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== Introduction

* SOFIA provides access to the main cooling lines

* |nsight on the dominant heating mechanisms in
the nuclei of galaxies

— UV (PDR), shocks (feedback, accretion, turbulence),
CRs and XDR (AGN torus), ..
 CO is one of the main coolants of the dense
ISM, can be detected even at high z and have

many transitions with very different excitation
conditions
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Evolution of CO line SED
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CO line SEDs for PDR-XDR

Spaans & Meijerink, (2008)
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Mrk 231 . HerCULES

Optically visible AGN/XDR
LX=6x1043 erg/s (2-10 keV)
Star formation diks (PDR)

SPIRE van der Werf et at (20 13)
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Nearby galaxies CO LSEDs

Ground based+SPIRE+PACS

N. Mashian, et al. (2015)
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CO Line SEDs at hlgh Z
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AGN Model Degeneracy
The CO SED is fit with XDR/PDR/shock models

Evvpaa [K] Hailey-Dunsheath et al. (2012)
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Feedback:
Outflows in CO and OH
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Starburst model degeneracy

Rosenberg et al. (2014)

Flux [W m™]

PDR CDR mCDR PDR mPDR mCDR POR mPDR mPDR
1 D—'l: AL B B L B B LR L L B L L B B BB 3 L L L B B R BN B BB
[ e POR n=3.50 G,=2.50 1 ¢ POR n=3.50 G;=2.50 ] [ e— POR n=3.50 G,=2.50 3
13 [ COR n=35.50 G=1.00 a=0.00 1 [ mPDR n=5.50 G,=1.00 a=0.05 1 [ mPOR | n=5.00 G=1.00 a=0.10 T
1 D E mCOR n=5.50 G/=5.00 a=0.0¢ - E mCDR n=3.00 G,;=4.50 a=0.10 3 3 mPOR || n=5.00 G~=5.00 a=0.10 =
E Composite Model E E Camposite Madel E F Carnpasite Model E
[ Emission PCR:CDR:mCOR = 017 - Q.27 - QLB3 ] [ Emission PDR:mPCR:mCOR = 017 © OU16 : 0BT ] [ Ermission PDR:mPDRImPORI = 0.16 - 0.24 - 061 ]
1 D_1'1' b Moo FORECDR:ACDR = 028 : Q.71 ¢ Gu0 - k- Mgy FOREMPOR:MEDR = Q17 @ 0UBS ¢ 0.0 - L Neg FOR:MPDREMFORN = 0,23 @ 0,76 @ O.00 -
Tomad® Lo S e N B S S
E 120y ﬂ-b’ E 'IEI:D*'** E IECG? ' E
o st - o =
1078 1 F 1 f 3
it *Co co *co .
10 3 3 2 ‘-.‘ 3 3 E
E X E
—18 s "t * ]
10 . A 1 L 1 A 1
ll D—"E L SN B R B B B B B B S S B R B B B L L L B B S B B S B B B L B B B AL N L B S B B S B B L B B R
: i , 1 :
I,
107"7E +.1-.:-—z 4 F )“‘ +J-J—:-.' {1 F =37 3
i 1 ¢ ¥ ]
L 4 L Fi -
—18
107" -0} 1! 1= 7 f T sm1-of 3
| C ] L ] | C i
18 HCM HM HCM HNC HCM HNC
10 MM IR B BT B R MR B SR B B SRR M B B B B

0 2 4 6 8 10 12 O 2 4 =] 8 10 12 0 2 4 = 8 10 12

Transition J,

16-18 march 2015 Spectroscopy with SOFIA, Ringberg 10



GC templates for CO LSEDs

The GCis a unique laboratory to understand the
physics of the CO LSEDs (angular resolution)

e Star formation throughout the region

 PDRs illuminated by UV radiation from stars
° Shocks (loca') Martin-Pintado (1993)
— Bubbles in Sgr B2 NG S R
e Sizes of 1-2 pc

* Powered by

— Supernovae?
— W-R stars?

— 300 in CO Hasegawa et al. (1998) e
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GC templates for CO LSEDs

GC ZMC unique laboratory to understand the
physics of the CO LSEDs (angular resolution)

e Star formation throughout the region
* PDRs illuminated by UV radiation from stars

) ShOCkS (Iocal) , 5 SOFIA/FORCAST
— Bubbles in Sgr B2 r Y- \25-2, 31.5, and 371 pm
* Sizes of 1-2 pc

* Powered by

+ ' -
qF 362 &
— Supernovae 4

— W-R stars e e
— 300in CO Hasegawa et al. (1998)

— FORECAST detected LBVs

* Sizesof1pc |, etal (2014) G0.120-0.048 %
(LBV3)




GC templates for CO LSEDs

* Shocks (large scale ) Martin-Pintado et al. (1997)

Fane = . Sio J31=0 -':|'. - 3
.II S

+ XDRs traced by the Fe 6.4 keV line

llluminated by a burst of hard x-ray emission from Sgr A* (100 years ago)
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Herschel CO LSEDs in the GC

* Restricted to very small regions:
— Sgr B2 star forming cores: HIFl and SPIRE 2'x 2’
— Sgr A*: HIFI pointings, PACS (3'x3’) and SPIRE
(2'x°2)
* Lack of observations of XDR and pure shock
dominated regions



Herschel CO LSEDs in the GC

Sgr B2 star formation cores

Hot cores and envelope

" /Ax

P

Declination (J2000)

45 6 7 8 910111213141516

nght Ascens1on (J2000) Etxaluze et al (2013)

16-18 march 2015 Spectroscopy with SOFIA, Ringberg 15



Dec offset [arcsec]

Herschel CO LSEDs in the GC

HIFI+APEX+SOFIA

CND is a transient structure
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Herschel CO LSEDs in the GC

Shock+UV
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Nearby galaxies CO LSEDs
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The four GC CO LSEDs do not fully reproduce those observed in external galaxies
One needs to get more “templates” to cover a wider range o heating mechanisms:
PDRS (pistol, sickle), higher velocity shocks and XDRs
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GC templates for XDRs

Herschel
HEXGAL
Sgr B2 cjouds S8 A Thermal filaments
SIO/CS correlated with the Fe 6.4 keV. VSGof 10 A
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X-ray Dominated Regions
HERSCHEL HEXGAL KP )
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Conclusions

* |[n combination with ground based facilities
(IRAM, APEX, ALMA, ..), SOFIA will be the only
facility to get full CO LSEDs in the GC.

 UpGREAT and FIFI-LS observations of the GC
XDRs have the potential to measure the
predicted hot molecular phase.

 Templates of the CO LSEDs representative of
different heating mechanisms in the GC could
help to understand the origin of the heating in
nearby external galaxies, and high-z objects.



