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Introduction to Neutrino Physics
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Excess Events/MeV
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What'’s this bump?

Phys. Rev. Lett. 121
——

, 221801 (2018)
—_—

L ] T T

1

Ve: 12.84x10%° POT
: 11.27x10%° POT

——— (0.918, 0.041 eV?) best fit
rrrrrrrrrr (0.01, 0.4 ev?)

0.0

-0.2
0.

[ I e e e i |

E%E (Gev)

The Royal Swedish Academy of Sciences has decided to award the

2015 NOBEL PRIZE IN PHYSICS
N )

T T T T T T T T "~ T T T T T T

c 20+ —
]
g o T T 77T T UL T T L
3 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
i 100 T T T T T T T T T T T T T T T T
9 [ ® ]
o ]
€ 60 , | + , : 4 -
sl e R e B ]
Z 40 +— ‘* LK 4
20 R
0 r~—+r+rt+~r~r~r+rr-rr-rcrcrs
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time since 14:02 on 05 Jul 2019(d)
. v e 30 s Regq
’ lefi C
What's this deficit? ~ “tossen, - LAnomy,
§ nmeasllred~

- Bugey._ 3
. Buge,
Chogy ~**Rovnag,

-~ Daag,
ol Ch
°Sﬂsn,,LL Z



Excess Events/MeV

Y LR A A LA A A A U

Beam Excess

1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2

A. Aguilar et al., Phys. Rev. D 64, 112007 (2001)

17.5
15
12.5
10
7.5

5
25

® Beam Excess
piv,€)n

other

+

0.4

0.6

0.8

1 12 14
L/E, (meters/MeV)

What'’s this bump?

Phys. Rev. Lett. 121, 221801 (2018)
T T

The Royal Swedish Academy of Sciences has decided to award the

2015 NOBEL PRIZE IN PHYSICS
RN :

.918,

: 12.84x10%° POT
: 11.27x10%° POT

0.041 eV?) best fit
.01, 0.4 ev?)

1

0.0

-0.2
0.

[ I e e e i |

T T T T T T T T "~ T T T T T T

c 20+ -

]

(:-}) u T T T 7T T T 7T T T - T 1 77

'8 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

i 100 T T T 17 717 717 71 71T 71 71 77

3 } b

= 3

E 60 , | + , : 4 -

s e s e — ]

Z 40 +— ‘* LK 4
20 R

0 r~—+r+rt+~r~r~r+rr-rr-rcrcrs
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time since 14:02 on 05 Jul 2019(d)

e

y . o030 gefin R
What's this deficit? ”°"°bsem

asy,

req i -

Ve interg, ctio

. Bugey 5 N rate
" Chagy~*Roumeg,

. Day
Doub(eeay
"~ G Cho P
OSgenui s [asng,, ¥S Rev.pgg,
P’:uC,,B, sk -073006 2
o Ve, - Rew Sl
rde 0
Rovne,
SRp e




\
-,









Enter IsoDAR:

Unique
Accelerator Based -
. Neutrino Source —_—
e |sotropic anti-electron 10 Source

neutrino source
e Can easily be “Turned Off”
Close proximity to detector
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Excavation is now complete!

Excavation is now complete!
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e 2.0 million IBD events in 5 years e
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Observed /Predicted

2.0 million IBD events in 5 years

at Yemilab

IsoDAR®@ Yemilab: Am? = 1 eV2 and sin226= 0.1
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Innovation

e Intense neutrino source
requires intense proton source

e Built underground, at a
reasonable cost

e 10 mA beam current
o 10X higher than commercial
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A New Cyclotron
Design
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Use of H.,* Vortex Notion RFQ Direct Injection

Three Breakthroughs to Higher Currents




Use of Machine Learning

e Machine learning techniques
to Model Accelerator System
o Neural Networks
o Polynomial Chaos
Expansion
e Computational Speed Up
o Sensitivity studies
o Design Optimization

19



New Technology

e Ground-breaking current and power
e (Capable of applications beyond the scope of particle physics

Parameter IsoDAR IBA C-30 IBA C-70
Maximum energy (MeV/amu) 60 30 70
Beam current (milliamps) 10 1.2 0.75
Pole radius (meters) 1.99 0.91 1.24
Outer diameter (meters) 6.2 3 1
Illil— Iron weight (tons) 150 50 140
Massachusetts Elect. Power reqd. (megawatts) 3.5 0.15 0.5

Technology

20
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New Technology

e Ground-breaking current and power

e (Capable of applications beyond the scope of particle physics

Parameter IsoDAR IBA C-30 IBA C-70
Maximum energy (MeV/amu) 60 30 70
Beam current (milliamps) [ 10 1.2 0.75 }
Pole radius (meters) 1.99 0.91 1.24
Outer diameter (meters) 6.2 3 1
Iron weight (tons) 150 50 110
Elect. Power reqd. (megawatts) 3.5 0.15 0.5
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1. Neutrino Physics

3. Machine Learning for Accelerators

2. Accelerator Physics

€ QUARKS @ LEPTONS @@ BOSONS @@ HIGGS BOSON

4. Axions with IsoDAR 5. Medicaélsotopes with ésoDAR

*

-
- "‘

12/2014 712015 912015
PSA = 2,923 ng/mL PSA = 0.26 ng/mL PSA < 0.1 ng/md.2



Accelerating New lons

e With minor tuning changes, can
accelerate particles with the same
charge/mass ratio

o He++, C6+ ,
o  There are commercially available ion

sources for this (2.4 mA of alphas and
100 pA of C%)

o New Reactions
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Conclusions

The requirements of an ambitious particle physics experiment
have driven the development of new cyclotron technology. This
development can grow beyond the scope of neutrino physics, and
shift paradigms in the medical isotope community.

IsoDAR not only has the opportunity to change physics, but also
has the opportunity to change lives.
Mir
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