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3. Focus ;‘;\nch hardware R&D and contributions. ;


https://indico.in2p3.fr/event/17355/contributions/66478/attachments/50836/65049/HyperK_20181105_StatusOfHyperKamiokande_Quilain_v2.pdf
https://indico.in2p3.fr/event/19474/contributions/75235/attachments/55611/73365/T2K_HK_GDR_Bordeaux.pdf

[. Status of Hyper-K project and construction




* Next generation of neutrino observatory in Japan— construction 2020-27
— A 260 kton water Cherenkov detector — Fiducial Mass ~ 8 x SK.

Super-Kamiokande Hyper-Kamiokande

71 m

68 m
Super-K Hyper-K (1st tank)
Site Mozumi Tochibora
Number of ID PMTs 11,129 40,000
Photo-coverage 40% 40% (x2 sensitivity)
Mass / Fiducial Mass| 50 kton / 22.5 kton | 260 kton / 187 kton




Hyper-Kamiokande final approval

* Last presentation @GDR : HK approved by MEXT (Japan Ministry of

Research). Japan will build the world’s largest neutrino detector

Cabinet greenlights US$600-million Hyper-Kamiokande experiment, which scientists hope will bring revolutionary discoveries.

* 2019/12 : HK budget has been officially
approved by the Japanese ministry of finance.
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* 2020/02 : HK budget voted by Parliament.
— Project officially starts !

R = ¢ W LR o E s 7j B - -Mi B - b .
The overall Japanese contribution will include the cavern excavation, construction of the tank (water container) and its structure, half of the photosensors
for the inner detector, main part of the water system, Tier 0 offline computing, together with J-PARC accelerator upgrade and construction of a new

experimental facility for the near detector complex. International contributions will include the rest of photosensors for the inner detector, sensor covers

and light collectors, photosensors for the outer detector, readout electronics, data acquisition system, water system upgrade, detector calibration

systems, downstream offline computing system, and the near/intermediate detector complex.

— 25 % of the total budget from International contributions expected.

— Lots of possibilities for contributions w/ high visibility.

* 2020/04 : Construction of HK has started !




Where

* In Japan, ~10km away from the current Super-Kamiokande detector

Mt. Ikeno-yama .
+ 1000m

Excavated rock
disposal site

Hiroshima
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Construction of the entrance yard

1000 m = Mt. lkeno-yama
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5 P Mt. Nijyugo-yama
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. 600m : ;

R Access tunnel
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Construction of entrance yard
in Wasabo was completed.

___ Tunnel
~_entrance

* Construction of the entrance yard and

water treatment facility is finalized.
8




-300 mL

bowling

~ Sep. 23,2020 [T =

Construction of base structure is ongoing.

* The much larger and new * Reached top of future HK tank !
research center is under

construction in Mozumi. * The 11th (!) rock quality check is done

— Finalized next summer ! — So far, no problem for excavation.



[I. Updated HK sensitivities
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Solar neutrinos Physics case
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e MSW effect in the Sun N\
* Non-standard interactions

in the Sun.




Solarneuinlgos PhYSiCS case

* MSW effect in the Sun ‘\ '
* Non-standard interactions

in the Sun.

ﬁ:hﬂ Ao Dlrect SNv : Constrains SN models.

#%. * Relic SNv : Constrains cosmic star

v S

formation history




Sola{gyeﬂ;uj:‘l;.igos PhYSiCS case

Proton deca
Probe Grand Unified
Theories through p-decay
(world best sensitivity)

e MSW effectin the Sun ¥
* Non-standard interactions
in the Sun.
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*‘;‘*‘H K D1rect SNv : Constrains SN models.
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formation history




Physics case

Proton deca
Probe Grand Unified
Theories through p-decay

(world best sensitivity)
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* MSW effect in the Sun~ \ e e
* Non-standard interactions | .} ]

. serve CP violation for
in the Sun.

leptons at 5o

* Precise measurement of 6CP .

* High sensitivity to v mass
ordering.
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Focus on CP violation

* CP violation search essentially based on accelerator v : T2ZHK
Hyper-Kamiokande

~ Baseline L~295 km™===
gy E~ 600 MeV

——

- “"Peak ener

gbashi

Detect
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beam and v, disappearance & v equivalents.

* Vv, appearance ina v,

* Detector technologies, calibration, analyses well-proven by T2K&SK.
* — Quick start ! Which relies on 2 milestones :
1. | time to accumulate statistics - Beam upgrade (already shown at GBR)
» 2. | systematic uncertainties — Constrains v &v_flux before oscillation




Updated systematic uncertainties

* Up-to-date flux & cross-section models : Updated to T2K 2018 model...
... which will be improved by the new Near Detector (T2K-II and HK).

Upgraded ND280 New Intermediate Water
— 2022 & possibly 2030 Cherenkov Detector
beam 280m |

Buffer tank

Hyper-K
' T ' T 1
Om 110m 120m 280m 295km
(detector)
* Higher mass — 7 statistics.
* High angle tracking.
SULAUSIe LAtRls — Assumes ND280 upgrade

* Finer granularity & | E-threshold. ,
° ” improves only v _measurements

— T CCOx, CClr, CCN Sample QE non-QE | CClmo v

separation. CCOm | CCOther

— T measurements of 2p2h & FSI Ié?fl’égz’ 2 \}?\IX 3xVvN | 3xVN ' 2xVN

effects on sample migration. N = New data / data taken so far w/ T2K




Updated systematic uncertainties

Assumes IWCD upgrade T only v_measurements.

— v_sample using IWCD
v /v_cross-section error is crucial.  § . = e ober
< < l-%' : I true numu_ws
g 30005_ = ::::::::  pi0
* IWCD : | from 3.2% (1T2K) to 2%. 2 — by
I H true_nc_gamma
— « Improved systematics » 2000 —Heret
1500&—
* Might be ambitious, so also used 190
. . . 500
scenario w/ various improvements :
- o O'D 500 1000 1500 2000 2500 3000 3500 4000 4500 _5300
— No v, / v_improvement < « T2K 2018 ». Reconsirucied v Energy (MeV)
1-Ring v,-Like 1-Ring v.-Like
Error source ||v-Mode|7-Mode ||r-Mode CCQE-like|7-Mode CCQE-like|v-Mode CCla-like|rv-Mode/v-Mode CCQE-like
Cross section |[0.92% [0.77% ||3.43% 2.62% 3.43% 3.72%
Flux 0.85% [0.80% ||0.87% 0.83% 0.89% 0.51%
Flux + xsec [|0.82% [0.72% ||3.44% 2.62% 3.51% 3.76%
Detector+FSI||1.69% [1.59% |/1.54% 1.72% 5.22% 0.95%
All syst 1.88% |1.74% ||3.75% 3.12% 6.24% 3.88%
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* |l uncertainties on v_at HK from 7-9 % (12K 2018) to 3-4 % (HK).




Sensitivity to CP violation

. Assummg arun vy =

1 3 @1 3MW (can be ad]usted)
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-1t/2: 50 after 2-4 years|of data taking

— Independent from | systematic uncertainties.
— DUNE will require 7-8 years.

« HK 10 years : 50 sensitivity on 60% of 6, values.

— DUNE : 50 sensitivity on 50%

* HK has world-best sensitivity to CP violation ...
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True 6(:13

| DUNE Sensitivity (Staged)

L. All Systematics

L. Normal Ordering

— sin?20,, = 0.088 +0.003

L sin®0,, = 0.580 unt:onstralnedI

DUN

G, = 2

50% of &, values
m 75% of 5, values
Nominal Analysis
.............. 6,5 unconstrained

—
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if MH is kriov:m"!)

12 14
Years



Combination of atmospheric + beam v

Impact on CPV sensitivity Sensitivity to mass hierarch

T N O e I_I‘: :n,ml-|+la..|.||:(1'||-u.|m;nrlul;gi|lfe;.op_ql T | T T T | [ | T T T | T T 1T | T
rue Known mass ordering
s HK (external constraint)
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* Even if MH is not known when HK starts 3of. "ol Orerng — Nominal raysie

[ sin20,, = 0.088 +0.003 s 0 UNCONStrained
- sin’0,, = 0.580 unconstrained

— Sensitivity to CPV is little affected if we add 25? DUNE

atmospheric v.

* MH would be determined by :
— HK after > 6-10 years via atmospheric.
— DUNE : after 1-2 years.




Precision of 5(:1» measurement
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« HK sensitivity 6, highly improved with syst. error updates.
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— World-leading sensitivity together with DUNE full config.



III. Focus on French hardware R&D and

contributions

gl



HK far detector electronics

* HK front end located under water (still under discussion):

— 24 channels/PMTs read per box. Each box is attached structure.

n electronic box

(x2 or x4)

Power(48V) optical (>Gb/s) optical (x4 or x2!

0%
LV PS N\
N\

Vo Clock + Counter

System control
+ Network I/F

1
: Dig er co 0 Clock

Clock + Counter

Proposal for French

contributions

* France would develop the whole PMT read-out (w/o DAQ)

— Central role into HK !
* Reminder : France has already central contributions in ND280-upgrade

IRFU
LLR
LPNHE
OMEGA




Front-end development

* Propose a new Front-end for HK
— Start from existing ()} CATIROC.

* Installed test bench at LLR in July.
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* Charge (<0.05 p.e)and time resolution
(<300ps) comply w/ HK requirements.

220;_T1meli ea lt 7o ___________ . . .
o —IEANEALLY e Major issues :

wf o Hig]

@ Low-gain

1. Chip deadtime : 3pus — 9us

s --------- O | 2. Charge dynamic range smaller by factor 5 :
e + ............. ............. --------- -+ .| developed for 3" PMTs operating at 10° gain
o e a e w5 HK PMT will likely operate at gain = 107 .




New HKROC chip

— Develop a brand-new chip to meet HK requirements...

... but also to also operate other future WC detectors in next 10 years !
1. Large dynamic range : 3 gains / ch.— up to 2500 pC (CATIROC 300 pC)

b e L L 2

3 gains/channl SO E

. ! Small: 1/64; Medium:1/8; High:1 ariable gain

2. Excellent charge resolution.: f R N e
E | ) '"',’" R1 % ng ILN/ SAR A E

1 GAIN: Low voltage i 0

E : Ez;nd lowtngise b e i E

3. New etching technic : L e Variable shape from 25 to
1 1 : i DISCRI 1 :

AMS 350 nm (CATIROC) P! s i
: 8to16 c.hannels L - :

will be outdated in 1-3 years ! b
1 I : '

— TSMC CMOS 130 nm P T e | e
r HinuEy I

: | HIGH I/ L '

1 I &4 : } i

: ¥ Y 1 > e r

4. No deadtime : i T ¥

a. SAR ADC sampling waveform at 40 MHz.
b. Readout up to 1 GHz (possible in CMOS) Similar to CM5 HGCRSC'

— Simulations available & first production in spring 2021.



The GNSS and clock distribution system

* France is working both on :
1. GNSS system : Provides local time to

GNSS/UTC

synchronize w beam / other detectors.
— Is being developed with SYRTE.

2. Full clock distribution chain (down
to PMT Front-End) — Focus of today.

o0
9
=
GMNS5
receiver

= Time
= distribution

* Several options are bemg studled for clock distributions :

i Custom-made solution [= ~ Clock-centric | CERN White- Rabbit
¥ /- = schme

* Room for lots of R&Ds and Comletels} new ideas !



The GPS and clock distribution system

_Custom-made solution CERNWh1te Rabbit solutlon

RRRRR

982pts

RMS =24 ps
oo~ lk 10k lUUk 1M
Freq Band Lo Opt

Very preliminary. Far fromfmal results

JitteratFE | <100ps | 24ps 13ps | 673 ps

Clock—centnc scheme

RMS 1. 3|p

aaaaa

Data >100 | 1Gpbs >500 | 1Gpbs
Xchange Mbps Mpbs
rate

* All solutions match HK requirements.
* R&D in parallel by France. 26

iDA Jitter Ti(1e-12.0) Ri(sp) Di(sp) Pi DDj

ane " trafister fate " " e Choice done by collaboration.



Many other contributions available

1. Low Voltage Power ! In electronic box
1 Power(48V) optical (>Gb/s) optical (x4 or x2]
Supply for board. : (x2 or x4) |
\ e Q ™ Clock + Counter
2. System control & network..__ A |

: System control -

! ! :
3. Slow control infrastructure! Data handling

Digitizer control

4. Boxes to contain E

electronics in water.

nnnnnnnnn

5. Multi-PMTs to T HK physics.
— In far & near detectors !

Lots of places to have a central role in HK

w il latos

— New contributors are highly welcome !
— Electronics, mechanical or photosensors !



Conclusions

* HK will have a world-leading program, from low to high energy.

— Only covered CP violation today (see previous GDR).

* Japanese budget contribution is fully approved — Project started !

— Large international contributions are being built : good time to join.

— French labs coordinated to have a central & synergetic contributions in
the Far Detector electronics : R&D started.

— Many contributions are open and new collaborators highly welcome.

o . FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 F’2026 FY2027 FY2028
HK construction _|
PMT
Geo Tunnel Cavern Tank

Started and On—tlme.‘ survey const. i(cavatlon ‘on st. |ntsli(:)ar:|a

o PMT production
* Very little risk of ok
delay due to well-

VWater system

known technologies.

Power-upgrade of J-PARC and Neutrino Beam-line
RG] T M ]

— First data in 2027. T, A




* In France : IRFU (CEA), LLR (IN2P3-Ecole polyechnique), LPNHE
- (IN2P3-Sorbonne Universite) and OMEGA (IN2P3-Ecole polytech/nﬁle)
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