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1.8 Standard Model Neutrino Interactions1.8 Standard Model Neutrino Interactions

Lagrangian for electroweak interactions:
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1st term: charged current interactions (W+, W- exchange)
2nd term: neutral current interactions (Z0 exchange) 
3rd term:electromagnetic interactions (photon exchange)

Electron charge: 

3rd term:
(neutrinos only couple to W± and Z0)
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S.M. interactions (cont)S.M. interactions (cont)
The vector boson masses are 
then predicted:
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• Dirac equation for spin-1/2 particle:

• define the “chiral” components:

• where PL,R are the chiral projectors:

• where:

• using:

• for massive particles the chiral components are coupled::

• for massless fermions the ψL,R are independent and are also elicity eigenstates:
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S.M. interactions (cont)S.M. interactions (cont)
A) Neutrino electron interaction 

Where:
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S.M. interactions (cont)S.M. interactions (cont)
B) Quark weak interactions 

Where:
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Three known families of leptons in nature…

…and also three families of quarks

L=1 
(−1) for antiparticles

in the SM with zero netrino mass each family lepton number is exactly conserved
Charge current interactions change “up” leptons in “down” leptons

B=1 
(−1) for antiparticles
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notice that in the SM flavor changing interactions are not allowed

e

some charged boson

Neutral current interactions

x x
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S.M. interactions (cont)S.M. interactions (cont)
After introducing Higgs field and spontaneous symmetry breaking:

Masses:
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Vacuum expectation value: 
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2.1 Neutrino2.1 Neutrino--electron scatteringelectron scattering
Only charged current:

−W

µν

eν−e

−µ

−− +→+ µννµ ee

( ) )()(2)()( 2 LABinEmepps e µµ νν =+=

( ) 22 )()( µνµ ppqt −==

( )
)(

)(
)()(

)()(
)()()(

LABin
E

EE
pep

ppep
y

µ

µ

µ

µ

ν
µν

ν
µν −

=
⋅

−⋅
=

)()(2)( 2

22

22

LABinEmG
mq

msG
dy

ed eF

W

WFCC
µ

µ ν
ππ

νσ
≈

−
=

−
Inelasticity variable (0<y<1)

243
2

10
107.1)( cm

MeV
EsGe F

CC 







×== −−

π
νσ µ

(cross-section proportional to energy!)

[ ][ ]ee
F

eff eeGH νγγγγν µ
µ )1()1(

2 55 −−=

Total cross-section:

montanino
Rectangle

montanino
Rectangle



Neutrino Physics Graduate Lectures 
University of Glasgow

6

NeutrinoNeutrino--electron scattering (cont)electron scattering (cont)
Tree level Feynman diagrams: both neutral and charged currents
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NeutrinoNeutrino--electron scattering (cont)electron scattering (cont)
Rearranging terms in charged and neutral current contributions for:

Then:

−− +→+ ee ee νν
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These cross-sections are a consequence of the interference of 
the charged and neutral current diagrams.
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NeutrinoNeutrino--electron scattering (cont)electron scattering (cont)
eeee νν +→+ −+Neutrino pair production:

Contribution from both W and Z graphs.

Then:
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NeutrinoNeutrino--electron scattering (cont)electron scattering (cont)
Summary neutrino electron scattering processes:
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2.2 Neutrino2.2 Neutrino--nucleon quasinucleon quasi--elastic scatteringelastic scattering
Quasi-elastic neutrino-nucleon scattering reactions (small q2): affects 
nucleon as a whole
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2.4 Number of neutrinos2.4 Number of neutrinos
Width of the Z-pole resonance: Breit-Wigner distribution
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