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0000000000000000000000000000000000000000000000000 PMT
02250000000000000000000000 PMTOOOO0O00000000000000000000O
201600 1000 400000000000000000 22500000 PMTOOO0O00O0000O 14000
PMTOOOOOO [9]0

3.3.2 00000 (Inner Detector, ID)
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00000 KamLANDOOOOOOOOO (Data AcQuisition, DAQ) D 00O 0O U OO DAQ O O O O OKamDAQ

00 MoghAQUO OO DOOOOO

41 KamLANDOOOOOOOOOO

KamLAND 0O 0 KamDAQ O MogDAQ(MoGURA DAQ) D DO UIODODOOO DAQUDOIOIODODOOO PMT
00000000000ooooooooKamDAQ O KamLAND OO OO (20010 10)000000000OO
000 MogDAQ O UOKamDAQU O U O OOOUOO (Front End Electronics, FEE) DD 0000000000
00o0o0000O000000000 201000000000000 DAQUOUOUOUOOOOO 410000 Signal
Divider 0000000000000 00OO0OO0OOOOOOOOOOOOO

VME VME
‘ Listch |C|P“:'-I-rne
Ot put Recorder
KAMFEE
NSUM e
™ Hald
(.—_ cMp | TRG IRIG-B
TimeCode
CLK
1PPS
Optical
OPT—TTL Fiber GPS
Receiver
IRIG-B 1PPS
sigral | MoGURA =
Divlder FADC Rubidium
Hit Sum T Frequency
oGU Standard
VME Trigger | 10MHz
MoGURA LLK
Piggy Back CMD

VME

041 KamLANDO DAQUOOO [S]J0D0000000O0O0 KamDAQUOOOOOO MoghDAQU OO

4.2 KamDAQ

KamDAQO KamFEEOOOOO FEEOOOOOOODOOOOOOOD DAQUOOOOODOOOOOOOOOO
O0O0KamDAQU GPSOUOOOOO 40MHzOOOODOOOOODOOO KamFEEOOOOOOOODOOOODO

goboobooobooboo
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421 KamFEE

KamFEEOO 4200000001 000000 PMTO 120000000000000KamLANDOOOUO
2000000000000 00000O0O00ODOOO0DOPMTOOOOOOOOOOOOOOOOOOOOODOO
00 PMTOODOOOOOODOOOO0OOO0O0OO00O000DO0O0O00O00000000O0(@OD hitO0O0O0D00)00
0000 ATWD(Analog Transient Waveform Digitizer) 0 000000000000 000000O0000O0OO
O0D0000OKamFEEODO 120000000 hitO0DODO (hitsum) 0000000000000 O00O00OOO
000000000000000000000000ATWDOOO0000000000000000000000
0000000000000 0000000000000000O0O0O0 VMEODODOODOOOOOOOOO
ooooooo

(a) KamFEE OO DOOOO (b) KimFEEO OOODOOO
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0 42 KamFEEOOO [19]

422 0000O0O0OO0ODOOODO

O0o0000o0oOoUoO0o43000000000000 PMTOOOOOOOOOOOOUOOOOOOOOO
OPMTO hitODOO 125nsec0 000000 (00000 0)000000000O0OO hitOOOOO (QOO)O
00000 KamFEEO O 4bit O hitsum OO0 0000 KamFEEOOOOOOO 40MHzOOOOOOOOOO
hit-sum OO0 000000000 NSumOOOOO0O0OOO0OOO0OOO0DO0O0O0O0O00O0O0O0O000 KamFEE OO
O000KamDAQUOOOOODOO NSumUOOOOOODOOO0OO0ODOO0O0ODO

00000000 0U00O00o0oOoUoU0oOoooo GPSOO0OUDOOO0OOOUOOO0OODOUOOOOOUGPS
0000000000 1HzO0O0OODODOOOD 40MHzOOOOOOOOOOOoOooooOo KamFEEOOOOO
cooooooooooo

coooooo

O0000000KamLANDOOOOOOO NSumOOOOOOOOOOOOO0OO0OOO0OO0OODO0OOOoOOoooo
0000000000000 0000000000000000KamDAQUDOODOODOO0OO0DDO0O00D0O0O000
0000000000000 hitO000000000 KamFEEOOODODOOOOOOUOOOOOOOODDOOOOO
000 hitODO0O0O000000000000000o
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(@) 000000 [20] (b) DOOODODOOO0OOO [19]

Front-End Electronics

GPS ) Trigger Box
Receiver W

1PPS

——
trigger
command

—
clock
hold isupermva trigger control

nterrupt record command

time code

Timecode Interrupter | [Input Qutput
Receiver Latch Register

YME bus

043 KamDAQUOUOOOODOOOOOOOOO

¢ GPS Triggers
— 1PPS Trigger: 000000000000 OOGPSO 1PPSOOO000OOOOOOOOONO
— 1PPS Global Acquisition Trigger: 0 00000000000 00GPSO 1PPSO0O000O0OOO
OIboobUOOooOO bAQUOUOOOO
— GPS Trigger: 3200000 DAQUOUDOUOO

e ID NSum Triggers

— ID Singles Trigger: ID D 0000 (Nip) O ID-Singles-Trigger Threshold D000 O00O0O0IDOOO
00000 DAQUOOOOO

— ID Prompt Trigger: ID 00000 (Nip) O ID-Prompt-Trigger Threshold D0 OO O0O0O0O0ID O
0000000 DAQUOOOOOOOODAQ O Delayed Time Window O O O 0O O O O ID Delayed
Trigger OO OOOO

— ID Delayed Trigger: ID 000 00O (Nip) O Delayed Time Window U O O O O O TID-Delayed-Trigger
Threshold D00 OO0OO0O0O0IDOOODOOOODO DAQUOOOO

— ID Prescale Trigger: ID 00000 (Nip) O ID-Presale-Trigger Threshold 0000 OO0 O0O0ID OO
O000O00 DAQ OO OO O ID-Singles-Trigger Threshold 0 0O O 0 O Threshold 00000000
gboooooobooboboboboooooogo

— OD to ID Trigger: OD NSum Triggers 00 00000000 IDOO0OOO0OOO DAQUOOOOO

* OD NSum Triggers

— OD Top Singles Trigger: OD Top 00 000 (Niop) O OD-Top-Singles-Trigger Threshold O O O O
O0oooOboOoOoooooOo bAQUUOOO

— OD Middle Singles Trigger: OD Middle 0 000 0O (Nyjadaie) 0 OD-Middle-Singles-Trigger Thresh-
oldd000OOOOOODOOOOOOODO DAQUOOOO

— OD Bottom Singles Trigger: OD Bottom U 0 O 0 O (Npottom) 0 OD-Bottom-Singles-Trigger Thresh-
old000O0OOOOOODOOOOOOODO DAQUOOOO

— OD Global Singles Trigger: OD 0000000 (Ngioba1) O OD-Global-Singles-Triger Threshold O
gooooooOobUOOooooooo bAQUOOOO

— ID to OD Trigger: ID NSum Triggers 0000 0000000ODOOOOODOOO DAQUOOOO

 History Triggers
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040 000000000

— ID History Trigger: History Time Window 0D 0000 O00IDO00OO00O0O (Nyp) O ID-History-Trigger
Threshold DO OOOOOIDOOOOOOOOOOOOOOOOOOOOOOOOOOOOO25nsec
0000 200nsec0 NSum OO OOOOOOOOO ThresholdOOOOOOOOOOO

— OD Top History Trigger: History Time Window D00 O0O0OOO0OD TopOODO OO (Nyop) O OD-
Top-History-Trigger Threshold 000000 O0OD 0000000000 OOOOOOOID History
Trigger OO ODOOODOOOODO

— OD Middle History Trigger: History Time Window 000000 O OD Middle 000 O 0O (Nmiddie)
0 OD-Middle-History-Trigger Threshold 00000 0O0ODOO0OODOOOOOOOOOOOOOOID
History Trigger 0 0000000000

— OD Bottom History Trigger: History Time Window 0 0000 0 OOD Bottom 00 00 O (Npottom)
0 OD-Bottom-History-Trigger Threshold 00000 O00ODOOOOO0OOOOOOOOOOOOOID
History Trigger 00000000000

— OD Global History Trigger: History Time Window 00 00000ODODO00O0OO (Ngiobal)
0 OD-Global-History-Trigger Threshold 0D 00 O0000ODOO0OO0O0O0O00O00O0O0O0OOOO0DOOID
History Trigger OO OO OOQOOOOO

 Calibration Triggers

— ID Calibration Forced Trigger: 00O UOLED 00000000000 OD0O0OD0O0OOD0O0OOOOID
O KamFEEOOOOOOOOODOOOOOOODOOODODODOODODOODODO PMTOODOOOODOOOO
god

— ID Calibration Global Trigger: 0 000 00000O0IDO KamFEEO O OO OOOOODOOOOO
Oo00o0oo0oooooooooooooo PMTOOOOOOOOODOOOOO

— OD Calibration Forced Trigger: 1000000000 00ODO KamFEEOOOOOOOOOOOO
gooo

— OD Calibratoin Global Trigger: 0000 0000000O0ODO KamFEEO O OO OOODOOOOO
gobogoooo

— Acquire Trigger: KimFEE O O OO OOO0O000D0000000000000O00O0O40MHzOOOO
0000000000000 O0OULoUUUUbhbAQUUUUUOOUOOODOOOOOOOO

¢ Other Triggers
— Supernova Trigger: NSum 0 0000000000000 00000O0O0O0O0O0OOOOODAQOO
00O000U0oooooOoOoo000U0oUooOooDoooOoO0O0UOUDUDOoOooDooOoOOoOoOoUOO 1O
Joooooooooooobobobobobobbboboboodddddooooooooooo
— Disable Trigger: 0 0000000000000 0O0OO0O0OO0OODOOO0OOOOOOOOOOOO
— Enable Trigger: 0000 0000000000000O0O0O0O0OO0OOOOOOOOOOOO

4.3 MogDAQ

MoghDAQ U KamFEEO OO O OOOODOOUOOOO0OODOOOODOO0OOO0O0ODOO0O0O0O0OoOooon
44000000000000000O0OOOOOOUOOCOOOOOO
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oooooooo

KamLANDOOOOOOOOOOODOOOOUOOOOOOO002HzO00OO00OO0O0OO0O0O0O0DoOO0oO0ooooO PMT
goooo 1000pe.000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
ocoooooooooooooooooboooboOo0ooooooooboooooboOoobOooooooooDoboOooo
00o0oU0o0oo0oOoUoO0oo0oOoUo0ooOo0oOoUOoO0(@oboo0oooUO)o0ooDoDOoooUoOO
ooboooboooooooooobobooobooboooboooooooboobboobooooboooooobobooobooboOooobooon
0000000000 000o0oo0o0nD ImsecO0O0O0O0DOOOOODOOOO

ooooooo

oooooooooOoOo0oooooOoOoO00oooOo00 (oO0o0)DoO000O0bODO (UoooO)oooooo
00000000oooo0000000ooOOo0oO0O00000D0DoOOOO0O000D0D PMTOOODOOOOO
cooooooboooobooooOooOoOooon

431 O000OO0OOOOOO (BaseLine Restorerd BLR)

BlROODOOOOOODOOUOOOOOODODDOOOUOOOOODOOUOOO0DOODOOOOO0OOoOoooO I [1oooon
goboboooooboboooobooboobooooobobooobobobooooobobDobooobOobOoboo
goboboooobbooobboooobobbooobbooobbboooobbooobbooobbbooobo
goboboooooooobogoo

4.3.2 MoGURA

Module for General-Use Rapid Applicationd 0 0 MoGURA 0O MogDAQ OO OO FEEOOOOO 450
MoGURA O O0OOODODOOODOODODODOOOMOGURADODOOOUODADCOOOOODOOUOODO Front End
FPGA(FEF) 0000000 System FPGAO OO OOOOOOODOOO UserFPGAOOODOOOOO
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(a) MOGURA O ODOOOO (b)) MOGURA OO ODOOODODODODODOOODOO
! SNB SD-RAN
ont-End FPOA zoie Systen ppgy || S0 DOR
s FiFo
TRt H e
—THLERO |
=
data frame) 7‘W
User FPGA
e Vi bus
Direct

045 MoGURAOOO

4.3.3 MoGURA Trigger

MoGURA Trigger 000 OO0 HitSum OOOOO NHit0OOOOOOOOOOOOOOOOOOONHit
0000000000000 HitSum OOO0OO0OONHIT Thershold 000000000 O0OODOOOOOOOOO
OO0 NHitOOOOOOOODOOOO NHIT Window 0000000 6CLK(=120ns) 00000 4600
NHIT Window = 3 CLK, TRG Window = 5 CLK, NHIT Threshold =20NHIT 000 O00O0O0O00000OOO
ooooo

e.9) Hitsum: 102{03]06/07]09/06/01{13 01 105 09 09 04 02 01 Time
NHIT Window= 3 [CLK] ftsum: [CLK]

TRG Window = 5 [CLK] _NHIT :02/05[11|1622/22/16[20(15 1915 23 p2 15 D7
NHIT Threshold = 20 [NHIT] — Pl 4
TRG TRG

046 00D00O0OOODODOODODOOODOODO

0000000000 ooUooooooooo 2000000

* Acquire-Range
gooobooboobooboobooooooooooo oo Do booboooobooooo
Event Window 0 0 OO Q00O

* Acquire-Hit
Acquire-Range 0000 0000000000000 0O0O0O0ODOO0O0OOOOOOOOOOOOUOOOO
000000000000000000000000000000000000000000O00 4700
gogoobobooooboboooobbuooobbooobobboooobbboooobbooobbboooLo
0000000000000 00000 LaunchOffset 0 00O 0O

000 Acuqire-Hit 0000000000000 D000O0O0O0O0OOO EventWindow OODOODOOOOODO
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FlE
HIT $I%E Trigger - :
— Acquire CMD I Acquire CMD, Timestamp, EventID ||
— Event Window aT
Oy 7Lyay Time

(Start/Stop) [CLK]
- F—=85 7L —ALERK : —

- LaunchOffset Stop Th. -

S Uil Start Th.

- EventlD Hit Th

FRINGA—F
+ Enable Gain Channel
- Event Window Length
- Discriminate Threshold
- Discriminate Gain channel L
- Max Signal Length \

Window
Max Signal Length

- Start Threshold x 4 gain
« Stop Threshold x 4 gain
- Hit Hysteresis

- CMD Latency

- Preceding

- Proceeding #&... LaunchOffset: -'|O'| 3 6 8101214

047 0DOO0OOO0OOOOO OOO [20]

O0000+«0000MoGURAOODOOOUODOOODOOODOOOOOOOOODODOODODOOOOMoGURA
Trigeer 0000000000000 KamDAQUOOOO NSumOOOOOOOONSumOOOOOOOOOO
O0000htOOOODODODO0ODO0DO0ODO0ODOMoGURADODODODODODODODODODOODODODODODOOOODODOOOOOOO
hit0 O OO OO0O0000000000000 NSumO NHitOOOOOOOONSumOO PMTOOOOOOO
OO NHitOO PMTOOOOOOOOOOOOOOOOOOOOO

MoGURA Trigger 000000000 OO0OOOO

* Single Trigger
NHit O Single Threshold 00 0000000000000 0O0O000OONHitOOOOOODOOOOOOO
gooooooo
* Prescaled Trigger
NHit O Prescaled Threshold 000 000000000000 O0OHiItWindowOOUOOOODOOODOOO
O00000Single Threshold OO OO O0O0OO0OO0O0OO0O0OOOOOOOOO
* Launch Trigger
NHit O Launch Threshold D00 000000000000 0O0OOSingle Threshold DOO0O0OO0O00OO0O00OO
ooboboooooboobooboboboooooooboooboboo
¢ Adaptive Trigger
Launch Trigger 00000000 1lmsec000O00O0OOOO0OOOSignle Trigger 00 O Launch Trigger
0000000000000 00DOO00DOO0O0 200pusecb0dbDO0O0DOO0ODOOOODOOUODO
00 [2110000

0000000000 Start Threshold0 OO OO OO0 OOO Stop Threshold O O O O Start Threshold O 0 O O Stop Threshold O O
gooooooooooDo
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| /data work moguraHistoryTrigger, 7-0000/History 001360.knt - 6 : multl 0 | nhit1_6
Entri 20000
L Mean  2.866e+04
400 I — I S S T

/0

# of hits/6clk from mogura history trigger

e s
Time from Muon event [ns]

048 00000000 O NHitOO [21]

048000000000000000O0 NHitOOODODOOOODOODODODODDODODOOODODODOOOOO
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