
An attempt to 
(critically)

understand the supernova 
neutrino signal
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LArTPC (fictive 34 kton liquid argon time projection chamber) Super-K (50 kton ultra-pure water)
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ve–burst accretion phase deleptonization
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Talk by John Beacom



Abdiakamalov et a., Handbook of Gravitational Wave Astronomy (2022)
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Weak rates 



11121314

10−4

10−3

10−2

10−1

100

101

102

103

log10(ρ [g cm−3])

 

 

11121314

10−4

10−3

10−2

10−1

100

101

102

103

log10(ρ [g cm−3])

 

 

11121314

10−4

10−3

10−2

10−1

100

101

102

103

log10(ρ [g cm−3])

1/
λ 

[1
/k

m
]

 

 

ν
e n→

p e −

ν̄e p→
n e +

e −
e +
→

ν
ν̄

ν
ν̄
N

N
→

N
N

⌫e ±
!

⌫e ±

νN
→

νN

νµ/τν̄eνe

<latexit sha1_base64="5EEkZ62xuhbMX8fMgJtN9g32H2g="></latexit>

1

ωω
=

1

nω

∫
d3k

(2ε)3
1

ωω
(k) fω(k)

Ph
ys

. R
ev

. D
85

, 0
83

00
3 

(2
01

2)



<latexit sha1_base64="xzomsnmUDv+fubXNw9xxzRxS/Uk=">AAACNHicbVDLTgIxFO3gC/GFunTTSEyMCzJDjLIkunGJiTwShpBOuUBDpzP2YSQTfsXP8Avc6t7EnWHrN1gGFgKepMnJOff2npwg5kxp1/10MmvrG5tb2e3czu7e/kH+8KiuIiMp1GjEI9kMiALOBNQ00xyasQQSBhwawfB26jeeQCoWiQc9iqEdkr5gPUaJtlInX/YD6DORwKNJlYtxLvHTb5OAGxhjPzQdwOOcD6L7d6qTL7hFNwVeJd6cFNAc1U5+4ncjakIQmnKiVMtzY91OiNSMcrAHjIKY0CHpQ8tSQUJQ7SSNMsZnVuniXiTtExqn6t+NhIRKjcLAToZED9SyNxX/81pG98rthInYaBB0dqhnONYRntaFu0wC1XxkCaGS2ayYDogkVNtSF648z6LaXrzlFlZJvVT0roqX96VC5WbeUBadoFN0jjx0jSroDlVRDVH0gt7QO/pwXp0v59uZzEYzznznGC3A+fkFwEKszw==</latexit>µe

<latexit sha1_base64="CaqnjSG6fnaKlG1DoxgvTOttc2k=">AAACNHicbVDLTgIxFO3gC/GFunTTSEyMCzJDjLIkunGJiTwShpBOuUBDpzP2YSQTfsXP8Avc6t7EnWHrN1gGFgKepMnJOff2npwg5kxp1/10MmvrG5tb2e3czu7e/kH+8KiuIiMp1GjEI9kMiALOBNQ00xyasQQSBhwawfB26jeeQCoWiQc9iqEdkr5gPUaJtlInX/YD6DORwKNJlYtxLvHTb5OAGxhjPzSdGI9zPoju36lOvuAW3RR4lXhzUkBzVDv5id+NqAlBaMqJUi3PjXU7IVIzysEeMApiQoekDy1LBQlBtZM0yhifWaWLe5G0T2icqn83EhIqNQoDOxkSPVDL3lT8z2sZ3Su3EyZio0HQ2aGe4VhHeFoX7jIJVPORJYRKZrNiOiCSUG1LXbjyPItqe/GWW1gl9VLRuype3pcKlZt5Q1l0gk7ROfLQNaqgO1RFNUTRC3pD7+jDeXW+nG9nMhvNOPOdY7QA5+cX0pCs2g==</latexit>µp

<latexit sha1_base64="2XrAZvcAM9g4f/jO0KwuecrEhbY=">AAACNHicbVDLTgIxFO3gC/GFunTTSEyMCzJDjLIkunGJiTwShpBOuUBDpzP2YSQTfsXP8Avc6t7EnWHrN1gGFgKepMnJOff2npwg5kxp1/10MmvrG5tb2e3czu7e/kH+8KiuIiMp1GjEI9kMiALOBNQ00xyasQQSBhwawfB26jeeQCoWiQc9iqEdkr5gPUaJtlInX/YD6DORwKNJlYtxLvHTb5OAGxhjPzQdgcc5H0T371QnX3CLbgq8Srw5KaA5qp38xO9G1IQgNOVEqZbnxrqdEKkZ5WAPGAUxoUPSh5algoSg2kkaZYzPrNLFvUjaJzRO1b8bCQmVGoWBnQyJHqhlbyr+57WM7pXbCROx0SDo7FDPcKwjPK0Ld5kEqvnIEkIls1kxHRBJqLalLlx5nkW1vXjLLaySeqnoXRUv70uFys28oSw6QafoHHnoGlXQHaqiGqLoBb2hd/ThvDpfzrczmY1mnPnOMVqA8/MLzzys2A==</latexit>µn

<latexit sha1_base64="tX8035JVtZG0uo9QbrWbd5Z4ZMA="></latexit>

En =
p
p2 + (m⇤

n)
2 + Un

<latexit sha1_base64="iDufbrxDFL1LeOwVkAHQ8D/cZ8Y="></latexit>

Ep =
q
p2 + (m⇤

p)
2 + Up



100 101 102100

101

102

103

104

105

106

107

108

109

Eν [MeV]

χ ν
 [s

−1
]

T =7 MeV, Yp = 0.1, ρ =2×1013 gcm−3

νen−→pe−

ν̄e p −→ne+ν̄e pe− −→n

Un −Up =8. 3MeV

inelastic treatment incl. weak magnetism
elastic approximation with Horowitz (2001) 
elastic approximation

Phys. Rev. C95, 045807 (2017)
Phys. Rev. C 101, 025804 (2020)
Phys. Rev. C 102, 023037 (2020)

<latexit sha1_base64="NBx/cAsGYKIZ8Y/+8vHU0pPsL7Q="></latexit>

Ee� = E⌫e + (En � Ep)

Ee+ = E⌫̄e � (En � Ep)

Ee� = �E⌫̄e + (En � Ep)

T = 7 MeV ,

Yp = 0.1 ,

⇢ = 2⇥ 1013 g cm�3
<latexit sha1_base64="0er/NUSbS69qkdGX507dSGgsBTI="></latexit>



1 2 3 4 5 6 7 8 9

10
51

10
52

1 2 3 4 5 6 7 8 9 10

10
51

10
52

1 2 3 4 5 6 7 8 9

7

8

9

10

11

12

13

14

1 2 3 4 5 6 7 8 9 10
6

7

8

9

10

11

12

13

14

<latexit sha1_base64="f6r+F7oqBTnu8+bnMP6QLXBQwbI="></latexit>

z9.6 (EOS : SFHo)



<latexit sha1_base64="f6r+F7oqBTnu8+bnMP6QLXBQwbI="></latexit>

z9.6 (EOS : SFHo)

10
-1

10
0

10
1

0.48

0.49

0.5

0.51

0.52

0.53

0.54

0.55

0.56



0

5

10

15

20

25

30

35

40

45

E
/N

 -
 m

n
[M

eV
]

0.0 0.05 0.1 0.15 0.2 0.25 0.3

n [fm-3]

0 1 2 3 4 5

[10
14

g cm
-3

]

DD2
NL3
TM1
TMA
SFHo
SFHx
FSUgold
IUFSU
LS180
LS220
QB

Chira l EFT N
3
LO

P
ro

g.
 P

ar
t. 

N
uc

l. 
P

hy
s.

 1
37

, 1
04

10
7 

(2
02

4)



P
hy

s.
 L

et
t. 

B
 8

30
, 1

37
09

8 
(2

02
4)



10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

DD2

NL3

SFHo

10
-1

10
0

10
1

10
2

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

P
ro

g.
 P

ar
t. 

N
uc

l. 
P

hy
s.

 1
37

, 1
04

10
7 

(2
02

4)

<latexit sha1_base64="22EQvWSbdX4zR13aVZcJIPVqFAQ="></latexit>

GV (q
2)→ ω5 GA(q

2)

+
iF2(q2)

2MN
εµωq→ω

→ 2MN

m2
ε → q2

ω5 GA(q
2) q→µ



Summary and conclusions

Neutrinos from core-collapse supernovae



What’s to be done: 

• EOS & weak rates
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What’s to be done: 

• EOS & weak rates 
• Neutrino oscillations

Talks by:
Masamichi Zaizen, Hiroki Nagakura
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• Neutrino oscillations 
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Table 1:

Weak process

1 ⌫e 2
H � p p e�

2 ⌫̄e 2
H � nn e+

3 ⌫e nn � 2
H e�

4 ⌫̄e p p � 2
H e+

5 ⌫̄e e� 2
H � nn

6 ⌫e e+ 2
H � p p

7 ⌫e 3
H � n p p e�

8 ⌫̄e 3
H � nnn e+

9 ⌫e 3
H � 3

He e�

10 ⌫̄e 3
He � 3

H e+

11 ⌫ 2
H � p n ⌫

12 ⌫ 2
H � 2

H ⌫
13 ⌫ 3

H � 3
H ⌫

14 ⌫ 3
He � 3

He ⌫

�
⌫ = {⌫e, ⌫̄e, ⌫µ/⌧ , ⌫̄µ/⌧}

�

Phys. Rev. C102, 055807 (2020)
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• EOS & weak rates 
• Neutrino oscillations 
• Other degrees of freedom (µ, light cluster, . . . )
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What’s to be done: 

• EOS & weak rates 
• Neutrino oscillations 
• Other degrees of freedom (µ, light cluster, hyperons)

0 5 10

3  

3.5

4  

4.5

5  

5.5

6  

0 5 10
15

20

25

30

35

40

45

50

55

60

0 5 10
10

-3

10
-2

10
-1

0 5 10

0.65

0.7

0.75

0.8

0 5 10
10

-4

10
-3

10
-2

10
-1

J.
 C

os
m

. A
st

ro
pa

rt.
 P

hy
s.

 0
1,

 0
61

 (2
02

5)



Tha
nks 

for 
your

 att
enti

on

Tha
nks 

for 
your

 att
enti

on


