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Figure 2: Cosmic-ray electron plus positron spectrum measured by Fermi in one year of observation, adapted from [14].
Some of the most recent measurements are shown for comparison. The dashed line is a pre-Fermi model, shown
for reference. Many of the data points are taken from the cosmic-ray database maintained by A. W. Strong and
I. V. Moskalenko [15].
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cosmic-­‐ray	
  penetraHon	
  inside	
  clouds
no	
  apparent	
  spectral	
  change	
  ⇒	
  on	
  average,	
  uniform	
  penetraVon	
  to

• the	
  denser	
  HI/H2	
  dark	
  phase

• the	
  very	
  dense	
  CO	
  cores

• down	
  to	
  pc	
  scale,	
  at	
  the	
  current	
  precision

CO-bright H2 phase dark gas phase

CR energy ↑
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consistent	
  with	
  LIS	
  spectrum
comparable	
  in	
  clouds	
  
with	
  103	
  <	
  M	
  <	
  8	
  106	
  M⨀

licle	
  arm/interarm	
  contrast	
  
=>	
  loose	
  coupling	
  with	
  the	
  
kpc-­‐scale	
  surface	
  density	
  of	
  gas	
  
or	
  star	
  formaVon	
  

shallow	
  gradient	
  in	
  the	
  outer	
  Galaxy
too	
  shallow	
  even	
  for	
  a	
  large	
  halo	
  size

• large	
  amounts	
  of	
  missing	
  gas	
  ?

• non-­‐uniform	
  diffusion?

CR	
  spectrum	
  across	
  spiral	
  armsThe Astrophysical Journal, 726:81 (15pp), 2011 January 10 Ackermann et al.
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Figure 9. Same as Figure 8 but for TS = 250 K.
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Figure 10. Correlation between the H i and CO emissivities in the 200 MeV–9.05 GeV energy range for the Local arm and the interarm regions. The cases of
TS = 125 K and 250 K are shown in the left panel and the right panel, respectively. Dotted lines show the best linear fits. Each data point corresponds to an energy bin
used in the γ -ray analysis. (See Tables 1 and 2)

component of Galactic CRs does not vary significantly in the
outer Galaxy in the third quadrant. We note that Abdo et al.
(2010a) reported a possible spectral hardening in the Perseus
arm in the second quadrant. This might be due to the presence
of the very active star-forming region of NGC 7538 and of CRs
having not diffused far from their sources, or to contamination
by hard unresolved point sources. In fact, Abdo et al. (2010a) did
not rule out the possibility that their result is due to systematic
effects.

4.2. Calibration of Molecular Masses

High-energy γ -rays are a powerful probe to determine the
CO-to-H2 calibration ratio, XCO, if the CR flux is comparable in
the different gas phases inside a cloud. Since the γ -ray emission
from the molecular gas is primarily due to CR interactions with
H2, and since the molecular binding energy is negligible in
processes leading to γ -ray production, the emissivity per H2
molecule is expected to be twice the emissivity per H i atom.
Then, under the hypothesis that the same CR flux penetrates the
H i- and CO-bright phases of an interstellar complex, we can
calculate XCO as qCO = 2XCO · qH i.

We show qCO as a function of qH i for the Local arm and
the interarm region in Figure 10. We do not consider the
correlation in the Perseus arm, because qCO from this region

is affected by large systematic uncertainties (see Section 3.2).
Since the emissivity associated with the CO-bright gas is not
well determined in the lowest energy range (see Tables 1 and 2)
because of the poor angular resolution of the LAT, and the fit at
very high energy is affected by larger uncertainties (Section 4.1),
we have plotted only data in the 200 MeV–9.05 GeV range.
The linear correlation supports the assumption that Galactic
CRs penetrate molecular clouds uniformly to their cores. It also
suggests that contamination from point sources and CR spectral
variations within the clouds are small.

We have derived the maximum-likelihood estimates of the
slope and intercept of the linear relation between qCO and qH i
taking into account that qCO and qH i are both measured (not true)
values with known uncertainties. The resulting intercepts are
compatible with zero. The XCO values we have obtained for TS =
250 K are (2.08 ± 0.11) × 1020 cm−2(K km s−1)−1 for the Local
arm (R � 10 kpc) and (1.93 ± 0.16) × 1020cm−2(K km s−1)−1

for the interarm regions (R = 10–12.5 kpc). Decreasing the spin
temperature to 125 K does not affect the XCO derivation in the
well resolved, not too massive, clouds of the Local arm where
we find XCO = (2.03 ± 0.11) × 1020 cm−2(K km s−1)−1. On the
other hand, the separation in the γ -ray fit between the dense H i
peaks and clumpy CO cores becomes more difficult for more
distant, less resolved clouds where H i and CO tend to peak
in the same directions. A change in the largest N(H i) column
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Nγ  - a*N(HI) - b * W(CO)

γ photons > 0.63 GeVin 2011
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gas	
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variaHons	
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  CO-­‐bright	
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if	
  the	
  γ	
  rays	
  trace	
  the	
  total	
  gas	
  in	
  the	
  local	
  ISM	
  (off	
  the	
  Gal.	
  plane)
assumpVon	
  valid	
  at	
  the	
  precision	
  level	
  of	
  the	
  current	
  γ-­‐ray	
  data

variaHon	
  of	
  τ353/NH	
  with	
  total	
  NH?

N(HI) > 3.5 1020 cm-2 

conversion factor between scales: τ/NH = 8.5 10-27 cm2/H
probably factor ∼ 2 too low for the dense HI here since

Dust - HI correlation

• Study done on small selected fields 
for the PEP can now be done on the 
full-sky.

• Tight correlation for 
1 < NHI < 2.5x1020 cm-2

• Excess at low NHI : WIM
• Excess at high NHI : H2

• Tau353 / NHI in accordance with 
studies done in correlations (Inu vs 
NHI)

• Tau-E(B-V) does not show clear 
deviation from a linear relation over 
the same range of column density, 
in accordance with constant dust 
properties

•

Tuesday, 26 March, 13
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interstellar	
  “tensions”
τdust/NH	
  increases	
  by	
  factor	
  >	
  4	
  
from	
  diffuse	
  HI	
  to	
  dense	
  CO-­‐bright	
  H2	
  ?	
  

XCOdust	
  ≈	
  2	
  XCOγ

• dust	
  evoluVon	
  ?

• cosmic-­‐ray	
  exclusion	
  ?
XCOγ(kpc-­‐scale)	
  ≈	
  2	
  XCOγ(pc-­‐scale)	
  value	
  ?

answers	
  hiding	
  in	
  those	
  maps	
  &	
  SEDs:
stay	
  tuned	
  !

2ndQ Cep-Cas Cham
3rdQ  Cep-Pol RCrA
Cygnus Orion
τdust |b| > 10° (Planck)

GALPROP profile

Nakanishi & Sofue ’06

Ackermann+ ‘12, ApJ, 755, 22
Abdo+ ‘10, ApJ 710, 133

Ackermann+ ‘12, ApJ, 756, 4
Ackermann+‘’11., ApJ 726, 81

Ackermann+ ‘12, A&A, 538, A71
Planck+ ‘11, A&A 536, A19
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