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Why do we care about fragmentation?

• Multiple systems and clusters are born from this process

• Massive stars, in theory, can form differently depending on the
   fragmentation of the parent core

Courtesy of L. Carbonaro

1.

2.

1. COMPETITIVE-ACCRETION: 
        Fragmentation favoured into 
        many low-mass seeds which keep 
        accreting from unbound gas
        (e.g. Bonnell et al. 1998, Bonnell & Bate 2005, 
          Wang et al. 2010)

2. CORE-ACCRETION: 
        Fragmentation inhibited, followed by
        non-spherical collapse 
           (e.g. McLaughlin & Pudritz 1996, 
         Yorke & Sonnhalter 2002, Tan & McKee 2003)
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Model output
(Hennebelle+11,
Commerçon+12)

CASA
Simulations

(θ ~ 0.27’’,
20 mins, 

cycle-1)

μ = (M/Φ)/(M/Φ)crit 

280 GHz cont. N2H+ (3-2)

μ = 2 , dominant magnetic support
μ = 130, faint magnetic support

Fragmentation of a 100 M core
RAMSES code

Theory

Magnetic field dominates  one (few) fragment(s)
Turbulence dominates  many fragments

Magnetic field dominates  one (few) fragment(s)
Turbulence dominates  many fragments



Fontani+12, MNRAS, 423, 2342 

11 entries from MSX-dark cores (Beltrán et al. 2006)

The sample
Selection 
criteria:

1. Potential sites of massive star formation 
2. Cold and chemically young
3. Not blended
4. Dense



SIMBA 1.2 mm + Spitzer 24 μm
Fontani+12, MNRAS, 423, 2342 
APEX N2H+(3-2), towards SIMBA peaks

HPBW ~ 24’’ HPBW ~ 19’’

Beltrán+06, A&A, 423, 2342 

4. Dense 3. Not blended



Model output
(Hennebelle+11,
Commerçon+12)

CASA
Simulations

(θ ~ 0.27’’,
20 mins, 

cycle-1)

μ = (M/Φ)/(M/Φ)crit 

280 GHz cont. N2H+ (3-2)

μ = 2 , dominant magnetic support
μ = 130, faint magnetic support

what we expected to see…
Fragmentation of a 100 M core
RAMSES code



…and what we see: ALMA observations

Fontani et al. in preparation

Resolution: θ~0.25’’ 
Sensitivity: ~0.07 M

“extreme” cases:
- 12 fragments
- 4 fragments

Continuum maps at 278 GHz



…and what we see: ALMA-ACA
Resolution: θ~5.2’’ 
Sensitivity: ~0.07 M

IRAS 16061C1 at 278 GHz



The case of IRAS 16061-5048C1
Fontani et al. 2016, A&A, 593, L14

Simulations run specifically
for this clump:
- M = 300 Msun

- Tk = 20 K
- Mach number = 6.44

Despite many fragments,
overall morphology more 
in line with strong 
magnetic support (μ=2)!!



The case of IRAS 16061-5048C1

Geometry: how this affect the (observed) fragmentation?
μ = 2   



The case of IRAS 16061-5048C1

Geometry: how this affect the (observed) fragmentation?
μ = 200    
 



The case of IRAS 16061-5048C1

In the μ = 200 case, the fragments in the synthetic images 
NEVER reach the total flux observed
 Further indication in support of the strong magnetic case !





fragment population: some statistics
# fragments vs core parameters Average fragment Diameter vs core parameters

1- Larger and more massive cores tend to form
     more fragments

2- Larger and warmer cores tend to form 
     larger fragments

Fontani et al. in preparation



Summary and conclusions

1)  Two populations of fragments:
       a) few fragments with a dominant one
       b) several (>10) fragments with similar masses

2)  Larger and more massive cores form more fragments 
(# > 10 for M > M)

3)  The magnetic support can be dominant even for a 
highly fragmented clump   

        appropriate initial conditions in models needed
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