Neutrino Sources

Mark Messier
Indiana University

Fermilab Neutrino University
June 10, 2021



quarks

leptons

electron




What can we make with those?
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Forces are exchanges of particles

(E1,p71) O O (Eq,p3)

a photon (a quantum of light symbolized by Y)
«— carries the energy and momentum which cause

(E 1 — EQ, p_i — p_é) these charges to repel each other.
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How many diagrams can we make with the basic unit”
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Basic unit for the weak force

weak force can transfer energy,
momentum, and also electric
charge and “weak isospin”

There is also a neutral carrier of the weak force, the Z° boson, which transfers energy,
momentum, but no charge or Iw. Generally, the Z boson does not play a big role in neutrino
production; supernova explosions are one exception.



What sorts of diagrams are possible now"?
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NASA’s Solar Dynamics Observator

https://youtu.be/I3QQQU7QLoM



https://youtu.be/l3QQQu7QLoM
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http://www.sns.ias.edu/~jnb/SNviewgraphs/SNspectrum/energyspectra.html
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NB: As you can see from the top there are experiments which can see these neutrinos. However, to Se
the scale: To most people working in experimental HEF, ~1 MeV is considered “low energy”. We
typically work with 1000x more energy than this.
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Neutrino flux contains
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https://what-if. xkcd.com/73/

electron capture neutron decay
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neutrino pair production
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Fig. 3. SN1987A neutrino events observed by Kamiokande, IMB
and Baksan showed that the neutrino burst lasted about 13s.

VCERN Courier, Vol 47, 1; page 23
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Sources of muon neutrinos

pion decay 9
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FIGURE 1. Compaonents of the accelerator neutrino experiment






Accelerator terminology
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Beam is accelerated by applying
a pulsed electric field; 56 MHz
“Radio Frequency”, RF. The lbeam
naturally falls into the minima of
these “buckets”

To make the beam travel in a
circle it is deflected by dipole
magnets.

To keep the beam inside the pipe,
it is squeezed in the vertical and
horizontal directions by
quadrupole magnets



Main Dipole
M40 || £ Distribution

= "A" and "B" Dipoles (6 meters)

41 = "C" and "D" Dipoles (4 meters)
412
413
414
415— The "normal arcs" are made up of the longer dipoles. The straight
ne T sections, in which there no main dipoles, are bracketed on either side
418— by the shorter dipoles.

41— The light blue dipoles represent the dispersion-suppressor regions.

There is a main quadrupole at each of the numbered locations.
25 Even-numbered locations represent focusing quadrupoles, and
odd-numbered locations represent defocusing quadrupoles.

Figure 2-1
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NuMI Neutrino Production Target
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Center of mass frame
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Selecting neutrino energy

Boosted frame
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Sources for neutrino detectors

double-beta decay

0 < atmospheric neutrinos >
i ?
nuclear reactors extra galactic source>
beta beams??

super-novas - 0 <:> neutrino factories?
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Reactor

Atmospheric
neutrinos

Accelerators
(positive focus)

Accelerators
(negative focus)

v

0.1 - 10 MeV

1 - 30 MeV
1 -8 MeV
0.1 - 100 GeV
0.1-10 GeV
0.1-10 GeV

Physics Topics

Neutrino oscillations (“12” sector),
solar physics

Astrophysics, neutrino speed / mass,
oscillations

Neutrino oscillations (“13” and “12”
sector), neutrino cross-section,
sterile neutrino searches

Neutrino oscillations (“23” sector),
sterile neutrino search

Neutrino oscillations (“23” and “13”
sector), CPV search, sterile neutrino
search, neutrino cross-sections

Neutrino oscillations (“23” and “13”
sector), CPV search, sterile neutrino
search, neutrino cross-sections




