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Cosmic accelerators

 Particles (electrons, protons, etc)
are accelerated to high energies via
Fermi shock acceleration

« High energy protons collide with
ambient protons and photons

« Hadronic production of pions, kaons
and D-mesons which decay into
neutrinos



Cosmic Accelerators

Active galactic nucleus

Target

Physics Today 2009



Cosmic Neutrinos

* Solar Neutrinos (MeV energies)
- SN 1987A (MeV energies)

+ Atmospheric Neutrinos (GeV to TeV
energies)

+ Extragalactic Neutrinos (AGN, GRB,
cosmogenic; GeV to EeV energies)
Cosmogenic Neutrinos (from interaction of
cosmic rays with the microwave background

radiation, guaranteed source of UHE
neutrinos)
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Neutrino Fluxes at Earth
Enberg, Reno and Sarcevic, Phys. Rev. D79(2009)

Cosmic neutrino flux is obtained by solving the
evolution equations for nucleon, meson an
neutrino fluxes:

dpn _ ¢N PN
dX AN Arad
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dXx )\dec )\had )\rad

— = S(M — v)

+ S(Np — NY)

where \"2y v is the interaction length (\=1/(n o)) ,
Mdee=~cr,, is the decay length



S(k -> j) is the regeneration function for
k=p,n* K*,D*,D°,
* ¢p(Er) dn(k — j; Ey, Ej)

S(k — 7)) = dE
( 2 r e(Ek) dE; :
dn(k ->j;Ek,EJ)/dEj is the 7= K=,D*,DO
production or decay distribution

dEj UkA(Ek) dEj

dn(k — j; By, Ej) _ 1 dI'(kj — jY, Ej)
dE}, T dE;




Charm Production and Cross Sections
using pQCD and PDFs

2
do dM =

dx (1 + x2)s
The total charm cross section in pQCD is given by:
o(pp — ccX) = /datlda:QG(atl, 12)G (22, 1?)5 g cc(x1228)

O-gg—>C(_2(§>G(ajl7 MQ)G(ZEQ: :u2>

where

:E]_,Q Y mc/zmpEV

For high energies we need gluon PDF for small x, and low Q?
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The problem of small x
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Gluon distribution grows rapidly as x—0: gluons start overlapping

and may start recombining: saturation of cross section



Charm Production: dipole approach

v — qq
qgN — X

heavy quarks:

~* — cc

ccN — ccX

1
CTT(’)/*N) I/ dz/d2r|\UT(z,r,Q2)\20dN(x,r)
0

- Dipole model fits small x data HERA data (Stasto, et al., PRL 86
(2001))

+ Improved QCD motivated form - Balitsky-Kovchegov (BK) evolution
modified for gluon -> charm anticharm pair
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HERA PDF comparison with MRSTW and CTEQ
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Prompt Atmospheric Neutrino Flux

DM prompt
B o e s GH conv
Y = TIG cONV

logo E [GeV]

DM-=dipole model
GH=G6Gaisser-Honda

TIG=Thunman et al.
(POF + pythia, small
x extrapolation)

Enberg, Reno, Sarcevic, Phys. Rev. D 78 (2008) 043005




Prompt ATM Neutrino Flux

logn E [GeV]

Range of predictions:

DM-=our dipole model

MRS=Martin,
Roberts, Stasto,
Acta Phys. Polon.
B34 (2003), uses a
simpler form for
dipole model cross
section.

Enberg, Reno, Sarcevic, Phys. Rev. D 78

(2008) 043005
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Muon neutrino plus
antineutrino flux, from
our dipole model
“prompt” calculation.

Conventional flux from
Gaisser-Honda.

Enberg, Reno, Sarcevic, Phys. Rev. D 78

(2008) 043005



Icecube will be able to
get more data at high
energies

s AMANDA IL unfolded (Dt (3) ks
T L e Atmwspheric : @cry
e . AMANDA I
T 10 ) (}/ \\“\ : 800 days
NE &% o "* sensitivity (1)
(3 LB P y
W | %7 '._ . F
- : {44
— 10 ¢ yR
> : VA2 Im
& I / S P
2 .. / WB
= -8 / bl
"M 10 3 / 14
m r ,-'I I_--,,—?'--.I
-& IS %)
2T 1)/
10k S
o T LR II'.
‘]I'O PN ) T N DT B 0 T 0 N A 0 T 0 I
2 3 4 5 6 7 8 9 10 11

log(E, /GeV)

Halzen, Eur. Phys. J C46 (2006) 669




Neutrino Detection

« Detection of neutrinos depends on their
inferactions, i.e. cross section

* Muon neutrinos interacting with
“matter”,i.e. nucleons, producing muons

* Muons are “charged”, so they leave
charged tracks in the neutrino detector



e The event rate for “downward”
muons from neutrino interactions

R = V/dE,,occ(E,,)Fy(E,,)
» The event rate for “upward” muons
from neutrino interactions

R= N4A / dE,0..R,S(E,)F(E,)

where F, (E ) is neutrino flux at the
source, S(E)) is neutrino attenuation and
R, is muon range



Ultrahigh energy neutrino-nucleon
scattering

Medium energy, 0 ~ G4%s~2.8-107° cm? - s/GeV2

High energy: Q% — M,

Toin = M, /2mnE,

d?c _2G§|\/|EV£ M2
dx dy T Q°+M;
| W boson propagator

For E, > 108 GeV, x,,<10°: we need parton
distributions at small x and Q ~ My,

Gandhi, Reno, Quigg and Sarcevic, PRD 58 (1998);
Astropart. Phys. 5 (1996)

] | xq(x,Q)+xq(x,Q)L-y)* |

|| Quark distribution functions |




Structure functions (to get PDFs)
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Theory Issues: how to extrapolate?

‘ saturation ‘

ABFKL:BaIitsky, Fadin,
Kuraev & Lipatov
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Deep Inelastic Scattering In Q DGLAP:DOkShitzer,
Devenish & Cooper-Sarkar, . . .
Oxford (2004) Gribov, Lipatov, Altarelli

& Parisi
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CC Cross Sections

~ T |||||||| T |||||||| T T T TTTIT
i BFKL/DGLAP, KM=
?la BFKL/DGLAP+screening, KK
o f_ GBW saturation, KK
— §
a
=
s
2T
09 r
L C
a
|ID 1l bl ! 1l |
=10 10" 101" 1011 101%

KMS: Kwiecinski, Martin &
Stasto, PRD56(1997)3991;

KK: Kutak & Kwiecinski,
EPJ,C29(2003)521

more realistic
screening,
incl. QCD
evolution

Golec-Biernat & Wusthoff
model (1999), color dipole
Interactions for screening.




Neutrino—Nucleon cross—section (pb)
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T HERA: extrapolations with
2=0.5,0.4,0.38
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Determining UHE Neutrino Cross Sections
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Conclusions

*Charm contribution to neutrino production is
important at high energies.

*Measurement of atmospheric neutrinos at high
energies can provide information about small-x
(small Q?) parton distributions.

‘Neutrino detection depends on neutrino cross
section which relies on small-x extrapolations of
parton distributions (large Q?) well beyond the
experimental measurements

*Cosmic neutrinos can be used as probes of
small-x QCD
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