LECTURE PLAN:

1) COSMIC RAYS- proton interactions with photons,
composition, nuclei interactions with photons, different
photon targets

2) NEUTRINOS
3) PHOTONS

4) MULTIMESSENGER
APPROACH



COSMIC RAYS: High Energy
Proton and Nuclel Interactions
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The Propagation of Cosmic
Ray Nucleil:

Andrew Taylor
MPIK Heidelberg

Based on papers by:
Dan Hooper, Subir Sarkar, and Andrew Taylor

“The Intergalactic Propagation of Ultrahigh Energy Cosmic Ray
Nucler’ (astro-ph/0608085)

“The Intergalactic Propagation of Ultrahigh Energy Cosmic Ray
Nuclei: An Analytic Approach” (astro-ph/0802.1538)



Aims
1) Protons- dominant cosmic ray interactions
2) Composition- highlight uncertainty
3) Nuclei- dominant cosmic ray interactions

4) Arriving Spectra- cosmic ray spectra for different
Injected primary particles

5) Analytic- a simple way to understand the nuclei
results



1) Cosmic Ray Protons



The Interaction Rate

R= f d y;’Z %d(cos@)dioie(l—ﬁcosé) all values in lab frame
€,
Ep //\Jy - Ep Ey
‘ > e ‘ > < /\Jy
p -~ cos0 o p



The Interaction Rate
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Cosmic Ray Proton Interactions
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Cosmic Ray Proton Interactions
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Energy Loss Rates due
to Proton Interactions
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Energy Loss Rates due
to Proton Interactions
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Energy Loss Rates due
to Proton Interactions
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....with Different IR Backgrounds
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2) Could Cosmic Rays be Nuclei?



Composition Information
in Particle Showers
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The Shower Maximum- X

max

Definition of X -

max

The distance from the “top of
the atmosphere” where the

Number

number of particles in the of
Particles

electromagnetic shower is
maximum
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Heitler Model
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The X _ Data From Auger
Fluorescence Detector

note-
logarithmic
dependence to
energy of
primary
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3) Cosmic Ray Nuclei



Cosmic Ray Nuclei Interactlons
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Cosmic Ray Nuclei Interactions

Photo-disintegration-

N,,.,+y — N + (Z-Z")p + (A-A'+7Z'-Z)n, E, ~ 30MeV

(A,2) (A',Z")
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R=

Energy Loss Rates due
to Nuclel Interactions
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Assumptions about High
Energy Cosmic Ray
Sources

Energy Distribution of Cosmic
Rays
— dN/dE ~ E~ motivated by first order
Fermi shock acceleration theory

Spatial Distribution of Cosmic Ray

Sources
— dN/dV ~ (1+z)° 0<z<1.9 motivated by
~ (1+1.9)° 19<z2<27 measurements of the
~(142.7)e?*" 27<z<8 luminosity density of

Quasars

(will say more about this in Lecture 2)



A Cosmological Distribution of
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4) Cosmic Ray Spectra for
Different Primary Particles



Do Protons or Nuclei Fit the

Data?
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5) An Analytic Description of these
Results



the differential equation describing the states of
the system-
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(where 4, values are set by the initial conditions)



considering only single nucleon loss, keep only
diagonal and first off diagonal elements-
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INTERACTION OF ULTRA-HIGH ENERGY COSMIC RAYS
WITH MICROWAYE BACKGROUND RADIATION

F. A ATTABRONIANY, B. 1. KEANEVSKY?, md V. ¥. VARIIANIAN

{Reccived 18 October, 1959

Abstrct, The [ormetion of Uie ‘oump’ wod the "olack-body entol” i lhe cosmic-vay (CR) spectmm orising
fromm the smeson photopricinciion reaction n eollisions of TTTE CR protons with the microwavs
backgrannd radiatinn {MBR) iz studied. A kinetic cquation which deserihes CR proton propagerion in the
MER with account. of the catastrophic naturs of the w-mesan phatoproduction proccss is dorived. The
cquilibrinm CR proten spectrum ohtained from the solution of the sietionary Mnetic equalion is i penecel
apreement with the spectrum obtained under essumpion of Lhe cmlmeons enensy loss approxmation.
Tlowewer, the specire from puint sources oeliceably Jiller Fom thase obtained o fhe contionous loss
Approximation. Boti, the equifibriem and the point sonree speerea are modificd when taking into acoount
the passible deviatinn af the MRR spectrurn Trom the Planckian ong in the Wien region. Thus, far the
rocontly mezsurcd MER spoctrum, which rovcals sncesemtial Scxecss’ in the submillimeter region, the
“bluvk-body wulolf® and the preveding ‘bump' shift lewsrds Jower enenaes,

1. Introduction

The ultra-high enerpy cosmic-ray (CR) interaction in the intergalactic space with the
microwave background radiation (MBR) gives tise to 2. *hlack-hody cutoff™ of the CR
spectnun predicted wmore than 20 yeurs age (Grdsen, 1966; Zatsepin and Kuzmin,
1968). Unfortunately, the available experimental data do not allow us to draw an
unambiguots conclusion concernmp the presence or absence of such a speetral
peculiarity (see, £.0., Watson, 1Y85). At the same time, in the cncrgy range £ = 1087 <V
the Fly's Tiye has detected some excess (a ‘bump’) in the specirom (Balirosuitis or af.,
1983}, which agrees with the cvidence obtained by Haverah Park (Cunningham ef al.,
19E0), Volcann Ranch (Linsley, 1985), and Akeno (Teshima et al , [987) groups to a
tendency of spectrurn fQatlening i this energy region. With a lesser confidence this
peculiarity 1z also revealed in the data of Yakutsk (Khristiansen, 1985) and Sydney
(Winn er af., 1983] catensive air shower (GAS) arravs,

1HI and Schrarmm {1985}, exumimog the UILE proton transfer in the MBR feld,
arrived ar a rather impﬁrtant conclusinn that due to the pion photoproduction process,
besides the “black-body cutoff, there is also lormed o ‘bump’ (preceding the cwloll). The
latler speciral peculiadty is appurenty due 1o a sharp (exponential) energy dependence
of the proton-free path {owing to the threshold nature of the pp — &% process, protans
with energy E < 107" eV interact only with the Wien ‘tail' of the MBR spectrum).
Protuns with coergy E = 5 x 10" eV effeclively mmlerucl with e MBE, deposil energy

T Werevan Physics Tnstitote, Arnenda, U 53R,
* Tnatituto of Nuclear Physics, Moscow State University, TT5.8.R.
* Decensed, Aupust 130 108

Arireplposics and Space Sdience 167 93-1140, 1990,
© 1900 Kever Acirddeoeic Pebfshers, Privred i Nejgum,

0 Kluwer Avademic Pnblishers » Provided by the NASA Astrophysics Duta System
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of this equation we presenl im the formm of an iterative scres
I

B D= U e HT L g(B) | dr e~ ¥V 4R (B, D). {A2-2}

=1

where Fy(E, 1) = () e~ ¥7 is the injiial approximalion for the spectrum. For nurericel
culeulutions it is convenient 1o pass 1o a new function §1E, £} using the replacement

FE 1) = g(E) (K, 1) (AZ-7)

Then [or f(E, 1) we obtain a solution in the form

e
r-

LB e vy J ar e AL (E D, (AZ-4)

where the integral term is

B w7
A =—2-ﬂ;&-?ﬁ}31_-2 J ey (e gl Yo, =
£
40 ) .
x de 27 f(Efe, [-m(l- : (——“"’3 )H AZ-S
J} B D wp{ -2 )| Az

where = and « are deterinined by the expressions (11).
In ke coergy region £ =3 x 10796V the intopral term may be approximately
presented as

Avf = flE [z, 0)2g Vuliz, ), (A2-8)
where
2,7 1= flg). [A2-T)

The tha solution for the [unction f{E, ) can be presented as

FE. 1= E- ZaCr =11 i expl = 15 )y o : (A2-8)
-0 Jmn B
[T 11 %]
L3N
whery
1= Bz T, - 1(E). {(A2-19)

The MER deviatian from the Planckian spectrum (in case of its approximation by
the comptonized black-body radistion spectrum (14)) for the protoa specloum from 2
point source, can be luken into account just like in case of the equilibeinm proton
spectrum (sec Appendix 1),

© Kluwer Academic Publishers = Provided by (he XASA Astrophysics Duts System



Injecting a 10°°eV Fe Nucleus and Tracking the
Subsequent Nuclei-

1
A=56
A=55
N
1 A=5 wmnisin ]
- 0® A-40
(@] A=35
'_.8 A=30 -
A=25 -
© 06 A=20 -
< A=10
S oaf
=
| -
T |
D _
o2 ff .
0 N ., <y oy oY B T s . - R (L T i T L
0 500 1000 1500 2000

distance [Mpcl



E2 dN/JE [eV em s Tsr ]

Comparison of Analytic and
Monte Carlo Results
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Conclusions

The Pierre Auger Observatory is able to provide
much more than just the cosmic ray flux
measurement

Due to the In E0 dependence of X |, excellent

max

energy resolution is required to pull out the
composition information

The X and energy spectrum data collectively

max

can provide useful information about the source
injection spectrum and cutoff energy

The propagation of nuclei can be easily
understood through the application of an analytic
description of the photo-disintegration process



Cosmic Ray Showers in the
Atmosphere
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> 40-80 % more muons

for Fe showers

90% of the energy of
the primary is
dissipated into yand e
(in ratio 9:1)

NFe(EO)ocA(X) <A PE!

note- more u than
expected are seen
In the showers
(indication of Fe in
showers)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40

