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Chemical tracers of episodic accretion in low-mass protostars
Ruud Visser!?, Edwin A. Bergin? and Jes K. Jgrgensen®

Intro: Episodic accretion (& low mass @ embedded RRBETHEASINTET TWVWS
(ex. ALMA @ IRAS15398 &Rl in H13CO+ #E#R; Jorgensen et al. 2013), A DK KIEIE
¥ luminosity problems,

Aim: \BREX I —RZRAWTETILZED . HRABRBEICOWTESNTICE—ERET—FP
XEATHRANSN TS ice DERE & L,

Assumption: EXI#R envelope, radial profile (& Herschel ™5 F#hnZ&nc@E
ZHY 100 £ <. IREIE quiescent 72 & 2 5,

Results:

IN—AKE CO ZZEZRIBTHDICT7 — HCOt DIFEM. NoH+ OF TSR DZHIC
(& 1064 yr hE,

H2CO snow line (& 10 f£IcZx D, 100-1000 yr TITICRE %,

LZMEREEE 105 yr %5,

fcreU. BE—E0ORBE burst DY M LRT—ILZBENZIFE+TAD TG, Nz
DI IETHETDINE,
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Variable protostellar accretion with episodic bursts

L Eduard Vorobyov! and Shantanu Basu? _ o
Intro: EREDEEDBANEN B E407 T 7L TS CE R E WS RIBEAEE S AT A > T

L\% —> episodic accretion ? episodic accretion [FABOKRZM 5 FTHEE,
episodic accretion #HBIE9 % HD Od— K (starless core ~ 2D 1 Myr; thin disk
approximation; R ICEWT z A RDOEIHZIE—TE) 27 Vv T—he TDF7 v 7TT—hKIC
£oT
1) HEOBRNZZ LDBEICHDIKS ZEMNAEEER -

2) YARNANRY T4 %= EE

3) [R#BE D photosphere, accretion luminosity Z & ICiE< & EDA[REE > T,
—> &L8| & b A EE,
Results: 1) initial mass W RKEWEE, KEREEFEZ I7HEFD & EIEH
Wo E2ICHIENTWNDEZE, BGHH D EZTIFHEE>FTHEHL DSV,
2) accretion @ variation [FABDORI/NA IV —L/T Z T X MFD interaction &> T
RCC B
3) IFEAED burst (& Class-| DFFICFEZ D, Class-0 TlRIFEAER I 5%V, Class-ll T
(;31”\/2
4) burst H¥E < BB & luminosity (& FU-Ori type star = & < 5tBE9 %,
5) 2 BED/N—A N O THWICKRENGER (<104 yr) TRI2HD @ #H100FEDEICEE
o2 2 56 D; gIE & fragment N ZD XX DFZZ R > T accretion, & filament JRIC5] 2
fE(EE N T accretion
6) 40-70 % 177 T burst Htc Z 5,
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Erot/ Egrav

"Model Mcore S

Distance (AU)

Tinit Qo ro 220 Rout o' 1B
(Mg) (%) (K) (kms 'pc') (AU) (gem™?) (pc)
1 1.1 0.88 10 1.4 2400 5.2x10°% 0.07 5x10°° 0
2 1.5 0.88 10 1.0 3400 3.7x10°2 0.1 5x10°3 0
3 0.31 0.8 10 3.3 685 1.8x10"' 0.03 5x10~% 0
4 1.1 0.14 10 0.57 2400 5.2x107% 0.07 5x1073 0
5 1.1 0.88 25 5.7 960 3.2x10"! 0.028 5x10°% 0
6 1.1 0.88 10 1.4 2400 5.2x107% 0.07 3x10°% 0
7 1.1 0.88 10 1.4 2400 5.2x107% 0.07 5x10°° 3.33
Time (Myr)
_' Sy M. (model 1) :,‘l'..'d..1?'5,.','.".',;".:,:-...,,,, i
o o
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Close encounters involving free-floating planets in star clusters
Long Wang!?, M.B.N. Kouwenhoven?!, Xiaochen Zheng'?, Ross P. Church®, Melvyn B. Davies®

Intro: XEZ%ia< [Cld main-sequence D 2 Z31< free floating planet (FFP) »'% % H0'6

L1d (from micro lens observations) free floating planet NED & S5 ICHFE D DH % A
B EITEETHD, —ATERIICIE single star 5D planet DRHDHTIE (FFP) @
2 CZHIATET. EFFTCOHEEERNEETHDIEVWS T ENDLM>TWVWS

—> cluster FCORXREDEVPLPERERTOENHEEFERZHHN. cluster FTD FFP BNED K
SRENNZEDZDNZIEDS, (cluster DR (L 500-2000 D single/binary stars)

Table 1. Initial conditions for the modelled star clusters.

Results:
WEDONDBREFENSIHEINTT Clc Quantity Value
/?: = 75\ 5 El:ji H, IIII:II -g-b\\ j(_LB j: :E) 5 71\ L/Tﬁ Number of stars & binaries N = N + N, = 500, 1000, 2000

L: ﬂi H W < o Nplanet/Nstar
DLTWE, BREREXID S 40% E<LE

=

MEIRITH T,

3 Z 7T

YERICEMD SiklFTHIXE L close

Half-mass radius
Dynamical model
Virial ratio

Tidal field

rnm = 0.38, 0.77, 1.54 pc
Plummer (1911)

=1/2
Galactic Solar orbit

Initial mass function
Binary fraction
Semi-major axis distr.
Mass ratio distr.

Kroupa et al. (1993), 0.2 — 5Mg
= N /N = 0%, 20%, 50%

fa(@) x a=1; (1076 — 1073) x 1y

Random pairing

encounter (<1000 AU) Z# 1+ o] (F &£ &% Eccentricity distr. fe(e) =2e (0<e<1)
. Orbital orientation Random
B2 9 5, ZKEI(Z close encounter %= iREx ,
. R . Planet-to-star ratio R = Np /Ny, =0.5,1,2
L WZE EEMICHEDH. encounter @ Planet mass M, = 1M;

HITHRENRELS, EOFEEMEWFE
Wix 3%,

Density distribution
Planet ejection velocity

Equivalent to that of stars

Ms, fej (see F igurem and §E}




Close encounters involving free-floating planets in star clusters
Long Wang'?, M.B.N. Kouwenhoven?!, Xiaochen Zheng'?, Ross P. Church®, Melvyn B. Davies®

& 1F=

IF2ED 10 % 1FE U DR,
encounter H%O)E'E'ﬁ%i&’j‘b\fc & EDREEDFIE Maxwell-Boltzman a2 LTHED, FD &

= DEEEE

Z(X linear, FETICTIELVNE F(FTRUNE

= D=8 flat 7550

FFPs O close 7% encounter | i,u5¥ﬂb debris system Z &L U.
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Dimming and CO absorption toward the AA Tau protoplanetary disk: An infalling flow
caused by disk instability?

Ke Zhang', Nathan Crockett?, Colette Salyk®, Klaus Pontoppidan®, Neal J. Turner®, John M. Carpenter!,
Geoffrey A. Blake?

Intro: CTTS @ AA Tau & quasi-cyclic 7&#EE D variation ZR"9 Z ENH SN TWS,

ULH L. 2011 FHEICEERICIFIEL JBOE (AIFE-NIR) Z&80RIL. ZDREE phase (567
LV TUWB,

Method : 11 & (8 epoch) Ic k.3 CO/13CO rovibrational line Z£RIL. ZDZE{LZ AN
foo

Results : Bt E CO/13C0O DIRYX (6 km/s redshift) MNEE &7k > 7z (Fig. 1)
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Dimming and CO absorption toward the AA Tau protoplanetary disk: An infalling flow
caused by disk instability?

Ke Zhang', Nathan Crockett?, Colette Salyk®, Klaus Pontoppidan®, Neal J. Turner®, John M. Carpenter!,
Geoffrey A. Blake?

Discussion: 3& > 7B IX R A D ?

1) foreground material?? — @EHNIT TN DIELLDY —XIEFH N TWVWERWDTX

2) envelope material?? —> AA Tau DR D ICIFBEIC envelope [F72WZ EA D> TW
5o MOEMNTEZDTX

3) disk FF®D material —> 500 K ZFBIE T 5 ICIFFZEIE 10 AU AT TH D EDNRE
(@N(H)=102" cm= vertical column density; CO can survive)

FDHFRTEZS5NDDIE a) disk DIEXFR b) instability (&2 inflow

a) FENIEME DD HFERICITFIEDWE ZDERKENSHIEN DTS5 >84 AU

b) FU-Or type (decay timescale 100 yr, burst #® accretion rate (& 104 Msun/yr) D
EX-Lupi type (FU-Or & D#EZ T burst FH® accretion rate (& 107 Msun/yr) D& X 5
nsh'. accretion rate "5 AA Tau (& EX-Lupi, 272U, 6 km/s @ redshift (& Z
M5 ? viscous disk DREEICUTIIKETZS L. freefall CUTIFNETTE S, . .

disk @ instability (C &% inflow (& Magnetic field/viscosity (C kK578 speculative -

ferzeUe 2nddinflow RS CHEDEIC burst hEC b EEZA 5N DT28. EAITIEET

L& 2o

ZHIE abstract ICEWVWTHBED 3)-b) =2 HFHLTW5B,




Fragmentation of Molecular Clumps and Formation of Protocluster
Qizhou Zhang', Ke Wang?, Xing Lu'®, Izaskun Jiménez-Serra?
Intro: IRDCs FREEEDHHIRZEZZS5NTED, TNZHFANS I EFEE,
FTH Clump & ~ 1 pc AT —J)b. ~103 Msun ZF DK DREED T, collapse/fragment
UTIRABBEDEXEZ EEZ 5N TWS (high mass protostar 280 K SRIGBTEES
HE Uo. BEIC high mass protostar RO > TWBS K SQRFFAHH D)

Method: ALMA ZRBW\WT IRDC G28.34+0.06 P1 % 1.3 mm cont &RkA o1 > TE
Al

Results: 1. Clump "& 5(c 5 DD core [c 5
TEHZ &zZPESMIT UL,

10

(=)
(MRRICHBDEIFEZE NS S 5(C dendrogram/ %
gaussian fitting ZFHWT. 0.5-27 Msun @37 \:; =0
Z[RE, )
04 03 30
18 42 51.6 51.0 504 49.8

o (J2000)



Fragmentation of Molecular Clumps and Formation of Protocluster

Qizhou Zhang', Ke Wang?, Xing Lu'*®, Izaskun Jiménez-Serra

2. Core 2-4 £7Tl& DR21(Intermediate
mass star forming region) &z K 574
ANRYT ~)L, Core 1,5 & S-bering

species ¥ complex organic molecule H'

W15 < . heating source B> mWEE X
55D T, low-mass star DFRIRG %=
BTWBHhEWD, Tl L. mava
outflow D AZMF LRI 7 TIEIER U
3. NHs (1-0) ; 2 IERIFEXX D VLA T—5
NS, N AP NDEERE & FERGER
BIETEEE U,
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Fragmentation of Molecular Clumps and Formation of Protocluster

Qizhou Zhang', Ke Wang?, Xing Lu!*®, Izaskun Jiménez-Serra?

4. thermal Jeans length TRHRULCOA7ZEHTE S 30 BORENHHICHEIMII DS
g low mass D A7 FERETE D >z (1 osensitivity 0.065 Msun) —> low mass &
high/intermediate DE&NSTE5DH b,

Fig. 8.— Cumulative mass function of the fragments identified in G28.34 P1. The data are

plotted in logarithmic scales. The dashed line marks the slope of the Salpeter initial mass
function.
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