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Introduction

Stellar  feedback  (radiation,  winds)  produces  various  

features  in  the  interface  region  between   the  

molecular   cloud  and  the  HII  region:

1
Herschel   (HOBYS)

Hubble

‘Pillars  of  creation’     in  M16

Carina
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Introduction pillars,  globules,  EGGs,  ....        

Not  only pillars,  a  full

zoo of features ....  

(Schneps et  al.  1980;;  Hester  et  al.  1996;;  

White  et  al.  1997;;  Pound  1998;;  Pound   et  

al.  2003;;  Bally  &  Reipurth 2003;;….).

2

Herschel   image   (70,  160,  250  μm)  of  

Cygnus  X  (HOBYS)

Hennemann et  al.  2012,  

Schneider   et  al.  2016
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Pillars column-shaped,   attachted to the molecular cloud,  ~0.5  to a  few pc

3
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Globules free-floating,  head-tail (tadpole)   structure,  ~0.5  to a  few pc

4

IRAS  20319+3958
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Proplyds evaporating protoplanetary disks

On  smaller scales:    EGGs  (evaporating gaseous globules),  teardrop globules,  

cometary globules,   globulettes,  ....

5
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Classification in  Cygnus X                              (Schneider  et  al.  2016)          

• Identification from 70  μm imaging

• Physical properties from dust column

density and temperature maps

Globules

- dense  <n>  ~  1.2  104  cm-3

- massive  <M>  ~  470  Msun

Pillars

- less  dense  <n>  ~  0.5  104  cm-3

- massive  <M>  ~  534  Msun

• Pillars  and  globules   have  the   longest  

photoevaporation lifetimes   (a  few  106 yr),  

all  other   features   <106 yr.

• tff (free-fall   time)  a  few  10
5 yr

EGGs

MC        Pillar            Globule               Condensations

Proplyds

6

MC        Globule
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Theory and Simulations

Classical   view  

1.  Radiation-driven   implosion,  i.e.  large-scale  compression  of  an  expanding   HII    

region  on  a  molecular   cloud  surface  creates  pillars that  then  evolve  into  globules

(Bertoldi &  McKee  1990;;  Lefoch &  Lazareff 1994;;  Williams  et  al.  2001,  …..).    

2.  Hydrodynamic   instabilities  such  as  Rayleigh-Taylor,   i.e.  an  instability  of  an  

interface  between   two  fluids  of  different  densities  (e.g.  Mizuta  et  al.  2006).  

Turbulence   and  Geometry  

Dense,  primordial   filaments  are  shaped   by  UV  

radiation   into  the  form  of  pillars  that  then  fragment     

under   the  influence  of  radiation   into  globules  
(Dale   et  al.  2014).  

Turbulent   density  structure  of  molecular   clouds  

can  lead  to  local  curvatures of  the dense  shell  

formed  by  the  ionization   compression,  which  

develop   into  pillars.

(e.g.  Gritschneder et  al.  2009;;   Tremblin et  al.  2011,  2012a,b)

7

Simulations   from  

Tremblin et  al.  2012
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Predictions  from  numerical   simulations  
(Tremblin et  al.  2011,  2012a,2012b,   2013)

Globules emerge   from  the  radiation  

impacted,   turbulent  molecular   cloud  surface,  

they  are  not  ‘eroded’   pillars.

Turbulent   ram  pressure  of  cold  molecular  gas  

must  be  higher   than   ionization  pressure.

The  globule  does  not  need   to  have  the  same  

velocity  as  the  ionizing  gas  or  the  molecular  

cloud.  

The  velocity  of  a  globule   is  the  signature  of    

the  initial  turbulence.

Globule  formation in  simulations

8
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High  fractal  dimension:  the  border  of  the  HII  region  is  dominated  by  pillars and  globules.  

Walch et  al.  2013:  

Low  fractal  dimension:  the  border  of  the  HII  region  is  dominated  by  shell-like  structures  that  

break  up  into  a  a  few  massive  high-density  clumps.    

Column   density  at  different   time  steps

Globule  formation in  simulations

9

RCW120

M16
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The  Globule  in  Cygnus X    

10

Spitzer  Cygnus  X  legacy  (Hora  et  al.)  

IRAS  20319+3958

Cyg OB2  association  

(50-100  OB  stars)

distance  ≈    1.4  kpc

≈    30  pc
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CII  158  μm SOFIA   line  integrated  (0-15  km/s)  intensity  (early   science  Schneider   et  al.  2012)

The  globule in  CII:  excitation external ?  internal?  both?  

Spitzer IR  4.5 μm

2012:   ‘CII  and  12CO  11-10  emission  from  

internal  photodissociation regions   (PDRs).’

->  need  of  careful  PDR  modelling   to  check  !  

(Herschel  OT  project  PACS/SPIRE/HIFI   in  

Cygnus,  Rosette,  M16)  

CII  contours  on  2MASS   J,  H,  K  image  
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CII  spectra

2

CII  158  μm Herschel/HIFI  line  integrated  (0-15  km/s)  

intensity

Large  set of FIR  cooling lines

Binary,  one  

Herbig Be  star

‘star  A’

‘star  B’

‘star  C’

B0.5   to  B1.5

Binary,  one   late  

O  or  early  B

(Djupvik,  Comeron,  

Schneider   2017)

12
Schneider,   Röllig et  al.  2021

+  young  cluster
with  30-40  stars
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CII  spectra

2

SPIRE  velocity  unresolved  lines  from  the  Globule  

head  position

Large  set of FIR  cooling lines

13

Schneider,   Röllig,  Polehampton et  al.  

2021



Nicola  Schneider             Heidelberg                         4.7.2017

CII  integrated   intensity
CII  velocity  

The  globule is rotating see SOFIA  CII  map of globule head,  Schneider   et  al.  (2012)

14



Nicola  Schneider             Heidelberg                         4.7.2017

Hi-GAL

Solid  body rotation?  

15

M  =  (v2 r)  /  G                              Minimum  mass  needed   to  support  rotation

Globule  head:  

v  ~  0.2  km/s      ,    r  ~  0.1-0.2  pc  

->  M  ~  100  Msun

Mass  from  dust  column  density  ~  170  Msun

Did  the  globule   get  a  ‘kick’  (=  momentum)   when   it  detached   from  

the  molecular  cloud?  

Magnetic   fields  (helix  model,  Gahm et  al.  2006)?

Do  stellar  feedback  effects  (radiation,  winds)  provoke  the  

rotation?  
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A  CII  ‚outflow‘

16

• Broad  CII  lines

• Collimated   ‘outflow’  

along   the  line-of-sight

• No  CO  outflow

Map  of  H2 emission  
(Djupvik et  al.  2017,

Schneider,   Röllig et  al.  2021)  

‘Star  A’:  

Two  components   with  one  early-B  type  

(Herbig Be,  possibly  type  III)  

CII  158  μm (HIFI)  OI  63  μm,  CO  16-15 (SOFIA)
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A  CII  outflow driven by a  Herbig  Be star?

YSO  outflow  driven  by  the  stellar  

wind  or  magneto-centrifugally

star-disk  interaction?  
(Cauley &  Johns-Krull 2014;;  Moura et  al.  2020;;

Rodriguez   et  al.  2014)

‘Outflowing  gas’    from  ablation  of  the  

photodissociation region  of  the  cavity  

walls?  (see  S106,  Schneider   et  al.  2018)

CII  ‘outflow’  in  channel   maps,

no  promiment OI  63  μm wings  

->  no  shocks?  But  prominent  

H2 emission..
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PDR  modelling – Complexity

Geometry

plane  parallel  slab

sphere (new parameter:  mass)

circular paraboloid (outflow)

3-D,  clumpy,  fractal

Radiation   field (int &  ext)

isotropic and/or directed/inclined

spectral shape of FUV  field

physics and  chemistry:  f(λ)

detailed photon cross-section

line-overlap,   scattering,…  

Dust content („terra incognita“)

dust composition,   size distribution ?

very small grains,  PAHs,  PE  efficiency,    

charge exchange

grain surface:  sticking,  Edes,  …

Chemistry

Large  nonlinear chemical networks

~10-20%   reaction rates known

coupling to heating &  cooling &  RT

ice &  surface &  gas  chemistry

coupling to FUV  &  CR  &  XR

state-to-state reaction rates

Energetics   /  Thermodynamics

couples  to  FUV  RT  &  dust  &chemistry

full  treatment  of  H2,HD,CO,H2O,….

detailed   internal  RT  vs.  approx.

chemical  heating  &  cooling

multi-stability  solutions?

Stationarity

stationary  vs.  time-dep  solution

initial  conditions?

rate  uncertainties  more  important

UV  field,  geometry,  pressure/density

Numerics

non-linear   coupling  of  geometry    RT  &  

energetics  &  chemistry

scaling  with  chemistry:  𝑁3.5

interpolation  →  uncertainties

n-dim  global   root  search

multiple  solutions  !?
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Text

19

PDR  modelling.....  
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• 1-D,  spherical geometry
• power-law density profile

• isotropic illumination

• self-consistent solution of energy balance,  

chemistry and  radiative  transfer

• self-shielding of H2,  CO  

• detailed dust treatment:  IUV(λ),  Tdust,  dn/da,..

• 3-phase  chemistry (gas  – ice – surface)

• Full H2 ro-vib treatment

• Non-LTE   RT:  clump emission

• clumpy cloud composition

• stochastic clump ensemble

• KOSMA-τ  3D  

(Andree-Labsch et  al.  2017)

C O M I N G  S O O N

• Online  database and  Python  interface  

• PDR  Toolbox  – pdrtpy

http://dustem.astro.umd.edu/

• InterStellar Medium  DataBase

(ISMDB)  https://ism.obspm.fr

20

PDR  modelling – KOSMA-τ
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• 1-D,  spherical geometry
• power-law density profile

• isotropic illumination

• self-consistent solution of energy balance,  

chemistry and  radiative  transfer

• self-shielding of H2,  CO  

• detailed dust treatment:  IUV(λ),  Tdust,  dn/da,..

• 3-phase  chemistry (gas  – ice – surface)

• Full H2 ro-vib treatment

• Non-LTE   RT:  clump emission

• clumpy cloud composition

• stochastic clump ensemble

• KOSMA-τ  3D  

(Andree-Labsch et  al.  2017)

C O M I N G  S O O N

• Online  database and  Python  interface  

• PDR  Toolbox  – pdrtpy
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• InterStellar Medium  DataBase

(ISMDB)  https://ism.obspm.fr
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PDR  modelling – KOSMA-τ
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• 1-D,  spherical geometry
• power-law density profile

• isotropic illumination

• self-consistent solution of energy balance,  

chemistry and  radiative  transfer

• self-shielding of H2,  CO  

• detailed dust treatment:  IUV(λ),  Tdust,  dn/da,..

• 3-phase  chemistry (gas  – ice – surface)

• Full H2 ro-vib treatment

• Non-LTE   RT:  clump emission

• clumpy cloud composition

• stochastic clump ensemble

• KOSMA-τ  3D  

(Andree-Labsch et  al.  2017)

C O M I N G  S O O N

• Online  database and  Python  interface  

• PDR  Toolbox  – pdrtpy

http://dustem.astro.umd.edu/

• InterStellar Medium  DataBase

(ISMDB)  https://ism.obspm.fr

22

PDR  modelling – KOSMA-τ

Background   Rosette  

(Herschel,  Motte  et  al.  2010,  Schneider  et  al.  2010)
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• 1-D,  spherical geometry
• power-law density profile

• isotropic illumination

• self-consistent solution of energy balance,  

chemistry and  radiative  transfer

• self-shielding of H2,  CO  

• detailed dust treatment:  IUV(λ),  Tdust,  dn/da,..

• 3-phase  chemistry (gas  – ice – surface)

• Full H2 ro-vib treatment

• Non-LTE   RT:  clump emission

• clumpy cloud composition

• stochastic clump ensemble

• KOSMA-τ  3D  

(Andree-Labsch et  al.  2017)

C O M I N G  S O O N

• Online  database and  Python  interface  

• PDR  Toolbox  – pdrtpy

http://dustem.astro.umd.edu/

• InterStellar Medium  DataBase

(ISMDB)  https://ism.obspm.fr

23

PDR  modelling – KOSMA-τ
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24

A  physical model of the globule PDR  modelling of the head

CO-SLED:   spectral line energy distribution

2-component   model gives best fit

CII

FUV  field  estimated  from

1.  Herschel  fluxes  70,  160 μm

2.  Star  properties  (Teff,  L)
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A  physical model of the globule PDR  modelling of the head

non-clumpy

clumpy

CO-SLED:   spectral line energy distribution

2-component   model gives best fit

CII



Nicola  Schneider             Heidelberg                         4.7.2017

Text

26

A  physical model of the globule PDR  modelling of the head

SLW  data

excluded in  fit

CO-SLED:   spectral line energy distribution

2-component   model gives best fit

CII
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Text

27

A  physical model of the globule PDR  modelling of the head

SSW  data @  20‘‘

included in  fit

CO-SLED:   spectral line energy distribution

2-component   model gives best fit

CII
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28

A  physical model of the globule PDR  modelling of the head

parameter

sensitivity

CO-SLED:   spectral line energy distribution

2-component   model gives best fit

CII
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A  physical model of the globule PDR  modelling of the head

Fine-structure line emission

CII
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A  physical model of the globule PDR  modelling of the head

Fine-structure line emission

OI  63µm  model

too strong

→

Explained by

foreground

absorption.

Observed

everywhere

CII
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A  physical model of the globule PDR  modelling of the head

Fine-structure line emission

[CII]  158  µm  &  [OI]  145  µm

Fully  explained by non-clumpy

EXTERNAL   PDR

CII
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Text

32

A  physical model of the globule PDR  modelling of the head

Intensity ratios for all  lines @  different  spatial resolution

Included in  fit!

CII
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A  physical model of the globule PDR  modelling of the head

We need the external  AND  the internal  UV/PDR   to explain the emission of the head!

Non-clumpy:             mass  =  160  Msun,  n  =  10
4 cm-3,  beam-filling  =  0.9

Clumpy:                          mass  =  1.1  Msun,  n  =  1.8  10
6 cm-3
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A  physical model of the globule

2-component   PDR  model  explains  emission

Non-clumpy   component

[CII]  158  µm

[OI]  63  &  145  µm

Clumpy  component

Mid/high-J  CO
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A  physical model of the globule

2-component   PDR  model  explains  emission

Non-clumpy   component

[CII]  158  µm

[OI]  63  &  145  µm

Clumpy  component

Mid/high-J  CO

HII  region
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A  physical model of the globule

2-component   PDR  model  explains  emission

Non-clumpy   component

[CII]  158  µm

[OI]  63  &  145  µm

Clumpy  component

Mid/high-J  CO

+  clumpy  

internal  PDR
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A  physical model of the globule

2-component   PDR  model  explains  emission

Non-clumpy   component

[CII]  158  µm

[OI]  63  &  145  µm

Clumpy  component

Mid/high-J  CO

+  molecular  

cloud
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A  physical model of the globule

2-component   PDR  model  explains  emission

Non-clumpy   component

[CII]  158  µm

[OI]  63  &  145  µm

Clumpy  component

Mid/high-J  CO
+  external  

PDR  
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A  physical model of the globule

2-component   PDR  model  explains  emission

External  PDR:   Illuminated  by  Cyg OB2

Non-clumpy  component

[CII]  158  µm

[OI]  63  &  145  µm

Internal  PDR Illuminated  by  internal  stars

Clumpy  component

Mid/high-J  CO

Schneider,   Röllig et  al.  2021
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A  physical model of the globule PDR  modelling of the tail

The   tail emission can be explained with a  single non-clumpy PDR.
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Summary                                        

• The  globule IRAS  20319+3958   is  a  free-floating  globule   with  a  head-tail  

structure  with  embedded   high-mass   star-formation,   i.e.  three  star  

systems  with  an  Herbig Be  star  and  an  IR  cluster.  

• The  Herbig Be  star  is  associated  with  an  outflow   in  CII.  It  is  unclear  if  

this  is  a  YSO  outflow   (star-disk  interaction)  or  dynamics  in  the  HII  

region/molecular   cloud  interface.  

• The  globule   shows  observational   signatures  of  rotation.  

• Two  positions  (one   in  the  head  and  one   in  the  tail)  were  observed   in  a  

number  of  PDR  cooling  lines  and  modelled   with  the  KOSMA-tau  

model:  

->  The     [CII]  158  µm,  [OI]  63  and  [OI]  145  µm  lines  can  be  explained  by  

external   illumination  by  Cyg OB2  on  a  non-clumpy  PDR.

->  The  mid/high-J  CO  can  be  explained   by  an  

internal,  clumpy  PDR  excited  by  the  massive  embedded   stars.    
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• SOFIA   legacy  program   (PIs  N.  

Schneider,  A.  Tielens)   to  map  CII  at      

158  μm  and  OI  at  63  μm  using

upGREAT in  11  Galactic  star-forming  

regions.  

• 96  h  observing   time,  observations  

started  in  2019.

• Objective  is  to  study  stellar  feedback  

from  massive   stars  on  the  interstellar  

medium   (ISM),  i.e.  the  dynamic  

evolution  of  molecular   clouds,    

heating- and  cooling  processes,  and  

triggering  of  star-formation.

http://feedback.astro.umd.edu


