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The “standard model”
of Cosmic Rays

Implementation: a Computer Program
Background to “New Physics”

All as in SM of P.Phys. & LHC BUT
The CR-model inputs are unbelievable

It NEVER made a correct prediction

It must be modified every time 
the data become more precise



G. Cocconi (1956) P. Morrison (1957)

CRs must be
extragalacticE
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Correct CR predictioN 
Happened only once!!



Auger 2017
ECR > 8⇥ 109 GeV

Galactic 
Center

Eankle ⇠ 3⇥ 109 GeV



GRBs and XRFs are
emitted by

 core-collapse
SNe (Type Ia)

CBs scatter ions &
electrons —> CRs

CBs decelerate
as they travel in 

galaxy & halo

HOW ?? 



⇢E(CR) =
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c

Z
E
dF

dE
dE ⇠ 0.5 eV/cm3

B2/(8⇡) ' ⇢E(CR) for B ⇠ 5µG

Equipartition
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Flux Normalixation
Spectral Features

(knees, ankle, endpoint)
Spectral Slopes
“Chemical” Abundances

(and their E-evolution)

All Predicted
ONE Mechanism

at ALL energies

TWO

Paramete

Parameter
            fit to CR data 
 (other inputs: only PRIORS)

Confinement volume, time

s
ONE Parameter for CR nuclei (not used today)
Relative proton flux norm above/below its knee
ONE Parameter (freely chosen today)
(primary electron flux normalization)

CB Theory 
of 

Cosmic Rays



Today’s  
Prior:

From the CB-model
of GRBs and XRFs

D(�0)
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Other Priors

1 / 50 y (in our Galaxy now)
SN Rate / Galaxy    Luminosity∝

Star-Formation Rate [z]

Galaxy’s Magnetic fields

     CR interacts on background
 photons (Photodissoc & GZK)

CR confinement & escape

∝ ∝SN Rate CR Flux
Extragalactic CRs,

uncertainty?

CR flux normalization
within a factor 2 to 3

Magnitude & shape
of UHECR. Error?

n(Z,A) measused in superbubbles O[10%] error

⌧
conf

⇠ 2⇥ 107 y [Z/p]��
conf

�
conf

⇠ 0.6± 0.1

OTHER PRIORS:

dF/dE ⇠ E��
conf dF [source]/dE



( To look at our old

POSTDICTIONS

on ABUNDANCES

of CR nuclei



� ⌘ v/c

� = 1/
p
1� �2

mM

M m
�

m�

BOOST  BACK TO MOVING CB’s SYSTEM
Em[max] = 2m �2

GO to the CB’s REST SYSTEM
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MY conclusion

The CHALLENGE of
CR PRODUCTION

has been met
faced
OVERCOME

to MY entire
satisfaction

... almost ...

> decade ago

?

ONLY
POST-

DICTIONS
But … 

There are 

NEW DATA



Log[E2.5 F (E)]

p
Knee

He
Knee

?

Fe
Knee
????

Log[E]

1<E<108GeV

p

He

Fe

> 10 years
- old data
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It is almost 
Baron 

Munchausen 
!!!!
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dγ
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Knee(A) =

Z 1
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EFe[break] =
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mp
Ep[break]

Fe

A(Fe) ~ 56 Z(Fe) = 26
KASCADE-Grande …. “Best knee”:
Used to refine the       distribution�0



The strong test of these trivial
kinematic knees would be the

electron flux

me/mp = 5.46⇥ 10�4

�Qe/Qp = 1

Now measured to higher energy 
and much better precision

�e = �p + 1



WARNING:
In the CB model

de normalization of the
ELECTRON FLUX

is NOT (yet) predictable

BUT its shape IS



CB model —> Primary electron flux
But, highest-energy measurements

e+ + e� flux

<latexit sha1_base64="AkKM+xCEcVR7gBBKOnBeT1T0VIs=">AAAB93icdVDdSgJBGP3W/sz+trqKuhiKIJBkV82KbqRuulRoU3BVZsdZHZz9YWY2MpFepZuiq6K7HqFX6K5HadWCjDrwweGc8zHfHCfkTCrDeNcSU9Mzs3PJ+dTC4tLyir66dimDSBBqkYAHoupgSTnzqaWY4rQaCoo9h9OK0z0b+pUrKiQL/AvVC2ndw22fuYxgFUtNfYM20mna2LdPbOEh23GRzRRyeXTd1HfMjDECMjJmLp/N5YbEOCgU8ujb2iluvZY/AKDU1N/sVkAij/qKcCxlzTRCVe9joRjhdJCyI0lDTLq4TfujwwdoN5ZayA1EPL5CI3Uihz0pe54TJz2sOvK3NxT/8mqRco/qfeaHkaI+GT/kRhypAA1bQC0mKFG8FxNMBIsvRKSDBSYq7ir18+v/EyubOc4Y5biCUxgjCZuwDXtgwiEU4RxKYAGBW7iHJ3jWbrQ77UF7HEcT2tfOOkxAe/kEXd2T4g==</latexit><latexit sha1_base64="6CTybyZ65Rtcdw1TNzWR5y4QpDI=">AAAB93icdVDdSgJBGJ21P7O/ra6iiCEJAmnZVbOiG6mbLhXaFFyV2XFWB2d/mJmNTKSr3qOboquiOx+hV+gZeol2tSCjDnxwOOd8zDfHDhgVUtfflcTU9MzsXHI+tbC4tLyirq5dCj/kmJjYZz6v2kgQRj1iSioZqQacINdmpGJ3z2K/ckW4oL53IXsBqbuo7VGHYiQjqalukEYmQxr71onFXWjZDrSohA4Lr5tq2tD0EaCuGbl8NpeLiX5QKOTht5Uubg3LH3fbw1JTfbNaPg5d4knMkBA1Qw9kvY+4pJiRQcoKBQkQ7qI26Y8OH8DdSGpBx+fReBKO1IkccoXouXaUdJHsiN9eLP7l1ULpHNX71AtCSTw8fsgJGZQ+jFuALcoJlqwXEYQ5jS6EuIM4wjLqKvXz6/8TM6sda3o5quAUjJEEm2AH7AEDHIIiOAclYAIMbsEDeAYvyo1yrzwqT+NoQvnaWQcTUF4/ASzAlUg=</latexit><latexit sha1_base64="6CTybyZ65Rtcdw1TNzWR5y4QpDI=">AAAB93icdVDdSgJBGJ21P7O/ra6iiCEJAmnZVbOiG6mbLhXaFFyV2XFWB2d/mJmNTKSr3qOboquiOx+hV+gZeol2tSCjDnxwOOd8zDfHDhgVUtfflcTU9MzsXHI+tbC4tLyirq5dCj/kmJjYZz6v2kgQRj1iSioZqQacINdmpGJ3z2K/ckW4oL53IXsBqbuo7VGHYiQjqalukEYmQxr71onFXWjZDrSohA4Lr5tq2tD0EaCuGbl8NpeLiX5QKOTht5Uubg3LH3fbw1JTfbNaPg5d4knMkBA1Qw9kvY+4pJiRQcoKBQkQ7qI26Y8OH8DdSGpBx+fReBKO1IkccoXouXaUdJHsiN9eLP7l1ULpHNX71AtCSTw8fsgJGZQ+jFuALcoJlqwXEYQ5jS6EuIM4wjLqKvXz6/8TM6sda3o5quAUjJEEm2AH7AEDHIIiOAclYAIMbsEDeAYvyo1yrzwqT+NoQvnaWQcTUF4/ASzAlUg=</latexit>

Need secondary
e+ + e� flux
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e� ' 70% e+
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Dado&Dar

CR + ISM  —>

⇡±, K±,0
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! µ± ! e±
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LaTh2007 
“e-knee at ~ 2.3 TeV



Eddington:

Never trust an experiment  
until it has been confirmed 
by    THEORY



NEWS: CannonBalls,
initially moving with

and kicking the ISM 
as they move, trivially
predict the CR KNEES

�0 = O(103)



STOP
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At E > E (conf.)
CRs must be
extragalactic
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