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# Why? = experiment Super-Kamiokande

Gifu Prefecture, Japan

Neutrino experiments inherently have
very special setups |
1) High intensities
2) Enormous detectors
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3) Oscillations: quantum
4) Weak cross sections

41.4 m (136 ft)
in height B
(approx. height o I ~50,000 tons of

Statue of Liberty, ultra pure water

~13,000
photo-multiplier
tubes (PMTs)




2& Some thoughts before we go in detail

Neutrino matter effects

V = \/§Gpne
Va Va

o] 1
BT /202 (300 GeV)?

Measuring the matter potential at 1% level is
probing the several TeV scale
Matter Matter in a very nontrivial way

&
=
<
o
O
m
<
=
o
=
<
[0 4
w
-
L
O
O
<
-
<
7
©
%
=
=
o
LU
L.




as Some thoughts before we go in detail °
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2& Some thoughts before we go in detail
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Weak interactions are
a blessing and a curse
It makes experiments much harder
It makes neutrinos excellent probes
In astrophysics and cosmology
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On what follows, I'll show you two examples
of how neutrinos can probe BSM scenarios
from the 10-20 eV all the way up to 1013 eV

(range could be larger, but no time!)
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Let's explore an extremely weakly interacting scenario:
ultralight dark matter coupling to neutrinos
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2 Ultralight Dark Matter

Dark matter could be so light that
its de Broglie wavelength would be the size of the galaxy

There are many candidates for that: axions, ultralight pseudo-Nambu-
Goldstone bosons, vector bosons, ...
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Let's start with an ultralight scalar that couples to neutrinos




2 Ultralight Dark Matter

Very light scalar DM (<< eV):
V(D) - very high occupation number
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Local field value
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What if this field couples to neutrinos?

¢(z,t) ~

cos|my(t — V- Z)]




2 Ultralight Dark Matter
Very light scalar DM (<< eV):
L V(0) - very high occupation number
- classical field
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2 Ultralight Dark Matter

my = my(t)
Am?2 and O modulate!

x,t
Am?j(x, t) = mf — m? ~ Am?j,o (1 + 2¢(A )> 0;; (z,t) = 0i.0 +
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Modulation period 7y = ey 10 min
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2T (7 x 10718 eV)
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Krnjaic M Necib 2017



2 Ultralight Dark Matter

my = my(t)
Am?2 and O modulate!

Am?j (z,t) = m? — m? ~ Amfj,o (1 + 2¢(:f\’ t)>
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Modulation period

Longer than experiment running time: constant parameters
Shorter than neutrino time of flight: parameters average
Anything between those: striking effects on neutrino oscillations!

~ 1012 eV
|« interesting region
2.7 msec

Krnjaic M Necib 2017



2 Ultralight Dark Matter

Averaged out regime

Two flavor framework:

Am?L
1 a2 . 2
P(vq — Vo) = 1 —sin“(26) sin ( ¥o )
e dt
(P(Vo = v3)) = / — P(vq — vp)
o T¢
_ ¢(z, 1)
Am? (z,t) = —mJNAszo(1+2 A

Krnjaic M Necib 2017

Mass splittings

o dt . 5 [Am?L
— sl —— (1 + 2 t
/0 o sin [ Vo (1 + 2ng cos myt)

Am?2(t) smears Pqg

Better Ey resolution = stronger constraints
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2 Ultralight Dark Matter
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a¢ Ultralight Dark Matter o
DiNO Bounds and Projections for Solar Parameters %
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2 Ultralight Dark Matter O

This scenario can also be mapped on neutrino oscillation decoherence cases

(o}
<
T
—
T
0
<
—
<
Z
o
<
Z
=
o
U
™

It is a bit technical, but this is the first time | have seen
a connection between decoherence effective parameters and a UV complete model




2 Ultralight Dark Matter

What if the ultralight field is a gauge boson?
Let's take an ultralight B-L gauge boson

V2000 /3 1y [imat N~
A'(t) ~ 22— Re [e”mA’t Z o €49 fzz]

mar i—1
I Al LT = 1
Z De Aul/a“l/— §m,,1/1/—|—h.c.
This field couples to the neutrino spin like a magnetic field

Spin-flip for Majorana neutrinos = neutrino to antineutrino conversion

The math gets a little involved, but here is a neat gif
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2 Ultralight Dark Matter
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2 Ultralight Dark Matter

Two main probes

Solar neutrinos
Only produce neutrinos, any
antineutrino would be a sign of new
physics

Supernova neutrinos
Temperature between neutrinos and
antineutrinos should be different,
identical spectra would be new physics

Berlin Capdevilla Cheng Hostert M 2605.06777
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Let's move to the complete opposite scenario:
strongly interacting physics
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# Neutrino Masses and New Physics

Two possibilities for neutrino masses

-

Dirac Majorana
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Gravity effect could break global symmetries

1

This Planck correction is ruled out by 6 orders of magnitude




# Neutrino Masses and New Physics

For Majorana neutrinos, there is no experimental indication of
what should be the neutrino mass mechanism

We know it must involve the Higgs

But we don't know much more...
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Standard model fermion mass spectrum
neutrinos tau bottom

X® |
}4—» strange top
e =
}4—» up muon charm

X HO
> electron down
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# Neutrino Masses and New Physics

What if neutrino masses come from a composite sector?
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*We describe the connection with an unparticle framework



# Neutrino Masses and New Physics

: C
omposite operator ~N Composite operator ~NN

. C
A
,CUV D) m L + h.c.
Anomalous dimension:
tells you about degree of compositeness

Sit tight and calculate
/ de e T [Ox(2)04(0)] [0) = / M2 p(M?)
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Chacko et al 2020 A: infrared scale (e.g. mass of RH neutrinos)




# Neutrino Masses and New Physics

Transition dipole operator
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# Neutrino Masses and New Physics
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# Neutrino Masses and New Physics

long lived

proton beam ‘
— > decay pipe e

detector
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# Neutrino Masses and New Physics

prompt decay

proton beam
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# Neutrino Masses and New Physics
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# Conclusions

Neutrino experiments can probe exciting new physics

It requires creativity to extract the most out of experiments
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Detectable BSM could live in a very wide range of scales,
strongly (but secluded) or weakly coupled

Liquid argon time projection chambers like DUNE or the Short Baseline
Neutrino detectors offer a new window to new physics in the neutrino sector




