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https://github.com/nickkamp1/NuTelescopeMuCollider/blob/main/Paper/NeutrinoKaleidoscopes.pdf

A “Typical” Muon Collider
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Muon Decay — Free Neutrino Beam
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Proposed Neutrino Detectors @ a Muon Collider

N " The “neutrino slice” at the A “hockey-puck” detector
A "general purpose” detector . . . .
interaction point measuring both beams
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Rich physics program: cross sections, QCD, electroweak observables, and more
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Introducing the “Neutrino Kaleidoscope”
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Introducing the “Neutrino Kaleidoscope”
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NIVES Jack‘aban Pairin
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The neutrino beam is collimated to within

@O(100 m) over Earth-diameter distances:
Perfect for Gigaton-scale neutrino telescopes!
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lceCube: an Example Neutrino Telescope
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Neutrino Telescopes Search for Non-Standard
Neutrino Oscillations with TeV Atmospheric Neutrinos

e Sterile Neutrinos

This Result (10.7y) x,-_:_:_'_‘i
- % Best Fit _:1;_’_'___‘“
=== 90% CL "
1 OF 770 7T el
e
— | emminniilln
> |
L,
N <H i
E .
< D U
0.1+  Other experiements (90% C.L.) |
O MINOS+ ~=- CDHS |
. —— MB-SB () COFR |
3 [ MB-SB () — = SuperK \
0.01 0.1 1.0
sin2(2924)

Phys. Rev. Lett. 133, 201804 (2024)

G. Putnam, N. Kamp

Neutrino-Matter Potential Lorentz Invariance
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A Beam for Neutrino Telescopes

Two Options for Pointing

NIVES Jack‘aban Pairin
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A Beam for Neutrino Telescopes

Two Options for Pointing

NIVES Jack‘aban Pairin

1: Point a straight section of the beamline at a telescope

e Typical 30 cm section results in 5 X 10'* muon decays per year

e 100 m straight section near the interaction point results in
8 x 10'® muon decays per year, though larger angular spread

o Likely only possible for FNAL — P-ONE

lceCube
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e 100 m straight section near the interaction point results in
8 x 10'® muon decays per year, though larger angular spread

o Likely only possible for FNAL — P-ONE

2: Point the beam dump toward a telescope

« 25 m decay tunnel results in 2 X 10'* muon decays per year

e Possible for FNAL — {P-ONE, IceCube, KM3NeT}

~1/1M neutrinos interact in the telescope
iceCube | , Between these cases, we expect approximately

10° — 10! neutrino interactions per year
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L Kaleidoscopes for Sterile Neutrinos
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Why Look for Sterile Neutrinos?
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U Kaleidoscopes Sensitivity to Sterile
Neutrinos
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What about active neutrino oscillations?

Oscillations the u — 7 sector are governed by:

d (v, Amz, [—cos 26,;sin 26,, N ViV U,
“ix \v.) T | Tae U sin26,.c0520,, vev, )| \e)
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This potential can
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contributions

d (v, Am3, [ —cos20,;sin20,, N VVir U,

“ix \v.) T | Tae U sin26,.c0520,, vev, )| \e)

A 2
. . 3
In the short baseline regime, L, VL < <1,
4FE We can look for new physics
(2\/ that produces non-standard
_ 72 Amsgy 0 6(1 4 oscillations via a nonzero V.
P, .., = T sin260,3+V, [ + O(L").
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Oscillations from Quantum Gravity

Quantum gravity theories predict Planck- IceCube 2018

suppressed Lorentz violation [Addazi+ 2021]

Cosmic rays

Leads to frame-dependent neutrino
oscillations described by the Standard
Model Extension [Kostelecky+ 2003]
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https://arxiv.org/abs/2111.05659
https://www.nature.com/articles/s41567-018-0172-2
https://arxiv.org/abs/hep-ph/0308300

| orentz Violation in Practice

We look for oscillations at the sidereal | 23hrs 56min (360°)
frequency: wg = 27/(23 h 56 min)
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https://en.wikipedia.org/wiki/Sidereal_time

| orentz Violation in Practice
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| orentz Violation in Practice
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| orentz Violation in Practice
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We have been investigating these  Many quantum gravity theories predict higher-dimension
operators at the Planck scale [Kostelecky+ 2011]

D~ Exl O ~ES? E,=122x%10" GeV
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Reaching Double Planck Suppression

3 4 S 6
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/N N

We have been investigating these  Many quantum gravity theories predict higher-dimension
operators at the Planck scale [Kostelecky+ 2011]

D~ Exl O ~ES? E,=122x%10" GeV

Configuration KM3NeT IceCube P-ONE (IP)

v, sample, E, = 5 TeV 2.8 x 103/E% | 1.2 x 103/E% | 5.3 x 10°/E%
vr-enriched sample, £, = 5 TeV 26/ E% 17/E% 2.1/E%
v, sample, E,, = 50 TeV 11/E% 5.3/ E% 1.9/FE%

Sensitivity to c©) in units of E;Z
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Reaching Double Planck Suppression

3 4 S 6
Vi a®—c® . pta®. p2—c®.p3 4

/N N

We have been investigating these  Many quantum gravity theories predict higher-dimension
operators at the Planck scale [Kostelecky+ 2011]

D~ Exl O ~ES? E,=122x%10" GeV

Configuration KM3NeT IceCube | P-ONE (IP)
v, sample, £, =5 TeV 2.8 x 10°/E% | 1.2 x 10°/E%
v--enriched sample, F,, = 5 TeV 26/ E% 17/E%
v, sample, E,, = 50 TeV 11/E% 5.3/ E%
Sensitivity to ~©) in units of EI;Z First terrestrial access to double-

Planck-suppressed Lorentz violation!
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https://arxiv.org/pdf/1112.6395

Bonus Events: Unprecedented Rates of Rare
Neutrino Interactions Producing u ™~ Pairs

S 10-38 Events per year:
Q
[e Process KM3NeT | IceCube | P-ONE (IP)
= v,, CC DIS 1.7 x 108 | 1.6 x 105 | 1.3 x 10"
% 1040 I Cld - B Vg — (e iuﬂ 2.2 X :_02 2.1 x 126 1.8 % :_oz
- T = v, Irident p™p— | 5.2 x 10 5 x 10 4.2 x 10
2 Pud 2 HTER ) Pl | b, WBP ptus 3.6 3.6 2.8 x 108
E 10—42 i B ral
2
L]
S~
102 103 104 105 See Zhou+ 2021 and S. Sarkar Thesis (2023) for
E, [GeV] discussions on tagging dimuons in lceCube
V
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https://arxiv.org/abs/1910.10720
https://era.library.ualberta.ca/items/f6881ba0-c974-42e9-81ad-e56d42469257

Illus. Jack‘aban Pairin

Mantle KM3Net

lceCube
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e Neutrino kaleidoscopes offer a unique
opportunity for a high-intensity, high-energy, &
long-baseline neutrino experiment
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Thank you!

And again, here is our pre-pre-print ¢



https://github.com/nickkamp1/NuTelescopeMuCollider/blob/main/Paper/NeutrinoKaleidoscopes.pdf

Backup Slides




Bonus Oscillations: Neutrino Matter Potential
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Can the Angular Dispersion be Made Small
Enough?

e Transverse Normalized Emittance 25 um®*rad

e At 5 TeV, geometric emittance: 0.5 nm*rad

e Beam spot size in ring: ~5 mm

e Beam angular dispersion in beam: ~0.1 urad
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