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Herschel View of the ���
Galactic Center	
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HEXOS Sagittarius B2 Program	


•  Complete HIFI scans of Sgr B2(N) and (M); excellent continuum stability	


Sgr B2(N)	




Sagittarius B2(N) HEB Spectrum	


•  HEB bands dominated by absorption lines—water isotopologues, low 
energy ammonia lines, C3, C+…	


o-H2O	


C+	


C3	


NH3	
NH3	




H3O+	

Symmetric top	


with a very large 	

inversion splitting	


	

No radiative 	


transitions between	

K ladders 	




Metastable H3O+ in Sgr B2(N)	




Herschel/HIFI: OH+, H2O+, H3O+	


•  PRISMAS:  W31C (Gerin et al. 2010) 
W49N (Neufeld et al. 2010)	


•  Strong OH+ and H2O+ absorption, 
but only weak H3O+	


•  Observations probe primarily diffuse 
gas	


•  If the ratio of electron density to H2 
is sufficiently high, the pipeline 
leading from O+ to  OH+ to H2O+ to 
H3O+ can be “leaky”	


•  In dense gas the H+ abundance and T 
are too low to to produce O+ by 
charge transfer; dominant source of 
OH+ is reaction of H3

+ with O	

•  Conversion from OH+ to H3O+ 

proceeds with high efficiency	

•  Nevertheless, H3O+ not detected in 

Orion KL (Gupta et al. 2010)	


•  What is special about Sagittarius B2?	

W31C	




 Ammonia Inversion 
Lines in Sgr B2	


Hüttemeister et al. (1995)	




Shocked Gas Layer toward Sgr B2	


•  Earlier evidence of hot gas in the Galactic center from ground-based observations 
of the ammonia inversion lines (Hüttemeister et al. 1995; Flower et al. 1995)	


•  ISO LWS observations of 21 ammonia lines, both ortho and para, metastable and 
non-metastable (Ceccarelli et al. 2002)	


•  Absorbing gas layer: temperature (700±100) K, density < 104 cm-3, NH3 column 
density (3±1)×1016 cm-2, H2 column density 3×1022 cm-2	


•  Interpreted as a layer of shocked gas between us and Sgr B2	


	

•  Size ~30”, but the 60 kms-1 component seen toward both Sgr B2(M) and (N)	

•  Why is the velocity of the shocked layer the same as the dense cores?	


	


	

	


C. Ceccarelli et al.: Ammonia line absorption towards Sgr B2 609

Fig. 2. NH3 level column densities normalized by the statistical
weights (2J+1) as function of the energy of the lower level
energy Elow. Squares refer to metastable lines and diamonds to
non-metastable lines. Arrows indicate upper limits of the non-
metastable lines. The errors bars include also the calibration
uncertainty (∼10%) plus the dark current uncertainty (∼5%).
The solid and dashed lines are the best fit to the metastable
and non-metastable line observations respectively. The relevant
rotational temperatures are 130 K and 310 K, and the NH3

column densities are 2.5 × 1015 cm−1 and 8.8 × 1013 cm−1

for the metastable and non-metastable transitions respectively
(see text).
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Fig. 3. Sketch of the model: an absorbing layer of depth z lies
between us and the FIR source Sgr B2M. Note that the layer
may extend more than the FIR source or ISO beam. Here we
assume that the NH3 line emission from this part of the layer
is negligible.

statistical equilibrium equations for the level populations
to compute nu and βu,l:

nu

∑

l

(Au,lβu,l + Bu,lPW + Cu,l) =

∑

l

nl(Al,uβl,u + Bl,uPW + Cl,u) (2)

where C are the collision coefficients, B the absorption
coefficients and W is the geometrical dilution factor of
the continuum emitted by the FIR source. This latter pa-
rameter accounts for the internal intensity that the NH3

molecules see at a typical location inside the slab:

W =
1
2
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√

1 −
(

RFIR

dist

)2


 (3)

where RFIR is assumed to be 0.8 pc, obtained using
8.5 Kpc for the distance of Sgr B2 and 40′′ for the ob-
served diameter of the FIR source (Goldsmith et al. 1990)
at all considered wavelengths. This is a rough approxima-
tion of the real situation as is the fact that the continuum
emission P is modeled as a grey body at 31 K that repro-
duces the observed spectrum (e.g. Cernicharo et al. 1997).
The escape probability β is function of the optical depth
of the line and we used the relation valid in a planar slab
(De Jong et al. 1980):

β =
1 − exp(−3τ)

3τ
· (4)

Our LVG model computes the first 50 levels of
the ortho and para ammonia respectively. The two
forms are treated as independent species. The NH3

levels and A coefficients were taken from the JPL
database (http://spec.jpl.nasa.gov/home.html). The
collisional coefficients of the first 17 levels of ortho and
para NH3 are those by Danby et al. (1988). Extrapolation
for the higher energy levels has been computed follow-
ing the approximation described in Flower et al. (1995).
Finally, we assumed a line FWHM of 15 kms−1, as mea-
sured in the radio lines.

5.2. Model results

The absorption computed by the LVG model depends on
five parameters: the density and temperature of the gas,
the NH3 column density, the dilution factor W , and the
solid angle subtended at the earth of the absorbing slab
(which may be smaller than the ISO-LWS beam solid an-
gle). The line ratios do not depend on the size of the ab-
sorbing slab and we therefore use first the observed flux
ratios to constrain the other four parameters.

We ran a series of models with the density varying be-
tween 103 and 3× 107 cm−3, the temperature varying be-
tween 30 and 1000 K, the NH3 column density varying
between 1015 and 1017 cm−2, and W varying between
0.001 and 0.5. The results of the modeling are shown in
Fig. 4, where we report four selected line ratios as function
of the NH3 column density for W = 0.1, and parametrized
by the gas density and temperature. The lower panels
show the computed ratio of the lowest and highest ob-
served metastable lines, whereas the upper panels show
the ratio between a non-metastable and a metastable line.

As discussed in the literature (e.g. Ho & Townes 1983;
Danby et al. 1988) and suggested by the rotation diagram
analysis (Fig. 2) the ammonia metastable levels have a
relative population populated approximately according to
LTE, and hence their relative line strengths depend mostly
on the gas temperature and much less on other parame-
ters. Figure 4 shows that the observed metastable line
ratios put a stringent lower limit on the gas temperature,
T ≥ 500 K, irrespective of the ammonia column density
and of the dilution factor W . On the other hand, the non–
metastable populations are clearly sub–thermal and thus
the observed non-metastable to metastable line ratios are



Energy:      Red (1-3 keV);      Green (3-5 keV);      Blue (5-8 keV)	

	


•  Strong 6.4 keV Fe line and hard X-ray emission: Sgr B2 illuminated by an X-ray flash 
originating from the GC black hole (Sunyayev et al. 1993; Koyama et al. 1996)	

•  X-ray emission now fading quickly (~8 yr timescale; Terrier et al. 2010)	


Galactic Center Chandra Composite	


Sgr B2	




New “Must Do” Observations	


•  Hot H3O+ not limited to the GC environment, but also seen toward W31C	




Formation Pumping	


•  Cosmic/X-ray + H2 → H3
+ (widespread 

in the Galactic Center region)	

H3

+ + O     → OH+ + H2	

OH+ + H2  → H2O+ + H	

H2O+ + H2 → H3O+ + H + 1.69 eV	


•  Also	

H3

+ + H2O → H3O+ + H2 + 2.81 eV	

•  Collisional relaxation time has to be 

long compared to recombination/
reformation of H3O+ molecules to 
maintain the population	


•  Can the hot ammonia also be explained 
by formation pumping? (More stable, 
long lived—more time to relax through 
collisions?)	




PACS NGC4418���
and Arp 220	


E. Gonzalez-Alfonso	


•  Nuclear regions have high water abundances ~10-5	

•  Chemistry typical of evolved hot cores, where 

grain mantle evaporation has occurred	

•  OH/H2O~0.5 indicates effects of X-rays or CRs	


•  H3O+ rotational temperature ~500K in Arp 220, 
similar to Sagittarius B2	


•  Lines arise in a relatively low density (>104 cm-3) 
interclump medium with a very high ionization 
rate (>10-13 s-1) 	
H2O	


H3O+	




Summary	
 •  Unbiased HIFI spectral line surveys are 
the key for investigations of the chemical 
complexity of ISM sources (new species, 
e.g., H2O+, OH+, H2Cl+, HCl+, O2, …)	


•  H3O+ targeted in PRISMAS and shown 
to be weak on sightlines in the Galactic 
disk	


•  Strong H3O+ absorption from 
metastable levels up to 1200 K toward 
Sagittarius B2 came in as a surprise	


•  Formation pumping in X-ray irradiated 
gas is an attractive explanation	


•  Deep observations of W31C indicate 
that the same mechanism also operates 
in less extreme environments	


•  Under some conditions, rotational 
temperatures derived from observations 
of symmetric top molecules cannot be 
interpreted as kinetic temperature of the 
medium 


