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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
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... 3 Myr old c+wTTS hierarchical quadruple 
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Sterzik et al., 2005



... there are many!
Michael F. Sterzik et al.: HD 34700 is a T Tauri Multiple System 5

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

of spectroscopic binary Pin (in days) and the angular distances (or pe-

riods) of outer components are listed.

Source Pin dout Remark

HD155555 1.7 33′′

V1154 Sco 2.4 0.′′288

RW Aur 2.77 0.′′12 + 1.′′39 Quad.

RXJ0529.4+0041 3.03 1.′′3 eclips.

RXJ0541.4-0324 4.98 SB3

RXJ1301.1-7654 13 1.′′44

UZ Tau 19.1 0.′′368 + 3.′′54 Quad.

HD 34700 23.5 5′′+ 10′′ Quad.

ROXs 42C 36 0.′′157

RXJ0532.1-0732 46.9 SB3

V773 51.1 0.′′2 + 0.′′2 Trap.

Crux-3 58.3 4.6yrs SB3

ROXs 43A 89.1 6′′

HD98800 262 + 315 0.′′8 Quad.

Haro 1-14 591 12.′′9

(but not impossible). To find two chance projections in the same

annulus appears even more implausible.

Considering the similar evolutionary state of all compo-

nents, we tentatively conclude that HD 34700 forms a multiple

TTS system consisting of an inner SB2 and two outer physical

companions. We cannot make conclusive statements about the

long-term dynamical stability of HD34700. The projected con-

figuration of this quadruple appears non-hierarchical. Because

the projections of B and C are not known, their actual distances

from A can be much larger. In fact, a factor of 4-5 larger dis-

tances make the system stable. On the other hand, at a distance

of 450pc the observed separations of B and C imply a cross-

ing time of the order of 105yrs; hence even a non-hierarchical

multiple system could survive during several Myrs.

Interestingly, similar configurations are encountered quite

frequently in TTS systems. In order to be able to make sta-

tistically meaningful comparisons, we restrict the following

discussion to low-mass TTS systems where the spectroscopic

orbit has been solved sufficiently accurately, and in which

all components have spectral types later than F5. A fairly

complete compilation of periods and eccentricities is given

by Melo et al. (2001), and 37 PMS SBs follow our selec-

tion criterion. Together with two orbits of weak-line TTS

SBs (RXJ0528.0+1046 and RXJ0529.3+1210) from Torres,

Neuhäuser & Günther (2002), and the classical TTS system

RW Aur (Gahm et al., 1999) the number of currently known

TTS systems that contain (at least) one SB with a solved orbit

is 40. Twelve of them have inner periods Pin < 10d.

In order to derive the fraction of multiple systems (N > 2),

we have searched the literature and the Multiple Star Catalog

(MSC, Tokovinin 1997) for all known TTS SBs with at least

one additional component. We are not aware of any particular

survey that has attempted to reveal visual companions specifi-

cally around TTS SBs, and the list of companions associated to

an SB in Table 3 is likely to be incomplete.

Table 3 lists 15 systems that have at least one additional

companion. Three of those are components inferred from high-

resolution spectroscopy, i.e. are SB3. Seven are visual com-

ponents from a hierarchical tertiary configuration (with sepa-

rations ranging from 0.′′16 to 33′′), and the remaining 5 sys-

tems are quadruple. In our well-defined sample of PMS-SBs,

we thus determine the fraction of multiple systems (i.e. sys-

tems which are at least triple) to be 15/40 = 0.38±0.10. Triple

systems have a fraction of 10/40 = 0.25 ± 0.08, and the frac-

tion of quadruples with respect to triples is 5/10 = 0.5±0.22. If

we restrict the sample to SB with inner periods Pin < 10d, we

find 4 triples and 1 quadruple, i.e. a higher-order multiplicity

fraction of 5/12 = 0.42 ± 0.19.

We will now compare the incidence of additional compan-

ions to SBs in our sample with samples of SBs in the field and

in clusters. In young star clusters the ratio of triples to binaries

is consistently found to be around 10%, and has been deter-

mined in the Pleiades (Mermilliod et al., 1992) and in Praesepe

(Mermilliod & Mayor, 1999). Mayor & Mazeh (1987) esti-

mate that some 25% of SBs are triple. The fraction of triples

increases when we restrict the discussion to close SBs only.

All 5 systems with Pin < 10d in Duquennoy & Mayor (1991)

are triple, and at least 43% of the nearby, low-mass SBs with

Pin < 10d catalogued by Batten, Fletcher & MacCarthy (1989)

have known physical tertiaries. The higher-order multiplicity

fraction (42%) in our PMS sample restricted to Pin < 10d is

therefore compatible with these numbers, if not lower.

We conclude that the frequencies of triples and quadruples

in our entire sample of PMS SBs (0.38 ± 0.1) shows a slight

trend to be enhanced as compared to field (0.25) or young clus-

ters stars (0.1), although the errors are still too large to draw

unambiguous conclusions. For sub-samples restricted to close

SBs, however, we find a similar multiplicity fraction.

Two observational effects are known that are compatible

with the high abundance of higher-order systems in our sample.

First it is established that the binary fraction of TTS is – at least

in some star forming regions – significantly higher than in the

field (Leinert et al. 1997, Ghez et al. 1997). The trend toward a

higher multiplicity fraction in our sample may therefore simply

reflect the overall tendency of observing higher multiplicities in

earlier evolutionary phases, although the stars of our sample are

well mixed throughout the sky and should not be dominated by

regional selection biases.

The second observational fact is that the fraction of SBs in

components of visual multiple stars has been found to be higher

than those in stars without any companion. Melo (2003) finds

an excess of 2–3 in the rate of PMS-SBs that have one or more

visual companions, compared to those without a companion. A

similar conclusion is reached in an analysis of the frequency

of spectroscopic sub-systems among the components of visual

binaries in the field (Tokovinin & Smekhov 2002).

The statistics presented above therefore corroborate Melo’s

(2003) results and suggest that the multiplicity fraction of

PMS-SBs is genuinely enhanced. A possible explanation is that

the formation of a close binary is linked to the presence of

a more remote companion. The distant companion can assist

in the removal of the angular momentum from the close bi-

nary and the eventual shrinkage of its orbit by several differ-

- 40 TTS w/ SB orbits
- 15 triples or higher
- higher MF for P<10d 
(cp A. Tokovinin’s talk)

- 25% of all SB are  
higher order (Mayor & 
Mazeh 1987) 



More Examples
CB54

de Gregorio-Monsalvo et al., 2006
8. Attachments (Figures)

H2O + r!c

H2O 

IRAS

2MASS K!band

H2O masers and  radio continuum

MIR emission

MIR!c

MIR!b

MIR!a

YC1!II

YC1!I

Fig. 3: (Left) Contours represent 2MASS K-band emission at the center of CB 54. The filled circle represents
the position of IRAS 0720-1618, and the cross marks the position of water masers (de Gregorio-Monsalvo et
al. 2006). (Upper Right) Close up of water maser emission observed with the VLA. Contours represent radio
continuum emission. (Bottom Right) Mid-infrared emission detected at 18.3 µm (Ciardi & GómezMart́ın 2007).

Fig. 4: H2 1-0 S(1) line + Continuum zoom of the central part of CB 54 (Khanzadyan 2003)

- 5 -

Ciardi & GomezMartin, 2007

- Bok globule
- multiple outflows
- twisted jets 
- masers / class 0
- multiple stellar 
sources @ 100 AU  



More Examples
SSV63

10000 AU Davis et al., 1997

2” binary

Terquem et al., 1999:
triple source??

8. Attachments (Figures)

Fig. 1 – VISIR images of SSV 63 system. The field-of-view is ∼19′′ ×19′′. Images of standard stars observed at
similar airmasses are displayed in the bottom left panels. The physical separations between the components are
shown in red. According to Terquen et al., the component E should be a triple system with a component to the
SE of SSV63E. No component was report so far. NACO and CRIRES might help to test Terquen’s supposition.

Fig. 2: Evolutionary stages from molecular cloud cores toward final binary and multiple stellar systems. Typical
system scales are indicated and are similar to those observed in Figure 1. a) Molecular cloud cores. b) Isothermal
collapse of one core. c) Fragmentation and accretion to form protostars. d) Dynamical evolution of a small
multiple stellar system. Stages b) and c) and stages c) and d) may overlap to some extent.

- 4 -

Huelamo et al., 2007



More Examples
L1551 IRS5

Looney, Mundy, Welch, 1997Momose et al., 1998

- prototypical class I source
- outflow, jets, HH, envelope, disk
- 50 AU binary + cb disk ??



More Examples
L1551 IRS5

- VLA 7mm 
hierarchical 
triple
- aligned jets 
- NS: coplanar
- NS: low e
- 3rd disk is 
misaligned

fragmentation...

Lim & Takakuwa, 2006

0.03” - 5AU



NRAO (Dec 2006) PR: “Smoking Gun” for 
Multiple Star Formation



1. Molecular Cloud Cores

• M0 ~ 0.1 -10 M!

• dN/dM0 ~ M0 
-!

• R0 ~ M0

• T0 ~ 10 … 30 K

• "0 ~ 10-18 g/cm3

• grav. bound: #0+ $0 < 1/2

• turbulent/magnetic

support

R0 ~ 0.01 … 0.1 pc

 - M0 ~ 0.5 - 5 Msol
 - dN/dM0 ~ M0 -γ
 - R0 ~ M0
 - T0 ~ 10 … 30 K
 - ρ0 ~ 10-18 g/cm3

 - grav. bound: α0+ β0 < 1/2 
 - turbulent/magnetic support

Pre-Stellar Cloud Cores



Isothermal Homolgous Collapse
2. Isothermal & Homologos Collapse

• Rc ~ !0 R0

• Mc ~ M0

• "ff ~ 10 4…5 yrs

• rotationally flattened

• #c ~ 10-13 g/cm3

• fragmentation ?

• $0!0 (e.g. $0* !0<0.12)

• initial perturbationsRc ~ 100’s A.U.

- Rc ~ β0 R0 
- Mc ~ M0

- τff ~ 10 4…5 yrs
- rotationally flattened 
“pseudodisk”
- ρc ~ 10-13 g/cm3 
prone to fragmentation ?

- α0β0 (e.g. α0*β0<0.12)
- initial perturbations
- β > βcrit ~ 0.02



Fragmentation & 2nd Collapse
3. Fragmentation and 2nd  Collapse

• !ff ~ 10 2…3 yrs

• " ~ 10-5…0 g/cm3

• “protostars”: class 0

• non-hierarchical

configuration

R ~ 100’s A.U.

- τff ~ 10 2…3 yrs
- ρ ~ 10-5…0 g/cm3 
- “protostars”: class 0
- non-hierarchical 
configurations

Fragmentation Scale

RC > 130AU (α0/0.5) (β0/0.02) (M0/M) (10K/T0) 

α0 = 5kT0R0/2μGM0 
β0 = R03Ω02/3GM0

fragmentation condition: β0 > βcrit ~ 0.02
 isothermal collapse scale: RC ~ R0 * β0

a ~ RC ≈ O(100 A.U.)
a ~ M0

a ~ 1/T0Sterzik, Durisen & Zinnecker, 2003



Dynamical Evolution
4. Dynamical Evolution

• !dyn ~ 103…4 yrs

• chaotic dynamics

• system decay

• hierarchical, stable

configuration

• characteristic scale:

Rbin ~ 0.1 * R

• broad distributions

Rbin ~ 40 A.U.

- τdyn ~ 10 3…4 yrs
- chaotic dynamic 
- system decay
- hierarchical configurations
- scale: Rbin ~ 0.1 * R 
- broad distributions



Dynamical Evolution: a



Dynamical Evolution: MF ver. M

Sterzik & Durisen, 2003



Dynamical Evolution: 
Orbit Orientation

uncorrelated,
random orbit
distribution

orbit correlation  anti -correlation

MSC

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)
- inner orbits shrink, outer orbits 
circularize



- 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 

Conclusions


