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LECTURE PLAN:

1) COSMIC RAYS- proten interactions with photons,
composition, huclel interactions with photons, different
plheton targets

2) NEUTRINOS- presence of GZK-cutoff, photo-pion
production mechanism, interaction rate, cosmic ray
spectra, source distribution

3) PHOTONS

4) MULTIMESSENGER

éf ,ER__QACH Andrew
Taylor



Aims
1) Presence of GZK cut-off?

2) Neutrino production mechanisms

3) Expected cosmic rays spectrum through Fermi
acceleration in the source

4) Cosmogenic neutrino flux calculation for
proton cosmic rays

o) VWhat If cosmic rays are heavy nuclei?
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1) Presence of GZK cut-off
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Presence/Absence of GZK cut-off?
Crucial for UHE Neutrino Flux

The existence of the CMB photons places a limit on the
distance that high energy ( E_>10*"eV ) cosmic ray protons

can propagate through space to about 50 Mpc

wall

(the energy flux is conserved, though

) 50 Mpc : the form of the energy changes)

source > -
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Presence/Absence of GZK Cutoff?
Crucial for UHE Neutrino Flux

However there are few good candidate sources of high

energy cosmic ray protons within a sphere of 50 Mpc of us
(perhaps Cen. A~ 5 Mpc, M87~ 18 Mpc, ....7)

An observation of the GZK cutoff would imply
cosmologically distant sources whereas failure to see it

might be an indication of more local sources (more on this

i tjn :c_r_lg last lecture) Andrew

Taylor
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Experiments with Highest Statistics Around
the GZK Cutoff Energy-
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Experiments with Highest Statistics Around
the GZK Cutoff Energy-
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Is the GZK cut-off Present in the Data?
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Is the GZK cut-off Present in the Data?
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Just for Curiosity
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Is the GZK cut-off Present in the Data?
(Auger points shifted up 25%)
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2) Neutrino Production
Mechanisms
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Photo-Pion Neutrino Production
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v I(v) [nWm'zsr'1]
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Interactions of Cosmic Ray
Protons with CMB:

Pair Creation- Ey~ 1MeV

pty —> p+et+e,

Photo-Meson Production- Ey~ 145MeV

p+y —> n+7v/p+10,

G [mb]

n —>  pte+v

01
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Photo-Pion Production Rate
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Photo-Pion Production Rate (2)
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Photo-Pion Production Rate (3)

with, p=-L-=_1
KT 107" eV
E+A

R~020,, -

e (1—e )

where [, 1s 5 Mpc
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Photo-Pion Production Rate (3)

With, p=—L=—1
kKT 107 eV
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3) Expected Cosmic-Ray Spectra
Due to Fermi acceleration in source
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Fermi (First Order)
Acceleration

Strong shock wave propagating
at supersonic velocity (sound

speed depends on density and
temperature)

Shock front rest-frame

Injectio

V=u1-u

L e
— N —_— downstream upstream



Fermi Acceleration (more)

Energy

AE/E=4V/3c (energy gain)

E1=(1 +4B/3)EO, where B=V/c

E_=(1+4p/3)E,=(1+4p/3)E,

E =(1+4B/3)E_ =(1+4p/3)E,

So.n-~ 1/[3 crossings are needed

before the particle population is
significantly altered

4>

Number

AN/N=-4V/3c (advection
downstream)

N =(1-4p/3)N,

N =(1-4B/3)N =(1-4p/3)°N

N =(1-4p/3)N_ =(1-4B/3)"N,

SNRs have Vsh~103 km s
so B~107
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Fermi Acceleration (more)
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4) Cosmogenic Neutrino flux calculation
for proton cosmic rays
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A Cosmological Distribution of
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Cosmogenic Neutrino
Energetics

Neutrinos from neutron decay

n -> pre+v E ~1 O‘3EIl

(neutrons generated in photo-pion
production with isospin change of proton)

Neutrinos from pion decay
™ —> p++vH

U —>  e'+v +v
e U

T > v ety 4y, E~0.25E, (E ~0.2E)



Mean Photon Energy of a
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(more) Cosmogenic Neutrino Energetics

-3
<EV(CMB)> ~ 107 eV,
In Center-of-Mass frame-

Ey~ 145 MeV (threshold for pion production)
r ~ 104, (Ep~ 10*°eV)

So for neutrinos from neutron decay-

E ~ 10" eV

And for neutrinos from pion decay-

E ~ 1018 eV Andrew
v Taylor



Results from Calculations of
emgeisecket s saney. fh@ COsmogenic Neutrino Flux

(Phys.Rev.D64:093010,2001)
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Results from Calculations of
the Cosmogenic Neutrino Flux

Assumptions...
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E, dN/dE, [cm™s 'sr']
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5) What if cosmic rays are heavy nuclei?
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Neutrino Producing Interactions for

Nuclei
v,
o — @ —
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In Nuclei Rest frame- "
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Requiring Good Fits to the Spectrum
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Requiring Good Fits to the Spectrum
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Requiring Good Fits to the Spectrum

Spectrum
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...and Good Agreement with X ~ Data
<In A> Plots-
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...and Good Agreement with X ~ Data

<In A> Plots-
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...and Good Agreement with X ~ Data
<In A> Plots-
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The Cosmogenic Neutrino Flux

The high energy (>10""eV) — _107° p———————7 1
flux quoted as the T '
“Guaranteed flux” value

lowest value — =]
compatible with all :
the data

Smaller value obtained since

best agreement found for a

dominant Fe fraction with

Emax =10 eV
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Conclusions

* The cosmogenic neutrino flux calculation rests on
several important underlying assumptions- the flux
typically determined is by no means guaranteed

* An understanding of the true nature of the cut-off
feature in the Auger cosmic ray spectrum can help
In this respect

* The presence of cosmic ray nuclei in the arriving
cosmic ray flux can vastly reduce the cosmogenic
neutrino flux

Y D Andrew
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