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NEUTRINO It is the general question of the role of
ASTRONOMY g%dronio} roc;’esses itnithe Un!vclaésle}
sevrationally, neutrinos would let us
WHAT, WHY & HOW see the central engines of powerful
systems that are otherwise hidden. The
g_rlce Is in the huge detectors needed.
he window above the atmospheric
background opens above a TeV,

SOURCES We will distinguish betweeb three types
of potential neutrino sources:
- galactic
- extragalactic
- related to the UHE cosmic rays

'SCIENCE NEWS’ 1 will briefly review several recent
developments that have strengthen our
abllity to understand the emission of
high energy radiation and its detection:
gamma ray observations, theoretical
developments In astrophysics and
particle physics.

EVENT RATES Expected event rates will give ideas of
the chances for detection of different
candidate sources and define the detec-
tor size required for neutrino astronomy.

QUESTIONS Can we ever see the highest ene
oo+ tl’n merttiln’lve;'se ,? agh Eov ?
f we do cle sics wi e
neutrinos ? o oy

WE SHALL KNOW SOME ANSWERS SOON




GALACTIC NEUTRINO SOURCES include all energetic
astrophysical systems, where we suspect cosmic ray
acceleration, i.e.supernova remnants, binary systems, etc.
EGRET has detected GeV gamma ray emission associated
with several remnants. TeV emission has also been
detected from SN1006. It is not yet obvious if these signals
are related to proton acceleration and interactions - they
- could also be explained in terms of electron energy loss.

The expectations are that in our galaxy neutrinos come
from proton-proton interactions. It is possible that the
matter density in the vicinity of cosmic ray acceleration
sites is very low and the photon and neutrino signals from
point sources are low. The GeV signals from SNR also
show energy spectra that are steeper than the theo-
retically favored flat ones.

On the other hand, cosmic rays propagating in the
Galaxy will necessarily interact on galactic matter and
generate diffuse galactic neutrinos, similar to the gamma
rays detected in the GeV range. The good news is that
the diffuse galactic radiation has an energy spectrum
similar to those of individual Supernova remnants.
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Possible shock locations
IN supernova remnants
expanding in the pre
supernova stellar
: environment.
From inside
out: Pulsar
wind shock;

shock;
Supernova
blast shock.
Exact positions
/  depend on the
* mass and velocity
of progenitor stellar
wind. Particle accele-

of these shocks.

Accelerated nuclei are contained in the shock
regglon by magnetic fields and only slowly diffuse
out. Total amount of matter for injection and as
Interaction target is several solar masses. GeV

amma rays and non-thermal X-rays are observed
rom several supernova remnants.

Reverse

ration may occur on any

)

The main energy source is the kinetic energf/ of the ex-
panding supernova shell, which is of order 10 ergs. Only
1/100 of this energy could supply the total amount of cosmic
rays in the Galaxy if there are 3-5 supernova explosions per
century. Shock acceleration calculations show that 5-10%
of the energy could be released in the form of accelerated

particles. Pulsar radiation could also be important if young
pulsars are already spinning fast.
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Fits of the gamma ray emission of g_Gygni
| l I T i T I 1 I 1 I 1 I I I T I T i T | ] I I l 1 I T I T I I ]
5 I 2
7+ 4 -
sl " .
-o:- -
RO NN i
: (}Im i d
__ 5 11 _
S, -12f —
u-i‘ i HEGRA |
g ) ) I:I{ —
81— -
3 (4)
g; 7. .
< LX ]
o ]
10 -
a1k i
12/ L
"2 s 5 ]

(1) proton, electron spectra parallel to 100 TeV

(2) spectra parallel, electrons cut off

(3) different spectra for protons & electrons

(4) spectra parallel, both cut off at the same energy




Compact X-ray Binary systems

Energy sources: mass transfer through Roche
lobe overflow, pulsar spindown. Multiple targets
for particle interactions:
the matter of the accretion
Ny disk O{/and of the compa-

| - nion star;
the radiation fields of both:
| the pulsar magnetic fields.

If O”'P/ electrons are
e

accelerated at such
objects, there will be

NO neutrinos.
Accretion, however,
~Supplies a large num-
ber. o'f Ionlzed nUC|el . ' e At et e st s rhaa e st b e et e ]
for mHectlon and acceleration. Once protons are
accelerated they could generate bot gamma

rays and neutrinos.
No statisticallty significant observations of TeV
r

gamma rays from X-ray binary systems.

Accretion driven Iuminbsity is limited by the Eddington lu-
minosity Leqa = 4nGMm,/or < 1.4 x 10%M /Mg, erg/s
for X-ray emission.

Magnetic dipole luminosity is
Lwp = 4 x10% B}, P24 erg/s, where By, is the pulsar

surface magnetic field in 10'* G and P, is the pulsar period
in milliseconds. |
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It is likely that the primary proton spectrum steepens

DIFFUSE RADIATION FROM THE INNER GALAXY
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EGRET shows a very flat gamma ray spectrum from
the inner galaxy. If it is produced by a collection of
supernova remnants it requires a filling factor of 10.

at some energy above 100 GeV (because of diffusion)
to become similar to the local galactic cosmic ray
The blue lines show the neutrino spectrum that would
result from such steepening. It is s;gnificantly higher
than what would follow from a E-2-”spectrum, shown
with a purple dash-dot line.




EXTRAGALACTIC NEUTRINO SOURCES are most likely
based on different type of physics: interactions of the
accelerated cosmic rays on the ambient photon fields.

The photoproduction cross section is lo wer than pp one by
a factor of 30 and the threshold energy for pion production
on the soft ambient photon fields is high -- more than

50 EeV on the microwave background. On the other hand,

- excatly because of the low energy of the photons their
target density is very high.

Suspected sources are the most luminous ones: the
Active Galactic Nuclei. Neutrinos could be produced
either close to the central AGN engine (black hole ?) or
in the AGN Jets. Jets have the advantage of their super-
luminal motion, which increases the neutrino energy by
the Dopler factor of the jet. Jets may also be a better
environment for proton acceleration. AGN neutrino spectra
- extend to extremely high energy

Diffuse extragalactic neutrino background is expected
from the neutrino emission of all unresolved AGN
The cosmological and luminosity evolution of the active
galactic nuclei is very important for the estimate of the
diffuse neutrino background. Other types of diffuse back-
grounds set strong limits on the expectations. Although
isotropic, this background radiation should be easily
identifiable by its ultra high energy. '
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Zero order |
AGN models

E |

Active galactic nuclei are the same and consist
~of a central engine (massive black hole), accretion
disk and jets. ﬁpearent differences are due to
the position of the observer.

Jets carry about 10%,0of the AGN luminosity, and

may appear brighter because of the motion of the
emitting matter toward the observer.

The mass of the black hole
MBH = LAGN/LEdd = (].06 - 108) X M@

For observers looking along the Jet axis
Eops = Fj X Ejf a/.I/l,d Licks = le X LJf
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Quasi-simultaneous observations of 3C273 compared to
purely electromagnetic gamma ray production model [Dermer
et all ‘and the proton induced cascading model of Mannheim,

in ﬁurple. The latter fits better the X-ray to gamma ray range
although the radiation in the optical is not predicted well.

An outstanding problem for all models is the very fast
variability of AGN gamma rays detected by EGRET, at the
timescalée of days. '
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THE SOURCES OF THE HIGHEST ENERGY COSMIC
RAYS are suspected of being also neutrino sources.
For some models, such as the topological defects, in
which UHECR are the products of the evolution of ultra
massive X particles, neutrino emission is much stronger
than the nucleon emission. Gamma ra ys are the most
likely UHECR in such models.

In other, more conventional models, neutrinos are
always secondary particles, generated in photohadronic
interactions. This sets the end of the neutrino energy
spectrum at relatively modest energies, about one order
magnitude lower than the cosmic ra Yy spectrum. It is not
yet obvious that any acceleration model would necessarily
generate UHE neutrino fluxes. This is however unavoidable

in the GRB and AGN Jet models,

Cosmic rays of energy above 50 EeV interact on
the microwave background in their propagation to us.
This is a certain source of diffuse UHE neutrinos. The
magnitude of the flux depends on the CR source distri-
bution and the maximum proton energy at acceleration.




Radiogalaxies may accelerate HECR
at the huge termination shocks of the
the jet flow - hot spots. Neutrinos could
be produced ply the HECR during propa-
ﬁ]atlon a la Hill&Schramm. Magnitude of

ese UHE neutrino fluxes depends on
the HECR source distribution. Far away
sources generate the highest fluxes.

Gamma ray bursts have been suggested
as also sources of HECR. Both si nals
are generated in a fireball expanding with
Lorentz factor > 100. Accelerated protons
photoproduce in the plasma frame and
and generate neutrinos that peak at 100
TeV. In the Lab frame the signal duration
Is 1-100 sec for neutrinos as well. GRB
and neutrino burst are coincidental.

Topological defects, cosmic strings or
annihilating monopoles, could emi GUT
scale particles that eventually decay into
nucleons, gamma rays and neutrinds.
Neutrino flix extends to the GUT scaie
and contains 1/2 of the energy. Ene,rgly
spectrum is very flat (~E~4/3). Specia
techniques should be used for detection
of such neutrinos.
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| log P_neu for muons (>1 TeV)

log neutrino energy
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ULTRA HIGH ENERGY NEUTRINO CROSS SE CTIONS

- the measurements of the structure functions at HERA
have lead to stable estimates of the neutrino cross
sections at very high energy. A recent preprint of the
Durham group agrees with the earlier CTEQ calculation
better than 20% at 100 EeV.

- =muon to tau neutrino oscillations may have an
interesting effect, because tau mesons have a very short
lifetime (decay length of 50 km at 10 Pe V). Tau
neutrinos will thus not be absorbed in the Earth, just
lose energy until the Earth becomes transparent (H&A).
This will not affect much the prospects for neutrino
observations because even the flattest energy spectrum
is quite steep.

- - the same will happen with all neutrinos because of
neutral current interactions (KM&S). A fraction of the
absorbed neutrinos will be recovered at lower energy.
The effect is however at the 20% level even for very
flat neutrino fluxes.
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WAXMAN&BAHCALL NEUTRINO LIMIT
(derived from the flux of the UHE cosmic rays)

1. 40ER « E-2in 1019 — 102eV range
€ ~ 5 x 10%** erg Mpc—3yr-1
EEq = YeBo Gy

'€ <1 is assumed energy independent
( £y assumed 1/20 of E,

Imaz is achieved for e = 1

Imaz ~ e 772 B2
~ 1.5 x 10-8¢, Gev.cm"zs*lsr‘l, i.e.

E20(vy + 0u) = € X Imas




MANNHEIM, PROTHEROE & RACHEN :

Waxmané&Bahcall have not accounted for:

- the difference in the protons and neutrinos en-

ergy loss horizon: /\;;1 = ATl 4 )‘;,}:31{ + ’\;,7]{'

Apm = (npg(Kpopy)) ™1 = (400 x 2.5 x10-29 )-1
= 10%° cm ~ 30 Mpc, while )\, — Az, which
IS the energy loss due to the expansion of the
Universe. This distorts the account for the cos-
mological evolution of the proton and neutrino

- fluxes.

- have not accounted correctly for the actual
€nergy spectrum of the cosmic rays (assuming
E~2) and have neglected the adiabatic losses for
the protons possibly accelerated at gamma ray
bursts.

- MP&R limit agree with W&B only at 1019 eV,
where that latter calculation is normalized.




muon enor’q'y above 1 TeV

no shadowing of the Earth in these rates
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SUMMARY OF EVENT RATES® IN KM’_ DETECTOR

" o DIFFUSE FLUX (per steradian)
muon energy
> 10 GeV
>1TeV
also v, (6.3PeV) +e—» W~

o INNER GALAXY (0.73 ster)
muon enersz
> 10 GeV
>1 TeV

e ATMOSPHERIC »’s IN 1° BIN
muon energy
> 10 GeV
>1 TeV

e POINT SOURCES
(Sources of galactic CR)/100
Supernova remnants (yCygni)
Extragalactic source (3C273)
GRB source of UHECR(B&W)
Topological defects (UHECR)

¢ LIMITS FROM UHECR (per sr)

(Waxman & Bahcall)

Mannheim, Protheroe&zRachen 1
Mannheim, Protheroe8zRachen 2

atm. v’s AGN
43000 600 — 800
1040 400 — 800
300 per km?®
1
atm. v’s inner galaxy
31400 880 - 2000
760 160 - 470
cosf = 0.05 cosd = 0.95
79 29
2.1 0.5

muon energy >1 TeV
26
3
1-100
- 3 per burst
5‘

muon energy >1 TeV

36
1590
289

188
45

gal plane
120 - 200
15 - 30




