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NON-RESONANT STREAMING
INSTABILITY

(BELL INSTABILITY)

T T BASIC PHYSICAL PICTURE (Bell 04)
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,,.' *RESULTING CURRENT ACTS AS A
SOURCE OF B

l l l *"FOR RIGHT-HAND POLARIZED WAVES,
FIELD LINES ARE STRETCHED: FIELD IS
FROM Zirakashvili & Ptuskin 08 AMPLIFIED
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RESONANT VS NON-RESONANT
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Flux x E27 (m2 s sr GeV/n)1 x (GeV/n)2.7
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WHAT ARE THEY TELLING US?
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BREAKS MIGHT BE TELLING US ABOUT INJECTION
OR DIFFUSION...,



BREAK FROM SELF-
GENERATED TUQBULE’NL.ET

THAT LOW ENERG'Y C‘Zs " : slope: 1/3
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(e.g. Blasi&EA 12)

X BAD FOR MAX. EN. IN ShRs
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IN SNKs

* MFA (Bell 04) DUE TO CURRENT OF
ESCAPING PARTICLES

« GROWTH RATE PROPTO J.z WHICH
DEPENDS ON SPECTRUM AT THE

SHOCK, P,ax AND V. (Schure & Bell 13,
Cardillo, EA, Blasi 15)

SELF-REGULATION MECHANISM
LARGE ESCAPE
FRACTION

EFFICIENT TURBULENCE
ACCELERATION INCREASES 13




PEVATRONS
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ODDITIES OF ANTIMATTERK
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SECONDARIES VS PRIMARIES:
EXPECTATION
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ALTERNATIVE SCENARIQOS

DECOUPLING B PRODUCTION FROM THE REST
(Blum et al 10; Katz et al 13; Cowsik & Burch 10; Cowsik et 1l 14; Lipari 16)

* CR ESCAPE FROM GALAXY IS ENERGY INDEP.

 LOW ENERGY CRS ACCUMULATE LARGE GRAMMAGE IN
SOURCE VICINITY: B PRODUCED CLOSE TO THE SOURCE
=>B/C STANDARD

 POSITRONS AND ANTI-P FROM 10-20 TIMES LARGER
ENERGY P
= SAME SPECTRA AS PARENT P 18



NON-LINEAR CONFINEMENT?

« LOW ENERGY PARTICLES CAN SPEND A LONG TIME CLOSE TO
THEIR SOURCES THANKS TO SELF-GENERATED TUBULENCE, IN
PRINCIPLE BOTH RESONANT (E.r/Ug<c/v) AND NON-RESONANT
(Bell 04)(Ecp/Ug>c/V)
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WAVE-GENERATION CLOSE
TO GALACTIC SOURCES

+ RELEASE CRs WITH 0.1 Eqy
IN 104 YR
+ LET THEM PROPAGATE IN
SELF-GEN. FIELD
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WAVE ENERGY DENSITY (50pc)

p(GeV/c)
10 10° 107 10

100 S S Lo =—2.5x10%r 1

3 3 el T A - vz,
o-T ; ; — D | =—5x10%yr I R hxp
3 3 3 10~ S S

S,
~
.
- 4
~
.
'~
-
~

10 10" 10° 10" 10? 100 : . . . . . ; ; .
z[pc] 10—1() 10—15 10—14 10—13

D’Angelo, Blasi, EA 16 — 20




SELF-CONFINEMENT ARCUND
~ GALACTIC SOURCES

10 MR p——
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* NON-NEGLIGIBLE GRAMMAGE
CAN BE ACCUMULATED IN THE
SOURCE VICINITY

X(g/cm2)

* CRITICALLY DEPENDS ON
IONIZATION FRACTION
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DIFFUSE GAMMA KAY
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NON-RESONANT CONFINEMENT?

PROPAGATION FROM EXTRAGAL. SOURCES

LOW IGM B-FIELD ‘ NON-RES INSTABILITY
VERY EFFICIENT

SB~3x 107 G x Ly,*B"2 17/

BOHM LIKE DIFFUSION IN nG STRENGTH FIELD

108 eV PARTICLES (WEAK DEPENDENCE ON SOURCE
LUMINOSITY ETC.) CONFINED CLOSE TO THEIR SOURCES
(WITHIN A DISTANCE OF A FEW Mpc) FOR THE AGE OF THE
UNIVERSE (Blasi, EA, D'Angelo 15)
5 LOW ENERGY CUT-OFF IN EXTRAGAL. CRs??72? y



NON-RKESONANT CONFINEMENT?
ESCAPE FROM THE MILKY WAY
AS B-FIELD DROPS ESCAPING CRS EXCITE NON-RES INSTABILITY

PARTICLE CONFINEMENT CREATES PRESSURE GRADIENT THAT SETS
BACKGROUND PLASMA INTO MOTION

) NEUTRINOS?
SATURATION WHEN W T T T
: Blasi & EA -
Vp ~Vge ~V, ~100 K 2
D ~Vee ~Va m/s - 107 5—'9;,,.% PRL submitted -
l A B ]
TE 10° : ﬁ 5 =200 f{ :
B ~2 X 10-8 G L,/2 Ryy"! 8 T +
w 10° E
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NON-STANDARKD SCENARKIOS
REALLY NEEDED T0
EXPLAIN SECONDARY TO
PRIMARY RATI(OS?

NOT FOR NUCLEI AND ANTIPROTONS!

QUALITATIVELY

- FLAT DIFFUSION COEFFICIENT
- FLATTENING IN IN PARENT ANTI-P SPECTRA

+ INCREASEE OF PRODUCTION
CROSS SECTION WITH ENERGY NUCLEI

PROTONS SPECTRUM

SECONDARY
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REACCELEKATION
AND
SOURKCE GRAMMAGE

NO EFFECT ON PRIMARY SPECTRA
BUT
FLATTENING OF SECONDARIES

PARTICLES
ENCOUNTERING
A SHOCK
DURING PROPAGATION

ARE REACCELERATED
(Blasi 17)

-5 ) 7 AR
nn ) P dp’(p
fo(p)=s ]i ( ] ) +S/ z ("—) g’
4r Pinj Pinj po P°\P

MORE EFFECTIVE FOR
STEEP SECONDARIES (B!)

FLATTENING OF SECONDARIES

GRAMMAGE AT HIGH ENERGY
ACCUMULATED oiism Tsnr

X ~ 1.4r.m, nimeT ~ 0.17gcm
WITHIN SNR sHtplISM ¢4 SNR &

cm~ 2 X 10%yr’
THE SOURCE MORE EFFECTIVE FOR SMALLER
GRAMMAGE: ANTI-P

27



B/C

D[cm?/s]

SELF GENERATED WAVES
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SUMMARY

¢ RECENT FINDINGS BY PAMELA AND AMS-o2:

« BREAKS IN THE SPECTRA OF PRIMARIES
« B/C A LA KOLMOGOROV

« FLAT ANTI-PROTONS

« RISING POSITRON FRACTION

CHALLENGE T0 STANDAKRKD SCENAKRIO OF CKR ORIGIN AND
PROPAGATION?

SO FAR ONLY SUGGEST THAT MORE PHYSICAL
PROCESSES NEED TO BE TAKEN INTO ACCOUNT IN THE
DESCRIPTION OF PROPACGATION, INCLUDING THE ROLE
OF NON-LINEARITIES IN PROPAGATION: A VIEW
ALREADY ACCEPTED FOR ACCELERATION
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