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We know neutrinos have mass! But how do they get it?

Lets try adding a Yukawa coupling to the Higgs:
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[RH neutrino, SM singlet]
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Neutrino Masses

We know neutrinos have mass! But how do they get it?

Lets try adding a Yukawa coupling to the Higgs:

1. e
L, D Yy LoHN} + §(NZR)CM}§N;Z{ + h.c

l SM SSB via Higgs vev

Y. v - 1 : :
= Ve NY + —(NYYM,;.NL + h.c
\/i RAYR ( R) J*'R

L, D —
2

Jack Franklin, IPPP



Neutrino Masses

Let’s rewrite it a bit neater...
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Neutrino Masses

Let’s rewrite it a bit neater...

L, D> -0 MV
VL 0
U = _ s
<Nfz> = (&
V2
In See-Saw scenarios, take: Mp > Y
But what about... Mpr < Yv
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The Pseudo-Dirac Scenario

But why should it be so small?
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The Pseudo-Dirac Scenario

But why should it be so small?
Mp = (0  Very special case, L is global symmetry

Global symmetries should be broken by quantum gravity...
Mp=0 mmmp 0< Mp <1
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The Pseudo-Dirac Scenario

Diagonalising the mass matrix gives:
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Testing the Pseudo-Dirac Nature

Majorana mass is tiny, basically impossible to probe with Ov23
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Testing the Pseudo-Dirac Nature

Majorana mass is tiny, basically impossible to probe with Ov23

What about oscillations?

_ 4AnwE, 5 E, 10 10ev?2
LOSC _ 5mi ~ 25 x 10°km (100ke\/) ( 5mi )
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Solar oscillations with PD neutrinos

Solar neutrinos are a great probe:

E,, < 420keV
L ~ 150 x 10%km
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The JUNO Experiment

* Jiangmen Underground Neutrino
Observatory (JUNO)

* Liquid scintillator detector

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401
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The JUNO Experiment
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* Jiangmen Underground Neutrino . e
Observatory (JUNO) i e IR

* Liquid scintillator detector

* 20 kt fiducial volume (Borexino ~ 1kt)

Muon Tracker
Outer Vessel

—— Water Pool
20 kton pure water

6 kton mineral oil

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401 20" PMTs

Veto PM'Ts
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The JUNO Experiment
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* Jiangmen Underground Neutrino S L anen i ®) ey
Observatory (JUNO) Ry ) B

* Liquid scintillator detector
* 20 kt fiducial volume (Borexino ~ 1kt)

* Primary goal is to determine the neutrino
mass hierarchy

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401
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The JUNO Experiment

kY
. M R
olli .

§ .

PO

Guang Zhou

* Jiangmen Underground Neutrino (Fw .
Observatory (JUNO) iy ‘, . i

* Liquid scintillator detector
* 20 kt fiducial volume (Borexino ~ 1kt)

* Primary goal is to determine the neutrino
mass hierarchy

Muon Tracker
Outer Vessel

—— Water Pool

 Will be able to detect Solar neutrinos

20 kton pure water

6 kton mineral oil

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401 20" PMTs

Veto PM'Ts
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JUNO as a Probe of the Pseudo-Dirac Nature using
Solar Neutrinos

AR
NP Durham

University

The Pseudo-Dirac Scenario Pseudo-Dirac Neutrino Oscillations
The neutrino mass Lagrangian term: " —— We can define the the flavour states:

1—
5,

u=( % Yu/N2 . We evolve the neutrino states with the
Yo/NZ My ) Hamiltonian:

1
H = o [Hpree + 4]
is usually encountered in Seesaw models with large Lepton Number 2E,

Violation (LNV), My > Yv. However, we could equally be in a universe Y Where A is the matter potential in the
where My <« Yv. This is the pseudo-Dirac scenario. Sun.

Solar Neutrinos at JUNO
« JUNO will detect pp and 7Be neutrinos at rates well above the expectedbackground.

+ Pseudo-Dirac neutrino oscillations would impact the number of events and spectral shape
of detected neutrinos at JUNO.

+ Teststatistic used to estimate the sensitivity of JUNO to the pseudo-Dirac scenario:

« Come see my poster to see our results! [ ‘, e

* Feel free to ask me any questions

02 03 04 05
Recoil Energy [MeV]

Results and Conclusions

+ Assume 6 years of data
taking

Comparable sensitivity to
future DARWIN experiment

Sensitive to sm? > 3.1 x
10~'3eV2 for 1-4 scenario
and §m? > 6 x 10~'3eV2 for
2-5 scenario

30 exclusion of §m? > 2.9 x.
10~13eV2 for pseudo-Dirac
scenario

T
Strongly dependent on 10 L
control of backgrounds m/eV?
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Thank you
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Solar neutrino fluxes
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Source: llidio Lopes and Sylvaine Turck-Chieze 2013 ApJ 765 14
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Chi-squared
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Backgrounds at JUNO
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