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INTRODUCTION

Bottomless pit of poor results

I

KISS rule

| Effective parameterization
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PART I — MOTIVATION

e Under-representation of ve-sensitive detectors
— Complete pictures requires multiple channels
e Down-time of current kt-scale detectors
— calibration, reconfiguration, end of life. ..
e Cost of big detectors

— some features might be sacrificed
— beyond the golden era (DUNE, JUNO, Hyper-K)

NEED FOR
LOW-COST, LOW-MAINTENANCE, LONG LIFETIME
DETECTORS
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LEAD AS SUPERNOVA DETECTOR

= Lazauskas and Volpe (2007) === Almosly et al. (2016) SkX
=== Engel et al. (2003) = Almosly et al. (2016) SLy4
Almosly et al. (2016) SkM* === Kolbe and Langanke (2001)
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>>> See Y.Efremenko’s talk
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CHANNELS

e U+ Pb—e +@-UBi4+n

(S 9.77MeV thr.

e v+ Pb v+ @~ UPh4n
— ----7.37MeV thr.

° Ve+7Pb— e+ @~ IBi+2n
— ——— 17.87MeV thr.

o v4+7Pb— v+ @=2Pb+2n
<. .- 1411MeV thr.

Integrated fluxes [A.U.]

15 20

Neutrino energy [MeV]
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>>> See C.J. Virtue’s talk




HALO-1KT AT LNGS

e Lead core from OPERA
— (4.33% x 5.5) m?
— x12.7 mass (1kton) w.r.t. HALO
e 282 x (5.5m) array of 3He
e 8mm PS moderator
e 30 cm graphite reflector
e 30 cm water shielding
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GOAL

ASSESSING HALO-1KT (THEORETICAL) IMPACT
ON THE RECONSTRUCTION OF THE NEUTRINO SIGNAL

e Alone
e Combined with other detectors

— Super-Kamiokande
— JUNO

e Proof of principle
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NEUTRINO SIGNAL

2
AN, _ 3 Poo(t,B) | La(t)
dE,dt ~ &~ 4xD? (E)

X fo(t, E)

e Fluxes detected on earth
e Quasi-static treatment

e Thermal description

dF, & (a4 1)t B
dE, 47D? T(a, +1) (E,)ov+2

exp {_(ay 4 1)&&

IM.T. Keil, et al., Astrophys. J. 590 (2003), pp. 971-991.
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NEUTRINO SIGNAL

LS220-s27.0co LS220-z9.6¢co0 Models [3]
;? (E) o 5‘2” () Y 3 parameters
[10° erg] [MeV] [10° erg] [MeV]
Ve 0.571 10.8  2.42 0.316 9.9 2.75 3 neutrino species
Ve 0.568 13.6  2.26 0.338 123 2.19 (V*V 7y ﬁ)
vy  0.526 129 1.85 0.295 125 246 T T T T

B, _ & (o + 1) B b 1) E
dB,  anD? T(ay+1) (Byyer2 P (E.)

3A. Mirizzi et al., Riv. Nuovo Cim. 39 (2016), arXiv:1508.00785.
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CHANNELS

Super-K

JUNO

eES

IBD

100% tagged
;

[

[MeV]

eES
no pES contamination

IBD
02 45 [MeV]
eES
IBD
02 2m, [MeV]

+12C-CC {

+12Cc-CC

Vm
v, 100% tagged

I ve/v, indistinguishable >

Vm
v, 100% tagged

I v./V, indistinguishable >

TAG

pctag

pC

Ctag
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MONTE CARLO BASED LIKELIHOOD ANALYSIS

A A
log £ (P) > log Lax — 3 with / X2(Nd0f; z) dz = CL.
0

1 x 10°%erg < &, <2 x 10” erg,
2.0MeV < (E;) < 70MeV
(1.0 < o; < 4.0)
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L.S220-s27.0co

Ve Species

LLS220-29.6co
Ve species
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CONCLUSIONS 1

e HALO-1kt as orthogonal source of information
— especially if v, channel is “messy”

e High livetime, long lifetime, reliable

e Cross section measurement
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INTRODUCTION

PART 11
F. Vissani and AGR, “On the Time Distribution of Supernova Antineutrino Flux”,
Symmetry 13 (2021) 10, 1851.
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PART Il — MOTIVATION

e Effective parameterization

— guv <Eu>7 ay
— vs.lg, T

e Time description

— Loredo and Lamb (2002), Pagliaroli (2009, 2011)
e Accretion + Cooling

— U, species
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LUMINOSITY

Luminosity [a.u.]

Time [a.u.]

L =2+ L

4 ga X m(tat077a7aa7na)
S Ng =2, =2

o L, x m(tatﬂaTc,acanC)
S Ne=ng=2,a,=1
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LUMINOSITY

L =2+ L

L Dga X m(tat077a7aa7na)
S Ng =2, =2

Luminosity [a.u.]

o L x m(t7t077—0aa07nc)
S Ne=ng=2,a,=1
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EMISSION MODEL

ACCRETION THERMAL COOLING
dN,, Mg . Tne(Ey) X ge A E? AN, . R A E?
= — = T,
dE,  my " 1+ exp(Be/T,) dE, " 14 exp(E,/T,)
To(t) = 0.6 T T.(t) = To/m(t, to, Te, e, )
gn(t) = gn,O X m(ta to, Tas Na, aa) Rys (t) = Rns,O

{T07 fnUa Rns07 to, Ta, Tc}

(B, ) ~ 0.85MeV + 5T,(1 +0.01 T, /MeV) L (B
(E,.) ~3.15T., (Ev,a) Ta

SPagliaroli et al., Astropart. Phys. 2009, 31, 163-176.
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BENCHMARK MODEL

{Th =4.2MeV, &0 =0.04, Rpso = 18km, t9 =0.1s, 7, =0.5s, 7. = 5s}

Flux @,
[em™2 57! MeV1]

1.0

Neutrino energy [MeV]

0.0 02 04 0.6 0.8 1.0 -3 2 1 0 1

Time [s] Time [Log,,(t/s)]
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BENCHMARK MODEL

{Th = 4.2MeV, &0 =0.04, Rpso = 18km, t9 =0.1s, 7, =0.5s, 7. = 5s}

(D = 10kpc)
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KAMIOKANDE-II

Ny =6.5, No=7.1, Npgg = 5.6, Nios = 19.2

(D = 50kpc)
3.0f ' 1.0F
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2.5¢ Background rate | 0.8l
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o 15 o
& 04
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to = 0.0, 0.05, 0.1, 0.2

Time [s]

—  pea = 62%, 56%, 48%, 30%
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KAMIOKANDE-II

Events [MeV~!]

Ny =6.5, No=7.1, Npgg = 5.6, Nios = 19.2
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CONCLUSIONS 11

e Simple model with physically meaningful parameters

— Maximum %,
— Time scales 7., 7,

e Assessment of accretion phase
e (Roughly) compatible with SN 1987A
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T. Hocks
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