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- When is it established?
- On what spatial scales?

What are the physical
processes that shape
MF, P, A, q, e ..

Note the observational difficulties and biases



Examples
HD 34700

0.2
6700 6702 6704 6706 6708 6710 6712 6714 6716 6718 6720

Wavelength (angstroms)

Sterzik et al., 2005

.. 3 Myr old c+WTTS hierarchical quadruple



there are many!

Table 3. Multiple TTSs with SBs having a known orbit. The periods

of spectroscopic binary P;, (in days) and the angular distances (or pe- / 1

riods) of outer components are listed. Xy 40 TT S W S B Orb |1-S
Source P;, dous Remark . 1 5 1- r l P l es O r h l g h e r
HD155555 1.7 33"
V1154 Sco 24 07288 h|gh€r MF FOr p(lOd

RW Aur 2.77 0712 + 1739

RXJ0529.4+0041  3.03 173 (CP A TOkOVlnlnS 1'(1“()

RXJ0541.4-0324  4.98

RXJ1301.1-7654 13 1744

UZ Tau 19.1 07368 + 3754 . :
HD 34700 23.5 574+ 10" , 2 5 6 S B

ROXs 42C 36 0157 = / F |l

RXJ0532.1-0732  46.9 o OT @ are
V773 51.1 072 + 072

Crux-3 58.3 4.6yrs | hlgher' order (Mayor &

ROXs 43A 89.1 6"

HD98800 262 +315 08 : Mazeh 1987)

Haro 1-14 591 1279




More Examples
CB54

de Gregorio-Monsalvo et al., 2006

H20 masers and radio continuum | 1215 4 glObU|€

- multiple outflows
AASS Kebang - - twisted jets

| - masers / class O
- multiple stellar
sources @ 100 AU

Right Ascension (J2000)

Ciardi & GomezMartin, 2007 MIR emission




More Exampléws
SVACE

2122 um $SV63 —— PAH2 S j" ;
% NE R

Terquem et al., 1999: <! i o | Wb -

riple source?? ~ 500 AU b‘ . - '

. R
<+ 0.02pc

SB

L et e HH 24-MMS
10000 AU Davis et al., 1997

3“
Huelamo et al., 2007




More Examplés
L1551 IRSS - prototypical class I source

- outflow, jets, HH, envelope, disk
- 50 AU binary + cb disk ??

18 02 05 L1551 [RS5 A = 2.7 mm FEmission
; i |
00

P L
(6] I ]

El

Dec. (B1950)

W
w

~
o
Declination {J2000)

N W
() I ]

- ] N 5 3 i
O - ¥ : it i
20 HPBW Rl <o j = J" . 18708 04" I_- 1870804 —

LR B
0428420 415 41.0 405 400 39.5 39.0 38.
R.A. (B1950) Momose et al., 1998 Looney, Mundy, Welch, 1997

4831 B0 ETL] 4B P340 ETL]
Right Ascenszion {J2000}




More Examplés
L1551 IRS5

- VLA 7mm
hierarchical
triple

Protostellar System Molecular Pseudodisk : ;
z | - aligned jets

—_ J *ﬂr £ | b ~. : s :
< oy, _ ] - NS: coplanar
: () N | = ¢ - NS: low e
k | " < - 3rd disk is
3 - g 4 misaligned
E . 48 35
= . fragmentation...

L
-
o~
o
30

()] 0.03" - 5AU
30 20 100 0 -0 200 300 042841.0 406 402 398 394
R.A. offset (milliarcsecond) R.A. (B1950)

Lim & Takakuwa, 2006






Pre-Stellar Cloud Cores

= Mo ~05-5 Msol

- dN/dMo ~ Mo Y

- Ro ~ Mo

-To~10... 30K

- po ~ 10-18 g/cm3

- grav. bound: ao+ Bo < 1/2

- turbulent/magnetic support




Isothermal Homolgous Collapse

- Rc ~ Bo Ro
- Mc"“ Mo
- T~ 10 42 yrs

- rotationally flattened
“pseudodisk”
- pc ~ 103 g/cm3
prone to fragmentation ?
- dofo (e.g. ap*B0<0.12)
- initial perturbations
3 B # Bcrit"‘ 0.02

< -—
R, ~ 100’s A.U.




Fragmentation & 2nd Collapse

- T~ 1023 yrs

! p A 10-5...0 g/Cm3

- “protostars™: class 0
- non-hierarchical
configurations

Fragmentation Scale

oo = BkToRo/2UGMo

Bo = Ro3Q0%/36Mo

fragmentation condition: Bo > Berit ~ 0.02
isothermal collapse scale: Rc ~ Ro * Bo

R~100's A.U.

Sterzik, Durisen & Zinnecker, 2003



Dynamical Evolution

- Tayn ~ 10 34 yrs

- chaotic dynamic

- system decay

- hierarchical configurations
- scale: Roin ~ 0.1 * R

- broad distributions




Dynamical Evolution: a

Binary Semi-Major Axis Distribution
|||||| T T ||||l|| I/\/f—‘i’lT||||| T
Solar Type (D&M 91}~ |
M (F&M 92, March'él 03)y---°" i
VLM (Close 03) ,? '

C
R,
-
(@]
©
-
L

I 1 11 | | | | | 1 111 |
10.0 100.0
log A [AU]




Dynamical Evolution: MF ver. M

Dynamical Decay Prediciton

—
o

2 step: dynamics

1 step: bias

Q
o

2 step: random Tokovinin 02 |

0.6

Duquennoy &
Mayor 91

Fischer & Marcy ;2

T /+/ Leinert et al. 97
_ Marchal et al, 0 |

4 \r

—
N

g

C
O
-]

@)

©

S
LL

>
—
O
o
—_—

)
=

~
-
LEVIT a

5 1= . v
Reid et al. 0f - 1 /| Reld & Giziz 97 (field) Seduy

4
~

7 L U
Close etal.|03 |
7 :

Il

- | Reid-& Giziz 97 (Hyades)

LA

i etal. 00
0.10 1.00
Primary Mass [Msol]

Sterzik & Durisen, 2003




Dynamical Evolution:
Orbit Orientation

Angular Montentum @rientation Distribution

MSC
oblate 10:1, B=0.1

ambiguity corr.

c
2
G
]
LL

uncorrelated,
random orbit
distribution

60 90 120
Relative Orientation Angle
Sterzik & Tokovinin, 2002




Close Binary Formation

- dynamical decay produces a significant
number of perpendicular orbits

- some of them likely generate Kozai-
cycles (eccentricity pumping) and tidal
friction (Kiseleva, Eggelton, Mikkola,
1998)

- iInner orbits shrink, outer orbits
circularize




Conclusions

- primordial multiples are observable
- scales 10-100%s A.U.

- embedded SBs likely exist
- hierarchical systems frequent

- fragmentation after isothermal collapse
- gravitational few-body dynamics
- quantitative distribution functions



