2= Fermilab
WHAT IS "PROGRESS"?

A STUDY OF NEVTRING EXPERIMENTS

ALICE COFrraN!

YEON-TAE TwA

SAMEER PATEL
ADRYANNA SMITH

15 August 2019 International Neutrino Summer School 2019



Livingston Plot

The Livingston plot is a famous representation of progress in the construction of
particle accelerators
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Google Ngram Viewer

Frequency of the word “neutrino” in literature
0.000220% -
0.000200% -
0.000180% -

0.000160% - .
1965 first natural

0.000140% - '
neutrinos are
. .
0.000120% - 1956/57: observed.

) 1989 LEP:
0.000100% - Parity

violation only 3 nu
0.000080% - species.

Supernova 1987A: birth of neutrino
astronomy.

neutrino
0.000060% 4 1930: Pauli

0.000040% |etter
0.000020% -

0.000000% T T T T T T T
1930 1940 1950 1960 1970 1980 1990 2000 2015:

Kajita,
For the neutrino beam method and the demonstration of the 1988: Lederman, Schwartz, McDonald
doublet structure of the leptons through the discovery (in - Steinberger

1962) of the muon neutrino. 1995: Reines & Perl

For his discovery, 40 years earlier, 1956, of neutrinos. / _ . . .
__—2002: Davis, Koshiba, Giacconi

50 years to trapping sufficient numbers of solar neutrinos: the Homestake experiment began taking data in 1967. After
25 years of data taking, the spectacular results were published in 1995, which discovered only one-third of the
calculated rate at which the detector should capture neutrinos. This significant discrepancy in numbers was eventually
explained by neutrino oscillations.
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A variety of neutrino experiments
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No. of Collaborators vs. Start Date
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No. of Countries vs. Start Date
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No. of Institutions

No. of Institutions vs. Start Date
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Detector Volume (m?3)

Detector Volume vs. Start Date
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Volume (m?3)

Detector Volume & Cost
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Conclusions

What could be the metric to show the progress in
neutrino physics?

Regular Livingston plot with a single physical parameter would not do
the justice to the progress of experimental neutrino physics

PROGRESS APPEARS (N MaNy WAaYs!

e The experimental field is growing fast
e Diverse searches, clever technologies, & bold proposals
e More global collaborations than ever before!



Conclusions

What do YOU think could be the metric to show
the progress in neutrino physics?
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“Neutrino”™ Worldwide Google Trends
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Particles break light-speed limit

Neutrino results challenge cornerstone of modern physics.
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Neutrinos may not be faster than light,
but they can shapeshift
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Publications
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Funding Obscurity

o Difficult to obtain funding information
o cost of experiment? (new materials, recycled
infrastructure, existing beamline, etc)
o cost of upgrades?
o cost of maintenance over time?
o Ethics of remaining accountable when funded by

the public
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