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Adventures at the Forefront
of Neutrino Physics
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of great use for oscillation and CP-violation studies
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“Executive Summary”

T — u — e decay at rest produces neutrino components
of great use for oscillation and CP-violation studies

Producing sufficient quantities of pions requires
megawatt-class, > 600 MeV proton beams

DAEOJSALUS experiment needs three production sites

close to the 300 kton water-Cerenkov detector
planned for DUSEL



What's all the excitement
about Neutrinos?
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Leptons
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Brief look at Standard Model
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to explain
Weak
Decays
of
Hadrons



‘\ Mixing within Lepton Families?
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Oscillations!




Osclillations of Neutrinos

0 = mixing angle

A = oscillation
frequency

Distance, x = ct

Probability that Ve has become v, Probability that ¥y is still L 48

NOTE: AME ~ 1/ Am?




Mass states Weak states
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Neutrino Mixing

e Have 3 families

Ur1 Urz Uxz| |v3




Neutrino MIXing - complicated
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Neutrino MIXing - complicated
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From Atmospheric
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From Solar Neutrino
Measurements




0,, Solar Neutrinos
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Sin220,, = 0.846 + .033
AM,,2 = (7.65 + 0.23) 105 eV?2



923) Atmos—pheric Neutripos
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~30 kilometers

disappearance

Atmospheric neutrino source

AMm ;2 ~ Am,.% ~
(2.40 + 0.12) 103 eV/?
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Focusing on CP term...
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The oscillation of muon-flavor to electron-flavor
at the atmospheric Am?
may show CP-violation dependence!

in a vacuum...

—

v i = 10y : . 92
| — (sin” A3 sin“ 2#,3) (sin” Agq)
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F sind (sin 26,3 sin 26055 8in 26,5) (sin® As; sin Asq)
+ cos d (sin 26,3 sin 2653 sin 265) (sin Az cos Az sin Agq)
/ 9 ~ \ - i
/‘ + (cos” fa3 sin” 260,5) (sin” Ay ).

Hr_JW—J

terms depending on  terms depending on
mixing angles mass splittings

We want to see
if d 1S nonzero

Nz = A:rz?jL,,.""4E,_,




Focusing on CP term...
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The oscillation of muon-flavor to electron-flavor
at the atmospheric Am?
may show CP-violation dependence!

Our equation flips sign between L BNE
in a vacuum... V=V &V, =V,
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Focusing on CP term...
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The oscillation of muon-flavor to electron-flavor
at the atmospheric Am?
may show CP-violation dependence!

ina vacuum... O also available by varying. DAEJSALUS
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Focusing on CP term...

B "N B TUEEISESTE ST

The oscillation of muon-flavor to electron-flavor
at the atmospheric Am?
may show CP-violation dependence!

in a vacuum... “Variables”
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Measure of CP Violation

This region
ruled out
by
Chooz and
Palo Verde
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“Jelly Bean” Plots

P::3EGF

The experimental goal 1s to minimize the
“Jelly Bean” across this plane

180 1

120
; alues are:

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
sin“20,s

B NI PSSRt R



Neutrino Experiments
& Detectors
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Solar Neutrinos at Homestake 1965

100 K gal Perchloroethylene
Missing v,

Ray Davis John Bahcall
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SNO

2000

1 kT D,O

e Confirmed
oscillation




--- Japan

-Cerenkov

Super-Kamiokande

50,000 tons water
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Homestake Mine —




Section View of Homestake Mine
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4850 Level of Sanford Lab
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4850 Level of Sanford Lab
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Ine Neutrino Experiment

Long Basel

A LBNE




k Short Baseline - DAESALUS

DAR (Decay At Rest) — antineutrino source




‘ Can one Compare LBNE, DAEOALUS?

Recall: 1/Am? ~ AJE,
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Expected Results
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LBNE 5 yrs nu + 5 yrs nubar
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‘\ Combining: Strengths of Both
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DAEOJALUS alone DAEJSALUS + LBNE
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Accelerator Requirements

S,
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Basic Requirements

e Energy ~ 1 GeV = 400 MeV
e Power ~ 1-5 MW (may need > 1 machine)
e Cost.... Aslow as possible!



What proton energy is required?
There 1s a “Delta plateau” where you can trade energy for current
to get the same rate of v/ MW

<600 MeV

too little t+ ——
——@ 0.5 MW
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‘ Power (beam current)




1.5 km
Accelerator

Time Structure

8 km
Accelerators

20 km
Accelerators

10045 | ¢

20% DF~_

20% DF\

20% DF
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20km

We can know the
distance for an event
by the timing




1.5 km 100us <
Accelerator

Time Structure

8 km

Accelerators
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Accelerators
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Approaches using
cyclotrons:

The compact cyclotron
with self-extraction

under development
for DTRA at MIT

for ADS
applications

E mmog/ :

Under dev. =
by INEFN, Catania

The stacked cyclotron:

7 cyclotrons
in one

flux

return

Under dev. for ADS at TAMU
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First round

prototyping 1s

complete

Contract for
Phase 1
Cyclotrons
(mud & far)
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Begin Phase O:
Cyclotron
in near hall

“Phase 0”’:
near physics &
learn about the

machine

Contract for
Phase 2
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(positions
TBD from
Phase 1
data)

“Phase 1”:
Discover 6

at 3o
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Summary Comments

 High-Power High-Energy machines
have MANY applications

— Neutrinos now add to the list...

 Would greatly welcome greater contacts
with the Cyclotron community!






magnetic region for
hield and K deca
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DAESALUS Neutrinos

A zt* decay at rest beam: Shape driven by nature!
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varies from beam to beam
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Detection Mechanism
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* Inverse Beta Decay (IBD)

The signal:

inverse beta decay, IBD
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Detection...

e |IBD for antineutrino enhanced by capture
of free neutron

— Delayed coincidence
— Would really like Gd doping...
 LBNE also relies on IBD, mainly in Oxygen
p —n forv,
n—p forv,
— High energy, difficult to tell v, from v,
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Limits...
DAEJALUS:

- Excellent sensitivity forv, (only)
- Poor sensitivity to low 0,
- No comparison of v, /v, rates

LBNE:
- Intrinsically can’t tell v fromv

- Rely on beam selection at source (Magnet polarity)

- High background in v channel

(~25% contamination of v)



Black Hills Geography




Comparisons*
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*My subjective assessment
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