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Hyper-K 9
From T2K to Hyper-Kamiokande (HK)

)

With an accumulation of statistics approximately 10 times faster
compared to T2K, HK will soon become limited by systematic

Hyper-Kamiokande J-PARC effects. The LPNHE neutrino team’s work contribute to

Ongoing upgrades to reducing all sources of systematic uncertainties.

Mt. Ikeno-Yama Increase proton beam Simultaneously measured in the
b water equiv- 1 1700 1 N% intensity I Near Detectors = . :

5 Neutrino beam . e Flux in
) J 188 § i . detector
. kton 23 295 km 5 T \

39.3m Event rate measured in

Super-Kamiokande Hyper Kamiokande

41.4m

S
N
tt

|

|

|

—_
Z
o
-t
w
o)
=
@
(=9
<
')
-
o]
-t
&
c
=
o
c
-t
=
=
o
\2)
|

7 — «— Detector
Lot detector N=FXoXe -
efficiency
LPNHE’s contributions . . .
Figure 2. Three types of systematic parameters in T2K.
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Figure 1. The Hyper-Kamiokande [3] detector is being built in Japan and the data-taking is 10" 1 10
E, (GeV)

planned to start in 2027. The HK long baseline program will use the same neutrino beam as T2K
but a bigger far detector with the same off-axis angle of 2.5°. The neutrino flux will be well
characterized thanks to NA61/SHINE [1] hadron production measurements and by a set of Near
Detectors, including ND280 upgrade and IWCD.

Figure 3. Current T2K flux uncertainties on the event rates in SK
and impact of NA61/SHINE hadron production in T2K replica
target measurements.

Sensitivity studies for Hyper-Kamiokande Developments towards Hyper-Kamiokande reconstruction
New sensitivity studies were performed in France (LPNHE+LLR/CEA) using the latest Hyper-Kamiokande event reconstruction be based on the fiTQun algorithm, already
published T2K results [2]. employed in the last analysis of its predecesor Super-Kamiokande. It is based on the
maximization of the likelihood
v-mode v-mode r-mode r-mode Nynhit Nhit
T2K 2020 (Imp.) syst. e-like u-like e-like u-like L(X) = H Pj(unhit|X) H (1 — P;(unhit|X)) fg(q;|X) f(t;|X)
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NOFtIuNxI;-E;onsSs:crsaeiﬁtelgn 3.67% (1.8%) 2.1% (0.9%) | 4.3% (1.6%) | 3.4% (0.9%) for the (multi-)particle parameters X, where P(unhit|X), fq(q|X) and f:(t|X) represent
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Al 4.7% (2.1%) 3.0% (1.2%) 5.9% (2.2%) 4.0% (1.1%) and calibration.

Current algorithm’s implementation has been exclusively adjusted for Super-
Kamiokande detector, lacking the performance requirements for higher Hyper-
Kamiokande statistics, and must be adapted to the multi-PMT technology.

Table 1. 10 uncertainty on the expected number of events in HK with the T2K 2020
or Improved error model. The Improved error model was built by shrinking the
individual systematic uncertainties from T2K 2020 systematic error model to take

Into account the expected effects of the upgrades and the statistics increase.
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Figure 5. AiITQun likelihood concept allows particle identification thanks to the
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Figure 4. Prediction of HK sensitivity to oscillation parameters: impact of the : : -
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After 10 years, if the systematic uncertainties are reduced compared to T2K, HK will PMT support matr 22 _ L. s Time of flight (nsec)
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ocp could be measured with a less than 20° precision and the resolution would reach Malnboard [~ feedthrough CERN providing particle samples of known
a few percent and less than a percent for sinz 623 and Am%z respectively. (a) Schematic view of the WCTE vessel (top) charge and momeqtum. {n order.to have full
and a multi-PMT module (bottom). The control over the primary interacting particles,
detector will consist of a tank of 3.8 m an extra setup for particle identification has
diameter and 3.5 m height, leading to a 40 been tested during this summer (2023) with
References ton tank filled with ultra pure water and LPNHE’s contribution.

instrumented with 102 multi-PMT modules
with 19 PMTs each.
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