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On the lower mass limit for circumbinary disc fragmentation

M.Teasdale & D.Stamatellos

ABSTRACT

In recent years, many wide orbit circumbinary (CB) giant planets have been discovered; some of these may have formed by
gravitational fragmentation of circumbinary discs. The aim of thig
disc fragmentation. We use the Smoothed Particle Hydrodynamicy (SPH) code SEREN.|which employs an approximate method
for the radiative transfer, to perform 3 sets of simulations of gravitationally unstable discs. The first set of simulations covers
circumstellar discs heated by a single 0.7 Mg, star (CS model), the second set covers binaries with the same total stellar mass
as the CS model, attended by circumbinary discs with the same temperature profile (CB fiducial model), and the third set
covers circumbinary discs heated by each individual star (CB realistic model). We vary the binary separation, mass ratio and
eccentricity to see their effect on disc fragmentation. For the circumstellar disc model, we find a lower disc-to-star mass ratio
for fragmentation of ~ 0.31. For the circumbinary fiducial disc model we find the same disc-to-star mass ratio for fragmentation
(but slightly lower for more eccentric, equal-mass binaries:; 0.26). On the other hand, realistic circumbinary discs fragment at
a lower mass limit (disc-to-star mass ratio of 0.17-0.26), depending on the binary properties. We conclude that circumbinary
discs fragment at a lower disc mass (by ~ 45%) than circumstellar discs. Therefore, gas giant planet around binaries may be able
to form by gravitational instability easier than around single stars.

P-type orbit

0 =

ate the lower mass limit for circumbinary

c
aGX

HMERY OnH

wide-orbit exoplanet® A : E NN E

$chit:1_2,

circumbinary exoplanet®EE # [

EIRA DD

BEHARLTEICIET EWASHEBERAMNE Gammie 2001 & A
. <3071

My/M.>0.3 Stamatellos+2011 & A °f
HEERY TlEm/AIDaplE ?

@)
'_,C—B, 1.0 _— .
~ g ®
) 0.81 ] [
n ° ¢
®
®
- 0.6
é o
04 © . °
[ ]
L ]
. Xy o
0.21 ® * o
° e ©
L ]
0.01 , .
1073 102 101 10° 10!
o % (AU)  separation
, [ ]
'|7>§|_0.8-
2D
HH
{0.61
a 4
v [ ]
0.21 .0.
A )
o® o o %
—3 10~ 10! 10° 10!
ap (AU)




IEH D HEIA Y SPHTH % SEREN (Hubber+2011)

SR T )L F —ui T/ BESTIC L AIRIERE

T*) 7 Ey
T) + kS \(p, T TERE

dr 22,2

\ 0y FTRERE

BEEAMTFEEREE
I _VP
2 = . > =

S lan|” .

Stamatellos® A&
L SEIA L <xh<l

circumstellar (CS) model
Mx=0.7Mg

circumbinary disk with the same T-profile of CS (CBF fiducial model)
a,=1, 0.3, 0.1 ap=5, 10au e,=0.2, 0.5

My +M,=0.7M.,

HAT4RY
hau<Rp<120au
>(R)=x(1au)(R/1au)-!

CS, CBF: #MHAT(R)=250K(R/1au)-0-7 +10K
2 =07

CBR: T(R1.R) = Z {Ti R, } + 10K,
i=1

AU

Table 1. The stellar parameters used for the CBR model simulations. gy, is
the binary mass ratio, M is the mass of each star of the binary, and 7j is the
temperature at 1 AU from each star of the binary.

qp M, (Mg) T; (K)
: 0.35 /‘1 30
0.35 130
0.53 180
. 0.16 85
o1 0.64 220
0.064 40

\T(R) = (Ly/1670, )R~ '/,

Ta(ri=1au)
T(R)=250K(R/1au)-07 +10K

circumbinary disk heated by each star (CBR realistic model)

M,+M>=0.7Mg

a,=1, 0.3, 0.1 a,=5, 10au e,=0.2, 0.5
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Massive Star Formation at Supersolar Metallicities: Constraints on the Initial Mass Function
Eda Gjergo+ Research in Astronomy and Astrophysics in press

Abstract Metals enhance the cooling efficiency of molecular clouds, promoting fragmentation.
Consequently, increasing the metallicity may boost the formation of low-mass stars. Within the integrated
galaxy initial mass function (IGIMF) theory] this effect is empirically captured by a linear relation between
the slope of the low-mass stellar IMF, a1, and the metal mass fraction, Z. Fhis linear ov;-#Z relation has
been calibrated up to = 2 Z, though higher metallicity environments are known to exist. We show that if
the linear a1-Z relation extends to higher metallicities ([Z] = 0.5), massive star formation is suppressed
entirely. Alternatively, fragmentation efficiency may saturate beyond some metallicity threshold if gravita-
tional collapse cascades rapidly enough. To model this behavior, we propose a logistic function describing
the transition from metallicity-sensitive to metallicity-insensitive fragmentation regimes. We provide a user-

friendly public code, py IGIMF, which enables the instantaneous computation of the IGIMF theory with
the logistic «v1-Z relation.
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Origin of gas in the Magellanic Bridge: MeerKAT detection of Hi 21-cm absorption

A. P. M. Morelli+ AAp Lett. accepted

Aims. H121-cm absorption lines are investigated to determine the origin of the neutral atomic hydrogen (H 1) of the Magellanic Bridge
(MB). Using the MeerKat Absorption Line Survey (MALS) data we report the detection of an H 1 absorption line at a peak signal-to—
noise ratio of 10 caused by MB gas against the radio source J033242.97-724904.5. In combinatlml'—wﬁﬁLWMta obtained with the
Australia Telescope Compact Array (ATCA) our new detected H 1 line permits the exploration of the MB atomic hydrogen gas across
4-6 kpc.

Methods. The radial velocity profiles from the ATCA data and new data from MALS are analysed. Apart from the excitation con-
ditions, the radial velocity structure of the H1 gas seen in emission and absorption is investigated. Eventually the gas-to-dust ratio is

quantified to identify the origin of the MB gas being either from the SMC (small Magellanic Cloud) or the LMC (Large Magellanic
Cloud). -,

Results. The H1 absorption lines towards lines of sight separated by several kpc consistently coincide with the densest and perhaps
coolest gas at the lower radial-velocity limit of the corresponding H 1 emission profiles. The gas-to-dust ratio is found to be consistent
with an origin of the MB gas from the LMC. The large scale velocity distribution as seen from the H1 absorption features favors the
LMC->5MU direct collision scenario over the close fly-by scenario, as also currently found by numerical simulations.
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HI4Pl emission and MALS absorption towards J033242.97-724904.9
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