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Prompt trigger

Direction
Energy
Time

v,/V, separation

Statistcis

Luminosity [10™ ergis]

Average Energy [ MeV)

IBD events in JUNO / ms

ES events in JUNO / ms

What do we need for SN ¢
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Event rates

ApJ.496,216(1998)

WS (kton) |LS(kton)

IBD 228 300
v e scattering 10 20
160 ort°CCC 3 60
v p scattering - 300

Note: This Is for a 10kpc supernova.

v' 32 kton for SK @4.5 MeV;

v 1 kton for KamLAND @0.35 MeV
Comment: High SBN rate may paralyze the online
system, special caution is needed.
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Signal signature

WC

2.2 MeV y or ~8.0 MeVy’s
v Direction

v' Energy

v Time

v v,/v, (W/Gd)

LS



Bkg. for SN online trigger

Uniform vertexes of SN neutrino  Vertexes of spallation events
events in a short time window in a short time window




Signal and background shapes
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The Super-Kamiokande Experiment
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Real-Time Burst Monitor

Data Acquisition System

L

Event Builder

Reformat Process
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LE Elastic Scattering Event @SK

Super-Kamiokande
Run 1742 Event 102496
96-05-31:07:13:23

@ v+e >Vv+e

)

103 hits, 123 pE
hits, 0 pE (in-tima)
e.6)}

Trigger ID: 0x03

SSUN= 0.949
Solar Neutrino

Sensitive to V., VH’ V.
O(Vype) =~0.15%x6(v.e)

Time(ng)
¢ 815

. Timing information
vertex position

® 995-1015
® 1015-1035
® 1035-1055
® 1055-1075

o Ring pattern

direction
Ee=9.1MeV * Number of hit PMTs
COSGsun — 095 energy
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Enftries/bin

Entriesbin

Entriesbin

SN direction
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Real-Time Burst Warning

Data Acquisition System
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W/O n tag

W/ n tag

Declination (deq.)

Declination (deqg.)

Right ascension (deq.)
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Detection efficlency
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Since other flavor anti-neutrinos
are converted to electron anti-
neutrinos, the average neutrino
energy increase, resulting in a
high rate of IBD.
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Offline search @ SK-I,

Sophisticated cuts can be applied to suppress background

—
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The Astrophysical Journal, 669:519Y524, 2007
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Detection Probabilit
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Limit for Galactic SN @SK

P0G DWS DN

7 onobibg

T
L=
o

C Todyg Jaiu

Distant burst search

, SN burst search with
f_.-f"“ low enerqy threshold

0 L L
0

200

Distance [kpc]

" ~10%
probability at
Andromeda was
achieved in the
distant search

/.
= Upper limit:
. ““jf’fgfdﬂ (90%CL)
** ""~= l 0.32 Galactic
e -1 SN per year
400 600 300 1000

The Astrophysical Journal, 669:519Y524, 2007



.. Ihe Daya Bay Experiment
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Target mass comparison

Table 1: Supemova neutrino detectors in SNEW S and their capabilities. Nigp
Is the expected number of IBD events from a SN at 10 kpc, with an emission
of 5% 10°? erg in #.’s, and an average ¥, energy around 12 MeV, which is
compatible with SN 1987A measurements.

Detector Type Location Mass (kty Nmpp Ei (MeV)
lceCube *L.S. Ch. Antarctic  0.6/PMT N/A -
Super-K Water Ch. Japan 32 7000 7.0

LVD Scint. Italy 1 300 4.0
KamLAND  Scint. Japan 1 300 0.35
Boreximno Scint. Italy 0.3 100 0.2

Daya Bay fM.S. Scint.  China 0.33 110 0.7

* Long-String Cherenkov 1 Multiple-Site Scintillator
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Energy
Resolution

Threshold

Multiple sites
or single
site/detector

Detection
probability

Daya Bay
0.3 MeV @10 MeV

2 MeV (online) 0.7 MeV/(offline)

Sensitive to full spectrum and
other models

8 ADs deploying in three sites:
robust against cosmogenic
backgrounds

Prompt online trigger ~10s
Increase online/offline sensitivity

100% within 30 kpc

Super-K
1.6MeV @10 MeV

~10 MeV

Single detector

Need complicated
reconstruction for
online

100% within 100 kpc
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Algorithm for IBD trigger only

Offline sub-system

Online sub-system (in DAQ)

Golden Trigger

Tight Cut:
1 per 3 month

Loose Cut:
1 per month

Silent Trigger

DIM communication

Back up

SNEWS

datagrams at
Daya Bay
F 3

Write in
database;
Mail alert to
collaborators

A\ 4

Offline analysis

coincidence
server

Retractor
confirm

to cross check

Onsite farm program

EH1-AD1: IBD
T i
selection
i Cache IBD
Raw Data - :
> candidates from
{= EH1-AD2: 1BD each AD in buffer
selection
> Combine to form a
> supernova trigger
EH2-AD1: IBD candidate
N :
EH2 selection N
Raw Data - Deliver supernova
- trigger candidate
to offline server
[ J
- ] -
Information sharing
R EHS t ‘server’
awbatal | pys Apa: 1BD
selection
DAQ I -
running IBD selection IS server status
status status and data and data

/L

Offline
working status

v

/r

Overall status analysis;
Record historical data

Auto Daily Report;
Auto Error Report.

Monitor
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Online selection

Gd neutron capture

Acc coincident
background

H neutron capture

Selection Cuts:

1. PMT Flasher

2. Muon Veto

3. Time Coin.~400us

4. Multiplicity ~2

5. Prompt-Delayed
Distance~1000mm

6. Energy cut

\

[

Delayed Energy (MeV)
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25 30 35 40 45

50

Prompt Energy (MeV)

!

!

Reactor Neutrino

Muon-induced neutron

Single AD trigger rate:
DYB ~0.015Hz LA ~0.012H:z
FAR ~0.0012Hz

Expect ~10/AD SNV, @10 kpc
in 10s (after 70% eff.)
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« ADs from different experimental halls (EHs) are independent

« An approach was developed to handle the correlation between two
ADs In one experimental hall

 Atable is generated for all IBD candidate combinations in
multiple ADs and sorted according to the predicted rate of
occurrence.

EHI EH2 EH3 Rate (Hz)

ADIADZ ADIAD? ADIADZAD3ADS (> Eos) For a false alarm rate threshold
0 0 0 0 00 0 0 I (Poyg =1/3months),

0 1 0 0 00 0 0 ry kth row as a cut satisfies:

0 0 0 1 01 0 0 I, 00 00

2 0 0 1 0 0 0 0 Ips Z r; < Ppyg and Zn > Ppys.

I=k+1 =k

« The combinations below kth row would be a SN candidate
* Loose trigger: 1/month
 Golden trigger: 1/3-months



Sensitivity

« Assuming a 1987A-type SN explosion at some distance,
summation of the probabilities of the combinations surviving
from the trigger cut.

» The IBD selection efficiency for supernova burst neutrinos is
about 70%.

 Fully sensitive to 1987A-type supernova explosions throughout

most of the Milky Way Single Detector curve:

—
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X . | | » Target mass of all 8

S a0 iy way center NN\ — : :

5 s0p (“Bi5kpc) N N — ADs combined Into a

g 70;__ .......................... ............ MilkyWayEdg .......... .......................... Single detector With the
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I T TR NN | sum of bkg rates in 8
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L o e NG —_— | gain in sensitivity of
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Offline searching at Daya Bay

« Analogous to online watching but
« Good data quality & reconstruction, less background

* |IBD channel
« 75% efficiency

* Include NC-*?C channel (a 3-sigma energy range
cut on one-fold event after IBD selection)
 expect 2/AD SNv @10 kpc after 40% eff.

* 40% eff. in full volumes including GdLS (20t), LS(22t),
and mineral oil (~40t, used for radiation shielding,
contribute <0.1% IBD, but a large fraction of single
gamma spill into LS)

« Background: ~8(6)x10~° Hz/AD, far site ~6x10° Hz/AD



Offline analysis

NC-12C (all flavors, 15.11-MeV
de-excitation y)
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v Energy threshold >10 MeV [1+2+3] -- high signal-
to-background ratio (high sensitivity)

24



Sensitivity (8AD configuration)

Compared with LVD (1kt LS + 0.85kt Fe, 840 tanks,
trigger-level analysis containing all kinds of interaction
channels, 10-100 MeV, 21-yr data, world-wide most
stringent upper I|m|t 0. 114/yr)
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depth {m.we.)

nping Underground Lab

Diversification of deep underground labs

The deep labs of the world were originally set up in underground sites such as mines or
road tunnels to do rare-event astroparticle-physics research. Recently however, writes
Louise Mayor, many labs have diversified into new areas. Shown here are 10 major
underground labs — five sited below mountains and five down mine shafts— and the
types of research currently underway in them. Projects planned forthe future are
not included. The reason for locating labs in such places is that the rock above
stops most of the cosmic-ray-muon flux present on the Earth’s surface from
reaching them. The rock's effectiveness is measured in “metres of water

equivalent” (mw.e.), where 1 m.w.e. corresponds to an amount of rockwith

T 1000

+ 200

T 3000
Gran Sass0 National 'ﬂﬁ
Laboratory, Haly k"‘ @ ® *‘ the same cnsmluay—muon SIODPIHE power as one metre of water.
T 4000 >
FHL T SEI0 =
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K& O WR/7 N
China Jinping Underground Laboratory, China
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L7000 - > - - : 3
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I '5.." ey s 3000 + %
o] materials testing ("m Mars movers . - 4000 + -
& nuclear astrophysics ,ﬂ\‘ ruon tmagraphy : Research Farility, US —
Kl
% -‘m G000
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W
Tmn -

Fhyslos Werld Mey 2015
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ow Background at CJPL
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Plan to build two kton detectors
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Cavities under construction




With slow liquid scintillator
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Expected sensitivity

—~ 100

Detection Probability [ %

80

60

40+

= Two Detectors (2 X 1.5 kt)

One Detector (1.5 kt)

T B O ITTrr Tr L  Cr T I TTr T o i

10 10°
Distance [kpc]

Kilo-ton detector
@Jinping 100%

| detection probability
~--+-- comparable to Super-K

| Clean measurement
.\~ of supernova burst
.\ |neutrinos ~1000 (3 kt

LS) SNv @10kpc



JUNO Experiment




—— Muon Tracker
Outer Vessel
Water Pool

— 20 kton pure water

— 6 kton mineral oil

L 20” PMTs

Veto PMTs



Summary

« Experimentally, we have tried our best to
search SN In either WC or LS detectors.
No signal has been observed yet.

* Next phase of experiments are aiming at
Increasing target mass, adding neutron
tagging and |mprovmg/prowd|ng both
directional and energy measurements.

* For few tens of MeV neutrinos, we are still
working on getting correct neutrino
energy.



Thanks!



