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ULTIMATE GOAL  
CHEMICAL SURVEYS during the EARLY PHASES 
of STAR FORMATION 
FOCUS   
A coherent study of the line spectra in the 
HIFI frequency range of Star Forming Regions  
METHOD 
HIFI (and PACS) unbiased spectral surveys in 
sources representative of SFRs and processes 
QUESTIONS 
What atomic/molecular lines are present? In 
emission or absorption? How many and when? 
IMMEDIATE GOALS  
Guide successive HIFI observations & provide a 
legacy database for the general community 
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WHY ARE FIR/submm LINE SPECTRA SO 
IMPORTANT? 

1.  because FIR/submm lines are a very powerful 
diagnostic of the physical conditions in the 
Star Formation Regions (SFRs); 

2.  because FIR/submm lines spectra permit to 
reconstruct the chemical composition of the 
gas, which greatly affects the physical and 
dynamical evolution of the SFRs, and 
viceversa; 

3.  because the chemical composition in the first 
phases of star formation may affect the 
chemical composition of the objects that will 
eventually form the planetary system: 
planets, comets and asteroids. 
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Source Distance 
(pc) 

Luminosity 
(Lo) 

Type  

L1544 120 - “Cold” Pre-Stellar Core 
I16293E 120 - “Warm” Pre-Stellar Core 
L1157-B 220 - Outflow shock spot 
IRAS16293-2422  120 21 Class0 low mass 

protostar 
OMC2-FIR4 440 1x103 Intermediate mass 

protostar 
AFGL2591 1000 2x104 High mass protostar 
NGC6334I 1700 2x105 High mass hot core 
W51e 7000 2x106 High mass hot core 

From low- to high- mass protostars; 
From pre- to post- collapse; 
From the source to the surroundings. 
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L1544 OMC2-FIR4 

L1157-B1 IRAS16293-2422 I16293E 
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10 Kpc 

AFGL2591 
NGC6334 

W51 

NOTE: ISM clouds at different 
galactocentric distances in the line of sight 
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Source Hr Range (GHz) Type  
L1544 0 - “Cold” Pre-Stellar Core 
I16293E 0 - “Warm” Pre-Stellar Core 
L1157-B 2 555-636 Outflow shock spot 
IRAS16293-2422  32 480-1790* Class0 low mass 

protostar 
OMC2-FIR4 6 480-960* Intermediate mass 

protostar 
AFGL2591 6 480-960* High mass protostar 
NGC6334I 14 480-1185* High mass hot core 
W51e 0 - High mass hot core 

NOTE: OBTAINED DURING MARCH-
APRIL, SOME ONLY TWO WEEKS OLD….  

NOTE: not fully covered frequency range 
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Source Hr Range (GHz) Type  
L1544 0 - “Cold” Pre-Stellar Core 
I16293E 0 - “Warm” Pre-Stellar Core 
L1157-B 2 555-636 Outflow shock spot 
IRAS16293-2422  32 480-1790* Class0 low mass 

protostar 
OMC2-FIR4 6 480-960* Intermediate mass 

protostar 
AFGL2591 6 480-960* High mass protostar 
NGC6334I 14 480-1185* High mass hot core 
W51e - - High mass hot core 

NOTE: OBTAINED DURING MARCH-
APRIL, SOME ONLY TWO WEEKS OLD….  

NOTE: not fully covered frequency range 

POSTERS by Lefloch + & Codella + 

TALK by E.Caux 

TALK by D.Lis 

POSTERS by Bacmann et al. 1.08 
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1- ONE SIZE DOES NOT FIT ALL 

2- AFGL2541 (HIGH MASS) SPECTRUM 
MORE SIMILAR TO THAT OF 
IRAS16293 (LOW MASS) THAN TO 
OMC2-FIR4 (INTERMEDIATE MASS) ONE 

SO CH3OH 

HCN HDCO 



Cecilia Ceccarelli 

ZOOM ON HCl 

HIFI PSP 
workshop 

RE
A

CH
ED

 R
M

S 
~ 

10
-2

0 
m

K 

IN OPTICALLY THIN LINES, THE HYPERFINE 
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SOURCE SIZES  N(HCl) x(HCl) N(H35Cl) 35Cl/37Cl 
IRAS16293 35” 1.5x1013 ~5x10-10 1.2x1012 3.3 
OMC2-FIR4 35” 2.5x1012 ~1x10-11 3.3x1011 3.9 
AFGL2591 35” 1.6x1013 ~6x10-11 7.0x1012 2.2 
NGC6334I 10” 4.0x1014 ~1x10-10 1.5x1014 2.7 

PRELIMINARY ESTIMATES from CHESS obs 

HCl PREDICTED TO BE THE MOST ABUNDANT Cl 
RESERVOIR IN MOLECULAR GAS, ~70% (e.g. 
Neufeld & Wolfire 2009). 
Cl FORMED IN >10Mo STARS IN SN EXPLOSION 

Solar  3.1 

POSTER Cernicharo et al. : HCl in W3: x(HCl)~7.5x10-10, 35Cl/37Cl=2.1  

OBSERVED DIFFERENCES DUE TO 
DIFFERENT “INITIAL” CONDITIONS ? 
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IRAS16293-2422 
solar type protostar  

L1157-B1 
outflow shock 

   OMC2-FIR4 
intermediate mass protostar 

   NGC6334I 
high mass protostar 
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L1157-B1 
outflow shock 

PV	
  data,	
  Aug	
  2009	
  
Spectrum	
  between	
  561	
  and	
  633GHz	
  
(HIFI	
  band	
  1b)	
  at	
  the	
  posiFon	
  B1,	
  a	
  
spot	
  with	
  a	
  molecular	
  shock.	
  

Palteau	
  de	
  Bure	
  observaFons	
  

DETECTED SEVERAL LINES 
FROM SEVERAL SPECIES  
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Palteau	
  de	
  Bure	
  observaFons	
  

Vel. 
comp 

Size 
(“) 

N(CO) 
1016cm-2 

n(H2) 
cm-3 

T 
K 

x
(H2O) 

LVC 25 8 ~105 100 ~10-6 

HVC 7 5 ~104 400 ~10-4 

POSTER 1.15 Lefloch et al. 

L1157-B1 
outflow shock 
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Palteau	
  de	
  Bure	
  observaFons	
  

Tgas>200K and a rich 
chemistry: CH3OH, 
H2CO, NH3,HCN,…. POSTER 1.11 Codella et al. 

L1157-B1 
outflow shock 
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IRAS16293-2422 
solar type protostar  
NGC6334I 
high mass protostar 

2 NEW 
DETECTIONS: 
H2O+ and H2Cl+ 

Darek Lis’s 
presentation 

tomorrow 
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IRAS16293-2422 
solar type protostar  

OMC2-FIR4 
intermediate mass 
protostar 

Band 1b in PSP2: rich spectrum 
Some examples:  

Methanol lines: a warm component 
previously undetected/unpredicted 

Water ground line: 
brighter than predicted 

HCl: first (easy!) detection 
in an IM protostar 

Kama et al. HIFI Special issue 
Crimier et al. HIFI Special issue 
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IRAS16293-2422 
solar type protostar  

IRAS 16293-2422

Herschel/HIFI

ortho-D2Oortho-D2O

ND


2 NEW 
DETECTIONS: 
ortho-D2O and 

ND 

Emmanuel Caux’s presentation friday 
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•  FOUR NEW DETECTIONS OF SPECIES 
IN ONLY HALF A BAND (1A), 80 GHz….  
(and after 1 month from the data reception) 
•  MUCH MORE EXPECTED IN THE 
REMAINING 1400 GHz OF UNEXPLORED 
FREQUENCIES! 

THANKS 



Cecilia Ceccarelli 

On behalf of the CHESS team 

HIFI PSP 
workshop 

THANKS 
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