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Super-Kamiokande detector
History of the SK detector
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Hyper Kamiokande project
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Hyper Kamiokande project
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—» 1Mton scale (fid. volume > 500kt ) detector

5 SK-like detectors in row
(PMT density ~ SK-Il equiv. ) x 2 sets
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Hyper Kamiokande project

1) MERFE=a—rJ/HE (J-PARC),
2) KR\, Kbz, B#HE, FHEZR=1—rJ) /&
3) [ZTF ARIRIE R

1M ton Water Cherenkov detector “Hyper Kammiokande”.
( Fiducial : ~ 560 kt )

Photo coverage : 20% "! Two |dent|cal detectors
(99,000 20 inch PMTs) - 48m x 54m(egg shape) x 250m




Ring imaging water Cherenkov detector
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emission :ifn-f > 1 /
n : refractive index A

P=p/E \
direction : cos0.= 1/(n*B)

Nyaer ~ 1.33 = 6.~ 42 degree.
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Sensitive wave length of PMT: 300 ~ 600nm )
Cherenkov angle 6=42 degree, Z ( charge ) =1
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PMT quantum efficiencies, PMT coverage,
light absorption in the water etc..




Ring imaging water Cherenkov detector
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Hyper Kamiokande detector

* Major detector components ( related to

=1+ e ( ADC + TDC ) LR :
e
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* Triggering scheme
 Self trigger
Majority trigger ~ # of simultaneous hits

 GPS-trigger
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Photo sensors for the Hyper Kamiokande detector

 Requirements
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20 inch PMT or 20 inch HPD
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Comparisons of PMT and HPD
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Current schematic diagram of the SK DAQ system

CE> ...... CE) CED Ei) ...... <|ZZF CE:P CE_.? ...... %D <E> <"|.i> ...... CE_.? ﬁ_fj)
Front-end board Front-end board Front-end board Front-end board
Ethernet | I

readout computers

readout computers

Ethernet
: - | Sort PMT hits
Hits sorter + Merger| |Hits sorter + Merger -« *! "in the order of timing.
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Requirements of the front end electronics

e Built-in Discriminator
Yap.e.(~0.3mV)
* Processing Speed
~lusec/HIT
 High Sensitivity for single p.e.
 Charge Response
RMS Resolution:
~ 0.05p.e. (<25p.e.)
e Timing Response
0.3ns (1p.e.< -3mV) (RMS)
0.2ns (>5p.e.)
 Wide Charge Dynamic Range
0.1 ~1250p.e. (0.2~2500pC)

e TDC lowest bit
0.52 ns

~1 W/channel



Possible front-end electronics module connections

Front-end board

Ethernet

Key components

 Self triggering
& dead-time free
ADC + TDC
e HV (LV)
for photo-sensors

e Intelligent
network interfaces
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Slow control /monitor

( with SITCP?)

Data

transmitter

(SITCP?)
[

LV Power GbE x 4 Clock
(48V ?) | + Counter
v Network interface
DC/DC converters ( Data flow controller )

HVPS ( LV for HPD )
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( 24 sensors / module ?)
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Front end electronics + High voltage system
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Possible front-end electronics module connections

Front-end board Front-end board

Ethernet

readout computers

~ Design of the data flow

1) 1Gb Ethernet #4185
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Usually, data collected by a module
are transferred to the upper module

(vertically )

If a module failed,
transfer data to the other module

instead of the failed module
( horizontally ).
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Possible front-end electronics module connections

1D HR—

Possible configuration
for 10 kHz dark rate

w | B AT

EMsDT—24 ~ 200 x [ dark rate ] B/sec

( assuming 24 ch / board )

Dark rate
1) 5kHz

. top ~24,sensors .

6 fropt-modules % \\
Q2 N

side ~48 serisors
12 front modules
.}
Inner Detector | \\'\2\?)0\00\00
MO S

_ bottom ~24 sensors |
. 6 front-modules /j;;«*/ 4

Data rate ~ 1 MB/sec/board
Connect 18 boards / cable

1 cable from each side
BB IE ~ 120 KOHS—T )L

© 2) 10kHz
Data rate ~ 2 MB/sec/board

Connect 9 boards / cable

2 cables from each side

later Tank /1o - o oo - o
24000
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BB E ~ 240 mKDH—T )L



# of channels per 1 front-end board

# of channels per board
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All sensors in a block © 00000
R are connected to Connect neighboring sensors

one font-end board to different front-end boards




Data rate after the software trigger
~ real-time data processing ~

Front-end board Front-end board Front-end board Front-end board

Ethernet |
readout computers

readout computers

Ethernet -
: : 1 Sort PMT hits '
Hits sorter + Merger| |Hits sorter + Merger -« *! "in the order of timing.

‘ ] L (] Bl ol ohn mile wlis bl R R
o ———— L : | ! _ Offline system I
| used to be “event-builder” ; software trigger system FP (analysis & storage) | =

Assumption 10 compartments (N =10)
10 kHz dark, 10 k sensors / compartment

u rate = 25 Hz ( muon rate * area ~ 12 times larger )

~ 8 MB/sec/compartment
~ 45 % from SLE & 35% from u




Summary
Hyper-Kamiokande project

c 1AHRU DR IIZH10ARD KRB SLEHIIERE.
—a—h)/DHE
Kig— MDD IREL
EOFHOLGY-L

DOfEBAIZERNT 5
e FTT-TE KA YR 35 (HPD) MBEIF A
c 10 AF YU RINEFBASFYoRILDT—RNES X T L
~ ILYMAZORADERMEGEILSKERIFZE TOK
VIR )= AT LDRERE
IWTLYMAZHRDEESRE (T IEE (IR
BEAFETHFvroRIL(R—F)
— DAQRYIZE AR T (LT

RAWbittoY—IZH&Z&ELGT7 07 DR
EDa—)LKPREIZHELGRMRRE




Fin.



Triggering Scheme

Simple “majority” trigger is assumed.
Count # of hit photo-sensors
within a few ~ several hundreds of ns
If # of hits exceeds the threshold,
hit data are recorded as an event.
Collect all the hits in a detector ( compartment )
and search for the timing cluster ( peak )

Q

1) sort hits in order of time
2) search for events WI H H | ‘ ‘

by software or hardware 1— — T
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