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*special thanks to Jens for his “mass-radius” & “AstroMed” work
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Note: This is not a “presentation”, per se.  
It is a Keynote file with “notes” use in the discussions of dendrogramming 

the Pipe at the Grenada meeting (May 2009) organized by J. Alves.
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Dendro Pipe: What do we want to know?
1. Is pre-wavelet CLUMPFIND useful?

1. No.  The structures identified do not correspond well to those seen by-eye, 
or to dense core positions.

2. Is post-wavelet CLUMPFIND useful? (Yes, João says so!)

2.1. Are the clumps cores? (e.g. is NH3 detected?)...answer from this A.M.!?

2.2. Are the clumps physically possible? (Mostly, see Charlie’s discussion...)

3. What can dendrograms tell us that CLUMPFIND cannot?

3.1. Nested-ness (hierarchy) of structure

3.2. Realistic “boundedness” of structures using spectral-line maps

4. How do CLUMPFIND “clumps” correspond to structures one can find with 
dendrograms?

4.1. Relationship to “real” dense cores... 
(What does “real” really mean?.. Is NH3 enough? ...  sub-mm peaks?)
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L18 J. Alves et al.: The mass function of dense molecular cores and the origin of the IMF
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Fig. 1. Dust extinction map of the Pipe nebula molecular complex from Lombardi et al. (2006). This map was constructed from near-infrared
observations of about 4 million stars in the background of the complex. Approximately 160 individual cores are identified within the cloud and
are marked by an open circle proportional to the core radius. Most of these cores appear as distinct, well separated entities.

mass spectrum. This latter difference implies a significant phys-
ical difference in the two distributions. For the stellar IMF, the
bulk of the (stellar) mass is tied up in low mass objects while for
clouds the bulk of the mass is tied up in the most massive objects.
A consequence of this difference is that in order to produce the
stellar IMF from the cloud mass spectrum, a transformation must
take place during the process of star formation. It has been sug-
gested that outflows generated during the protostellar stages of
star formation provide a natural feedback to collapse/infall lim-
iting the final mass of a protostellar object (Shu et al. 1987) and
perhaps providing the mechanism for transforming the form of
the cloud mass spectrum into the form of the stellar mass spec-
trum (Lada & Lada 2003). However, it is not clear how such a
process could produce a peak, or a characteristic scale for stellar
masses. Moreover, the comparison of the CO core mass function
and the IMF may not be relevant since CO does not trace the
dense component of the molecular gas within which stars actu-
ally form (Lada 1992).

Indeed, a different picture appears to emerge when observa-
tions of dense gas are considered. Typically only about 10% or
less of the mass of a star-forming molecular cloud is in the form
of dense (i.e., n(H2) ∼ 104 cm−3) gas and this gas appears to be
organized into discrete cores within which stars form. Tachihara
et al. (2002) and Onishi et al. (2002), using C18O and H13CO+
as tracers of dense gas, suggest that the stellar and core mass
distributions are similar. Recent observations of dust continuum
emission originating from such dense cores has enabled the con-
struction of the dense core mass function (DCMF) in a number
of nearby molecular cloud complexes. For cores with masses in
excess of ∼0.5 M# the derived mass spectra appear to be de-
scribed by a single power-law, similar to the CO cores but with

a relatively steep slope (−1.1 to −1.6, in log mass units) similar
to the that of the stellar IMF (Motte et al. 1998; Testi & Sargent
1998; Johnstone et al. 2000, 2001; Motte et al. 2001; Beuther
& Schilke 2004; Stanke et al. 2006). Moreover, in one example,
the ρ Ophiuchi cloud, the core mass spectrum exhibited possible
evidence of a flattening or break near a mass of about 0.5 M#,
also similar to the stellar IMF (Motte et al. 1998). In another
cloud, NGC 1333, measurements of dust emission produced a
core mass spectrum between 0.1 and 0.5 M# with a slope of ap-
proximately −0.4 (Sandell & Knee 2001), similar to that univer-
sally derived for less-dense gas traced by CO emission in other
clouds but also consistent with the apparent break and assumed
flattening below 0.5 M# of the DCMF of the Ophiuchi dark
cloud mentioned above. The observed similarity between the
slopes of the DCMF derived from millimeter-wave dust emis-
sion studies and the slope of the IMF above 0.5 M# has been
taken as evidence that the individual dense cores are the di-
rect precursors of new stars and moreover that the stellar IMF
is completely specified by the fragmentation process in molecu-
lar clouds. In addition, the possible flattening of the DCMF near
0.5 M# implies a high star formation efficiency (SFE) for dense
gas (about 100%). In this case there is no need for a mass trans-
formation from the DCMF to the IMF. The characteristic scale
of stellar mass demanded by the stellar IMF is set by the funda-
mental physics of cloud fragmentation (Shu et al. 2004; Larson
2005). Which picture is correct?

In order to bring new insight to this issue we used an in-
dependent method of identifying and measuring the masses of
dense cores. This method uses precise infrared measurements
of dust extinction toward stars background to a molecular cloud
(the N() method, Lada et al. 1994; Alves et al. 1998, 2001;

Post-wavelet CLUMPFIND+unseeded dendro
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Fig. 1. Dust extinction map of the Pipe nebula molecular complex from Lombardi et al. (2006). This map was constructed from near-infrared
observations of about 4 million stars in the background of the complex. Approximately 160 individual cores are identified within the cloud and
are marked by an open circle proportional to the core radius. Most of these cores appear as distinct, well separated entities.

mass spectrum. This latter difference implies a significant phys-
ical difference in the two distributions. For the stellar IMF, the
bulk of the (stellar) mass is tied up in low mass objects while for
clouds the bulk of the mass is tied up in the most massive objects.
A consequence of this difference is that in order to produce the
stellar IMF from the cloud mass spectrum, a transformation must
take place during the process of star formation. It has been sug-
gested that outflows generated during the protostellar stages of
star formation provide a natural feedback to collapse/infall lim-
iting the final mass of a protostellar object (Shu et al. 1987) and
perhaps providing the mechanism for transforming the form of
the cloud mass spectrum into the form of the stellar mass spec-
trum (Lada & Lada 2003). However, it is not clear how such a
process could produce a peak, or a characteristic scale for stellar
masses. Moreover, the comparison of the CO core mass function
and the IMF may not be relevant since CO does not trace the
dense component of the molecular gas within which stars actu-
ally form (Lada 1992).

Indeed, a different picture appears to emerge when observa-
tions of dense gas are considered. Typically only about 10% or
less of the mass of a star-forming molecular cloud is in the form
of dense (i.e., n(H2) ∼ 104 cm−3) gas and this gas appears to be
organized into discrete cores within which stars form. Tachihara
et al. (2002) and Onishi et al. (2002), using C18O and H13CO+
as tracers of dense gas, suggest that the stellar and core mass
distributions are similar. Recent observations of dust continuum
emission originating from such dense cores has enabled the con-
struction of the dense core mass function (DCMF) in a number
of nearby molecular cloud complexes. For cores with masses in
excess of ∼0.5 M# the derived mass spectra appear to be de-
scribed by a single power-law, similar to the CO cores but with

a relatively steep slope (−1.1 to −1.6, in log mass units) similar
to the that of the stellar IMF (Motte et al. 1998; Testi & Sargent
1998; Johnstone et al. 2000, 2001; Motte et al. 2001; Beuther
& Schilke 2004; Stanke et al. 2006). Moreover, in one example,
the ρ Ophiuchi cloud, the core mass spectrum exhibited possible
evidence of a flattening or break near a mass of about 0.5 M#,
also similar to the stellar IMF (Motte et al. 1998). In another
cloud, NGC 1333, measurements of dust emission produced a
core mass spectrum between 0.1 and 0.5 M# with a slope of ap-
proximately −0.4 (Sandell & Knee 2001), similar to that univer-
sally derived for less-dense gas traced by CO emission in other
clouds but also consistent with the apparent break and assumed
flattening below 0.5 M# of the DCMF of the Ophiuchi dark
cloud mentioned above. The observed similarity between the
slopes of the DCMF derived from millimeter-wave dust emis-
sion studies and the slope of the IMF above 0.5 M# has been
taken as evidence that the individual dense cores are the di-
rect precursors of new stars and moreover that the stellar IMF
is completely specified by the fragmentation process in molecu-
lar clouds. In addition, the possible flattening of the DCMF near
0.5 M# implies a high star formation efficiency (SFE) for dense
gas (about 100%). In this case there is no need for a mass trans-
formation from the DCMF to the IMF. The characteristic scale
of stellar mass demanded by the stellar IMF is set by the funda-
mental physics of cloud fragmentation (Shu et al. 2004; Larson
2005). Which picture is correct?

In order to bring new insight to this issue we used an in-
dependent method of identifying and measuring the masses of
dense cores. This method uses precise infrared measurements
of dust extinction toward stars background to a molecular cloud
(the N() method, Lada et al. 1994; Alves et al. 1998, 2001;

Post-wavelet CLUMPFIND+unseeded dendro

9Monday, May 11, 2009



L18 J. Alves et al.: The mass function of dense molecular cores and the origin of the IMF

356°357°358°359°0°1°2°3°4°
Galactic Longitude

2°

3°

4°

5°

6°

7°

8°
G

al
ac

tic
 L

at
itu

de

 

 

 

 

 

 

 

356°357°358°359°0°1°2°3°4°
2°

3°

4°

5°

6°

7°

8°

0.0

0.2

0.4

0.6

0.8

1.0

A
K

Fig. 1. Dust extinction map of the Pipe nebula molecular complex from Lombardi et al. (2006). This map was constructed from near-infrared
observations of about 4 million stars in the background of the complex. Approximately 160 individual cores are identified within the cloud and
are marked by an open circle proportional to the core radius. Most of these cores appear as distinct, well separated entities.
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Fig. 1. Dust extinction map of the Pipe nebula molecular complex from Lombardi et al. (2006). This map was constructed from near-infrared
observations of about 4 million stars in the background of the complex. Approximately 160 individual cores are identified within the cloud and
are marked by an open circle proportional to the core radius. Most of these cores appear as distinct, well separated entities.

mass spectrum. This latter difference implies a significant phys-
ical difference in the two distributions. For the stellar IMF, the
bulk of the (stellar) mass is tied up in low mass objects while for
clouds the bulk of the mass is tied up in the most massive objects.
A consequence of this difference is that in order to produce the
stellar IMF from the cloud mass spectrum, a transformation must
take place during the process of star formation. It has been sug-
gested that outflows generated during the protostellar stages of
star formation provide a natural feedback to collapse/infall lim-
iting the final mass of a protostellar object (Shu et al. 1987) and
perhaps providing the mechanism for transforming the form of
the cloud mass spectrum into the form of the stellar mass spec-
trum (Lada & Lada 2003). However, it is not clear how such a
process could produce a peak, or a characteristic scale for stellar
masses. Moreover, the comparison of the CO core mass function
and the IMF may not be relevant since CO does not trace the
dense component of the molecular gas within which stars actu-
ally form (Lada 1992).

Indeed, a different picture appears to emerge when observa-
tions of dense gas are considered. Typically only about 10% or
less of the mass of a star-forming molecular cloud is in the form
of dense (i.e., n(H2) ∼ 104 cm−3) gas and this gas appears to be
organized into discrete cores within which stars form. Tachihara
et al. (2002) and Onishi et al. (2002), using C18O and H13CO+
as tracers of dense gas, suggest that the stellar and core mass
distributions are similar. Recent observations of dust continuum
emission originating from such dense cores has enabled the con-
struction of the dense core mass function (DCMF) in a number
of nearby molecular cloud complexes. For cores with masses in
excess of ∼0.5 M# the derived mass spectra appear to be de-
scribed by a single power-law, similar to the CO cores but with

a relatively steep slope (−1.1 to −1.6, in log mass units) similar
to the that of the stellar IMF (Motte et al. 1998; Testi & Sargent
1998; Johnstone et al. 2000, 2001; Motte et al. 2001; Beuther
& Schilke 2004; Stanke et al. 2006). Moreover, in one example,
the ρ Ophiuchi cloud, the core mass spectrum exhibited possible
evidence of a flattening or break near a mass of about 0.5 M#,
also similar to the stellar IMF (Motte et al. 1998). In another
cloud, NGC 1333, measurements of dust emission produced a
core mass spectrum between 0.1 and 0.5 M# with a slope of ap-
proximately −0.4 (Sandell & Knee 2001), similar to that univer-
sally derived for less-dense gas traced by CO emission in other
clouds but also consistent with the apparent break and assumed
flattening below 0.5 M# of the DCMF of the Ophiuchi dark
cloud mentioned above. The observed similarity between the
slopes of the DCMF derived from millimeter-wave dust emis-
sion studies and the slope of the IMF above 0.5 M# has been
taken as evidence that the individual dense cores are the di-
rect precursors of new stars and moreover that the stellar IMF
is completely specified by the fragmentation process in molecu-
lar clouds. In addition, the possible flattening of the DCMF near
0.5 M# implies a high star formation efficiency (SFE) for dense
gas (about 100%). In this case there is no need for a mass trans-
formation from the DCMF to the IMF. The characteristic scale
of stellar mass demanded by the stellar IMF is set by the funda-
mental physics of cloud fragmentation (Shu et al. 2004; Larson
2005). Which picture is correct?

In order to bring new insight to this issue we used an in-
dependent method of identifying and measuring the masses of
dense cores. This method uses precise infrared measurements
of dust extinction toward stars background to a molecular cloud
(the N() method, Lada et al. 1994; Alves et al. 1998, 2001;
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Fig. 1. Dust extinction map of the Pipe nebula molecular complex from Lombardi et al. (2006). This map was constructed from near-infrared
observations of about 4 million stars in the background of the complex. Approximately 160 individual cores are identified within the cloud and
are marked by an open circle proportional to the core radius. Most of these cores appear as distinct, well separated entities.

mass spectrum. This latter difference implies a significant phys-
ical difference in the two distributions. For the stellar IMF, the
bulk of the (stellar) mass is tied up in low mass objects while for
clouds the bulk of the mass is tied up in the most massive objects.
A consequence of this difference is that in order to produce the
stellar IMF from the cloud mass spectrum, a transformation must
take place during the process of star formation. It has been sug-
gested that outflows generated during the protostellar stages of
star formation provide a natural feedback to collapse/infall lim-
iting the final mass of a protostellar object (Shu et al. 1987) and
perhaps providing the mechanism for transforming the form of
the cloud mass spectrum into the form of the stellar mass spec-
trum (Lada & Lada 2003). However, it is not clear how such a
process could produce a peak, or a characteristic scale for stellar
masses. Moreover, the comparison of the CO core mass function
and the IMF may not be relevant since CO does not trace the
dense component of the molecular gas within which stars actu-
ally form (Lada 1992).

Indeed, a different picture appears to emerge when observa-
tions of dense gas are considered. Typically only about 10% or
less of the mass of a star-forming molecular cloud is in the form
of dense (i.e., n(H2) ∼ 104 cm−3) gas and this gas appears to be
organized into discrete cores within which stars form. Tachihara
et al. (2002) and Onishi et al. (2002), using C18O and H13CO+
as tracers of dense gas, suggest that the stellar and core mass
distributions are similar. Recent observations of dust continuum
emission originating from such dense cores has enabled the con-
struction of the dense core mass function (DCMF) in a number
of nearby molecular cloud complexes. For cores with masses in
excess of ∼0.5 M# the derived mass spectra appear to be de-
scribed by a single power-law, similar to the CO cores but with

a relatively steep slope (−1.1 to −1.6, in log mass units) similar
to the that of the stellar IMF (Motte et al. 1998; Testi & Sargent
1998; Johnstone et al. 2000, 2001; Motte et al. 2001; Beuther
& Schilke 2004; Stanke et al. 2006). Moreover, in one example,
the ρ Ophiuchi cloud, the core mass spectrum exhibited possible
evidence of a flattening or break near a mass of about 0.5 M#,
also similar to the stellar IMF (Motte et al. 1998). In another
cloud, NGC 1333, measurements of dust emission produced a
core mass spectrum between 0.1 and 0.5 M# with a slope of ap-
proximately −0.4 (Sandell & Knee 2001), similar to that univer-
sally derived for less-dense gas traced by CO emission in other
clouds but also consistent with the apparent break and assumed
flattening below 0.5 M# of the DCMF of the Ophiuchi dark
cloud mentioned above. The observed similarity between the
slopes of the DCMF derived from millimeter-wave dust emis-
sion studies and the slope of the IMF above 0.5 M# has been
taken as evidence that the individual dense cores are the di-
rect precursors of new stars and moreover that the stellar IMF
is completely specified by the fragmentation process in molecu-
lar clouds. In addition, the possible flattening of the DCMF near
0.5 M# implies a high star formation efficiency (SFE) for dense
gas (about 100%). In this case there is no need for a mass trans-
formation from the DCMF to the IMF. The characteristic scale
of stellar mass demanded by the stellar IMF is set by the funda-
mental physics of cloud fragmentation (Shu et al. 2004; Larson
2005). Which picture is correct?

In order to bring new insight to this issue we used an in-
dependent method of identifying and measuring the masses of
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Fig. 1. Dust extinction map of the Pipe nebula molecular complex from Lombardi et al. (2006). This map was constructed from near-infrared
observations of about 4 million stars in the background of the complex. Approximately 160 individual cores are identified within the cloud and
are marked by an open circle proportional to the core radius. Most of these cores appear as distinct, well separated entities.

mass spectrum. This latter difference implies a significant phys-
ical difference in the two distributions. For the stellar IMF, the
bulk of the (stellar) mass is tied up in low mass objects while for
clouds the bulk of the mass is tied up in the most massive objects.
A consequence of this difference is that in order to produce the
stellar IMF from the cloud mass spectrum, a transformation must
take place during the process of star formation. It has been sug-
gested that outflows generated during the protostellar stages of
star formation provide a natural feedback to collapse/infall lim-
iting the final mass of a protostellar object (Shu et al. 1987) and
perhaps providing the mechanism for transforming the form of
the cloud mass spectrum into the form of the stellar mass spec-
trum (Lada & Lada 2003). However, it is not clear how such a
process could produce a peak, or a characteristic scale for stellar
masses. Moreover, the comparison of the CO core mass function
and the IMF may not be relevant since CO does not trace the
dense component of the molecular gas within which stars actu-
ally form (Lada 1992).

Indeed, a different picture appears to emerge when observa-
tions of dense gas are considered. Typically only about 10% or
less of the mass of a star-forming molecular cloud is in the form
of dense (i.e., n(H2) ∼ 104 cm−3) gas and this gas appears to be
organized into discrete cores within which stars form. Tachihara
et al. (2002) and Onishi et al. (2002), using C18O and H13CO+
as tracers of dense gas, suggest that the stellar and core mass
distributions are similar. Recent observations of dust continuum
emission originating from such dense cores has enabled the con-
struction of the dense core mass function (DCMF) in a number
of nearby molecular cloud complexes. For cores with masses in
excess of ∼0.5 M# the derived mass spectra appear to be de-
scribed by a single power-law, similar to the CO cores but with

a relatively steep slope (−1.1 to −1.6, in log mass units) similar
to the that of the stellar IMF (Motte et al. 1998; Testi & Sargent
1998; Johnstone et al. 2000, 2001; Motte et al. 2001; Beuther
& Schilke 2004; Stanke et al. 2006). Moreover, in one example,
the ρ Ophiuchi cloud, the core mass spectrum exhibited possible
evidence of a flattening or break near a mass of about 0.5 M#,
also similar to the stellar IMF (Motte et al. 1998). In another
cloud, NGC 1333, measurements of dust emission produced a
core mass spectrum between 0.1 and 0.5 M# with a slope of ap-
proximately −0.4 (Sandell & Knee 2001), similar to that univer-
sally derived for less-dense gas traced by CO emission in other
clouds but also consistent with the apparent break and assumed
flattening below 0.5 M# of the DCMF of the Ophiuchi dark
cloud mentioned above. The observed similarity between the
slopes of the DCMF derived from millimeter-wave dust emis-
sion studies and the slope of the IMF above 0.5 M# has been
taken as evidence that the individual dense cores are the di-
rect precursors of new stars and moreover that the stellar IMF
is completely specified by the fragmentation process in molecu-
lar clouds. In addition, the possible flattening of the DCMF near
0.5 M# implies a high star formation efficiency (SFE) for dense
gas (about 100%). In this case there is no need for a mass trans-
formation from the DCMF to the IMF. The characteristic scale
of stellar mass demanded by the stellar IMF is set by the funda-
mental physics of cloud fragmentation (Shu et al. 2004; Larson
2005). Which picture is correct?

In order to bring new insight to this issue we used an in-
dependent method of identifying and measuring the masses of
dense cores. This method uses precise infrared measurements
of dust extinction toward stars background to a molecular cloud
(the N() method, Lada et al. 1994; Alves et al. 1998, 2001;
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Full Original Pipe Dendrogram (Erik)
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Seeded Dendrogram on Pre-Wavelet Data 
(Erik)
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Gutermuth et al. “Minimum Spanning Tree”
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3D (Onishi) data
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Which is which?
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Slicer demo...
13CO
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What about the Pipe CMF...from 
extinction data leaves only?

(Jaime)
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DENDRO MASS-RADIUS

Special Bonus 

courtesy Jens Kauffmann...

(work in progress!!)
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R = (A/π)1/2

Jens Kauffmann (in prep.)
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Method: Analysis of nested Contours

✓ consideration of all 
spatial scales

stepping through all 
contours…

effective radius:

R = (A/π)1/2

Jens Kauffmann (in prep.)
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Interesting Trends

 at sizes ~1 pc, all nearby 
clouds (<500 pc) behave 
similarly

 at smaller sizes, they diverge 
in their behavior

 IRDCs don’t behave so 
“regularly”

Jens Kauffmann (in prep.)
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Related Cloud Physics

 large-scale structure probably set by 
galactic environment (pressure, etc.)

 increase of density towards cores, 
depends on cloud

 usual dense core models

for nearby clouds…

Jens Kauffmann (in prep.)
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a sharp jump?
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m = m0 (r / r0)b

Detailed Cloud Physics I

singular polytrope:
ρ ∝ r–k, P ∝ ργ

⇒ b = (4 – 3γ)/(2 – γ)
⇒ γ
⇒ cloud physics
    from b!

first m-r slope measurement using single tracer/single region

Jens Kauffmann (in prep.)

10%
 uncert.

10%
 uncert.
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m = m0 (r / r0)b

b = 1.75

Detailed Cloud Physics II
m = 500 M (r/pc)1.75 as a limiting relation…

 describes all nearby clouds 
on large scales

 describes Pipe on all scales
 regions forming massive 

stars and clusters must 
evolve with b < 1.75 at 
intermediate radii

Jens Kauffmann (in prep.)
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