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Standard Core-Collapse SN :

Init.al Prase of Collapse

Mewtring Trapping
it~ o

1. Collapse

2. Bounce = | €y

3. Shock Propagation

4. Shock Stagnation

5. Accretion = |~ 10%/L¢,

6. Cooling PNS =% | 90% (£,

Meutring Coaling and Meutrino—
Driven Wind {t ~ 10s]}
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BOUNCE:Gravitational Waves

Bounce and Shock Formation
it~0.11s8 2.2 2,

at 10 kpe]

h[o™

pressure-dominated bounce

— with convective overturn
{rotation profile Al, B,= 0.25%)
pressure-dominated bounce

T (rotation profile A2, 8. = 0.50%)
single centrifugal bounce

= (rotation profile A3, §, = 2.50%)

muEear mater

2, E—buming shel

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

1

Can we use neutrino signal to identify
26/11/2008 the bounce time t h ? ET-ILIAS MEETING




NEUTRINOS from SN -==‘

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

N, = 10°° <E, >=10-20 MeV
The low cross section of weak interactions : g, = (10'44 LE, ) cny

Reaction Processes in HZO and CnHZn

+e _ +e ove-~0160 Elastic Scattering
ga € g € V.8 : _5% of events

v,te -y, t+te J(vee):O.QSBTO/ ,
We only consider
oS5 W T o and
' IBD reaction

Inverse Beta Decay :
26/11/2008 Main signal
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ACCRETION PHASE :::3

L,[10°%erg/sec]

shock Stagnation and v Heating,
Explosion (t ~0.2s)

04 06

tom =(t-t, )

cooling layer

EMISSION
Process:

+e" - pt+i
nre PTV, Model Parameters

Microscopic parameterization of |7€flux |\/| T T

®, (E, ) O N, {t™)o.. (E,)
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COOLING PHASE :::

o
L,[10°%erg/sec]

0.7

Thermal emission from cooling of PNS  Model Parameters
all species of neutrinos are emitted

‘EV/ R/ TC TC
cbove(Ewtem) [] R/Z

[T (Etvem) 6 + 1 free
l+e - parameters

26/11/2008 ET-ILIAS MEETING




ANALYSIS OF SN1987A st

Likelihood DATA

analysis
including all
data features

KIl + IMB + BAKSAN
Detector Efficiency Functions

Background Spectrum Rate

n(e)

=1¢3)

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

M, =0.223%M R =167°km
T, =2.42°MeV T. =4.62 MeV

==

1 7
I, = 0.55J_r8:§_’$ S I. =4.715,s

26/11/2008

Very good agreement
With the theoretical
Expectations
(Pagliaroli et al. 2008)
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LVD 5

Future SNe: LVD Detector 3

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

Detection process

7.+ p € +n N 6@.pN,, (E,.t,D)(E,)

dE, dt
EESE.- M.

Background rate

20 30
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Simulated Events in LVD S H-

The number of expected events in 20 seconds is:
2

(D) = 226.7x +4. = E, >7MeV

events

2

(D) = 213.5x +05 = E, >10MeV

events

Simulation with E;, = /M€V and D=20 Kpc
57 SN events
26/11/2008 + 4 background events ET-ILIAS MEETING




Statistical Analysis ::s¢

o O
Using Monte Carlo simulated data Statistical error by

we compare: marginillization
1) True and estimated
bounce time

|
t ()| ty (ms) tIve-tBH  At(ls)| C—pCompatibility
Error Factor:

2) True and estimated 43 24 +19 | +19 1 The ratio
error on bounce time 27 29 3 .14 0.2 between

the true error

36 35 +1 and

estimated
o0 one

38 32 +7
33 34 -2
23 42 -19
32 24 +8
56 42
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RESULTS 3328

The average statistical errors within 68% and 90%
C.L. are:

(At (Lo))="1ams (At (20)) ="5 ms

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

t,(U.T) = (,(U.T)-t2) "ms

14
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TOTAL FLUX &. (E, 1) 415

o o
TEMPORAL SHIFT BETWEEN THE ACCRETION AND THE COOLING PHASES

®p (t) = DL(t) + f (t) [ (t—7,)

®, =P, +(1-P)®; §,=35+4

P =cos’(3,), Gy

®,(7,)=0 ®L(7,) = D7)
T (|7#)/TC (V,) =12
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ROTATION :::2

V. 6.9 MeV V, 21 MeV
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SN1987A:
Can we deduce the bounce time?

Only the IMB clock worked properly:
From 8 IMB data: STAT. SYST.

t, =7h35m41.37s -0.76s +0.05s

From 12 KIll data;

t, =7h35m33.68s -0.08s +1m

From 5 Baksan data;

t. =7h36mi12s -0.30s I

—-54s
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NEUTRINO MASS BOUND

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

the neutrino mass
At=26 ms( m,_ | LSME
leV = 50kpc

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:

t =t +t™ +At(E,,m,)

m, =0."eV
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