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CARMA View of Filaments in Nearby Molecular Clouds:

Gradients, Substructure, and Flattened Environments
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An observed linewidth is most strongly influenced by the largest scale when 
the non-thermal motions are dominated by isotropic turbulence


vnt2(L) ∝ L2q  !  σnt(L) ∝ Lq!

Conclusions:

! The depth of dense structures into the sky is relatively 

constant compared to their variation in projected size 
(~0.02-1 pc). 


! The typical depth of Serpens Main is ~0.15 pc, which means it 
is flattened at the largest scales.


!   Flattened large-scale structures are consistent with 
overdensities formed at the intersection of turbulent flows.


Find me to 
hear about 

our results!


Characteristics of the Local Filament Environment: 
Determining the 3D Structure of Clusters 


Integrated Intensity


Branch 59


Vlsr   Map


σnt  Map


Leaf 9


Looking at the maps above, we can see that we can measure two types of “linewidths” from this 
high-resolution data for each dendrogram structure:


2. Mean non-thermal velocity dispersion within each structure (<σ>nt) 

1. Variation of Vlsr within each structure (ΔVlsr)


Why the difference?

!…!we’ll!argue!it!is!from!differences!between!an!object’s!projected!size!and!!

depth!into!the!plane!of!the!sky.


Taken from Lee et al. (2014). Left:  N2H+ J=1-0 integrated intensity map of Serpens Main. Center: Centroid velocity 
map (km/s). Right: Velocity dispersion map (km/s).   


Left: We used a non-binary dendrogram algorithm (described in Storm et al. (2014)) to define structure within 
Serpens Main. This image shows the integrated intensity map (same as above) with the location of dendrogram 
leaves overplotted. Center: Highlighting leaves in Serpens Main NW. Right: Portion of the Serpens Main dendrogram 
representing the inset region shown to the left. 


Larger objects have more Vlsr 
variation than than smaller objects !

All objects have similar <σ>nt, 
independent of projected size!

Flat relation indicates little 
variation of line-of-sight 

depth.!

Filament Formation from Converging Flows


We see a clear radial velocity 
gradient across this filament, which 

is away from the main star 
formation activity in Serpens South.


!  Observed N2H+ J=3-2 emission along the spine of the filament using the ARO SMT

!  Smoothed CARMA N2H+ J=1-0 observations to resolution of SMT N2H+ J=3-2 data

!  Fit spectra to determine line ratios and linewidths

!  Used RADEX to estimate H2 number density


" Median n ~ 1.8e5 cm-3

!  Assumed uniform density cylinder with n ~ 1.8e5 cm-3, r=0.04 pc to determine M/L 



" 61 M#/pc 



Do Filaments Show Substructure?


Estimating the M/L of the observed filament 


Filament width at half-power = 0.08 pc

Vlsr difference across width = 0.3 km/s
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CLASSy N2H+ (J=1-0) observations of filament kinematics


J=3-2


J=1-0


How do the velocity and M/L of the observed filament compare to simulated filaments?


For observed filament:

[0.3 km/s]2/[G*(61 M#/pc)] ~ 0.3


Vs. 


For simulated filament with self-
gravity and turbulence:


[0.1 km/s]2/[G*(20 M#/pc)] ~ 0.1


Shaye Storm (UMD), Lee Mundy (UMD), Katherine Lee (UMD), Eve Ostriker (Princeton), Che-Yu 
Chen (UMD), Manuel Fernández-López (CCT-La Plata Argentina), The CLASSy Collaboration 


Taken from Storm et al. (2014). Left: We see that a narrow filament is resolved along the southwestern edge of the 
Herschel  filament. Right: This narrow filament is redshifted by 1.5 km/s relative to the ridge filament, and we 
overplot its integrated intensity contours  on the Herschel  filament.


Taken from Fernandez-Lopez et al. (2014). Left:  N2H+ J=1-0 integrated intensity map of the southern half of our 
Serpens South field.  The white boxes highlight sections of filaments where we resolve substructure. Center/Right: 
(a) Normalized intensity cuts across the FE filament in the CARMA  N2H+ J=1-0 and 350 μm images (green and black 
curves and shades, respectively). The solid lines represent the average to each cut; the shades represent the range 
of values at each offset position centered at the crest of the filament. A Gaussian fit to each curve shows that the 
N2H+ width is 1/3 of the Herschel  dust width. Green and black dashed lines show the CARMA and Herschel  Gaussian 
beams. Violet dashed lines show the N2H+ average convolved with the Herschel beam. (b) Same for the FSE filament. 
The green profile shows a substructure of two or three peaks (green line) inside the dust filament (black line).


Goal of this section: What is the structure of the environment in which filaments are forming? In the 
section on the left, we showed support for filaments accreting material from a flattened, larger-

scale layer.  In this section, we show that we can determine the depth of CLASSy regions using the 
size and velocity field of dendrogram-identified structures (using Serpens Main as the example). 

The conclusion is that they are, in-fact, flattened at the largest scales, with depths into the plane of 
the sky ~0.1-0.2 pc, and projected sizes across the plane of the sky ~1-3 pc.


(Methods and results reported in: Storm et al. (2014), Lee et al. (2014))


Goal of this section: How are filaments formed, and how do they accrete material on the pathway to 
fragmentation and core formation? In this section, we report the discovery of a strong radial velocity 
gradient in a Serpens South filament that shows no axial gradient. We compare the filament’s velocity 
field and M/L to simulations of filaments formed from turbulent, converging flows. We conclude that 
the observed filament was likely formed from converging flows, and is self-gravitating and accreting 

material from a larger-scale, flattened geometry.

(Results reported in CLASSy paper in prep., Chen & Ostriker (2014))


Goal of this section:  Do Herschel  identified filaments show substructure? Several dust filaments break 
up into multiple structures in our CLASSy maps, and we show some examples of this effect.


(Results reported in: Ferndandez-Lopez et al. (2014),  Storm et al. (2014))


Let’s look at the kinematics of Leaf 9 and its surrounding Branch 49. 


Since the dendrogram-identified structures span a wide range of spatial scales, we can use the 
projected size of the structures and the two linewidths to construct distinct size-linewdith relations


Decreasing 

line-of-sight 

depth 
should 

result in 
decreasing 

non-
thermal 
velocity 

dispersion


This work was supported by NSF AST-1139998 (University of Maryland) and NSF AST-1139950 (University of Illinois).


Metric for comparison:


Cartoon Explanation of Gradients 

Left:  When viewing a filament 
forming in a slab (from any 
direction except perfectly face-
on or edge-on), there will be a  
gravity-induced velocity 
gradient across the major axis of 
the filament. 

Right:  When viewing filament 
that is isotropically accreting 
with no preferred direction, no 
cross-filament gradient is 
expected.!

Conclusion: Both the 
observed and simulated 
filaments are self-
gravitating and accreting 
material from a flattened, 
post-shock layer.!

Simulated Filament Dynamics and M/L:
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Conclusion: Filamentary structure is increasingly complex when viewed with high 
angular and velocity resolution.!
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Result 1:

•  Radial gradients 

discovered in 
filaments. 




•  Filaments are 

self-gravitating 
structures 
accreting from a 
flattened larger-
scale layer.


Result 2:

•  Substructure 

appears within 
filaments with 
our higher 
angular and 
velocity 
resolution.


Result 3:

•  CLASSy 

regions have 
line-of-sight 
depths 
~0.1-0.2 pc.




•  They are 

flattened at 
the largest 
(parsec) 
scales. 


Topic 1: Filament 
Formation


Topic 2: Filament 
Substructure


Topic 3: Filament 
Environment



