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SNR  are the canonical 
sources of CRs

• Mechanism exists (1st order 
diffusive / shock acceleration) 

• Ginzburg & Syrovatskii (1963) - 
Energy requirements agree with 
CR density/lifetime (assuming ~ 
3% - 10% efficiency)

• Observations of Synchrotron from 
SNe reveals efficient electron 
acceleration 



Once formed, they diffuse



Standard View

• Electrons and Protons 
are mostly accelerated 
by supernova/
interstellar medium 
(ISM) shocks.

• Pairs are produced by 
the protons interacting 
with the ISM 

• Positron / Electron ratio 
should decrease with 
energy!
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PAMELA



PAMELA’s anomaly:



Decay of exotic particles (WIMPs)



 Astrophysical Sources of Pairs: 
Pulsars



• These solutions require 

NEW PHYSICS 

or 

NEW ASTROPHYSICS

or proton contamination?

• Okam’s razor: Is there a simpler 
solution?



Consider a Local Source
• If CRs primarily come from a local 

source, it takes them time!

• Along the way, electrons cool 
though Synchrotron & Compton 
(on CMB, IR background and 
starlight).

• Above some energy, they don’t 
have enough time to reach us.





This means that...

• Above Eb ~ 20 GeV, the electrons 
will start cooling.

• Positrons however, form along the 
way from proton-ISM interactions.

• Therefore the positron/electron 
ratio will increase



• Primary electron cool and 
disappear before reaching earth
• Secondary electron/positron 
form nearer and can reach earth 
before cooling



• Electrons from Sprial 
arms above ~ 20 GeV 
cool (synchrotron and 
inverse-Compton) 
before reaching the solar 
system!

• Protons do not cool, so 
positron production near 
us does not care (too 
much) about cooling.
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Technical Complications
• Adding the effect of escape from 

the galaxy at a vertical hight of 
~1kpc

• And the production of positrion/
electrons by protons 



But what is the source?

• SNRs in the spiral arm



Most SNe occur in the spiral 
arms

• In the Milky Way: Almost all 
SNe are non-Type Ia, and 
occur where almost all star 
formation takes place: In the 
Spiral Arms

• Meteorites: Show that 
density changes by a factor 
of > 2.5

• Deconvolved Synchrotron: 
Shows arm to inter-arm 
ratio of ~ 3



Why Primarily Spiral Arms?



SNR Distribution in NGC 6946
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6946 is similar in shape to that of M33, although the SNRs
in NGC 6946 are consistently more luminous than those in
M33. This may well be because of the greater mass and
higher star formation rate in NGC 6946, leading to a
greater steady state population of SNRs. The luminosity
functions of both NGC 6946 and M33 have abrupt cuto†s
at lower Ñux densities because of the surface brightness
limits of the respective radio surveys.

4. PROGENITOR STARS OF THE RADIO-SELECTED SNRS

In order to investigate which type of SNe is responsible
for radio-selected SNRs, and therefore the CR electron
acceleration, we have plotted the positions of the radio-
selected SNRs on an Ha image of similar resolution and
compared the nonthermal radio emission with the Ha emis-
sion. Figure 2 illustrates the positions of the radio-selected
SNRs relative to the Ha arms in NGC 6946. The spiral
arms were de!ned in Matonick & Fesen (1997), in which
they used an optical continuum image of NGC 6946 that
best showed the spiral arm structure and traced the spiral
arms along the peak surface brightness ridge lines of each
arm (see Fig. 3). We used the same width of the spiral arms,
25A, that Matonick & Fesen (1997) used in order to
compare directly our statistical properties with their cited
values. Matonick & Fesen (1997) arrived at the value of 25A
based on the average value of the widths of spiral arms in
!ve nearby galaxies, including NGC 6946. The de!nition of
the extent of the spiral arms by Matonick & Fesen (1997)

FIG. 2.ÈKitt Peak 4 m Ha image of NGC 6946 with SNR positions
overlaid. The crosses are the radio-selected SNRs (Lacey & Duric 1997),
and the triangles are the optically selected SNRs (Matonick & Fesen 1997).
The radio sources generally lie in the spiral arms or near H II regions. The
optical SNRs tend to lie in the interarm regions or along the edges of the
spiral arms. Ha image courtesy of W. P. Blair.

FIG. 3.ÈSpiral arms of NGC 6946 traced out with the positions of the
25 optically selected SNRs, represented by circles, with 35 radio-selected
SNRs overlaid. The locations of the majority of the radio-selected SNRs
are on the spiral arms, whereas the majority of the optically selected SNRs
are on the edges of the arms or in the interarm regions. This !gure is
adapted from Matonick & Fesen (1997).

depended on their Ha image ; deeper Ha images (see Fergu-
son et al. 1998) show much more extensive Ha arms.

A random population of 40 sources was generated to
compare with the optical and radio-selected samples. The
random sources were generated in the same 9@ ] 9@ square
that was used to identify radio SNR candidates. Table 3
presents the positions of the radio-selected SNRs, optically
selected SNRs, and random sources along with the distance
to the nearest H II region and the position of the source
relative to the nearest spiral arm. The radio-selected SNRs
are identi!ed by the catalog source number from Table 2 of
Lacey et al. (1997), and the optically selected SNRs are
identi!ed by ““ MF ÏÏ followed by their identi!cation number
given in Table 8 of Matonick & Fesen (1997) to designate
the optically selected sample of SNRs. The location of each
SNR is labeled ““ arm ÏÏ if the SNRÏs position is coincident
with an optical spiral arm, ““ arm edge ÏÏ if the SNRÏs posi-
tion is on the edge of a spiral arm within 25A of the spiral
arm but not associated with the Ha emission of the arm,
““ interarm ÏÏ if the SNRÏs position is in between the optical
spiral arms, and ““ nucleus ÏÏ if the SNR is associated with the
nucleus. Inspection of Table 3 shows that the radio-selected
SNRs tend to be found in the arms, while the optically
selected SNRs tend to be found away from the arms.

Table 4 tallies the number of sources in the various
regions of NGC 6946, including the inner region of NGC
6946 (\3@) and the outer region ([3@). It is interesting to
note that both the optical and random samples have large
numbers of sources occurring in the interarm and outer
regions of the galaxy compared to the radio sample. The
large number of random sources in the outer part of NGC
6946 is due in part to the larger physical area covered in the
9@ ] 9@ square !eld of view larger than the radius of 3@. It is
interesting to note that the radio-selected sample of SNRs
has roughly equal numbers of inner and outer SNRs.

There are a total of 30 radio-selected SNRs that lie on the
arms or in the central part of the galaxy. Two of these are
on the edge of a spiral arm. Only !ve radio-selected SNRs
are not directly associated with the arms as de!ned by
Matonick & Fesen (1997).

NGC6946
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Monte Carlo Model



The Resulting e+/(e+ + e-) ratio



 e+/(e++e-) ratio and e- spectrum
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What about ATIC?

Contribution from  
nearby KNOWN 

young SNRs: 
Geminga, 

Monogem, Gela 
LoopI and Cygnus 

Loop

SNR output. The f
e
± column indicates the e output fraction used to compute the fluxes shown in fig. 3 and 4 w

model.

Name Distance [kpc] Age [yr] Ė [ergs/s] Eout [ST] Eout [CCY]
Geminga [J0633+1746] 0.16 3.42 ! 105 3.2 ! 1034 0.360 0.344 0.013 0.053 0.005 0.70
Monogem [B0656+14] 0.29 1.11 ! 105 3.8 ! 1034 0.084 0.456 0.004 0.372 0.015 0.14
Vela [B0833-45] 0.29 1.13 ! 104 6.9 ! 1036 0.044 0.133 0.133 0.005 0.020 0.70
B0355+54 1.10 5.64 ! 105 4.5 ! 1034 1.366 0.677 0.022 0.121 0.2 0.61
Loop I [SNR] 0.17 2 ! 105 0.3
Cygnus Loop [SNR] 0.44 2! 104 0.03
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Conclusions
➡ Taking the real distribution of SNRs 

gives the correct positron/electron 
energy behavior. 

➡ No free parameters give the correct 
break energy.

➡ Nearby young known SNRs explain 
ATIC

➡ Predictions:

❖ e+/etot ratio should saturate < 50%

❖ At higher energies  the ratio should 
decrease! (due to fresh electrons)



The End ?



Results


