RH is supported by the Spanish grant FPU19/03348 of Ministerio de Universidades.

(TS
7% HIDDe
Y & )
CSIC { %]
< AET(IN
f € *i' §
[ & ) §’ Scuola Superiore Meridionale
2 ghe\
QNraass

sssssssssssssssssssssssssssssssssssssssss
IIIIIIIIIIIIIIII

CCCCCCCCCCC

Shedding light on the Am221
tension with supernova neutrinos

Rasmi E. Hajjar Munoz

based on PLB 854 (2024) 138719 and Phys.Rev.D 108 (2023) 083011
with Olga Mena and Sergio Palomares-Ruiz

GGI NEUTRINO FRONTIERS 2024 05/07/2024



2
Ay
'\? O 00

Ami 1 in 10°eV?

Plot extracted from Neutrino22 contribution of Yusuke Koshio, SK collaboration

1‘JIIJ11I|II
T

3 I I I I [ I I | I I [ I I I I I ‘ I I N I

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

20

opoo

=N

N A 0o

|

I I I I I [
-sin ( 12)=0.316" 88% Amz1 (7.547 813
sin ( 12)=0.305+0.014 Am21 (6.10%} 92
Sin(0,,)=0.3059%%  Amé,=(7.49%312

'~ 1.56 Tension® [

KamLAND

SK+SNO

| l | | | |

16 20 . 30

01 02 03

04
sin (612) AX

05 2468

Main goal of this work: tension?

Thereisa ~ 1.50 tension
between KamLAND and
SK+SNO measurements.

KamLAND: reactor
neutrinos.

SK+SNO: solar neutrinos
sensitive to Sun and Earth
matter effects.

OUR MAIN GOAL.: solve
tension using SN neutrinos
sensitive to Earth matter
effects.
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Now the tension
relaxed...

But in the past this
tension was higher!

~ 2.30 tension
between
KamLAND and
SK+SNO
measurements
without the last
data inclusion.
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With the next galactic SN explosion we can
add a measurement on this plane...



With the next galactic SN explosion we can
add a measurement on this plane...

...and things could get interesting
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Supernova neutrinos
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* Core-collapse SN is the violent

explosion during death of
massive stars.

99% energy of star ( ~ 10”3 erg)
IS released in the form of
neutrinos.

Excellent source due to high flux
and low background when
applied temporal cut.
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Supernova neutrinos

Main drawbacks

Uncertainty on fluxes One direction per detector
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Supernova neutrinos

Uncertainty on fluxes

Main drawbacks

One direction per detector




Supernova neutrino journey
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Supernova neutrino journey

FD=pFO+(1—p) F

Ve Ve

1

* Inorder to obtain p we need % — UM2 UT_|_ \V
to know neutrino evolution: flavor YV
Vacuum Matter
0 0 0 Vin,) 0 O
M* = [O Amz 0 V=1 0 o0 o U=UxlsUpl,
00 Amj 0 0 0 PMNS matrix
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Supernova neutrino journey
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Supernova neutrino journey

(also antineutrinos)
adiabatic

transitions U
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Supernova neutrino journey

vacuum

SN adiabatic

transitions in NO

Initial Fluxes

T
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Warren 20M o
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Initial Fluxes

E, [MeV]

Supernova neutrino journey

SN adiabatic
transitions in NO

If e Ii 3

Ve = Uy

SN adiabatic

transitions in 10

Ye 7 2
U, = Un

(constant p)

= Pg(v3 — ve) ~ sin® 013
= Pg (1 — Ue) ~ cos” 013 (1 — PZ)
= Pg(va — V) ~ cos® 013 P2¥

= Pg (3 — U,) ~ sin” 013
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Warren 20M o
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Solar mixing parameters

e Fluxes at the detector:
FIB = p(€) FBe + (1 —p(e)) FBX

2EV 015 E Y, p 7.5 % 107 eV?
€ = ~ U.
Am3, 20 MeV 3 g/cm’ Ams,

 Earth matter effects contain information on
the solar mixing parameters: Amzz1 and 0, ,.
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Solar mixing parameters

e Fluxes at the detector:
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Solar mixing parameters

e Fluxes at the detector:
FIE =p(€)FBe+ (1 — D

2E)V E, Y,p
€ = ~ (.12
Am3, 20 MeV 3 g/cm

e Earth matter effects contal

Earth tomography
with SN neutrinos
at future neutrino detectors

RH, O. Mena and
S. Palomares-Ruiz

Phys.Rev.D 108 (2023) 083011
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Solar mixing parameters

e Fluxes at the detector:
FIB = p(€) FBe + (1 —p(e)) FBX
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Warren 20M
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Results

sl | Vs * Forecasts for a SN burst at 10 kpc.
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Results

5- 3 * Forecasts for a SN burst at 10 kpc.
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and matter effects.
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Results: Projected 10 errors
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Results: Projected 10 errors

) 20- —— SNSOLNO =—— SN KL NO
o

Cz 9/11



Results: Projected 10 errors
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rojected 10 errors and tension
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Results: Projected 10 errors and tension
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Take home message

A future galactic SN explosion could provide:

* A competitive measurement of the solar mixing parameters
(Ams3, and sin“ 0,,).

* A solution to the longstanding tension between solar
neutrino and reactor antineutrino data.

Rasmi Hajjar H Shedding light on the Am}, tension with supernova neutrinos H 11/11
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Take home message

A future galactic SN explosion could provide:
* A competitive measurement of the solar mixing parameters
(Ams3, and sin“ 0,,).
= |f no equipartition there will be a measurement.

* A solution to the longstanding tension between solar
neutrino and reactor antineutrino data.

= Or if you like new physics the tension could increase!

Rasmi Hajjar H Shedding light on the Am}, tension with supernova neutrinos H 11/11



Shedding light on the Am221 tension with supernova neutrinos

BACKUP SLIDES




Supernova neutrinos: adiabatic transitions

* Adiabatic transitions make neutrinos go out from the SN as mass eigenstates.

Mass
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Supernova neutrinos: adiabatic transitions

* Adiabatic transitions make neutrinos go out from the SN as mass eigenstates.

Mass T NO Mass T IO /
elgenstates elgenstates Ve

e~ density
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Neutrino oscillations in matter

* Coherent effect in neutrino propagation

do (E,, 1
dx 2E

Vacuum Matter
 For 2 families and constant density

. . L Effect of mixing
_ 2 2
Py (v = vg) = sIn“(207) sin ( AR ) parameters

2
2
_ 2 _ 2 2 2 ) a2 Am
=1/ (Am“cos20 F 2EV)” 4+ (Am~“sin 20)° , sin-20" = sin- 26 o

\ BCK2



Supernova neutrino fluxes

1 — 1+
 Fluxes at detectors are a F)=pF) +(1-p)F,) F) = ; b F) A b
combination of fluxes at . .
ion: D — 10 _\ 10 D —D 0 , LtD
production: D _5F +(1-p)F? P =5 By -
Vacuum probabillities Constant density probabilities
Poae = Puac(vs = ve) = |Ues|* = sin® 013 V£#O0 e = Pg(v3 — ve) ~ sin® 013 x
Pove = Poac(V1 — Ue) = |Uer|* = cos® 12 cos® 613 ’ PO = Py (71 — ) ~ cos? 613 (1 — P2)
10 _ . 2 s 2 2 10 _ 2 2v
Pvac = PV&C(VQ — Ve) — UeZ = Sln 012 COS 013 Py = P@(l/g — I/e) ~ COS 013 P@
10 _ - — 2 . 9
Pyac = Pvac(V3 = Ve) = |Ues|” = sin” b3 . 1_9250 = Py (U3 — U.) ~ sin” 013 x
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Detector configurations

DUNE HK JUNO
(LIQUID ARGON) (WATER CHERENKOV) (LIQUID SCINTILLATOR)
IBD : Ue+p—et +n, IBD - v, +p—et+n,

VAr—CC: v+ Ar— e + X, 16 _ P
A CC 40 5 b r.0—-CC: 1.+70—=e +X,| 1, C-CC: v, +2%C—oe +X,
e — : e — : _ _
Ve Ar Ve + AL > €7 + 7.0-CC: 7. +"%0—et+X,| 5,C-CC: P +2C et +X,
v —e ES: Vv+e —vrv+e . _ _ _

v—e ES: v+e —v+e . |v—e ES: v+e —vte .

NA™ = 6.03 - 1032
20% ENERGY RESOLUTION

NP =294 -10°
MEDIUM ENERGY RESOLUTION

NP =1.47-10%
GOOD ENERGY RESOLUTION

v,Ar — CC + U, ,Ar — CC
v —e ES

0.91BD

0.11IBD + 1,0 — CC +
+0,0-CC+rv—e"ES

0.951BD

0.051IBD + 1,0 — CC+
+7,0 — CC + v — ¢ ES
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e Warren20,
— 1,
dSN = 10 kpc

effect In
antineutrinos

effect In
neutrinos

Supernova neutrino event rates at HK

HK NO : HK 10

— |BD
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Results: effect of detector resolution

Effect of resolution of the detector Iin the final result:

Odetector — f OHK

124NO 110 — f=1.0
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