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Neutrino interactions
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Hans Bethe (1906-2005)










> signal here

AN and here!



June 14, 1956
Dear Professor Pauli,
We are happy to inform you
that we have definitely

detected neutrinos.

Fred Reilnes
Clyde Cowan




Within the
Framework

Binds nucleii;
mediated by gluons;
only couples to quarks

Couples to charge;
mediated by photons;
felt by quarks and leptons

Spin 1

Spin 1/2

Common to all particles;

mediated by the W*/Z° bosons;
Neutrinos can only interact weakly
















This implies parity conservation
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Most abundant particle in the
universe aside from radiation
(photons)

2 2 3
Produced from interactions of hot Vit 2 < Oweakftuv >~ (GFT7)(TT) >
dense matter as universe expands
from Big Bang (and at equilibrium).

Fin‘l:erau(:tiom = H(t)expansion

M Plank

Eventually particles decoupling, or
freeze-out, begins...




Gershtein & Zeldovich
JETP Lett. 4 (1966) 120
















The B~ decay Spectrum
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*Tritium beta decay allows for a model-independent measurement of neutrino mass.

eSearch for distortion near endpoint of the beta spectrum.




Spectroscopy

KATRIN

SHe — *H 4+ e + 1,

Bolometry

MIBETA
&
MARE

Examines only region of interest.
Excellent statistics.

Excellent resolution (1 eV).

Disadvantages: final states, scattering




Current sensitivity:

m < 15 eV (90% C.L.)




KATRIN

The KArilsruhe TRItium
Neutrino Experiment




KATRIN Lands!



Neutrinos from the Heavens..

...solar neutrinos



In Bethe’s original paper, neutrinos are
not even in the picture.

(H. A. Bethe, Phys. Rev. 33, 1939)



More detailed..\

This is known as the pp fusion chain.

Basic Process:

4p + 2¢- — He + 2v.+ 26.7 Me

Light Element Fusion Reactions

p+tp—>?H+et+v, pte+p—o?H+v,

99.75% 0.25%

’H+p —>°He +7v

He + 3He —*He + 2p SHe + p »>*He + e* +v,

*He + *He —»'Be + v

15.07%
Be+e —'Li+y+v,

Li+p—a+o
‘Be+p—-%B+y

5B — 8Be* +e*+ v,




In the sixties, John Bahcall calculates
the neutrino flux expected to be
produced from the solar pp cycle.

Basic assumptions of what is known as
the Standard Solar Model...

(1) Sun is in hydrostatic equilibrium.

(2) Main energy transport is by photons.

(3) Primary energy generation is
nuclear fusion.

(4)Elemental abundance determined
solely from fusion reactions.



Neutrinos from the Heavens....

atmospheric
neutrinos
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Neutrinos from
Earth

...neutrinos from accelerators












Questions still out there...

What is dark matter?
What is the nature of dark energy?
How did the universe begin?

What are the masses of neutrinos and how have they
shaped our universe?

How do cosmic accelerators work?
Do protons decay?
How do particles acquire their masses?

Are there greater symmetries or extra dimensions in our
universe?

How are we made of matter, as opposed to anti-matter?
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“(Come in under the shadow of this red rock),
And 1 will show you something different from either
Your shadow at morning striding behind you
Or your shadow at evening rising to meet you,;

I will show you fear in a handful of dust.”

--T.S. Eliot, The WasteLand




Books of Note:

For Neutrino Physics and Neutrino Mass:
“Neutrino Physics”, by Kai Zuber
“Particle Physics and Cosmology”, by P.D.B. Collins, A.D. Martin, and E.J. Squires.

“The Physics of Massive Neutrinos,” (two books by the same title, B. Kayser and P.
Vogel,F. Boehm

“Los Alamos Science: Celebrating the Neutrino”, a good 1st year into into neutrinos,
albeit a bit outdated now.

"Massive Neutrinos in Physics and Astrophysics,” Mohapatra and Pal.



Even after almost a
century of investigation,
neutrinos continue to
shed light on our
understanding of natural
laws.

The universe provides us
with a myriad of
neutrino sources for us to
study

To be continued on
Wednesday
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