Detection of supernova /. in Super-K Gd and large LS detector
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Motivation Impact of Gd — dramatic reduction of background
* Supernova vs carry ~99% of total energy --- need to detect all ' ' N S S . o 5
: 40 F Ve +e signal 40 b v, + %0 signal
flavors 1n adequate numbers g /%~ andbackground : g and background

(Ey,) = 12MeV ; . (E,.) =18MeV

* Neutrino flavors that can be detected easily at present
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(1) v, via inverse beta (IB) interaction|v, +p — e +n

th_ckground -> \ v, (IB; Gd)

(ii) vz = (v, + v7) & antiparticles via elastic scattering on protons in ¥, (IB; n0 Gd) -
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* Presently NO good way to measure v, in large numbers

* Largest number of v, signal interactions is in Super-Kamiokande via[v. + e — ve +e | | ----- Yo UB: G ™
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* v, + %0 — e~ + '6F* gives comparable number of events when the 0 10 2 30 4 50 -
average energy of v, is high T [MeV] T, [MeV]
S Sy ved SR Best fit (E, ) = 12MeV E,Eot — 5 x 10° erg Best fit (E, > = 18 MeV
* Efficient way to detect these v, in Gd loaded Super-K 10 (e e e T e LR
* Near-future large liquid scintillator detector can also detect j ve+ %] 90%CL.. | ve+ 01| |: 90%CL.
supernova v, via|v, + 2C — N, + e 81 : 1 57 A ]
* The “Ng.. decays with the half-life of 11 ms|'?N,; — 2C + e + v, 5 | SRR 15 .1 Lo
* The double coincidence signature of this interaction can very y’g =
efficiently detect the supernova g 4t 2 4r -
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* Use angular cut to 1solate the electrons from v, + e~ — v, + e~ --- dashed: no Gd dashed: no G o
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* Gadolinium in Super-K =»identify neutrons =» remove inverse beta <E, > [MeV] <E, > [MeV]
events individually with high efficiency 10 R B ) e
* Remove the remaining smaller backgrounds statistically - o0%C Ltot BES; it - 90%C. Ltot BES; nt
* When (E,,)is high = °O is important =» detect electrons in the 8 T Byl =9ox Sl() Iirg- 8 | B, =95 x 107" erg.
“backward” cone = Gd helps in removing the enormous background o " ulg’g R T JUNO
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Detection channel 12 MeV 15 MeV 18 MeV = = .
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Large 11qu1d scmtlllator detectors JUNO
Detection strategy (large liquid scintillator detector — JUNO, RENO-50, LENA) T Single-signal events | Doublo-sianal cvents (s of me)
* No Gadolinium in these detectors =2 detect neutrons from inverse . _ 1 )
- o (Fy,) 12MeV_‘_|4 g | v. v+ 2C -
beta interactions via capture on hydrogen and carbon > VEP = VHD | > ©e
* Detect electrons from v, + e~ — v, + e~ --- no angular information i O . S = | ) Ve—
--- efficiency determined by neutron capture efficiency 5 Y e | 5 % Ve i
* Detect the electron and positron from the double coinicidence ~ %% 4L 647 _
signature in the interactionv, + '*C — *N,, + e~ --- backgrounds Sy IE] e 8
due to 7e + °C =>» important to distinguish electrons and positrons Z oipocten & 2Ff : ’94%\ .. -
in liquid scintillator detectors via pulse shape discrimination and » e 73 N S ™
different lifetime of the excited nucleus T o0 a0 e T, O 0 10 ""30 o s
Detection channel 12 MeV 15 MeV 18 MeV E s [MeV] E. . [MeV]
Ve +p—e’ +n 38983 4857 2727 Best fit (F,,) = 12MeV E°* =5 x 10° erg Best fit (F, ) = 18 MeV
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Ve + 12C = et + 2B, 49 107 177 s
v+ 12C — v/ + 2C* (15.11) 26 60 104 J T -
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* Important to detect supernova v, in as many detectors as <by> [MeV] <by > [MeV]

possible
* Super-K Gd and near future large liquid

scintillator detectors (JUNO, RENO-50
and LENA) have excellent sensitivity to

supernova v,
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