
Federica Pompa

In collaboration with: 
Dr. Olga Mena


Dr. Michel Sorel

Dr. Francesco Capozzi

An absolute -mass measurement 
at the DUNE detector

ν

07 July 2022

https://arxiv.org/abs/2203.00024
https://arxiv.org/abs/2203.00024
https://arxiv.org/abs/2203.00024
https://arxiv.org/abs/2203.00024


?
• The most elusive of the known fermions

• Evidence that “new physics” is requiredν
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?
From cosmology: 


(CMB+BAO)

 eV (95% CL)∑ mν < 0.12

From  measurements: 

KamLAND-Zen


 meV (90% CL)

0νββ

mββ ∈ [36, 156]

Time-of-flight constraints:

Kamiokande-II (SN1987A)


 eV (95% CL)mν < 5.7

From kinematic measurements: 

KATRIN


 eV (90% CL)mβ < 0.8

 FLAVOUR OSCILLATIONSν

mν ≠ 0

να =
3

∑
i=1

Uαi νi
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1Copiously 
produced during 
the Supernova 

explosion 

99% of the released energy emitted through  and 
 of all flavors with mean energies of  

ν
ν̄ 𝒪(10) MeV 2Already 

detected! 
SN1987A

 
@  kpc
M ≈ 20M⊙

∼ 50
Kamiokande-II: Phys. Rev. Lett. 58, 1490

Supernova ν



Garching Models : M = 8.8 M⊙ M = 19 M⊙
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Garching Models : M = 8.8 M⊙ M = 19 M⊙
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p + e− → n + νe

Neutronization burst 
first 50 ms of the explosion
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Why DUNE?

p + e− → n + νe

Neutronization burst 
first 50 ms of the explosion

Liquid Argon Time Projection Chamber 
Charged-current electron neutrino 

interactions on Ar nuclei


νe + 40Ar → e− + 40K*
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Why DUNE?
Liquid Argon Time Projection Chamber 

Charged-current electron neutrino 
interactions on Ar nuclei


νe + 40Ar → e− + 40K*

Neutronization burst 
first 50 ms of the explosion

Effects of non-zero neutrino mass:

ti = δti − Δti + toff

Δti =
D
2c ( mν

Ei )
2
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R(t, E) = Ntarget σCC (E) Φνe
(t, E) ϵ(E)

Φνe
= p Φ0

νe
+ (1 − p) Φ0

νx

Normal mass Ordering :

Inverted mass Ordering : 

p = |Ue3 |2

p = |Ue2 |2

Non oscillated and oscillated fluxes

(Large Mixing Angle MSW)
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mass: 40 kton of LAr

https://webhome.phy.duke.edu/~schol/snowglobes/
https://arxiv.org/abs/2008.06647


R(t, E) = Ntarget σCC (E) Φνe
(t, E) ϵ(E)

Φνe
= p Φ0

νe
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Normal mass Ordering :

Inverted mass Ordering : 
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Non oscillated and oscillated fluxes

(Large Mixing Angle MSW)
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Likelihood analysis

L(t, mν) =
R

∏
i=1

∫ R(ti, Ei) Gi(E, 0.1E) dE

 generation by fixing (δti , Ei ) D

χ2(ti , mν) = − 2 log(L)

Δχ2(mν) = χ2(mν) − χ2
min(mν)

https://webhome.phy.duke.edu/~schol/snowglobes/
https://arxiv.org/abs/2008.06647
https://arxiv.org/abs/0810.0466


0.00 0.01 0.02 0.03 0.04
t/s

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

E
ve

nt
s/

1
m

s

No oscillations

Normal Ordering

Inverted Ordering

UPPER BOUNDS ON  

mν =
3

∑
i=1

|Uei |
2 m2

i

mν ≤ 0.51+0.20
−0.19 eV

mν ≤ 2.01+0.69
−0.55 eV

mν ≤ 0.91+0.30
−0.33 eV

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

m∫/eV

0

2

4

6

8

10

12

14

¢
¬

2

95% CL

M
=

8.
8

M
⊙

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

m∫/eV

0

2

4

6

8

10

12

14

¢
¬

2

95% CL

mν ≤ 0.56+0.20
−0.21 eV

mν ≤ 1.65+0.54
−0.40 eV

mν ≤ 0.85+0.30
−0.25 eV

M
=

19
M

⊙

No oscillations

Normal Ordering

Inverted Ordering

 s10  ms50

∼ 3644 ∼ 200

∼ 5441 ∼ 88

∼ 120∼ 4936

0.00 0.01 0.02 0.03 0.04
t/s

0.0

2.5

5.0

7.5

10.0

12.5

15.0

E
ve

nt
s/

1
m

s

 s10  ms50

∼ 845 ∼ 201

∼ 1372 ∼ 54

∼ 95∼ 1222

Results: D = 10 kpc



Φ⊕ IO
νe

(t, E) = P2e Φ0
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(t, E) + (1 − P2e )Φ0
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(t, E) = ΦNO
νe

(t, E)
Affect only the Inverted mass 

Ordering in the neutrino channel

Results: including Earth matter effects arXiv:9702343 
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Ordering in the neutrino channel

θ

Results: including Earth matter effects arXiv:9702343 

arXiv:1205.5254

https://arxiv.org/abs/hep-ph/9907423
https://arxiv.org/abs/hep-ph/9907423
https://arxiv.org/abs/hep-ph/9702343
https://arxiv.org/abs/1205.5254


0 20 40 60 80 100
E/MeV

0.0

0.2

0.4

0.6

0.8

P
2e

(E
,c

os
µ)

P2e(cos µ = °1)

P2e(cos µ = °0.7)

P2e(cos µ = °0.5)

P2e(cos µ = °0.3)

Φ⊕ IO
νe

(t, E) = P2e Φ0
νe

(t, E) + (1 − P2e )Φ0
νx

(t, E)

Φ⊕ NO
νe

(t, E) = ΦNO
νe

(t, E)

𝒯αβ = 𝒯(Pdet P1) 𝒯(P1 P2) ⋅ ⋅ ⋅ 𝒯(PM Pprod) → P2e(E, cos θ) = 𝒯eβ ⋅ UPMNS , 2

Affect only the Inverted mass 
Ordering in the neutrino channel

0.00 0.01 0.02 0.03 0.04
t/s

0

2

4

6

8

10

12

14

16

18

E
ve

nt
s/

1
m

s

No oscillations

NO - cos µ = 0

IO - cos µ = °0.3

IO - cos µ = °0.5

IO - cos µ = °0.7

IO - cos µ = °1

IO - cos µ = 0

EFFECTS ON RATE

Mild variation respect to the case 
of absence of Earth matter

 kpcD = 10
M = 8.8 M⊙

θ

Results: including Earth matter effects arXiv:9702343 

arXiv:1205.5254

https://arxiv.org/abs/hep-ph/9907423
https://arxiv.org/abs/hep-ph/9907423
https://arxiv.org/abs/hep-ph/9702343
https://arxiv.org/abs/1205.5254


This project has received funding and support from the European Union's Horizon 2020 research and innovation 
programme under the Marie Skłodowska-Curie grant agreement No 860881-HIDDeN

Summary

The neutrino signal coming from the Supernova neutronization burst, visible only in 
the  spectrum, constitutes an important tool to constrain the absolute value of the 
neutrino mass and it can give a complementary (and independent) measurement to 

-decays and cosmology.

νe

β



Supernova parameters uncertainties: luminosity
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The neutronization burst results to be 
a robust, model independent 
prediction of the Supernova models.


Very slight variations as a function of 
progenitor mass (left panel), 
microphysics of neutrino interactions 
(middle panel) and equation of state 
(right panel).
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Supernova parameters uncertainties: mean energy

The neutronization burst results to be 
a robust, model independent 
prediction of the Supernova models.


Very slight variations as a function of 
progenitor mass (left panel), 
microphysics of neutrino interactions 
(middle panel) and equation of state 
(right panel).
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Dependence on the Supernova distance from the detector

M = 8.8 M⊙
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Supernova neutrinos emission: details

φνβ
(E, t) = ξβ(t) ( E

⟨Eνβ
(t)⟩ )

αβ(t)

e{ −[αβ(t) + 1] E
⟨Eνβ(t)⟩ }

Φ0
νβ

(E, t) =
Lνβ

(t)

4πD2

φνβ
(E, t)

⟨Eνβ
(t)⟩

Φ0
νμ

, Φ0
ντ

≡ Φ0
νx

αβ(t) =
2⟨Eνβ

(t)⟩2 − ⟨E2
νβ

(t)⟩

⟨E2
νβ

(t)⟩ − ⟨Eνβ
(t)⟩2
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Evolution operator definition

𝒯(Pj−1Pj) = exp{−i(H0 − Vmatter ,j) ⋅ lj}

H0 =
UPMNS Mmass U†

PMNS

2E

Vmatter,j = diag( 2 GF Nj(x))

Nj(x) =
1
lj ∫

xj

xj−1

Nj(x) dx

Nj(x) = αj + βjx2 + γjx4
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Mikheyev-Smirnov-Wolfenstein effect
Adiabatic or partially adiabatic neutrino flavor conversion in medium with varying density
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