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N E U T R I N O  M A G N E T I C
M O M E N T S  
I n  t h e  s i m p l e s t  e x t e n s i o n  o f  t h e  S t a n d a r d  M o d e l  w i t h
t h r e e  m a s s i v e  n e u t r i n o s :

Credit: Giunti et al. (2024), arXiv:2411.03122 [1]
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Th e  m o s t  s t r i n ge nt  ex p e r i m e nt a l
co n s t ra i n t  o n  t h e  e l e c t ro n
n e u t r i n o  m a g n et i c  m o m e nt  i s
p rov i d e d  by t h e  G E M M A
co l l a b o rat i o n  [ 2 ] :

Fo r  m u o n  n e u t r i n o s ,  a cce l e ra to r-
b a s e d  m e a s u re m e nt s  f ro m  L S N D
g i ve  [ 3 ] :

Wh i l e  t h e  b e s t  l i m i t s  fo r  t a u
n e u t r i n o s  a re  [ 4 ] :

Ad d i t i o n a l  co s m o l og i c a l
co n s t ra i n t s  a r i s e  f ro m  B B N  a n d  
        

A s t ro p hys i c a l  sys te m s  a l s o  p l a ce
s t r i n ge nt  co n s t ra i n t s  o n  μ .  To
d ate ,  t h e  s t ro n ge s t  b o u n d s  h ave
b e e n  d e r i ve d  f ro m  re d  g i a n t s
co o l i n g  a rg u m e nt s  [ 6 ,  7 ] :  

BOUNDS ON MDM:
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W H Y  C O R E - C O L L A P S E
S U P E R N O V A E ?

PART II



Enormous neutrino flux,
with total released energy

M A X I M I Z A T I O N  O F  T H E  I M P A C T  O F
P O S S I B L E  N O N - S T A N D A R D  N E U T R I N O

I N T E R A C T I O N S

Extreme conditions in the
PNS core 

About 99% of the
gravitational binding energy
is released as neutrinos

Neutrinos dominate the
cooling of the proto-neutron
star over a timescale of
about 10 seconds
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neutrino-sphere

PNS

If neutrinos have a non-vanishing
magnetic dipole moment 

T H E  C O O L I N G  B O U N D
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PNS
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left-handed (anti)neutrinos can turn
into sterile, right-handed states
through the process 
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neutrino-sphere

PNS

Co nve rs i o n

of  t ra p p e d
i nto  f re e -
s t re a m i n g  

If neutrinos have a non-vanishing
magnetic dipole moment 

left-handed (anti)neutrinos can turn
into sterile, right-handed states
through the process 

T H E  C O O L I N G  B O U N D

  Martina La Rosa <martina.larosa.3@phd.unipd.it> Erice, INSP 2026              7/18



neutrino-sphere

PNS

In the PNS:

We impose the condition:

T H E  C O O L I N G  B O U N D

neutrino-sphere

PNS
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T H E  C O O L I N G  B O U N D
Using the previous considerations, it is possible to derive a
first estimate of the upper bound on the neutrino magnetic
dipole moment:

By using Garching 1D model SFHo-18.8 (cold model):
Internal temperature: T ∼ 40 MeV
Initial​ chemical potential for electron neutrinos in the
center: μ​ ∼ 150 MeV
Radial extent of the lepton core: R ∼ 10–20 km
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Where: Large Magellanic Cloud
When:  23 February 1987
What:  Type II supernova, previously a blue
 supergiant known as Sanduleak −69° 202
How: Gravitational collapse, core-collapse
supernova explosion, intense neutrino burst

S N 1 9 8 7 A
Direct probe of
neutrino emission
from supernova

Possibility to study the
duration, luminosity
and energy spectrum
of the burst

Possibility to constrain
new physics 
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E V E N T  C O U N T I N G
B O U N D

PART III

22



The probab i l i ty for a  neutr ino
mass  e igenstate  to  f l ip  i t s
he l i c i ty i s :

HELICITY REFLIP  IN  THE
GALACTIC MAGNETIC F IELD

Integrat ing  th i s  magnet ic  f ie ld
over the  luminos i ty d i s tance  D:

Credit: Fiorillo et al. (2026),  arXiv:2509.13322
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w i t h       n u m b e r  of
re - f l i p p e d  n e u t r i n o s  

Howeve r,  a b ove  ro u g h l y 6 0
MeV ,  t h e  i n te ra c t i o n  ra te  i n
wate r  b e co m e s  d o m i n ate d  by
c h a rge d - c u r re nt  (CC )
re a c t i o n s  o n  ox yge n  n u c l e i .
Fo r  e l e c t ro n  n e u t r i n o s  a n d
a nt i n e u t r i n o s ,  t h e s e  c h a n n e l s
fo l l ow :

EXPECTED DETECTIONS
Th e  f l u e n ce  a t  Ea r t h  i s :

At  t h e  t y p i c a l  e n e rg i e s  of
s u p e r n ova  n e u t r i n o s ,  t h e
p r i m a r y d ete c t i o n  c h a n n e l
i s  Inve rs e  Bet a  De c ay of
e l e c t ro n  a nt i n e u t r i n o s  o n
hyd roge n  n u c l e i .
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Th e  c ro s s - s e c t i o n  i n  t h e  e n e rg y ra n ge  of  i n te re s t  c a n  b e
ex p re s s e d  a s :

We  a re  i n te re s te d  i n  t h e  n u m b e r  of  eve n t s  p ro d u ce d  by
t h e  i n te ra c t i o n  of  t h e s e  h i g h l y - e n e rget i c  n e u t r i n o s .
Th i s  c a n  b e  e s t i m ate d  a s

EXPECTED DETECTIONS
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S i n ce  n o  eve n t  w i t h  e n e rg i e s  a b ove  
6 0  MeV  wa s  o b s e r ve d  i n  I M B  a n d

Ka m i o k a n d e  I I  a t  t h e  t i m e  of  n e u t r i n o  a r r i va l ,  
we  c a n  p l a ce  n ew,  m o re  s t r i n ge nt  co n s t ra i n t s

o n  t h e  va l u e s  of  t h e  m a g n et i c  m o m e nt s  of
n e u t r i n o s
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Th e s e  re p re s e nt  t h e  m o s t  s t r i n ge n t
p re l i m i n a r y b o u n d s  o n  t h e  n e u t r i n o

m a g n et i c  d i p o l e  m o m e nt s
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E V E N T  C O U N T I N G
B O U N D
Gi ve n  t h e  n u l l  d e te c t i o n  by I M B ,  we  s e t  a n  u p p e r  b o u n d
o n      i m p o s i n g  t h at  

Fro m  t h i s  p ro ce d u re  we  d e r i ve  t h e  fo l l ow i n g  u p p e r  l i m i t s :

BRAND 

NEW
BOUNDS!
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R .  Ba r b i e r i ,  R . N .  Mo h a p at ra  [ 8 ] :  
D.  Nöt zo l d  [ 9 ] :
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Ou r b o u n d s  ove rco m e  a ny ot h e r  e x i s t i n g  b o u n d  t o  d a t e .

Al l  t h e  n e u t r i n o  m a g n et i c  m o m e nt s  co n s i d e re d  a re  i m p rove d ,
l e a d i n g  to  m o re  s t r i n ge nt  b o u n d s  w i t h  re s p e c t  to  t h e  p rev i o u s
l i m i t s .

CC S Ne  p rov i d e  a  p owe r f u l  l a b o r a t o r y  to  co n s t ra i n  n ew p hys i c s
b eyo n d  t h e  S M ,  h o p ef u l l y  g i v i n g  u s  n ew h i nt s  a b o u t  t h e  n at u re
of  n e u t r i n o s  t h e m s e l ve s  a n d  t h e i r  e l e c t ro m a g n et i c  p ro p e r t i e s .

A n ew CC S N  ex p l o s i o n  wo u l d  p rov i d e  a n  ex t re m e l y i n te re s t i n g
p ro b e  of  n ew p hys i c s ,  o f fe r i n g  i n fo r m at i o n  a b o u t  n e u t r i n o
i nte ra c t i o n s  a n d  t h e i r  ro l e  i n  b ot h  p a r t i c l e  p hys i c s  a n d
a s t ro p hys i c s .
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	In the simplest extension of the Standard Model with three massive neutrinos:
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	For muon neutrinos, accelerator-based measurements from LSND give [3]:
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	THE COOLING BOUND
	Using the previous considerations, it is possible to derive a first estimate of the upper bound on the neutrino magnetic dipole moment:
	By using Garching 1D model SFHo-18.8 (cold model):
	Internal temperature: T ∼ 40 MeV
	Initial​ chemical potential for electron neutrinos in the center: μ​ ∼ 150 MeV
	Radial extent of the lepton core: R ∼ 10–20 km
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	HELICITY REFLIP IN THE GALACTIC MAGNETIC FIELD
	The probability for a neutrino mass eigenstate to flip its helicity is:
	Integrating this magnetic field over the luminosity distance D:
	The fluence at Earth is:

	EXPECTED DETECTIONS
	with      number of re-flipped neutrinos
	At the typical energies of supernova neutrinos, the primary detection channel is Inverse Beta Decay of electron antineutrinos on hydrogen nuclei.
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