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PROGRESS AND PROBLEMS
WITH SUPERNOVAE AS
SOURCES OF COSMIC RAYS




WHAT ARE WE TRYING TO UNDERSTAND? THE
ABSOLUTE MINIMUM...

RUNJOB
CHREAM
L3+ C {FLILTE A)

GRAPES(SIBYLL) N,-N,
GRAPESIQGSJET-ID N -N_

KASCADEQGSJETOTY NN
KASCADESIBYLL)

KASCADE Hadrons ((XGSJETO1D

EAS-TOPTQGSJETOTY Hp'“-
hight: p=50% ., He=50%

EAS-TOP hadrons (QGSJETOL)

Primary Energy (eVv)



-

'ARTICLE ACCELERATION OCCURS MAINLY AT THE FORWARD SHOCK OF
SUPERNOVAE EXPLOSIONS

'ENERGY CONVERSION 2 NON LINEAR DSA

1THERMODYNAMIC QUANTITIES AS OUTPUTS

'ACCELERATED PARTICLES ARE THEN CONVECTED DOWNSTREAM >
ADIABATIC LOSSES

ESCAPE FROM UPSTREAM DURING THE SEDOV PHASE CRUCIAL FOR CR
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TYPICAL RESULTS
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Caprioli, PB, Amato & Vietri 2009



MAGNETIC
FIELD
AMPLIF.

CALCULATE THE SPECTRUM OBTAINED AT THE EARTH
FROM A SINGLE SNR AND MANY SNRS

ADDRESS THE ISSUE OF CHEMICAL COMPOSITION
INSIDE THE SOURCE AND AT EARTH




& CR streaming instability (Resonant and non-resonant)

CR induced: works upstream and B advected
downstream

36 Acoustic instability due to grad in the precursor
Indirectly induced by CR through the grad (NLDSA)

#6 Firehose instability
Might be important if to generate large scale field

36 Shock corrugation instabilities
They operate behind the shock, therefore it does not

Appreciably shorten T, . unless the shock is quasi-




GROWING MODES in CR STREAMING
INSTABILITY

non—resonant mode
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Amato & PB 2009, Bell 2004




NON-RESONANT MODES grow faster only in the
early phases of aSN

Amato & PB 2009
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A NAIVE EXTRAPOLATION OF QLT WOULD LEAD TO:

SB> 1 IN THE RESONANT CASE, UPSTREAM
= pVZE., (ORPOSSIBLY 5B/B~1 BECAUSE
M, RESONANCE GETS LOST)
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AT GENERATION THE NON RES MODES AT MAX GROWTH HAVE
2
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' SATURATION OCCUR WHEN THE PARTICLES BECOME MAGNETIZED IN

SIS
L4 &

.~ THE AMPLIFIED FIELD:

2 OFVAAN.

&2 ) 1 VSZ VS éCR

AT THIS POINT PARTICLES SCATTER EFFECTIVELY BECAUSE OF RESONANCE,

. BUT DOES THIS HAPPEN SUFFICIENTLY FAR FROM THE SHOCK THAT MOST
PARTICLES CAN SCATTER? .
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WRHY IS IT INTERESTING:
LReaching the kree?,

Knee Region
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FILAMENTS IN RADIO (?)
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WHAT DO STRONG B DO
?

EVEN VERY LARGE B FIELDS HAVE NEGLIGIBLE PRESS
COMPARED WITH THE RAM PRESSURE, WHEN

2
88—>nkT:> B> 6uG n”

T
10*K

Prmax(108GeV) R, R o Ba(pG)  Ta(10°K)

235 | 1251 3.4 0.67
3.75 106 | 3.76 877

No 3.67 N I X 331
Vs 3.76 | 9.52 | 87 114.6

Capriocli, PB, Amactoc & Vietri 2008, 2309
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1.IF T.=T, OVERPRODUCTION OF THERMAL CONTINUUM |
AND POSSIBLY LINE EMISSION
2. K.~ 10 - ISSUE WITH THE ELECTRON SPECTRUM AT
EARTH?
3. MAY BE LACK OF CORRELATION WITH CLOUDS? |
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1.THE X-RAY FILAMENTS ARE NOT DUE TO B AMPLIF.
. 2.LAST DATA POINTS IN HESS HARD TO FIT
3.REQUIRED OPTICAL/IR~20 TIMES TOO BIG



A MISSING LINK BETWEEN CRs AT EARTH AND
ACCELERATED PARTICLES

WHAT IS THE SPECTRUM OF CR AT EARTH?

Caprioli, PB & Amato 2009
Zirakashvili & Ptuskin 2005

N[(3]=
EXPANDING

SHELL +
ADIABATIC kﬂ
LOSSES

1.00 10.00

IN THE ABSENCE OF THIS ESCAPE FLUX,
ADIABATIC LOSSES WOULD MAKE REACHING THE
KNEE VIRTUALLY IMPOSSIBLE



ESCAPE FLUX WITH TIME

Caprioli, PB & Amato 2009; Zirakashvili & Ptuskin 2005
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~ WHAT WE SEE ON EARTH IS THE RESULT OF THE CONVOLUTION

~ OF THE ESCAPE TIME OVER THE SEDOV-TAYLOR PHASE OF THE SNR
 EVOLUTION, INCLUDING THE CRUCIAL EFFECT OF "

~ IN THE ABSENCE OF THIS ESCAPE FLUX SNR WOULD BE UNABLE
. TO ACCOUNT FOR ACCELERATION TO THE KNEE
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"A” PREDICTED SPECTRUM

Caprioli et al, any time now
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Caprioli et al, any tim

ehe from FEB
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generated diffusion

Caprioliet al, any time now
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Alfvén velocity

4 p*N(p) c/Egy

amplified magnetic field

aprioliret al, any time now
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Type Il

Caprioli et al, ahy time
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The total diffuse spectrum of galactic CRs may be the superposition of very

different contributions in terms of slope, normalization and compaosition
26






IN THE SAME CASES, K., SMALL (COULD IT BE LARGER

CONFIRMATION OF EFFICIENT ACCELERATION € DETECTI
THE PRECURSOR

ESCAPE FLUX FROM UPSTREAM IS CRUCIAL TO EVADE ADI
LOSSES AND CONTRIBUTE TO THE KNEE

BUT THE GLOBAL SPECTRUM VERY HARD TO PREDICT (TYE
TYPE 11, WINDS, TURBULENT HEATING, TYPE OF WAVES,
SHAPE OF CUTOFFS..) --- BUT TYPICALLY ROUGHLY POWE

NUCLEI ARE YET TO BE INCLUDED IN A SATISFACTORY ¥
IT MAKES SENSE THAT THE GALACTIC CR SPECTRUM MAY
AROUND ~10%'7-> eV WITH HEAVY COMPOSITION



