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The Intermediate Water Cherenkov Detector for
the Hyper-Kamiokande Experiment
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Laurence Cook, lcook@triumf.ca, TRIUMF
On behalf of the IWCD group and Hyper-Kamiokande Collaboration
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Hyper-Kamiokande

Statistics only
Improved syst. (v./v, xsec. error 2.7%)
T2K 2020 syst. (v /v, xsec. error 4.9%)
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* Wide ranging physics program
including: atmospheric neutrinos,
proton decay searches, long
baseline accelerator neutrino
oscillation, solar neutrinos,
astrophysical neutrinos

* Precision measurement of
oscillation parameters

e 1.6x more powerful beam and 8.4x

larger fiducial volume far detector
than T2K
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Hyper-K preliminary HK years (2.7x10%' POT/year 1:3 vV)

True normal ordering (known) & & DS
sin°0,,=0.0218+0.0007, sin’0,,=0.528, Am3,=2.509x10eV?/c* 1 f}m (S8

CP violation measurement limited by systematic uncertainty within a few years of
operation
Need to understand and reduce systematic uncertainties to achieve measurement
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IWCD: A Movable Intermediate Detector
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IWCD v, Spectra
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* Intermediate Water Cherenkov Detector ~850m from the neutrino source
 Make measurements with the neutrino flux before oscillations

* |n addition to the upgraded ND280 and INGRID near detectors
 Water Cherenkov detector, same as the far detector

* (Can study neutrino interactions on the same material (water) as far detector

Reflector

Stainless steel
backplate

Acrylic Dome PMT

Optical gel

Neutrino Flux (Arb. Norm)

PMT cup
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 Due to kinematics of pion and muon decay, the detector can sample different PMT support matri

neutrino energy distributions by varying its vertical position
* Outer detector to reduce background from entering particles and tag events which
aren’t fully contained
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~ Water-tight E, (GeV)

{ _ feedthrough

Electronics —
Mainboard

Using data at different off-axis angles

* Neutrino energy reconstruction challenging as Far Detector v, Candidates

EIectron Neutrino Cross Section Measurement not all final state particles seen by the detector % L (I)I\I/Ie\I/<IIéVI<3IOOIMIeVI ]
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5 F mm v, CC U s 7. oscillations at the far * Reconstruction assumes quasi-elastic scattering L DE 1100 MeV < E, < 1700 MeV _|
£ 2000~ v, CC H © e N i-elasti d : [T 1700 MeV < E -
£ B \iC Other detector on-quasi-elastic events reconstructed as I o, v ]
o == NC 1° _ o of o(v.)/o(v) lower energy, feed-down effect i I"ﬁ,l. ]
— N . o(Ve)/o(V . : : B |
B = N aamma Uncer:camty_on .ratlo 0 A  Use the different fluxes at different off-axis 0T ""h“ ]
1000 =ze Qe to o(¥)/o (V) is the most significant angles to study relationship between K ““I.In ]
500 —  |WCD can measure these ratios by 5 ' ' '
— : 20 x|1|0 L T T T [ T T T T ] T T T - EI‘CC (GCV)
- measuring the intrinsic, unoscillated E I : _ o , ,
O B o E00 2000 2500 3000 3500 00 e . . > [ - 1 * Linear combinations of different off-axis fluxes can
TuevEnergy MeV) 1% of v, in the neutrino beam S 150 — 1.7 Off-axis Fux 1 .
g —— Gaussian: Mean=0.9, RMS=0.11 GeV remove tail and produce narrow peaked flux
* Gammas have similar signature to electron event since both electromagnetically i ] .
b 1 distribution to study energy response
shower in the detector - 1« Alternatively produce a linear combination of fluxes to
* |WCD outer detector (OD) can veto events originating outside the detector I - match the far detector oscillated flux and study
e Additionally introducing cuts on fiducial volume limits background from gammas i 1 : A :
i 1 neutrino oscillations with reduced dependence on
[ o O e | | N e —— 1
entering the inner detector (ID) o 05 1 15 2 25 3 neutrino interaction models
E, (GeV)
IWCD Outer Detector and External Backgrounds OD Veto of Entering Gammas
* Beam neutrinos interact in material surrounding the detector Background Gamma Rates
 Daughter particles from these interactions enter the detector * Background gamma event is an event with -~ Linear it - Constant ID size
. ] \\i{ - == Linear Fit - Constant Detector size
« Outer detector used to veto these events a >100 MeV gamma entering ID with <50 54, . - Background Gamma - Constant ID size
. o . hN) ¥ Background Gamma - Constant Detector size
 With a fixed pit diameter balance of the OD size (veto power) and ID size (fiducial MeV visible energy in the OD ~ | Feo
volume for neutrino interaction) * IWCD at 1.57 off axis position e T ! Lk
. . . . . 21 inci S IS N
* This study focuses on gammas entering the ID without the OD veto triggering Rates are shown per 10% incident protons S 14000 - \}
* Not the dominant background the v, measurement which is due to NC rt° on neutrino production target (POT) g I
interactions * Decreasing the OD size from 1m to 40cm 12000 |
« Still need to understand how this rate varies with OD thickness as this will influence increases the gamma rate by a factor of L0000 - } *
the design of the OD ster Detecy 1.7 — | ———— [
O O/' 30 40 50 60 70 80 90 100 110

oner DeteCl‘o/. OD Visible Energy for Entering Gamma Events Barrel OD Thickness [cm]

* To study this, we simulate interactions of
beam neutrinos within IWCD and the g

material surrounding the detector 1

Total * 90% of background gamma originate in from

EM Shower (y not from n?)

5500 - n° decay

EM Shower (y from n9)
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Dead Space the ID

e At the 50 MeV OD visible energy threshold
the OD visible energy is primarily coming

: : . i W Sistery + p° * Calculate the OD visible energy and
» NEUT interaction generator to simulate Otjhickness — 2000 { mmm Hadrons reakd v which " 5y | e 0D
. L . o mm >3 different particles reakdown by which particles trigger the
interactions in the sand outside the < mm Sidterly |
detector volume, concrete in the pit and \Opticauy & 1500 - single & veto for events where a single gamma enters
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steel and water in the detector volumes

* GEANT4 simulation to track daughters and Cross section of IWCD with neutrino
event outside the detector and

daughter gamma entering the
detector
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estimate visible energy deposit in the
from the sister gamma from n°® decay

detector volumes
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(either directly or detecting EM shower)
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