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Career Path




V1, MILLSE.

2] GODWIN

/' HIGH SCHOOL

2010

* Grew up in the West End of
Richmond, Virginia
— Godwin High School

* Interested in math and science
(almost as much as sports)

« End of senior year, my physics
teacher spoke about modern
physics
— state of the art technology being

developed
— to answer deep and interesting
guestions
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South Carolina

Did my undergraduate studies at the

University of South Carolina

— The real USC?...

Majored in physics and math

Got involved with undergraduate

research early on

— Research project in a different
field of physics each summer

* Nuclear (Jefferson Lab)

- Condensed matter

 Particle physics (Fermilab)
(pic.)
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A

Stony Brook
University

- Graduate school at Stony Brook
University
— Long Island, NY

« ~2 years of course work

» ~2 years building and operating a
particle detector at CERN (pics.)
— France/Switzerland
— “ProtoDUNE-SP” detector

« ~2 years analyzing data from the
T2K experiment
— long-baseline neutrino oscillation
— Japan
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Bringing Science Solutions to the World

* Postdoc research fellow at LBNL for
~1 year now
Chamberlain Fellow
+ Just moved to CA a few months ago

— Next generation long-baseline
neutrino oscillation experiment
« + working on a joint analysis
between two current generation
experiments taking data currently
T2K + NOVA

DUNE Near Detector
Complex

A
/L -~
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Part I

Elementary particle physics
and neutrinos




The Standard Model of Particle Physics

- 3 ingredients: matter content, forces, rules (mathematical description)
Quantum Field Theory (QFT) is the mathematical framework, symmetry
IS the guiding theoretical principle, observation grounds it in reality

Standard Model of Elementary Particles

three generations of matter three generations of antimatter
(elementary fermions) (elementary antifermions)
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Neutrinos

<2.2eVic? <0.17 MeV/c? <18.2 MeVi/c? <2.2eVic? <0.17 MeV/c? <18.2 MeVi/c?

@I @I @I @ |- P I @

Y Y

electron muon tau electron muon tau
neutrino || neutrino neutrino | | antineutrino ' antineutrino | antineutrino;

- “little neutral ones” » Most abundant (Standard Model)

. Fundamental particles of the matter particle in the universe!

Standard Model  Much less massive than all of the

- 3 interaction states or flavors other matter particles (fermions)

. One set of matter states, one set * Only feels the weak force

of antimatter states — Not the electromagnetic nor
strong forces
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Neutrino Oscillations

* A quantum effect that is observable over very large distances
* Neutrinos are produced and detected in interaction states, but these
aren’'t necessarily the same (“mass”) states that govern their evolution

Vg time/distance traveled
N9
A
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Neutrino Oscillations

- A quantum effect observable over very large distances
* Neutrinos are produced and detected in interaction states, but these
aren’'t necessarily the same (“mass”) states that govern their evolution
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Neutrino Oscillations

- A quantum effect observable over very large distances
* Neutrinos are produced and detected in interaction states, but these
aren’'t necessarily the same (“mass”) states that govern their evolution
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Part lli

Measuring neutrino oscillations
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Neutrino Sources

* Need weak™ processes to create neutrinos *(as in the nuclear force)
- Bananas are neutrino sources... but not great ones for experiments.
— Through beta decay M% _

nuclear reactors atmospheric

e




Neutrino Sources

* Need weak™ processes to create neutrinos *(as in the nuclear force)
- Bananas are neutrino sources... but not great ones for experiments.
— Through beta decay, _

accelerator-based

e NS
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Accelerator Neutrinos

1) Accelerate protons up to energies of
10-100 GeV (>99.99% speed of light

~
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2) Collide those protons onto a stationary
target, producing a spray of massive
particles (predominantly pions)

3) Magnetics focus and sign select” pions
before they decay in flight into lighter
particles, including neutrinos

4) Non-neutrino content eventually gets
absorbed, and a beam of neutrinos il poo
remains

N
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Neutrino Oscillations with DUNE DAXVE

DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Sanford Underground
Research Facility

Fermilab

e 800 miles
<4300 Kilometers) :
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Neutrino Oscillations with DUNE

NEUTRINO
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Neutrino Oscillations with DUNE = Ju(\E

NEUTRINO EXPERIMENT

Deep Underground Neutrino Experiment

One of four detector modules in South Dakota .
Cryogenic systems

Detector electronics

Neutrinos from
Fermilab in lllinois

4} e M‘ | 1. 1t | |
Long-Baseline Neutrino Facility s P | /
i 1 | 3]

South Dakota Site

Detector located
> l 1.5 kilometers Each module will be filled
underground at with 17,000 tons of argon,
Sanford Lab cooled to minus 184°C

Ross Shaft
1.5 km to surface

upport systems

One of four

detector modules of the
Deep Underground
Neutrino Experiment

4850 Level of
Sanford Underground
Research Facility

Sanford Underground

Research Facility N — Fermilab

~
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Neutrino Oscillations with DUNE = Ju(\E

NEUTRINO EXPERIMENT

Long-Baseline Neutrino Facility
South Dakota Site

Detector located
l 1.5 kilometers
underground at
Sanford Lab

Ross Shaft
1.5 km to surface

Deep Underground Neutrino Experiment
One of four detector modules in South Dakota

Detector electronics

& H Feedthrough

Cryogenic systems

Detector Support Structure (DSS)

Neutrinos from
Fermilab in lllinois

Each module will be filled
with 17,000 tons of argon,
cooled to minus 184°C

One of four

detector modules of the
Deep Underground
Neutrino Experiment

4850 Level of
Sanford Underground
Research Facility

upport systems

Sanford Underground
Research Facility

~
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ProtoDUNE-SP

Fermilab
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Neutrino Oscillations with DUNE

DUVE

DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Long-Baseline Neutrino Facility
South Dakota Site

Ross Shaft
1.5 km to surface

4850 Level of
Sanford Underground
Research Facility

Deep Underground Neutrino Experiment

One of four detector modules in South Dakota .
Cryogenic systems

Detector electronics

Neutrinos from
Fermilab in lllinois

Detector located
1.5 kilometers
underground at
Sanford Lab

Each module will be filled
with 17,000 tons of argon,
cooled to minus 184°C

Facility
and cryogos
rt systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment

Sanford Underground

Research Facility

~
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Neutrino Oscillations with DUNE
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Concluding Remarks

» Science is interesting!

» Develop sophisticated technologies to address fundamental questions

* The types of experiments | described today will investigate whether
neutrinos and antineutrinos oscillate differently

— Remember the importance of symmetries!

— There are hints, and if confirmed it would provide support for a
theoretical mechanism that can explain an outstanding question:
Why does anything exist?
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Thanks!
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Backups
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Neutrino Oscillations

produced in flavor eigenstates propagate in mass eigenstates observed in flavor eigenstates

flavor states mass states
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What do we (not) know?

Am?’s measured at few-% level

" inverted Hierarch
P,se( B jis Am?j, Scp, L/E) PDG2020 30 intervals  mm somu ey , Ve - -
A 90 2n my A
- m; (I
anp2 | ~7.5%x107%eV?
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[ Neutrinos oscillate! ] [ Octant of 8,57 ] [ CP Violated? ] Mass hierarchy?

Mass nature/origins

H BERKELEY LAB



Oscillation Probabilities

3 Flavor Case

aleV?/c'] = 7.56 x 10~°p[g/cm®]E, [GeV]
[For antineutrino oscillation probabilities: § - —§,a — —a|

9 _ AmL
P(V[.L — Ve) = 4C%33%33%3 Sin2 ¢31 (1 + A (1 = 23%3)) (blj B 4E
m31

2 : ;
+ 8¢73512513523(C12C23 COS — $12513523) COS (23 Sin P31 Sin o
subleading, 2 : . : S
CP-odd i [— 8613612023312813323 sin ¢ sin ¢32 Sin ¢31 Sin ¢21J

¥ B i B g 23 9 2
+ 4875¢79(C12C53 + S125535873 — 2€12C23512523513 COSJ) SIn” og
al
4E,

2 2 2 2
- 8013313323(1 = 2313)

2 2 2 2
Py, >v,)=1— 4(312c23 + 82 3853C19 + 2512813523C12C23 COS 5)323c13 sin“ @31

2 2 2 2 -
i 4(6 623 + 5135923512 — 2812813823612023 COS 6)823013 Sln (1532

2
—_ 4(8 623 -+ 813823612 + 28128138923C12C23 COS 5)

2 2 2 . 1§
X (C12623+813323312 2812813523C€12C23€080) SIn” oy

H BERKELEY LAB



