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Overview

Motivation
• Standard model
• Neutrino oscillations
• Anomalies
• Sterile neutrinos

IsoDAR
• Setup
• Physics
• Current Status
• Beyond IsoDAR
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Standard Model
Quarks

up, charm, top

down, strange, charm

Leptons

electron, muon, tau

𝜈𝑒 , 𝜈𝑢, 𝜈𝜏

Force carriers

photon

gluon

W, Z

Mass

Higgs
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Neutrino oscillations

• Interact in flavor eigenstates

• Propagate in mass eigenstates

𝜈𝑒
𝜈𝜇
𝜈𝜏

=

𝑈𝑒1 𝑈𝑒2 𝑈𝑒3
𝑈𝜇1 𝑈𝜇2 𝑈𝜇3
𝑈𝜏1 𝑈𝜏2 𝑈𝜏3

𝜈1
𝜈2
𝜈3

𝑃𝜈𝛼→𝜈𝛽 = 𝛿𝛼𝛽 − 4෍
𝑗>𝑖

U𝛼𝑖U𝛽𝑖U𝛼𝑗
∗ 𝑈𝛽𝑗

∗ sin2 1.27Δ𝑚𝑖𝑗
2 𝐿

𝐸

arXiv:1609.07803v2 [hep-ex] 2 Aug 2017
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𝑃𝜈𝛼→𝜈𝛽 = sin2 2𝜃 sin2 1.27Δ𝑚2
𝐿

𝐸

• sin2 2𝜃 → statistics

•
𝐿

𝐸
→ experiment setup

• sin2 2𝜃 vs. Δ𝑚2

• Allow/exclude regions

Example plot from 𝜈𝑓𝑖𝑡 :

http://arxiv.org/abs/1811.05487

http://www.nu-fit.org/

5

http://arxiv.org/abs/1811.05487
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Sterile neutrinos

• Additional neutrino flavors

• Sterile flavors don’t interact 
through weak force

• Active neutrinos can oscillate 
into sterile neutrinos

arXiv:1906.00045v1 [hep-ex] 31 May 2019
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MiniBooNE: 𝝂𝝁 → 𝝂𝒆excess 𝟒. 𝟖𝝈

Oscillation Experiments

https://arxiv.org/pdf/1804.04046.pdf

DANSS Results and allowed regions

https://arxiv.org/pdf/1804.04046.pdf


More oscillation experiments
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IsoDAR @ KamLAND: as a definitive 𝜈𝑠 search

• 5𝜎 experiment for allowed regions

• Distinguish between models
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IsoDAR: Isotope Decay-At-Rest
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5 years @ KamLAND
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5 years @ KamLAND
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RFQ – Direct Injection Project (RFQ-DIP)

13

𝐻2
+ ion source

Spiral inflector and central region
𝑅𝐹𝑄

• 𝐻2
+ to reduce space-charge 

effects
• RFQ for bunching, sorting, 

accelerating
• Inflector for axial injection



𝐻2
+ production

• Hot tungsten filament ionizes 
hydrogen molecules

• Plasma is confined by SmCo
magnets

• Small aperture allows ions to 
drift into extraction system

• Current output 35 mA/cm2

(Sufficient for IsoDAR)
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MIST-1
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Extraction system
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RFQ: 4-vane, split-coaxial design
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RFQ Simulations
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Re-bunching cell
▬ w/   rebuncher ▬ w/o re-buncher



Spiral Inflector
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Spiral inflector 
simulation
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Kinetic energy [keV]



Central region

• Collimators to scape halo particles

• VP inserts for vertical focusing
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INFN-Catania
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Central region

• Preliminary study by 
AIMA Developpement

• RFQ-DIP: 1 MeV 
cyclotron



Cyclotron extraction

• Septum at last turn for 
𝐻2
+extraction

• Use stripper foil to minimizes 
septum activation

• Second foil to transport protons 
in MEBT
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IsoDAR ҧ𝜈𝑒 production

• Protons impinge on 9Be target 
producing neutrons

• Surrounding 7Li sleeve captures 
neutrons producing 8Li

• 8Li 𝛽-decays yielding a localized, 
isotropic ҧ𝜈𝑒 source with known 
energy distribution
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Concurrent research for IsoDAR

• Target designed for high 
power beam

• Injection of Li-Be mixture 
into sleeve pressure vessel

• Graphite, steel, concrete for 
neutron shielding
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Isotope production

• ~50 𝜇A of protons extracted to protect 
septum

• Up to 4 stripping locations possible

• Protons can be used to produce medical 
isotopes

• Or also build machine dedicated to 
isotope production
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Imaging: 68Ge/ 68Ga

• 69Ga/71Ga + p → 68Ge → 68Ga

• Similar uses as 99Mo → 99mTc

• Longer parent half-life:
270 days vs. 66 hours

• Shorter emitter half-life:
68 minutes vs. 6 hours

• $1000 / mCi of 68Ga

• IsoDAR → 50 Ci / week
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Image from: Semantic Scholar

https://pdfs.semanticscholar.org/d5ab/aef43fb53195130f5f7932b53a70e677783d.pdf


Therapy: 225Ac

• p + 229Th → 225Ac → 4𝛼+209Bi

• Current targets 226Ra from 
purified reactor waste

• BLIP, LANCE at 100 𝜇A → 60x 
world supply

• $1300 / mCi

• IsoDAR at 10 mA → 200 mCi / hr
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Medical isotopes with IsoDAR: https://arxiv.org/abs/1807.06627
Nature Reviews Physics: DOI : 10.1038/s42254-019-0095-6NATREVPHYS-19-343V1

Image from: Semantic Scholar

https://arxiv.org/abs/1807.06627
https://www.semanticscholar.org/paper/Progress-in-Targeted-Alpha-Particle-Therapy.-What-Kozempel-Mokhodoeva/1da3a3bd5e1abeeaba4fbbc98aa5e789b9a5653b


ҧ𝜈𝜇

ҧ𝜈𝜇

ҧ𝜈𝜇

ҧ𝜈𝜇

ҧ𝜈𝜇

ҧ𝜈𝜇
ҧ𝜈𝜇

IsoDAR cyclotron:

60 MeV

Separated sector 

cyclotron: 800 MeV

DAE𝛿ALUS

• IsoDAR as injector for 800 MeV 
cyclotron

• Decay-at-rest pions as neutrino 
source

• Make three of these setups
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200+ kiloton detector



𝛿𝐶𝑃 measurement
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• 𝜋+ decay-at-rest 
produces: ҧ𝜈𝜇 , 𝜈𝜇

• Sensitive to ҧ𝜈𝜇 → ҧ𝜈𝑒
oscillation wave

• 3 accelerators at 
different distances



Summary

• IsoDAR can definitively answer the 𝜈𝑠 question with 5 years 
of runtime at KamLAND

• RFQ-DIP is developing technology for 10 mA, 60 MeV 
cyclotrons

• Target, sleeve, and shielding research is well underway

• IsoDAR cyclotrons have other potential uses such as 
𝐷𝐴𝐸𝛿𝐴𝐿𝑈𝑆 and medical isotope production
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Resources

• IsoDAR: https://www.nevis.columbia.edu/daedalus/docs/publications.html

• Oscillation Experiments: arXiv:1609.07803v2 [hep-ex] 2 Aug 2017

• Sterile Review: arXiv:1906.00045v1 [hep-ex] 31 May 2019
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Cyclotron design
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Technical CDR: https://arxiv.org/abs/1511.05130 Conventional CDR: https://arxiv.org/abs/1710.09325

https://arxiv.org/abs/1511.05130
https://arxiv.org/abs/1710.09325


Segmentation
• Designed for assembly within 

Kamioka mine

• Size limited by mining tunnels

• Weight restrictions due to 
transportation
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Split-
coil 
design

• Coils come in two pieces • No winding in mine
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Rebunching cell
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• Longitudinal focusing at end of RFQ
• Adjustable parameter in design



RFQ longitudinal E-field
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Re-bunching cell▬ w/   rebuncher ▬ w/o re-buncher



Beam dynamics with re-buncher
w/o re-buncher w/ re-buncher

w/o re-buncher w/ re-buncher

±2 %
55.17 %

± 20 deg
44.57 %

Jungbae Bahng, ICHEP 2018 Page 40



Rebunching cell effects
Without rebunching With rebunching
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Rebunching cell effects
Without rebunching With rebunching
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BEAM

Li/Be

4” inlet pipe

4X 2.5” outlet pipe

Target is the <2cm thick 
circular dome of Be here

20 cm

Li/Be

Boiling and forced 
convection happen 
at this surface

Be center tube



Production in target and sleeve
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ҧ𝜈 production
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