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Standard Core-Collapse SN

10% νε⋅∼

48 50(10 10 )GW ergε = −

1. Collapse

2. Bounce

3. Shock Propagation

5. Accretion

6. Cooling PNS

4. Shock Stagnation

53(1 5) 10 ergνε = − ⋅

90% νε⋅∼

GWε

JANKA  et al. Phys. Rept. 442 (2007) 38
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BOUNCE:Gravitational Waves

Generic gravitational wave signals expected when the
external core bounces on the inner core (Dimmelmeier et al. 2007)

Can we use neutrino signal to identify 
the bounce time        ?bt



26/11/2008 ET-ILIAS MEETING

NEUTRINOS  from SN

x xe eν ν− −+ → +
5%∼

e ee eν ν− −+ → +

e p e nν ++ → +

Elastic Scattering  
of events

Reaction Processes in 

Inverse Beta Decay :
Main signal

Neutrinos emitted by SN event carry away the 99% of the total 
energy of SN explosion

5810Nν ≈ 10 20E MeVν< >= −
The low cross section of weak interactions :

eν
We only consider 

flux and  
IBD reaction

0( ) 0.93eeσ ν σ= ⋅

( )44 2
0 10 E cmνσ −≡ ⋅

0( ) 0.16xeσ ν σ⋅∼

0( ) 9e p Eνσ ν σ⋅ ⋅∼

2 n 2nH O and C H
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ACCRETION PHASE
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COOLING PHASE
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Thermal emission from cooling of PNS 
all species of neutrinos are emitted 
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ANALYSIS OF SN1987A

( )B ε
29evN =

( )η ε

1 2, ,...,
evNt t t

1 2, ,...,
evNε ε ε

1 2, ,...,
evNδε δε δε

DATA
Detector Efficiency Functions

Background Spectrum Rate

KII + IMB + BAKSAN

1 2, ,...,
evNϑ ϑ ϑ

The Best-Fit values for the parameters of the emission model:

Very good agreement
With the theoretical 
Expectations
(Pagliaroli et al. 2008)

Likelihood 
analysis 
including all
data features
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Future SNe: LVD Detector

e p e nν ++ → +

LVD(Large Volume Detector) is a liquid scintillator in LNGS with 1Kton 
of mass          only 1ms of ToF from VIRGO detector
Knowing the best values of parameters we can simulate the neutrino signal 
expected for LVD detector from future SN explosion

vis ee
E E m+= +

( ) ( , , ) ( )
ee p

dN
p N E t D E

dE dt ν ν ν
ν

σ ν η= Φ
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EvisHMeVL
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BK �����������������������events

MeV sec
O

Background rate

Detection process

EFFICIENCY
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Simulated Events in LVD

GC LMC
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44%of events20t ms∆ =

The number of expected events in 20 seconds is:

Simulation with                       and  D=20 Kpc
57 SN events 

+ 4 background events

7thE MeV=

tb
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Statistical Analysis 
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Using Monte Carlo simulated data 
we compare: 
1) True and estimated 
bounce time
2) True and estimated 
error on bounce time 

em
bt 0 t t= → =

Statistical error by
marginalization

Compatibility 
Error Factor:

The ratio 
between 

the true error 
and 

estimated 
one
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RESULTS
The average statistical errors within 68% and 90% 

C.L. are:                                              

Exploiting the neutrino signal detected by LVD for 
a SN event at 20 Kpc, it is possible to know the 
Universal Time of the bounce with an average 
error:

16
14bt (1 ) msσ +

−∆ =

( ) 16BF
b 1 b 14

t (U.T.) t (U.T.) t ms
+

−
= −

43
b 22t (2 ) msσ +

−∆ =
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TOTAL FLUX
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For normal mass hierarchy the survival  probability and the observed flux 
of      is: 

ASSUMPTIONS

eν

TEMPORAL SHIFT BETWEEN THE ACCRETION AND THE COOLING PHASES
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ROTATION 
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0 7 35 33.68 0.0 18
e

t h m s msν −= ±

0 7 35 41.37 0.76 0.05
e

t h ssm sν ±−=

SN1987A:
Can we deduce the bounce time?

From 8 IMB data:

From 12 KII data:

From 5 Baksan data:

STAT. SYST.

0 2
547 36 1 0 302 .

e

s
st h m s sν

+
−−=

Now SYST. 0.1 ms±

Only the IMB clock worked properly:
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EARTH

SN

emt

( . .)T U T

det em off
At t t= +

Detector A

Detector B
det em off

Bt t t= +

( )FLYt AB∆

First event 
detected in each
detector

1
AT 1

BT
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NEUTRINO MASS BOUND

2σ

10
2.6

1 50

m MeV D
t ms

eV E kpc
ν

ν

    
∆ =     

    

We can include in the previous analysis the delay time associated with 
the neutrino mass

We added a new free parameter
to our likelihood function 
The presence of this new degree of freedom associated with the possibility 
To shift the IMB data produces a 
Likelihood function very pathological 
With multiple peaks. The physically
Acceptable solutions are characterized 
By best-fit values very simular to the 
Previous one and best-value for the 
Neutrino mass of:

80.vm eV+=

( , )em off
it t t t E mν ν= + + ∆


