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Deep inelastic Interaction of ultra-high energy
3

)(
10(E GeV)

neutrinos

Charged current interactions->
XNXN ,

Neutral current interactions-> XNXN ,

Weak interactions are mediated by W boson and
0Z

boson respectively.

W boson mass=80.136 0.084 GeV

Z boson mass=91.1876 0.0021 GeV



1. Interaction of UHE Cosmic Rays with Cosmic Microwave    

background (CMB). UHE neutrino may be  produced from the 

decay of charged pions, which are produced when protons with 

energy greater than            GeV interact with omnipresent 

photons of Cosmic Microwave Background leading to the 

generation of pions. This is represented as 

Pions consecutively break down into muons along with UHE 

neutrinos as follows: 

2. Interaction of Galactic Cosmic Ray with  intersteller matter.

3. Gamma Ray Bursts (GRB) and Active Galactic Nuclei (AGN).

4. Decay of Topological defects like  Monopoles, Cosmic Strings,              

Superheavy dark matter and Mirror matter.

Sources of UHE neutrino
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Jem-Euso detector



UHE neutrino-nucleon interaction cross-section

The differential cross-section for UHE neutrino-nucleon interaction is given by
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Total cross-section is
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Non-singlet DGLAP equation is given by

where
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Singlet DGLAP equation is given by

fn being the number of quarks

5101603.1FGwhere Fermi coupling constant
2GeV
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LO expressions for CC interactions is

Approximate Solution of DGLAP equations for non-singlet and singlet 

structure functions are
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where we have from CCFR experiment,

where



Using all the above equations, we get analytical expression for CC cross-

section as

),(

0

22

0000

22

),(

),(

),(

0

),(

22

000022

42

1
2

2

2
2

2
)(

||2||),(),(),(),(
2

1

)(

)(

||||),(),(
2

1
),(),(

2

1
2

2
1

1
2 00

22
0

txn

usud

txkS

txkS

txk

txk

usud

s

QW

s

Q

FN

CC

t

t
VsVtxutxdtxdtxux

xs

Q

xs

Q

xX

xX

t

t

VsVtxutxdtxdtxux
sx

Q

xs

Q

x

dx

M

Q
dQ

G

We can also evaluate CC cross-section numerically from the following 

expression
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We can evaluate NC cross-section numerically from the following 

expression
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Similarly, we can get analytical expression for NC cross-section as

LO expressions for NC interactions is
where



10
4

10
5

10
6

10
7

10
8

10
9

10
10

10
11

10
12

10
-35

10
-34

1x10
-33

1x10
-32

1x10
-31

10
-30

Neutrino-nucleon interaction

 

 

 our analytical result

  Our numerical result (GRV94)

 Gandhi et al (CTEQ3)

 Gandhi et al (CTEQ4)

 Gluck et al (GRV98)
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UHE neutrino nucleon 

interaction cross-

section versus 

neutrino energy from 

our analytical and 

numerical solution and 

compared with the 

results of various 

authors like Gandhi et 

al, Gluck et al, Fiore et 

al, Rahul et al etc.
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  Our numerical result (GRV94)

 Gandhi et al (CTEQ3)

 Gandhi et al (CTEQ4)
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UHE antineutrino nucleon 

interaction cross-section 

versus neutrino energy from 

our analytical and numerical 

solution and compared with the 

results of various authors like 

Gandhi et al, Gluck et al, Fiore 

et al, Rahul et al etc.
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1. Our analytical result indictes a sharp rise for
3

)(
10E

3

)(
10E

GeV. This

is due to the absence of propagator effect in low energy regime.

2. For GeV, the dampening due to propagator effect takes

place.  We find that our numerically determined result is in 

sufficient agreement with the result of various authors. As far as 

our analytical result is concerned, we find it to match better with 

other results at the lower end of the energy spectrum of the UHE 

neutrino rather than the higher end . 

3. We have used MRST 2004 distribution for our analytical 

calculation and GRV 94 distribution for our numerical calculation.                   

Result



Limitations:
(1) We have not extrapolated the MRST distribution for values of       

below         .

(2) We have considered solutions at tree level. Result might come 

better at next-to-leading order.

(3) We have neglected the finite x corrections coming from the 

higher derivatives of                                         in Taylor 

approximations of DGLAP equation.

(4) We have neglected heavy quarks like b and t quarks. At the 

highest energies of neutrino, this might account for about 10% of 

cross-section.
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1. We have shown that our analytical evaluation of neutrino 

(antineutrino) cross-section tallies well with the selected part 

of the neutrino-antineutrino energy spectrum. 

2. On the other hand, our LO numerical result matches quite 

well with the NLO results of other authors. 

3. We have neglected the contribution of heavy quarks and 

hence ignored the transition channels                           and the 

fusion subprocess channels

4. At ultra high energy, there is a power suppression from the 

gauge-boson propagator, while on the other hand there is a 

logarithmic growth of the PDFs. In overall, the propagator 

dominates and it leads to the generation of dampness of 

cross-section.
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Summary and Conclusions
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In the highest sensitive UHE neutrino interaction domain               saturation 

scale is around                   . It is evident from the figure that the total cross-

section is dominated by the scale                The region of              and 

consequently the saturation region at                GeV contribute very little to the 

cross-section.
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