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Super-Kamiokande

readout and software trigger
(DAQ/online system for SK-I,1I & IlI)
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Super-Kamiokande

1000m(2700mwe)

Ring imaging
Water Cherenkov detector
e 1,000 m underground
« 50,000 ton pure water
(22,500 ton fid. volume)
e 20inch inner detector PMTs
~11,200 (SK-1 & llI)
~ 5,200 (SK-II)
e 8 inch anti-counter PMTs
~ 1,900



Super-Kamiokande

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
K- echont SK-II SK-III

50kton total, Y = SK full
reconstruction

volume

detector

11,146
40%
~6 p.e./MeV

4.1MeV
(Sep.2000~)

22kton fiducial

1000m underground

Water Cherenkov

Number of ID®) PMTs
Photocathod coverage
Cherenkov light yield

Trigger threshold (90 %eff.)

(plan)

5,182 11,146
19% 40%
~2.8 p.e./MeV

with Acrylic+FRP cases
5.5 MeV

(*) Inner Detector



Ring imaging water Cherenkov detector

Y PMT)




Super-Kamiokande

MeV vte - v+e
~ 20MeV

MeV v+te - v+e (@10kpc)
~ MeV v+N o et + N’ ~4000
total

100MeV v+ N
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Super-Kamiokande
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Super-Kamiokande DAQ

PMT
200ns
(6=50%) ~3.5MeV
20 PMT HIT (SK-)

~1.7 Hz SK | (2000/Sept~2001)
~ Hz SK-lli( 2006

) 10Hz

Intelligent Trigger)



Super-Kamiokande DAQ

Decay electron

o

front-end electronics
low threshold, wide dynamic range 1 ~ 1000 p.e.
self gated
dead-time free
H->€VeV
Super nova burst
~10kHz low energy event burst



Super-Kamiokande

SK

DAQ

~ GPS
~200ns

K2K

Tspill

KEK SK
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Super-Kamiokande DAQ (1)

Front-end readout module for the current SK experiment
: ATM (Analog Timing Module)

PMT
TKO module
12channels/board

PMT

(to record decay electron)

Discriminator output (hit-sum)

Analog signal sum output (PMT-sum)

8bit event counter input




DAQ system for Super-Kamiokande

_________________________________________

1on

TKO VME i MB/s
: : : Event builder
GONG Bit-3 Bit-3 . I (+ run controller)
SCH SMP SPARC =™ | spARC/Solaris
. /Solaris |
ATM | ] —> [raw data] 1
. 6 boards . —
: = Data format converter |
~20boards (8 crates) (8 computers)i SPARC/Solaris
VME |
(48 boxes) DG SPARC _» | ‘[seleoted event table]
EADC was installed : /Solaris i Intelligent Trigger (vertex fitter)
in SK-Ii Bilt3 Bit-3 | | SPARC/Solaris & IA32/linux
i’:Elir:?:?ii?'_e:te:f;tg:)iZ'_'_'_'_ZZ'_'_'_'_Z222222428'_9:0:@?:[{%?!?2:?__ . ____________(?_]:_2__C_C3Tr;)_l{t_e_r_.?)
| NIM FASTBUS VME 1 1 VME
QTC TDC Bit-3 Bit-3 || | !|Bit-3 Bit-3 | | :
' Sl SPARC | || SPARC TRG | |
(4 bins) FSCC DPM /Solaris | | i| /Solaris |
(4 crates) | (Trigger)

. (Outer detector)
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CPU

40MHz micro/Ultra SPARC -> 600MHz ~1GHz SPARC

FDDI + Ethernet -> Gigabit Ethernet
i soev] _
o e :: LE trigger 1996 Apr ~
A SLEmggendzemyy | | i (57M€V@50%))
T —
T SLE trigger | 1997 May~
o (4.7MeV@50% 100Hz)
T D.E-LETJ& oT
b : —
b , T~ _
i | stEMctreshold = 2770t [~ SLE trigger IIl 2000 Sep ~
= (3.6MeV@50% 1.7kHz)
T ‘”} ~4KHz @ SK-llI



What we want to do with SK-IIl detector

1)
100kHz(?)

us - 10us )

2)
15MeV~ MeV %/ \
Ve | n+tp-d+y
Ve P 2.2MeV y-ray
o-." o— AT =~ 200 psec
> -~ '
O P\ % 6
\ e | @SK-II
i candidate event 200us




New DAQ system for SK-III

T2K
Front-end board

(QTC )
(talk by Nishino-san @ ICRR)

online system



New online scheme for the new electronics modules
~100KHZz??

lus  decay electron tag us
SNR 200us

PMT hit

Q - computer
ATM I ‘ | H ‘ ‘ - 1) sort hits in order of time

S A IR

— — T

? 2) search for events
ATM | | | by software or hardware

T



New online scheme for the new electronics modules

hit
Rough estimation
g_ ATM
| 24 ch/board
~1.5MB/s/board* 1.5MB/s x 560
i *1) Assume 10kHz dark rate — 840|\/| B/S
| I
: 10Gb Ethernet
~13000 PMTs ~560 ATMs GbE

It seems to be not “unrealistic” with recent products in market.




Layout of the new readout module
TKO 24ch/board

1board ~1.5MB/sec
Fast Ethernet _l
RJ-45 on front panel
HE rwolwoien ‘GOREEE ([N | e ; S ; Daughter boara
Lo R n . I/F
Ethernet | . TKO bus TKO /
daughter Q@ .
board —— (D:ontrol connection
ata connection
0o
(J [ TDCchips J [
QTC chips e firmware update
Ethernet

| ] | | ]
] =) SiTCP

signal input



New online system for the new electronics modules

One possible configuration Data flow manager
Front-end
~1.5MB/s
ATM
Front-end
ATM computer event builder
: 30~60MB/s ~840MB/s

20 ~ 40 ATMs(?)/computer

(2 ~ 4 crates?)
ATM Band width event builder
Front-end
14~28 front-end several(?)
computers(?) event builders
Front-end computer sort hits Event builder sort hits,
& check data quality. (form events if necessary)

and send datato IT.



New online system for the new electronics modules

Intelligent
trigger

Intelligent
trigger

Event builder

~(840/N) MB/s
(Use N IT computers)

e Event builder PMT

* (

IT-CPU
Merger/reformatter

<<30~40MB/s(?)
In total

Merger
reformatter
(sorter-II)




New online system for the new electronics modules
Event builder(EVB) Intelligent trigger(IT)

EVB IT

Ll




Summary

SK-I&Il

SK

DAQ

1996

2009

J-PARC/T2K






Super-Kamiokande
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Super-Kamiokande

100MeV TeV MeV GeV
Atmospheric v energy spectrum v energy spectrum
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S FCv ] S - K2K v flux
800 - - : 6000 | vy T
[ ] :: -
600':_ E 4000 -
w 400 E 2000 -
(O B i
T 200 - 3
o C ] § S T T SR S R B [ U
§ 0 A n x 103 1 2 3 4 (GeV)
® 160 o 2250
S 140 < ©D2000 |
= 120 El 8 S 2-50Ie912c'Cle T2K v, flux
100 4 £ 1500 - ' -vded
80 4 E1250
3 1000
23 3 S 750 -
- g 500 -
20 X 250 -
0_ 4E 0 R A RS O SO NS |
10 10 0 0.5 1 1.5 (GeV)



	Super-Kamiokandereadout and software trigger

