyer, A. Meredith Hughes, Luca Matra, Kevin Flaherty, Agnes Kospal, Attila Moor, Aki Roberge,
Karin Oberg, Aaron Boley, Jacob White, David Wilner, Peter Abraham

Surprisingly strong CO emission has been observed from more than a dozen debris disks around nearby main-sequence stars.
The origin of this CO is unclear, in particular whether it is left over from the protoplanetary disk phase or is second-generation
material released from collisions between icy bodies like debris dust. The primary unexplored avenue for distinguishing the
origin of the material is understanding its molecular composition. Here we present a deep search for five molecules (CN, HCN,
HCO+, SiO, and CH30OH) in the debris disk around 49 Ceti. We take advantage of the high sensitivity of the Atacama Large
Millimeter /submillimeter Array (ALMA) at Band 7 to integrate for 3.2 hours at modest spatial (1") and spectral (0.8 km/s)
resolution. Our search yields stringent upper limits on the flux of all surveyed molecular lines, which imply abundances relative
to CO that are orders of magnitude lower than those observed in protoplanetary disks and Solar System comets, and also those
predicted in outgassing models of second-generation material. However, if CI shielding is responsible for extending the lifetime
of any CO produced in second-generation collisions, as proposed by Kral et al. (2018), then the line ratios do not reflect true ice
phase chemical abundances, but rather imply that CO is shielded by its own photodissociation product, CI, but other molecules
are rapidly photodissociated by the stellar and interstellar radiation field.

Table 3. Upper limits (30) on molecular gas emission from the 49 Ceti disk

Species Rest Frequency? Upper Limit Gas Mass
GHz mJy km s~} Mg

. . i . CN(3-2) 340.248* 25 <2.0 x 1078
E%\‘ﬁlJE%d)Tj U - ﬁ%‘:COLi%\/\LTt, 810(8-7) 347.3305 34 <8.3 X 10—9
ZNLADDFIFHTEWITAIRN? HCN (4-3) 354.5054 31 <1.7 x 107
HCO™(4-3) 356.7342 37 <1.3 x 107°

CH30H ** 350.9051 22 <1.5 x 1077

CH3OH *** 358.6058 56 <7.6 x 1077

*N=3-2, J=7/2-5/2, F=9/2-7/2 **1(1,1)-0(0,0) ***4(1,3)-3(0,3)

%https://www.cv.nrao.edu/php/splat/



