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We are constantly bombarded by cosmic rays with energies ranging up to ~108 TeV
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The composition of cosmic rays (up to the knee’) mirrors that of the interstellar medium

. with refractory elements enhanced, suggesting acceleration of circumstellar gas & dust
grains by supernova shock waves (Meyer, Drury & Ellison, ApJ 487:182,1997, ibid 487,197)



The sources of galactic cosmic rays have long
been presumed to be supernova remnants

Direct evidence for acceleration of electrons (to > 40 TeV)

from observation of synchrotron emission: radio » X-rays

Energetics: — /
Cassiopeia A: Chandra
*  GCR energy density 0.3eVem ™3
*  Volume of extended halo 7(15 kpC)Q 3kpc ~ 5.7 X 10°7 cm?
= Total GCR energy 1.7 % 1058 GeV ~ 2.8 x 1055 erg
* Residence time of CRs in Galaxy 20 Myr
= Power needed 1.4 x 108 erg yl“_l
1
* Galactic SN rate 0.03 yr

= Required output/SN (remnant) 4.6 x 10* erg

This is only ~5% of the benchmark kinetic
energy of 10°! erg produced in a SN explosion

Cassiopeia A: VLA



Ist-order Fermi acceleration by shock waves (DSA)

CR trajectory _ Shock velocity v: = v/c
/ f—‘i Simple diffusion theory: prob. of CR
/ é crossing shock > m times 1s (1-5)”
B .
M g Average fractional energy gained
2 + . .
%J ‘g at each crossing is: de/e = f
Q
»/ / = differential spectrum X g -2
High velocity Low velocity

plasma plasma

However if ~10% of the shock wave K.E. is converted into relativistic particles,
then backreaction of cosmic ray pressure on shock will make spectrum somewhat
harder and slightly concave (¢f. radio observations) ... but time-integrated spectrum
will still be close to Fermi form (Caprioli, Amato & Blasi, Astropart.Phys.33:160,2010)

If cosmic rays diffuse out of Galaxy on a time-scale decreasing « 1/, then the

observed spectrum o« &2 is matched (but why is no anisotropy « £%® observed?)



We are witnessing rapid advances in y-ray astronomy

— the sources of low energy COSMmIC rays may soon be known: SNRs?

» Do the observed y-rays arise from hadronic interactions (1’ decays) , or
from inverse-Compton scattering by (radio synchrotron emitting) electrons ?

» Can 1%-order Fermi acceleration at SNR shocks explain the spectrum

(injection, magnetic field amplification, diffusion losses vs anisotropy) ? ism A7him

» What are the ‘unidentified’ y-ray sources in the Milky Way — are there new ~ RXJ1713.7-3946 (1SS, 2004)
source classes (micro-quasars, PWN, binaries ...), acceleration mechanisms ?

EGRET 1991 - 2000 HESS Southern Plane Survey 2005

Much progress has been

HESS J1834-087 HESS J1825-137 HESS J1813-178
HESS J1837-069

made but these questions
are not fully answered ...

4] 30 , 2 . 20 . 15

to unambiguously identity the

HESS J1804-216 GC/HESS J1745-290

Fermi 2009 - cosmic ray sources, we need

B - to detect TeV neutrinos!

... also the PAMELA and
Ferm( ‘anomalies’ have
highlighted the limitations of
the standard diffusion model
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Cosmic ray acceleration in RXJ1713.7-3946:
electrons or protons?

(HESS collaboration, 2006)
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y-ray emission well fitted by IC scattering of ~10? TeV electrons on CMB/starlight
... alternatively y-rays may be from decays of 7’s produced by ~10° TeV protons

There is no definite evidence yet that SNRs accelerate protons to high energies
... this will be proved only when the neutrinos from 7" decay are detected



The ‘standard model’ for galactic cosmic rays

A SNR shock waves accelerate relativistic particles by Fermi mechanism
=> power law spectrum (synchrotron radio/X-ray + y-ray emission)

J Diffusion through magnetic fields in Galaxy (disk + halo)

. . L /
1 Secondary production during propagation:p, e, N

1 e" lose energy through synchrotron & inverse Compton scattering

Measurables: Energy spectra of individual species, diffuse radiation




Diffusion of galactic cosmic rays

Transport equation:

dn(r,t 0 B
1) _ G (DVn(i 1)) - 5 EM )+ a7
diffusion energy losses Injection

2h

Boundary conditions:

Green'’s function: describes flux from a discrete, burst-like source
. integrate over spatial distribution and time-variation of injection

GALPROP (Moskalenko & Strong ApJ 493:694,1998, ibid 509:212,1998) can solve the time-dependent
transport equation but yields ~the same answer for the equdibrium fluxes as the ‘leaky box’
model in which cosmic rays have small energy dependent probability of escape from Galaxy
=> exponential distribution of path lengths between cosmic ray sources and Earth




The ‘leaky box’ model

Transport equation:

dn (7.t 0
n(rt) _ V(DVA(7, 1)) — — (b(E)n(r,t)) + q(7, 1)
dt - ~ ., OF PR
diffusion energy losses 1njection

Averaging over extended cosmic ray halo = steady state solution

Tesc Tcool

Escape through diffusion: 7.~ £, with J ~ 0.6 (from secondary/primary ratios)

Energy loss through synchrotron radiation/IC scattering: 7~ E"!



Energy spectra

Primary e -

Production: ¢ o< E 22 (from radio spectrum) 4
log J
Propagation: min|7egc, Teoot] < B¢, E71

Observed: 1 o E_2'8, E—32

Primary protons/nuclei

Production: presumably same as €

Propagation:

Observed: 1, ¢ E’*Z'8




Energy spectra

Primary e - log. /| ™
Production: q o< E 22 (from radio spectrum) o N

\
Propagation: min[TeSC, Tcool] x E _0'6, £ \

Observed: 7 X E_2°87E—3-2

Primary protons/nuclei

PI’OdUCtiODZ presumably Same as e_

Propagation:

Observed: n ox E—2'8

Secondary

production: ¢ o< £

. . —0. —1
propagation: Min|Tesc, Teool| X F ’ 67 E
observed: 1, E_3'47 E3%



Secondary-to-prlmary ratios (u51ng DRAGON code)
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All measured ratios consistent with ‘leaky box’ model with

T...~E? 0~0.4-0.6

(Evoli, Gaggero, Grasso & Maccione, JCAP 10:018,2008)

NB: Kolmogorov spectrum for interstellar magnetic field turbulence

implies 0 =1/3, while Kraichnan spectrum implies 6 =1/2



The ‘two zone’ model

B disintegration Spallation
, (Dise) Ec/n
7B .
(AL (AZ+D)
.+
B S (AZ-1)
- -7

L=3-10 kpe

h=0.1 kpe | | (HtHet) sy

(Disc)

Diffusion on magnetic inhomogeneities .
iffu 8 g Acceleration by shock waves

R 0.6 R -2.2

Maurin, Taillet, Donato, Salati, Barrau & Boudoul [astro-ph/0212111]

Semi-analytic formulation provides better insight and estimation of uncertainties



But none of this would be particularly interesting to high energy
physicists if it were not for the PAMELA ‘anomaly’ ...

PAMELA has measured : corrected for solar modulation effects (Gast & Schael, ICRC’09))
the positron fraction: o
Q
gb g
€+ +<u
QZ5€+ + gbe -
107
Anomaly = excess above
‘astrophysical background’
Source of anomaly:
« Dark matter? Galprop LIS
P 1 9 o corrected weighted mean AMS01+HEAT+CAPRICE+TS93
* ulsars: o corrected PAMELA
* Supernova’remna’ntS? 10-2 | L1 IIIIII | 1 IIIIII | || ||||l| |
10 1 10 102

E/GeV
Adriani ef al, Nature 458:607,2009



PAMELA was designed to search for cosmic anti-matter

(courtesey: Gianfranco Bertone)

... positrons from the annihilations or decays of dark matter in the Galaxy
would raturally have a hard spectrum corresponding to rising e* fraction



Indeed dark matter has been widely invoked as the source of the ‘excess’ e*

DM annihilation

2
Rate XX nDM

(e.g. few hundred GeV neutralino
LSP or Kaluza-Klein state)

02F
++ PAMELA

H-  HEAT

0.1F ] "~
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0.02 -
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0.01 ;

| |
5 10 20 50 100 200

E,. [GeV]

Bergstrém, Bringmann & Edjsé, PR D78:127850,2008

DM decay

Rate X ’n,DM/TDM

(lifetime ~107 x age of universe e.g.
dim-6 operator suppressed by M r
for a TeV mass techni-baryon)
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FERMI

The ATIC excess
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Fermi LAT also sees ‘excess’ e* over expectation (Abdo ¢/ a/, PRL 102:181101,2009)
(although 1t does rot confirm the peak seen earlier by A77C-2)



But DM annihilation requires huge ‘boost factor’ to match flux

2 Such a large annihilation #-section would imply regligible relic abundance
unless an verse velocity dependence is invoked e.g. ‘Somerfeld enhancement’

(this requires hypothetical light gauge bosons to provide new long range force)
Arkani-Hamed et a/, PR D79:015014,2009
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DM mass in GeV
. no such problem for decaying dark matter (just tune the lifetime!)



Numerical 51mulat10ns of structurebformatlgn tﬁ;ough grav1tat10nal 1nstab$ty in.cold
dark matter show that the MJH{?\V&)I formedé}‘rom thg merg e®Bf smaller structures

' 1I§a aryomc mnfally dlsk formation elc) oﬁr several billion years. .
£ -

So the distribution of dark matter is clﬁ'ﬂﬁy, howeyer the ‘boost fa;:t'()r due to thls is
estlmated to bé no more than a factor ‘of ~2¢ lOp(Eavalle et al, A&A 479:427,2008)




But the observed antiproton flux is conswtent with the background
expectation (from standard cosmic ray propagation in the Galaxy)

1072 f B T 30% [ A
This is a serious v - W Gl L
. mpmMm = ].50 GGV“ 10% - “f' . %
constraint on all I
dark matter = R
107 £
models of the oL o
PAMELA anomaly : \
1075 S - 0'3%:, IR e | NIRRT
1 10 102 10° 10* 1 10 102 10° 10°
1072 [ T T 30% | SN
. ‘ +,,— i
Can fit with DM decay or v — 0
annihilation only if DM mpym = 1'1eV I
particles are ‘leptophilic” _ 0.0 § ;
which 1s rather contrived ~ o E
107 ¢ i~
1% | backgrgund? \;
background? i
... In any case, most such i
1096 v v v i e i o e e
models are now ruled out ! o e 0 0% 10 01 1o
by Fermui [arXiv:1002.4415] plnetic enersyin Ge¥ Positron enerzy in GeV

Cirelli et a/, Nucl.Phys.B813:1,2009



This 1s not the first time an anomalous ‘excess’ over background has been seen ...

Inclusive Jet Cross Section in pp Colllslons at /s = 1.8 TeV

The inclusive jet differential cross section has E_ W
been measured for jet transverse energies, Er, i ’

) dn

data collected by the CDF Collaboration at the
Fermilab Tevatron collider. The data are
compared with QCD predictions for various sets
of parton distribution functions. The cross section
for jets with E; > 200 GeV is significantly higher
than current predictions based on O(a.’)
perturbative QCD calculations. Various possible

from 15 to 440 GeV, in the pseudorapidity region wl % AN
0.1<|n|<0.7. The results are based on 19.5 pb-! of wf S

% Difference from NLO QCD with MRSDO’

1 . f h h. h d. d 20 }// i ///// Y //// //;///
explanations tor the high-E excess are discussed. 7 ,////// 7 /f//gys}g,/,,%,}c/u/n%r%nss,/ o // 4/
0. ‘ 50 100 1;0 v ‘200‘ - 2;0 3(1)0 350 400 ‘ A450
Abe et al, PRL. 77:438.,1996 Jet Transverse Energy GeV
t al, :438,

FIG. 1. The percent difference between the CDF inclusive jet
cross section (points) and a next-to-leading order (NLO) QCD
prediction using MRSDO’ PDFs. The CDF data (points) are

- - : : compared directly to the NLO QCD prediction (line) in the
.1t turned out to be a mis-estimation Of mnset. The normalization shown i1s absolute. The error bars

the OCD b ack round — nol new h sics! represent uncertainties uncorrelated from point to point. The
— S phy ) hatched region at the bottom shows the quadratic sum of the

correlated (E; dependent) systematic uncertainties which are
shown individually in Fig.2. NLO QCD predictions using
different PDFs are also compared with the one using MRSD().



The ‘background’ here 1s the production of secondary e*
during propagation (calculated using GALPROP)

interstellar medium

~90% H, ~10% He




However e* lose energy readily during propagation, so
only nearby sources dominate at high energies ...
the usual background calculation 1s then irrelevant

Delhaye et al, A&A 501:821,2009

o
®

o
o

So the real question is:

Are there any primary

o
N

sources of positrons

fraction of the positron signal

(with a hard spectrum)

o
N

in our Galactic

neighbourhood?




A nearby cosmic ray accelerator?

Rise in e" fraction could be due to secondaries
being produced during acceleration ... which
are then accelerated along with the primaries

(Blasi, PRL 103:051104,2009)

... generic feature of a vtochastic acceleration

process, if T;5, < (Cowsik 1979, Eichler 1979)

Tacc

This component naturally has a harder spectrum RXJ1713.7-3946, HESS
and fits PAMELA data (adjusting 1 free parameter)

Acceleration in SNR Propagation in Galaxy

-

accelerated
=+ } new

secondary e
component

- =» secondary et (v, )

primary protons

- = % secondary e conventional
component

primary e

Ahlers, Mertsch & Sarkar,PRID80:123017,2009



Diattusive (1%t-order Fermi) shock acceleration

Consider flux: downstream upstream
Amrp? -

o(p) = [ dx 1)~V D

Conservation equation: .

9 5P < U2, 2 U1, My

— (4 2 ¢0 L ] 2 r0

@t( mp” () )J+ gy — S Pz +Qp) = T

N

density change acceleration convection injection

log f ?
U1 — U2 8f
3 p@m

= [(p) o pmu/ ) = v

Steady state:

—|-U1f:()




Diffusive (15-order Fermi) shock acceleration

Acceleration determined by compression ratio:

r=—=—, 7=
U2 n1 r—=

downstream upstream

1

ion, O O*°f  ldu 9 o
Solve transport equation, U _f — D _J; 4 ——up _f <x
Ox ox 3dx” Op
f—— fuwi(p), |lim f| < oo
Af(z,p)

Solution for z < 0:

fo(p)
f = fini®) + (f°(p) — finj(p))e* 1/ PW) folp)e = w/PW)
where  df (o \T B o
f(p) = ’Y/ — <—> finj(@") +Cp™7 z D(p)/ua
o P p

As long as finj (p) 1s softer than p_fy at high energies: f(;lj’ p) p_’y




DSA with secondary production

A f(z,p)
. Secondaries have same spectrum as primaries:
-7 3r ui n2 fo(p) —xuy/D(p)
QGiO(fCRO(p v = r=—=— Jo(p)e
’ r—1 uz N1
-~ — <
. Only particles with x| < D(p)/u are accelerated — « D(p)/u1

downstream upstream

. Bohm diffusion: D(p) < p

. Fraction of accelerated secondariesis X P

. Steady state spectrum

Nt X Qo <1 + p£> xp V4 p 7T
0

3> ristng positron fraction! log p



. Diffusion coefficient not known

. ‘Bohm diffusion’ sets a lower imit:

Diffusion near shock front

a priori 1n neighbourhood of shock

C E
=Tri— X —
‘37 7

DBohm

. Actual rate parametrised by ‘fudge
factor’: D = pBohm —1

. F 1 determined by fitting to one
secondary/primary ratio ... then can
predict other ratios

T

. Can 1n principle determine diffusion
rate from simulations (difficult!)



1 CR escape

Inhomogeneity in the SNR .
distribution as the origin of the ( W 1 Newby SNRs
PAMELA anomaly ;\ ~ ,@ ) A \ !
3 Disk SNRs OD ° =
Y, Spiral Arm SNRs
Shaviv, Nakar & Piran, PRL 103:111502,2009 .
Y CR Diffusion: D~EP

Idea: Electrons from nearby T T T T
SNRs cool above ~ 20 GeV o
(through synchrotron and
inverse-Compton losses) before
reaching us ... but protons do not
cool, so secondary positron
production is less affected
— enhancement of e'/e _

100 |- _;-Z;ff.';;f__'»f"'"

1 | .I.llll
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But with usual propagation parameters
(Dy~108cm? s, 0~ 0.6, 7, . ~ 10°5)
find break energy to be 2 TeV, not 20 GeV N
... also nearby ‘invisible’ SNRs (e.g. T Pvs
Geminga) will fill in dips 1n the spectrum B [GeV]

¢,/ (¢_+8,)




[t 1s not just the few (optically) observed SNRs which contribute

to observed cosmic rays ... there must be many other Aidden SNRs
(if there are ~3 SN/century and cosmic rays diffuse in Galaxy for ~107 yr)

Known Simulated

10 =i 107
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// p Q )
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= . 3 =
roy — 4 -4 = -
SR 15 ¢
2 B « ~HB 21 2 B
5 T G65.3+5.7 “Kepler] 2 ¢
104 = N1006 = 4 = —
- S147 Tycho | 3 10 = &E
C ?SN 185 I 7 — -
- 1 ] N |
| | _ | |
a |
10° = 5 10°E =
B : not visible in photons yet N _ not visible in photons yet n
10° — : ‘ 10> = : '
107! 1 10 10-! 1 10
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Ahlers, Mertsch & Sarkar,PRID80:123017,2009



Statistical distribution of SNRs

[\
-

—_
o)1
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(kpc]

9
—T———T

Probability density f,./(r)
>

=)

distance r’ [kpc]
Strategy:

* Draw source positions from
this distribution

* Calculate total (e™ +e7) flux

* The best fit to data 1s likely to

ST e b be closest to real distribution

Surface density (kpc'z)

Galactic radius (kpc)

Case & Bhattacharya, ApJ 504:761,1998 Ahlers, Mertsch & Sarkar,PRID80:123017,2009



Parameters of the Monte Carlo

Diffusion Model

} from GCR nuclear

secondary-to-primary ratios

CMB, IBL and B energy densities

Source Distribution

Dy 10 cm? s~

) 0.6

L 3 kpc

b | 1070 GeV ts!
trnas 1 x 10®%yr
TSNR 104 yT

N 3 x 108

from FE.i, ~ 3.3 GeV
from observations
from number of observed SNRs

Source Model

RO 1.8 %x10°°GeV!

r 2.4
Epax 20 TeV
Eeut 20 TeV
RY | 7.4 x10*%®GeV™!
Kp 15

fit to e flux at 10 GeV

average y-ray spectral index
typical v-ray maximum energy

DSA theory

y-rays
free parameter (for fixed I')

Ahlers, Mertsch & Sarkar,PRID80:123017,2009



Normalising the source spectra

i
8

smoothed excesses
oN &
o o

o
(=]

Normalisation of primary e7: fit absolute ¢~ flux at low energies Casviopeia A, HESS
0
™4+ ... — 2v4...
Normalisation of secondary ¢*: P + D rE L eE
Source Other name(s) r J9 - 1012 Emax d | QY =+10%3
[(cm? s TeV) 1] [TeV] [kpc] | [(s TeV) 1]
HESS J0852—463 RX J0852.0-4622 (Vela Junior) 2.1+0.1 21 +2 > 10 0.2 0.10
HESS J1442—624 RCW 86, SN 185 (7) 2.54+0.12 3.72+£0.50 2 20 1 0.46
HESS J1713—381 CTB 37B, G348.74+0.3 2.65+0.19 0.6540.11 215 7 3.812
HESS J1713—-397 RX J1713.7-3946, (G347.3-0.5 2.044+0.04 21.34+0.5 179 £+ 3.3 1 2.55
HESS J1714—385 CTB 37A 2.30+£0.13 0.87+0.1 Z 12 11.3 13.3
HESS J1731—-347 G 353.6-07 2.26 £0.10 6.1 £0.8 2 80 3.2 7.48
HESS J1801—-233¢ | W 28, GRO J1801-2320 2.66 £0.27 0.75+0.11 >4 2 0.359
HESS J1804—216° | W 30, G8.7-0.1 2.72 £ 0.06 5.74 210 6 24.73
HESS J1834—087 W 41, G23.3-0.3 2.45+0.16 2.63 >3 5) 7.87
MAGIC J0616+225 | IC 443 3.1+0.3 0.58 21 1.5 0.156
Cassiopeia A 2.4+ 0.2 1.0+0.1 2 40 3.4 1.38
J06324-057 Monoceros 2.5634+0.26 0.91+0.17 N/A 1.6 0.279
Mean ~ 2.5 2 20 ~ 5.2
Mean, excluding sources with I' > 2.8 ~ 24 2 20 ~ 5.7
Mean, excluding sources with I' > 2.6 ~ 2.3 2 20 ~ 4.2

Ahlers, Mertsch & Sarkar,PRID80:123017,2009
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Fitting the e™ + e tlux
The propagated primary e

spectrum 1s much too steep to
match the Fermi LAT data ...
but the accelerated secondary
e"+ e component has a harder

spectrum so fits the ‘bump’!
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Positron fraction
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The predicted positron fraction
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Standard Solar modulation

Charge-sign dependent Solar modulation
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Nearby pulsars as source of €~

nghly magnetized, fast

spmmng neutron stars

ROTATION
AXIS

RADIATION
BEAM

.7Y-rays and electron/
positron pairs produced
along the magnetic axis

. Spectrum Jpeculat69 to be RADIATION
harder than background

from propagation:

N o FE—1.6,—EF/100GeV
(&



Combination of Galactic contribution and two nearby pulsars,

Geminga (157 pc) and B0656+14 (290 pc),
can it PAMELA excess (and perhaps also Fermi bump)

—~ 0.20
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However ~40% of rotational energy must be released as energetic et — plausible?

Fermi can detect expected anisotropy towards B0656+14 in ~5 years



What about the antiproton-to-proton ratio?

0.001 prrr . L o
- Bohm-like ISM -
ISM+B term
Total

G &
Dark matter (V) T )

& 0.0001
10 : B
Pulsars v
,f’xj‘ A term
. B term ,
Acceleration of v lo_0s Liiiil L
secondaries 10 100 1000

Kinetic Energy, T [GeV]

Secondary acceleration model predicts rise beyond 100 GeV
... will be tested soon by AJS-02



Nuclear secondary-to-primary Ratios
Dark matt X Since nuclel are accelerated in the vame
aric matter sources, the ratio of secondaries (e.g. L4,
Be, B) to primaries (C, N, O) must also
Pulsars

rwe with energy beyond ~100 GeV

Acceleration of

v 20-35¢ 0O  ATIC iment
. et | , experimen
secondaries (TBD) 5 N HEAO-3, experiment [1]
E 0.3 ;i Osborn & Ptuskin, leaky box model [4]
N | e HEAO-3 model, leaky box model [1]
0.25—
02l
It we see this, both 015
dark matter and b
pulsar origin models -
0.05—
would be ruled out! .
0 N | | |

Energy per nucleon, GeV

Panov et al, ICRC 2007



Can solve problem analytically ... but more complicated than
for p/p since energy losses must now be included

Ofi 82fi_|_1du Ofi
Ox Ox? dep Op

d Transport equation: U = D; — 1 fz + q;

with boundary condition: f; (CIZ, p) =, Y:L(S(p — pO)

T(r=0)—T7"f0
d Solution: fz+ — fzo + di (ZC _ O) FZ fl r forax >0

Uy
pdp/ p/ Y B 2 B = — /0,2
Op) = / : < ) e~ Y(1+r) (D (p)—D; (P /uZ
o D p
X’Y [(1—|—7°2> ) (p )Z}fg( ) _I_Y'z5(p/ _po)

~ “q; (p) + Dy (p)g; (p)”

Mertsch & Sarkar, PRL 103:081104,2009



Titanium-to-Iron Ratio

I our fit |
—1 L |
o 0 F © A ATIC-2
§ i 1 Zatsepin et al.,
% - 1 arXiv:0905.0049
~ ___ spallation during S. L |
propagation only RN
102k —— spallation during T .
- acceleration as well a
1 10 102 103 10

energy per nucleon [GeV|]

Titanium-to-iron ratio used to fix diffusion coefficient to be

F~1 ~ 40 (NB: to fit et excess requires ~10-20)

Mertsch & Sarkar, PRL 103:081104,2009



We can then predict another secondary/primary ratio e.g. B/C ...

- Nearby/So /z
107! ¢ .
.S i _
g :
Q - il
= i $ HEAO-3-C2 ]
i I ATIC-2 N i

i CREAM '~
10_2 - . . ] N . 7
- ¢ PAMELA (preliminary) 'Leaky box’ model:
- o S | (spallation during propagation)

| 10 102 103 10%

energy per nucleon [GeV]

PAMELA is currently measuring B/C with unprecedented accuracy
.. a riwe would establish the nearby hadronic accelerator model
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Eight candidate sources of
TeV emission are detected
with pre-trials significance

>4.50 1n Galactic longitude
[300°0, 220°] and latitude

[-10°, 10°]. Four of these,
including the Crab nebula
and the recently published
MGRO  J2019+37, are
observed with significances >
4o after accounting for the
trials involved in searching
the 3800 degree’ region. All
four are also coincident with
EGRET sources. Two of the
lower significance sources
are coincident with EGRET
sources and one of these
sources 1s Geminga. The
other two candidates are in
the Cygnus region of the
Galaxy. Several of the
sources appear to be spatially
extended. The fluxes of the

sources at 20 TeV range from
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Have some of these old SNRs been seen already?
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12F- MILAGRO profile of the
@ 10 Milky Way overlaid with
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Simulated SNR distribution ::— e
which matches the PAMUELA §10§— .
and Fermi data on electrons ... £ 8 . :
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A definitive test would be to detect neutrinos from these old SNRs ...

Z 00r | | f | 1 | i b The column depth and
S [ * —— column . .
= | ] flux wetghted column
H .g 0r Y, - Ezfuziﬁg;ﬁ ] de.pth of the SNR density
£ E - : in the Galactic plane ...
v = 100} \ - .

b= _§ - - --------1 notvery different towards
E £ ol 1 Galactic centre/anti-centre
° ] 1 le. equally useful to survey
R - S~ ] Northern/Southern sky
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3 Gabici ef al, Astropart.Phys.30:180,2008

Simulated SNR distribution
which matches the PAMELA

and Ferm: data on electrons.
(the circle radius = brightness
at > 1 TeV in units of the Crab)
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Summary

Astroparticle physics has made enormous experimental progress
but to defimitively answer old questions e.g. the origin of cosmic
rays or the nature of dark matter will require better theoretical
modelling of the relevant astrophysical ‘backgrounds’

The PAMELA anomaly may be the signature of a nearby hadronic

accelerator rather than dark matter - forthcoming data on

antiprotons & B/C ratio (A4S-02, PEBS) will provide a resolution

... the source(s) should also be detectable directly in
y-rays (HAWC, C1A) and neutrinos (lceCube, KM5NeT)

This would be the first identification of cosmic ‘pevatrons’



