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TOP100 slide ?



ATLASGAL @ SOFIA
concerted effort on several Thz-unique fronts 

● Plan: on well characterized sample of high-mass clumps in a 
range of evolutionary stages:

– Study cooling budget: e.g. OI/CII/OH (H
2
O from HIFI)

– Combine SOFIA high-J CO: (11-10)/(16-15) with 
ground based low/mid-J CO to study CO SEDs

– Probe infall with ammonia absorption study

● → Ongoing, we are stretching the observations over several 
semesters



OI teaser: from PACS to 
GREAT  Leurini+2015

Karska+2013



SOFIA follow-ups 
(CO teaser) 11-10 black

16-15 red



High-mass clump evolution
Infall is a fundamental process in SF!

Morales+2013

?



  

Observe infall asymmetry of optically thick spectral lines in 
emission:

● HMPOs, Fuller+ 2005:  0.2-1 10-3 M
⊙
/yr

● UCHIIs, Wyrowski+ 2006, Klaassen+2008

● H
2
O maser dense clumps, Wu+ 2003: B/R statistics similar to 

low mass clumps

● Possible earlier stages:

● G25.38, Wu+ 2005: 3.4 10-3 M
⊙
/yr

● ISOSS J18339, Birkmann+ 2006
● Some cases with large scale infall                                                

      → infall strong enough to overcome                          
radiation pressure? 

Evidence for infall (I)



  

Evans (1999): 
“path towards salvation”

And issue of changing abundances not even mentioned ...



  

Observe infall as redshifted absorption in front of strong cm 
continuum from UCHIIRs:

● Zhang+Ho1997: W51

● Keto++, Sollins+2005:  G10.62

● Beltran+2006: G24.78

● Beuther+2009:                                                            
ATCA southern sources

●  → Accretion of up to 10-3 M
⊙
/yr

● Accretion even through UCHII?

● Only late stage probed :-(

Evidence for infall (II)



Search for infall

Evans1999

I: Blue-skewed profiles
Needs excitation gradient, right tau

II: red-shifted absorption
Needs high critical density, central continuum

I.

II.

v
sys



  

Science objective

Ammonia as a probe of infall in HMSF regions

● New approach: study rotational transition
● Explore absorption of THz lines in front of dust continuum 

as new tool (previously only studies in the cm towards 
evolved stages, HII regions)

● Determine infall rates on LOS (pencil beam)
● Probe ammonia abundance in envelope
● Study infall through the evolution of high-mass clumps 

using ATLASGAL as target finder
● Reminder: clump-scale infall towards (proto-) cluster 



  

Ammonia

● cm: Inversion lines
● FIR: Rotational 

lines
● overabundant in 

hot cores, 
apparently no 
depletion in cold 
sources

From Ho & Townes (1983)





  

The story so far:
Ammonia@1.8THz

Wyrowski+2012

● 3 absorption line 
detections in science 
verification

● All redshifted with 
respect to v_sys

● τ ~ 1

mailto:Ammonia@1.8THz


  

G34: comparison to VLA absorption



  

Infall Results

● 3 clear detections of Ammonia line-of-sight infall consistent with 
results from cm-absorption and/or blue-skewed emission 
profiles

● More direct probe of infall that can be extended to earlier stages 
of SF without cm background continuum and cases where other 
species are depleted

● Infall rates of 3-10 x 10-3 M
⊙
/yr (if spherical)

● Next step: extend to more sources and stages, in particular 
earlier ones



  

SOFIA Observations

● GT and cycle 1 science 
flights

● GREAT:
● L1, various lines  

● NH
3
 3

2+
-2

2-
 1810.379 GHz 

  LSB 
● AFFTS/XFFTS:1.5/2.5 

GHz
● Chopped observations of 

9 sources
● 16” beam size



  

Cycle I: a) continuation to Infrared 
dark clouds



  

Cycle I: b) filling in further stages:

● G35.20-0.74: submm brightest, northern 
massive young stellar object, fulfilling 
Lumsden+ MSX color criteria

● G327.3/G351.58: hot cores/ultracompact HII 
regions with high luminosity (up to 2x105 L

⊙
)

● PRISMAS sources, hence bright in cm & 
submm: G5.89/W33A/W49



New SOFIA results: sample

König+2015

No/too weak SOFIA 1.8THz continuum ! → 572 GHz 



New SOFIA results: Wyrowski+2016
● 5 new redshifted absorption with shifts of 0.2 – 1.6 km/s with respect to C17O
● 1 source dominated by outflow (G5.89), several blue wings
● 2 sources with blue shifted absorption

Clumps in 
IRDCs



Complementary
 ground based data



How consistent are 
different probes ?

→ Ammonia and HCO+ (4-3) 
show best correspondence

●  HCO+ enhanced in outflows 
but probable less than CS/HCN
●  HNC, tau too small? Reversal of infall?



  

Modeling I
Radial structure and SEDs

König+2016, subm.

→ Luminosity → temperature structure → density structure



  

Modeling II

● Fit dust continuum (ATLASGAL) with density power law     
(n~r-α, α=1.5 – 2.2)

● Temperature structure dictated by inner heating source 
(luminosities known from SED fits, König+2016)

● → Adjust ammonia abundance and velocity structure in 
spherical RATRAN models

● Velocity structure: as fraction of free-fall

● Modeling of NH
3
 and HCO+ simultaneously as consistency 

check



New modeling

After adjusting HCO+ 

abundance, wing missing, no 
redshifted peak

Additional parameter:
● HCO+ abundance



New modeling
Outflow component

HCO+ usually probing 
additional outflow component
→  RATRAN modification of    
  Mottram+2013

Additional parameter:
● outflow widths/strength
● HCO+ abundance



New modeling: Outflow component
But many cases do not work 
with this simple geometry. 
Complicated outflows? 
Additional low density outer 
layer (Lopez-Sepulcre+2010)?

Also this clump shows 
consistent results!

→ Disentangling outflow/inflow difficult in emission 
case. For absorption, affects only blue part.



Modeling results

● Modeling of sources results in infall with 
fractions of free-fall of 3 – 30 %. The 
ammonia abundances are in the range of 
0.15 – 1.5 x 10-8.



Any dependences on 
the virial parameter or 

evolution?

Virial parameters from 
Giannetti+2014

● alpha_vir<1 should indicate 
unstable clump

● → slight trend

● No L/M trend (so far) but high 
L/M sources, either infall 
stopped or undetectable

● → extend L/M range and 
statistics



● Different excitation traces different v

● SOFIA opportunities: 

– GS 572 GHz @ 90% transmission

– 1214 GHz (201-100, 211-110) @ 65%

– 2355 GHz (4-3 lines) @ 63% 

Herschel G34.26 results
Hajigholi+2015

SOFIA



Probing large scale infall

● Extended dust 
continuum, ~0.5pc

● Infall localized or 
global ?

● Infer 3D velocity 
pattern.

● Search for velocity 
gradients, rotation?



APEX-SOFIA 
synergies

● Mid vs. High J CO

● Blue-skewed self-absorbed high 
density probes vs. red-shifted 
absorption studies

● CO/CI cooling vs. CII/OI

● Complex molecules vs. hydrides

● Similar beamsizes in APEX 
submm windows and with SOFIA 
THz RX

● Imaging: CHAMP+/LASMA vs. 
upGREAT



Summary & Outlook

● Infall on clump scales ubiquitous through wide 
range of evolutionary stages

● Ammonia and HCO+ (4-3) show best 
correspondence but HCO+ stronger affected by 
outflows 

● Continue filling in stages (populating the M-L 
diagram), improve statistics

● Study infall across clumps (continuum extended)

● Add additional lines to cover larger excitation range 
(new single pixel RXs)



Next Workshop March 5-8,  2017 !



  

Potential future SOFIA ammonia lines:

+ new Effelsberg 
K-Band RX !
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