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Motivation

m vV masses from v oscillation are a access to very high - g
clear signature of physics beyond SM new physics scale (M,,) v= M
[ [ [ [l [l [ [l NP
m Oscillation parametrized with neutrino mixing
PMNS matrix + 2 mass differences _ _
Normal Inverted
- - - ~ o= - 2 2
Ve U, Us Us| 4] 3 angles (0, METp T —— — 2
o 7 7 {_.'T solar: 7.5x107 eV~
1_;# = ul 12 13 L' 23, ) and 111‘%
_'i*"".r_ i 1 2 ITE_ _'i*"'E'r_ 1 phase 6CP atomospheric:
g . 2.4x107 eV’
1 0 0 T C1a 0 S13 e—idcp B €19 519 0 atomospheric:
0 3 8;m 0 1 0 —812 €1 0 ) 2 4x107 V2
0 —893 03 —Slgﬁﬁcp 0 €13 0 0 1 solar: 7.5%107 eV? ]
- - . — 2
€12€13 812013 §13€0CP "3
= | —S12023 — 612523513'5_“-“'50? C12C23 — 512523513535_'5? 893C13
S12593 — C12Cp3513€"°CF  —C19 893 — 512Cp3513€"°CF  cg303 . v = v, - v,

* mass hierarchy (MH) ?

— precise determination of parameters allow to constraint . 6,, maximal (> or <45deg) ?
models explaining oscillation. Open questions: .5
CP °

= Not zero d., would be first observation in CP violation in lepton sector!
— important piece of the puzzle of matter/antimatter asymmetry
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Oscillation experiments

uncontrolled

Q‘ : sources.:
?,30 e 300-300 — - “atmospheric,
- Near VARV SVARY
\g/ —  Detector - u Ve \Vu Ve Far 4 solar, SuperNovae
OC)(" v, lv, Detector
?\
Near /\ q Far y
Detector - — Detector
. underground, very large mass
controlled characterize the 'I: i (alsfproton de’cay Sgrcheind
: oscillations
sources unoscillated flux some sensitivity to DM search)
Measurements:

. v —v_disapp.— 8.,, Am,, (Kamland: 180 km)

12°

vV, >V, disappearance — 0,,, Am

VvV disappearance— 6
e e 1
v, — Vv, appearance — 0,,

; 1 >

‘ CP

vV, >V, VSv —>v disappearance ‘ 5.
V,—V, VSv —>v appearance | MH

PRESENT FUTURE

« SuperKamiokande « HyperKamiokande
(T2K): water (T2HK): water

cherenkov cherenkov
* NOVA: plastic « DUNE: Liquid
scintillator Argon TPC
« Daya Bay, Double ;o
’ * JUNO: doped liquid
Chooz, RENO scintillator

Gadolinium doped

_ o (50 km baseline — MH)
liquid scintillator




Water cherenkov v detectors

2
>
Kamiokande Super-Kamiokand¢®™ %
(1983-1996),\"

th tronics

1Mton=1000kton

(560kton fiducial)

x17 x20
(x25 fiducial mass) 2
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How does it work?

SUPERKAMIOKANDE = Signal: (anti)v — (anti)v_oscillation

clear ring fuzzy ring
e Lepton momentum and angle — neutrino energy

S “ « Select events with no outgoing pions (1 ring)
m Backgrounds: (Quasi-Elastic interactions) vn — I'p (outgoing nucleon undetected)

» Quter volume with outward facing PMT to veto external background
 PMT timing to select beam bunches and reconstruct vertex position in fiducial volume

~ e intrinsic v_ component in the beam
vinteractions . ions: et undetected and T — yy — e-like ring +.y undetected
from beam: — I L .

. v oscillations: intrinsic v component in the beam

No magnetic field — no charge measurement (V/G) B
R&D: Gd doping to tag neutrons to distinguish: vn — Ip from vp-> I'n

Working to improve PMTs and on Gd doping.

HYPERKAMIOKANDE: Electronics and calibration system very similar to SuperK



From SuperK to HyperK

Total volume 50 kTon 990 kTon
Fiducial volume 22.5 kTon 560 kTon
Tanks 1 cylindrical 2 egg-shape tanks
41.4m (h) x 39.3m (d) 48m (w) x 50m (h)
x 250m (1)
inner detector 11.129 50.000
PMTS  suter detector 1885 25 000
Photocoverage 40% 20%
Sensor efficiency 18% (22x80%) 29% (30x95%)

(Collection x Quantum eff.)

Tanks and PMT design under discussion:

* minimize risk due to pressure on PMTs
(avoid cascade implosion as in SK
2001 incident)

e minimize cost (volume vs #PMTs)
* need PMT R&D (next slide)




R&D on PMTs

Lower
Risk

_.

2

Higher
Performange

Established (SK PMT) R&D (nghQEICE PMT) R&D (HighQE hybrid

) A f""' \3
50cm | | M
| "
(N
v ‘“:.,“\2kv ~

» Optimization should
include pressure

Venetian blind
dynod

_ det. ) ' resistance
N\ __ |_ possible to put protective cover
Y s ! | — — need precise control of glass
e - ik i |_ B quality
Siv % 8kv >
- Box & Line Avalance
d nDd unigque H
dri}f{uath'l e diode

Collection Eff. (CE) 80% 93% 95%
Timing resol (FWHM) 5.5 nsec 2.7nsec lnsec
m Response to single photoelectron:
charge resolution time resolution
- 7 Multi-PE o y ;
— r easure
E_Pedestal - 1PEY, :_ FWHM (Calculated)
- [Elr/ﬁeazlk] ; - 7.3(5.5) ns
3 SK  53% - 4.1(2.7) ns
- BL 35% - 3.4 (0.75) ns
3 J HPD 16% | [
— 0 1 2 3 ':20 R R TR R S R e

Photoelectron

Time [ns]

Integrated system of inner and
outer PMTs under study (solve
problems of pressure and
in-water electronics)

3' PMTs for
inner detector

large PMT for
outer detector
veto




Gadolinium doping "Ng-

. \_)p — I'n — n get captured in Gd with emission of few y ~8MeV

— for beam neutrino physics: v vs v separation,
but also useful to enhance sensitivity to SuperNova v and proton decay

e R&D studies (eg, WATCHMAN) as reactor monitoring

 EGADS: 200 ton scale model of SuperK fully operative in Kamioka mine

8 1 00% r 391kg =2 89% /_H - Cherenkov light left at 15 m for EGADS detector
c 296 kg = 86% T 1 Blue band: SK-IIT and SK-IV values.
o ’ O\Q/ ’ 1 80 ae 7
) f > ] :. ,
O 80% [ 198kg=>79% o]
2 ’ g 0.2% Gd, (SO,),
% r £ 60l since this time
O 60% 40-kg-of L

1Gd,(S0,); 16H,0 £ . Sampling position:

I in 185 tons ~ / 2 —o-Bottom

40% = 42% capture ™/ B} 2 a0l ] n -
on gadolinium  , 2014/15 x @ o e | e
/ Instrumented 5 10 g 3 S 3 ~+-Top
[ = ~— ) = wn
20% 200-ton-Tank o 3 = g
r // 20 = L_z Z = (_2
I S & f ¥
of Lol el ] =B CE =8 =1 :
0% . 1y time
0.0001% 0.001% 0.01% 0.1% 1%

11/0ct  10/Nov 10/Dec 09/Jan 08/Feb 10/Mar 09/Apr 09/May 08/un 08/jul 07/Aug 06/Sep 06/0ct

All the trick is about keeping water pure and
transparent without loosing Gd (dedicated
filtration system)

Gd concentration

Neutron capture time tested with Am/Be
source: data-MC perfect agreement

« SuperKamiokande will run with loaded Gd in next years!
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Liquid Argon technology

I.onlilng pe:crtlcle_ln L_Art_—> 2 measurements: DUNE: staged approach with 4 modules
charge from ionization of ~10kTon fiducial mass each

— tracking and calorimetry |

= scintillation light — trigger and t;
(drift time — third coordinate for non-beam events)

! Cosmic muon

Cosmic muon

- . —

 E,= 241 GeV e.m. shower

. P =15 H0.2GeY/c - MR b dp

SR ikt bty . single paip track
m

Z C

incomin

e U track momentum from range . T —— i o ione N ino
(or from multiple scattering if not containe . e > (ICARUS)

 PID from dE/dx

Il NI 3 =° reconstruction:

T i £k =102 £ 10 MeV or = 912 + 26 MeVic

Very good electron/y ID and X TR, mae=127 19 MeVEe
T reconstruction & ,\).— gt L) -l 0=280228

« Calorimetric energy from total e T e
collected charge (+ light) ik .

Sub-GeV event




Result of years of R&D

Single-Phase 35-t protgtype protoDUNE

DUNE Reference Design
hasis for first 10 kt moduile

iy, ICARUS

46 times larger than ICARUS
v
DUNE Alternative Design

MICI’DBDONE

Dual-Phase
doxsoem’ {0 0.

stable operation of large area readouts
=d ¥

2016

WA105
15
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Single-phase VS Double-phase

m Very long charge drift path —
diffusion and attenuation
anode wires cathode

Single Phase
charge

readout
— limited to short

drift distances:
4 drift regions of
3.6m each

Double Phase charge readout

anode — high
signal/noise
thanks to
avalanche
multiplication
in gas

T LEM

IFD — Torino — December 2015



Charge signal

« W_=23.6 eV — mip produces ~ 100k e- per cm

o dirft velocity ~mm/ps (—

m Very long drift path — diffusion and attachment

— 60k e- after
recombination

total drift time ~10 ms)

» diffusion ~few mm with 1-0.5 kV/cm

(— pitch readout few mm)

« O, pollution captures ionization electrons
— charge attenuation

(— impurity ~20 ppt O, needed)

E 15 ms -++. & E

E 1ot 4 0 i e
Eot L ae oo | nioumd | :
EUCD ' >15ms(~20pp’r) =
5 0;. | g
& 3
ICARUS 2 =

s 2% of DUNE 1 module mass 11E

1 1 1612 1 1 1 1 4 14/08 13;‘;5

2012 2012 2013 2013 2013 213 2013 2013

S.Bolognesi (CEA,Saclay)
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| Transverse Diffusion |

o (mm)

/1

i3 0.5 kV/cm
61
g
- DUNE doubl
4;<
15

1 1 I 11 1 1 I 1
25 30
Drift path (m)

E‘ 1 '\\ - — T
90.9 e =
=
£ . 2 ppt O3
2 ;
20,75
506 - 20 ppt O2
5 T 15 fviem
e =125 kViem
o T | KYfcm
0.3 T 0.79 kW/cm
0.5 kViem
0.2
041
0 53] e o B e e i
0] 20 25 30
/\  Drift path (m)
T600 MicroBoone DPUNE



Charge readout plane (CRP)

m Single Phase
* NO gain /
e 3 views
« uniform CRP design

m Double Phase

 stable gain of 20 on
10x10cm LEM

« 2 views (x,y) of equal
quality

 to scale up: CRP segmented
in 50x50cm modules

Cosmic event in double phase TPC at effective gain-20

'
“\'H~ |
HULEL

i S T R T8
drift time (.5) drift time (p5)

Channel number
RawDigits

3 Collectlon view E £ Collectionview & E
= s E £ Induction view ;-
I
g \ \ . T \ 3
11_ In?/chon view / 3 £ Induction view E

Channel number
Disambiguated Hits

ot

Multilayer PCB anode

Vapor

|||||
......

.....

Extraction grid



Many other challenges

- scintillation light: single phase: first test of wavelenght shifting bars to SiPM
integrated with a TPC

double phase: standard PMTs (with coating),

* high voltage on large surfaces: cathode-anode AV ~few hundreds V (double phase)
~180 V (single phase)
« large number of channels

— electronics in gas accessible only in double phase design

— calibration and uniformity

(eg: flattening of cathode and of charge readout plane,
E field between different modules of charge readout ...)

» software for automatic reconstruction
huge amount of info (efficient zero suppression)

* LAr TPC as calorimeter ICARUS:

: > L lect ,
fully omogeneus with very low threshold o?l\év)/%nfrﬂ/ (yfﬁcé(r&gfmz%
very good resolution and detailed tracking > Electromagnetic showers:
S ) . o(E)/E = 3%/NE(GeV)
inside shower — potential to improve > Hadron shower (pure LAr):
shower models! o(E)/E = 30%/NE(GeV)

S.Bolognesi (CEA,Saclay) 14 IFD — Torino — December 2015



Water Cherenkov vs Liquid Argon

m Hyperkamiokande much more sensitive to CP violation while DUNE much more
sensitive to Mass Herarchy (see backup).

But sensitivities depend on assumed beam power, detector mass and on baseline.

m Comparison of technologies:

LIQUID ARGON
WATER CHERENKOV
» successfull R&D — first very
» well known and solid technology large scale realization
e very large mass (~MTon) * size limited by drift length (~40KTon)
 info only about particles above e full reconstruction of tracks and
Cherenkov threshold showers down to very low threshold,
— model dependent assumptions very good particle ID
to reconstruct E — precise E shape accessible and
— no need of precise E_shape: needed for good sensitivity
mainly a counting experiment — need to reach very good control on

detector calibration/uniformity and on
neutrino interaction modelling

S.Bolognesi (CEA,Saclay) 15 IFD — Torino — December 2015



JUNO concept

m New attempt: use Ge disappearance from
reactors to measure mass hierarchy (MH)

= 1§
T 1

S

& [ | f

0.8 : —

0.6— Double Chooz I' ]

B ~1.85km b N MM, 7]

B . Daya Bay Far 7

oAl | ~1.65km /]

02— Sty 00/ —

B . ~N ]

- precise detelrmlnatlon of 813 | JUNO i

10? 10° 10* 10°

L (m)

= v_detected through inverse beta decay:

Gep — e'n 1’ '
e prompt y from e* ionization? s i
and annihilation :
E,s"E, -(Mn-Mp)+me (1-8MeV) Z/ p2
« delayed y's from n capture g ?.
(At~200pus, E=2.2MeV) L xid 2
S.Bolognesi (CEA,Saclay) 16

MH corresponds to a change of phase
in the oscillation

------- Non oscillation
— 0, oscillation
Normal hierarchy

—— Inverted hierarchy

MH'“‘d__etermination
needs-3% energy
resolution

0.1
[y S P USRI B TS
10 15 20 25 230
L/E (km/MeV)
IBD events before selection: ~80/day (eff~83%)
1400
C Antineutrinos
1200 a8 — Accidental background
" Fast neutron background
1000 = —— “Li/'He background
B a-n background
800 -
600 |
400
200 | _
o Ty, v ! e I Lo
2 3 4 5 6 7 g 9
E (MeV)



JUNO requirements

§# g = 2 2
. Top muon vete: plastic scintillator strips 9] a ’ C
t “'..__l | . - P —_— J_- + b + _2 < 3(y0
: e N
oty = L'S: 20 kton LAB based Ew's Vi Evis @1MeV
* e . o\ d I T
S ' J's e ) 1) stochastic term 2) non-stochastic term
B E h (systematics)
' I ] Buffer: 6 kton mineral oil or water?
e P > < 1) Large light yield:
e 1. " [PMTs: (5000 20" PMTs for a ~80%
[ coveraee ) 10000 pe/MeV created
: B
|

L (Butter/PMT support: Stiniess ste  attenutation length >20m

iy structure or sphere?

g ¢ S * photocoverage 80%
- = \Water Cherenkov veto: 20 kton water 4 e detection efﬁciency 35%
i z 8 ' ' 4 s 8 s o :',: { k

N J

2) Non-uniformity and linearity

ya Bay (geometry, electronics, noise...)
Mass [{] ~1000 ~300 ~170 20000 need to be 6 times better than
Energy resolution 6% E 5%/NE 7.5%NE 3%/E Double Chooz

Light yield [p.e./MeV] 250 500 200 1200
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Stochastic term

m |ncrease light yield

liquid scintillator with increased doping
and better purity (— attenuation length
25 m atteined in lab.)

m 15k PMTs with detection efficiency
(quantum eff x collection eff) ~35%

R&D on PMTs with 4t acceptance

transmission

0% __-photocatotie=-_

\r/;
L

307 2% 4  2.Anode
P
o~ N\ 3.MCP dodule
/./ _.f’f:‘,.—” //'f 1 6.
"_//"__J & iL ~— 4.Bracket of the cables
,ec’éiiection | T 5.Transmission Photoca
. /A
efficiency 6.Glass shell
70%
7.Reflection Photocatho
8.Glass joint
L Tr

to collect electrons from all
directions: Microchannel
plates (instead of dynode chain)

o

1,0

its

0,84

o
o

Light output, relative un
e o
o
JUNO

KamLAND
Daya Bay

G,G T ' T Y T . ! T . T . T '
o0 01 02 03 04 05 06 07
PPO mass fraction, %

1
,’f_ )
\\\’:/—% 1.Insulated trestle table

(still in R&D phase)

I T———
8" MPC-PMT 20" MPC-PMT
photocathode uniformity ¥ (under investigation— quantification)
QE®CE estimation ~25% ¥ (goal— ~35%) | ~22% ¥ (goal— ~35%)
CE estimation ~60% (goal— ~80%)
MPC status v I v
gain 107 @ ~2kV

single-PE (P/V) ~2.5 (—improving) | ~1.7 (goal—>2.5)

linearity studies better than dynode-PMT (— MPC)

dark noise rate 05k s'!) | 0(50k s!)

S.Bolognesi (CEA,Saclay)
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Non-uniformity and non-linearity

m Beyond electronics and noise, there is an intrinsic non uniformity in a huge volume
with very large light yield:

 the light yield per PMT change by a factor of 100 between events in the
center and near the edges ;

* events near the edge may give up to 100 pe/PMT — r Y

energy estimation via charge integral become very
complicated with 100 signal superimposed

m Detailed system of radioactive sources deployment for calibration

« sources only up to 5 GeV
« very difficult to map all the huge volume (especially near edges)

m Adding 3' small PMTs in the space between large PMTs

* much smaller light yield: 10% coverage > | -
— 50pe/MeV — <4 pe/PMT — energy Vsang|e.pg (1BD spectrum)

via photon counting R, A

 larger stochastic term but same response also |
for high energy events and events near border

 during source calibration campaign cross-check uniformity and linearity
with small PMTs (possibility of x-checking ev. by ev. under study)

S.Bolognesi (CEA,Saclay) 19 IFD — Torino — December 2015



PINGU/ORCA

Huge volume in South Pole ice (PINGU) or in
Mediterranean sea (ORCA) instrumented with PMTs

leeCube Lab
\ﬁ:__-_- i Ice;’np FI'
= T M e e 81 Stations
50 i ——— gl -_.:__-_:&_:_‘-_‘* ﬂ 324 optical sensors cN;
| ICECUBE ol ;
lceCube Array |
86 sirings including 8 DeepCoare strings
5160 oplical sensars e
%] FLEI[[®
] | F Rl ITT
i E: o ﬁ".:-w*;";' ..
1450m | i 2 R ]
: . 3 3 i SO
i DeepCore K F L 4T
3 B sirings-spacing oplimized for lower anargias = T 4 == ‘T -
/ 480 oplical sansors - d ==L
ol ! o ™ "l - ™
- ™ -™
Eitfal Tower
324 m
2450 m
2820 m

Top view of the PINGU new candidate detector

L asn ttespanes aapa o~ rreage
> ol Prelipinary  DeepCore 3
| ]
-100f E
i . ]
-180 P ||’|| P e - .
"0 500 50 100150 200, The KM3NeT Digital Optical

Module.



Summary

= Target: measurement of neutrino oscillation parameters — focus on MH and §_,

m Working on 3 technologies:

e water cherenkov : HK ~25 times SK(mainly limited by cost of civil engeneering given the huge size)
— increase PMT light collection to minimize number of PMTs
— possibly Gd doping
(water Cherencov in sea or ice)

 LAr (DUNE): scale up to large volumes and large charge readout surface

 liquid scinitillator (JUNO): unprecedented energy resolution to measure MH at reactors

m Other experiments and R&D:

water based liquid scintillators (beyond Gd)
SNO+

double beta experiments ...
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O20em® Photosenor Candidates

By Hamamatsu Photonics K.K.
e 2 types of new 50 cm @ photodetectors are developed.

Model
Amplification
Q.E.

C.E. 46 (050
T.T.S. (FWHM)
Bias voltage
Proof test

2015/0ct/28

blind dynode
R3600 (Established)
Venetian blind dynode
~22% (or ~30% in HQE)
67% (61%)

5.5ns

2 kV bias

2 yrs for HQE (19yrs in sk)

Mounted in New

—

Box and line dynode

~30%

95% (85%) T

2.7 ns

2 kV bias

1 yrs now from Sep.2014

Box&Line PMT  fNew

HPD

$ _ Avalanche
High QE! diode
R12850 T still in R&D

20mm® Avalanche diode
~30%

93% (76%) w/ 5ch AD'
0.75ns (w/o Preamp.)

8 kV bias + AD bias (<1kV)
> (0.5 yrs expected

C.E. = Collection efficiency of 1 photoelectron, T.T.S. = Transit Time Spread, by calculation
Hyper-Kamiokande Research and Development (Y. Nishimura) 8



1 PE Detection in 5S0em® Photodetector

— " " " " " T

Results shown in NNN14

Charge resolution Time resolution
: 3 Multi-PE " " .
Pedestal > 1/ : casure
- edesta 1PEL YR AN - FWHN (Calculated)
: by ]*\»» : 7.3 (5.5) ns
— o/ pea .
5 SK 53% - 4.1 (27) ns
5 BL 35% - 3.4 (0.75) ns
2 HPD 16% -
e I 2 3 20 -15 -10 - 0 15 20 pe
Photoelectron Time [ns]
Charge Time More details will be
o / peak o (|Ef|!) EWHM reported by D.Fukuda
in poster presentation.
Super-K PMT 53% 2.1ns 7.3 ns
T 20mm® Avalanche Diode
Box&Line PMT 35% 1.1ns 4.1ns | e
HPD (w/5mm ADY) | 16% 1.4 ns 3.4 ns |/ preamplifier
(intrinsic resolution is
(20cm® HPD) (12%) (1.1ns) (3.3 ns) | petter, less than 1ns)

Single p.e. charge and time resolutions are better for both new photodetectors.
2015/0Oct/28 Hyper-Kamiokande Research and Development (Y. Nishimura) g8



SlNgle PE | ime

Transit Time Distribution

HQE SK PMT
3 ol o

2015/0ct/28

10

20 30 40

57BG2R

2314 = 00mM2B8

131 ) =&7

<3204

i.474

2855

Number of evenis

- -
o =] =] = (-]
= = = 1= =

LA L B e S B B N B

=]
(=]
T T T

Time [ns]

Endrizs 214
Maa 4165: 01361
&t 1389867
B arv.24
Waal [y A1
- ivva
& at
-

Flo Toei
scak Sk 0.5081

Hyper-Kamiokande Research and

IIIIIII
10

1 L1l I L1l I
20 30 4
Time [ns]

I .| I | | I | | I | | I
10 20 30 40
Time [nslu

Num of Photodetecto

Development (Y.Nishimura)

iINn water

Time resolution at 1 p.e.

HQE Super-K|PMT
10 Super-K|PMT
' 20cm HPD
3 Box&Lin
PMTs
H3
AL LANLR

a5 6 7 8 9 10 11
Time resolution [nsec] (FWHM)

12




SdlNgle FE Lhnarge In wwater

HQE 018 Cho (2P0015) HQE 110 Ché (ZB8246)
m25m C YT 1247 ” F ¥ ! ndf 44 B7 6
E - ﬂtﬁm J_igz;i-;]:‘;: Eﬂﬂm:— Constant 3027+ 224
%znm:— Sgm 120620010 %zsm:— Sama 1002 001
° [ S I
E15m— HQE Ezam_—
= E 1500
= =5 -
Z oo SKPMT | 2%
1000
500 B
:L‘JJ . 5001~ It‘
bl e e Charge resolution at 1 pue.

0 2 4 6 8 10 12 0 2 4 6 B8 10 12
Charge [pC] Charge [pC] (Low resolution of HPD/PMT is due to low gain set)
HPD 158 Chd (EHD0078) ! ! ! ! — T
£ 400 — Entries 12816 0 : : : : : : :
2 5 Super-K PMT
g = 1p Mean 10.6 O : : :
i HPD |»=, . g o =
g 300 g_ ::: :Zi&me ?.m:ﬂf ;;: D HIQh-QE SLIPEI'-K PMT 7
= 350 :_ 151 Sigrra 2602 = 003 E H ]
200F iPeokSeae 3072 1T 9 High-QE Box&Line PMTE: -
E 2nd Sigma 2283 = 0.081 o s i
"3 e 5 | o
- e Lol < - [ 20cm HPD s
1]y = . :
15n§ w/ 4mV g ] HQE |
I g h|t hreshld g B&fL F'MTSE
Charge [pC] < :
1
High-QF Box&Line PMTs : !J
;

clearly showed better time and charge P 2
. . 30 40 50 60 70 80 9010
resolutions in water. Charge resolution in o [%]

2015/0ct/28 Hyper-Kamiokande Research and Development (Y.Nishimura) 13



HYPERKAMIOKANDE Electronics/ DAQ

* Front-end electronics module with the power supply for the photo-
sensor in the detector water, close to the photo-sensor.

» Schematic diagram of the front end module:

Power Data + Controllines  Sync. Clock

(48V ~100V?) ,eefsec) -+ counter The signal digitization block

DC/DC converters HER accept the signals from the photo

| ] Comm unication Block sensors and convert them to the

Slow control ( SITCP? /Rapid I/O7? )

& monitor digital timing and charge data.
Two options:
f'f:::gi'ﬁ'ﬁf;t:::, |« Charge to time conversion
(QTC) chips
AA; + Flash ADC (FADC) chips

Readout buffer unit processing unit
Front-end Buffering

Boards Trigger info Event builder | To offline
building unit 5 20

DAQ & triggering simplified
block diagram:

|
Readout [——=1  Trigger
3
4




HYPERKAMIOKANDE

Calibrations

Nominal methods as in Super-K, but with 3D automated
deployment systems. Further additions: external PMT calibration,
Integrated light injection system.

« Simple semi-automated .
calibration system (to be
deployed in SK)

« Computed controlled.

 Compact and light- .
shielded.

« R&D (3D) for HK in 2015-

2016
PC controlled
winch

=

L]
Stainless .
steel wire

Removable
under the light

Source
container

------

Study response & reflection « Use LED as a light source
of large photosensors in for optical calibration.
water (Photosensor Testing « Can build an automated
Facility at TRIUMF) system that can illuminate
Optical system with laser, each PMT with known
monitor and receiver PMTs
in place and tested.

sources
* Tests of LEDs underway




HYPERKAMIOKANDE

Timeline

/ years construction
)

20122013 2014|2015]2016]2017]2018|2019]2020|2021]2022|2023 /2024|2025

————————

Survey, Detajled design Tunnels Cavity excavatian Tapk construction
Water filling p

Photpdetector prioduction

Enéineeringt st

——r—F

Photodetector|R&D

Photosensor|installation a

Operation|

| (& e 400, 450, 700, 800, 900 kW and be,_

(Baseline assumption at 750 kW) (T. Koseki at HINT2015)




Scintillation in LAr

m Peak of emitted light in Ar at 128 nm — need coating to shift into PMT wavelength

= W =19.5eV — few 10" y per GeV
one 8" PMT per sq. meter inside LAr

(QE~10 % — collection efficiency few 104)

|
J few 1000 PE/PMT dynamic range

=
a

m Scintillation signal shape :
« fast component (singlet): 1, ~10 ns (~23% for mip)

« slow component (triplet): 1, ~1 ps (~77% for mip)

ArXiv:1408.0848

(photons / 5 ns)

i

1 [‘}I'l -

-

AN /At
3.

m Background from 7kHz cosmics Hn“““‘al\?

« primary scintillation — deadtime < 100us :. IIIIIIIII ]
« continuous background of secondary scintillation Titme (1s)
(from avalanche in gas)

e (S+B)/B ~ 50 (20 ns) — 1 (1 ps) use signal shape to isolate signal over background

y
y

S.Bolognesi — NNN2015 16
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Normal Hierarchy
10} sin®28,,=0.085
sin’e,, = 0.45
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JUNO

3 oscillation frequencies:
¥ Low frequency Am?,, (~ 7.54 x1075 eV?)
* High frequencies: Am?;, and Am?,, (2.43 x1073 eV?)

If NH:Am3,>0 = |Am3,|> |Am,|;

if TH: Am2, <0 . Am2,|.
P 5. (L, E) = 1 — sin® 20,5 cos? 6,5 sin? M - = )lﬁﬁﬂ = o
T = ds t h f ph
Am?2. L Am2,L corresponas to a change or pnase
— sin® 2013 | cos? 019 sin® ——22= + sin? A1 sin? 3= ] . . .
" = AE 2 AE in the oscillation
=< N E -
'? 1 5 06 N ------- Non oscillation
o [ E' 3 E —— 0, oscillation
E B 1 = 03 ; — Normal hierarchy
0.8/ - = j ! Ay —— Inverted hierarchy
N 3 i 0.4
06— Double Chooz Far =
- ~1.05km i 03
0.4 e
B . 0.2
a5 B 0.1
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JUNO backgrounds

Accidental BG \ Estimated IBD events before selection
e*-lke signal: radioactivity from materials, PMTs, | cut:~80o/day (estimated efficiency ~ 83%)
surrounding rock.

n signal: n from cosmic w spallation, thermalised in | 1400
Qetector and captured on H or radioactivity gamma.j/

Antineutrinos

1200 -

Accidental back ground
K Fast neutron background
Correlated BG \ 1000 = — "Li/ He background

a-n background

» Fast n (by cosmic n) gives recoil protons (low
energy) and are captured on H.

» Long-lived (°Li, ®He) PB+n-decaying isotopes

K induced by . /
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