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- KAEEELbRE e
INGRID module
N
| - //
2.5cm

Water module (E&[X)

Water module %z R {Erh

proton module (CH)
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TL 7k 7 ANDER

2.48 s
— 1R8NV FHEE :v: >
— 2.48 sec/E EA spill spill spill
« ZF v RILDERAH L
o« BF v v ILDERFHEL 581 ns
- IR wm
- MPPCHLIREIE
58 ns 8 /NVT

Water module~OD I L7 PA= RDFHFE
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TL 7 k ANEIA

MPPC

. JHiEH 2
e 32chd7 L A4 &)

SPIROC2D - ASU

Silicon Photomultiplier Integrated Read-Out Chip
« K/ A4 X

s EWRAFIv oL Y

« TYRIWEE TITY

« ForRIILTEIZIED T L(XTEY)
ASU (Active Sensor Unit)

PS8, X 417-SPIROC2D TMPPCDIE S % e A HH T
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WAGASCI DAQ

Interface . DA
+DIF o ol
PC @
1 T
<
3 ASU ! ASU I ASU T oaltt
0 ASU T ASU T ASL | ASU
:tﬂ_.\. ASU AsSU ASU ASU
E AU i AsSU I ASU I ASU I Asr
* Interface : DAQIEBS DIGIE, MPPCICEBIEZ5Z %
* DIF (Detector InterFace) : chiplcDAQDEBSVPREZIEA D
« GDCC (Giga Data Concentrator Card) : PC * DIFNfE 5% {5Z %
« CCC (Clock & Control Card) : GDCCICDAQBIEDNES %A 5

« IVFL—IavHERE
« SPIROC2D, ASUZEIZ & V) T — 2 EUS
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DAQ

Spill DI T 7T — X EUR(T — b D% Z) (acquisition)

SpillAYi& A% & 7 FH a7 >T 2 ZILIZEHE(conversion)

Z D&, A H L (readout)

gt LR T D{E S (end readout) D KD F v 7 ~Nf=i V) | readoutBdtEd %

Start I

Acquisition | / !\
|
|

Start

Conversion b |

Start | |

Read-Out I \ I 7 |

Chip_Sat | | | | | |

End l l | L

Read_Out ’ } ' | ' I_l_
—> jf—» «—>
JAcquisition, Conversion | I Read-Out I

Chronogram with chip full

P e 11
2017/5/20 FIRESIRILTF—FDEKR



N E AR ()

El:D
« REEOE Y ~ 7y 7 ERUIRA TASUDBTEEAER % 1T 5
A ETEH

- RFZAZILDALE

- 714 DB

2017/5/20 BIRB TR LF — BEOFRK



==

Setup(1BH)

o« ASUAOD KERIEICEITS Y b7

LED PS

splitter

TTL
Bunch

HV

HV/LV

each x2

HDMI

VME crate
DAQ
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- T—ANEETETWS & T 5
AHH 3 Channel(32) x Column(16)
e LEDDEIEE FEY Charge_hit_H G—Ch'po—Chann%!Qm._..Gm

Entries 2089
Mean 804.7
Std Dev  229.5

E-

- 6~7peENEZATW5S

# of entries

=3
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~
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600 800 1000 1200 1400 1600 1800
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MPPC

TEAR H 2
32chdD 7 L A &)

X—2 /A4 X(1pefBHHEE
_AFRAE L THEENAHE S
na

tlj jj Ci—E I MPPC 1 ChWE‘B I o ADC_chip2_ch31_col8_all

LhiEEIEE
mé\bgﬂ% === » 02
Ilp.e.:lﬁ‘ﬁ?tiﬁi—"ﬁ_% I ... I&?\Xﬁ)bl
S —— E

2017/5/20 BIRB TR LF — BEOFRK

ADC _chip2 ch31 _col8 all
Entries 53224
Mean 566
Std Dev 10.97

17



MPPCD H I3 KK

pixel

TeflZzH 7

138 2015]

lﬁf@w 20.0ns 2506575 H
G2 553ms 1 poits7ome Ji7an1s

s IEVEILOHEAFAFREFORIYELET FIE—

[0 photon equivalent ( p.e. )

« XFMNETRIVICATLEDNZRT IFH 18

2017/5/20 FIREITRILF — FEDOFER



XO

DAQ 7BiH

[
»

—

e 1spillT & |

RELICBEZEZASE N )TN 5

A

MPPC CH % t&H

=
a7

> &L

il o) T

vvFL—avik

o L L

ST K I

=
=]

=

=
=3

=

7 F 0

19

IRIILF—FBDOFR

F£705

2017/5/20



ASU - SPIROC2D

MPPCH > DIEFTZHUS T 5
- [EEDEIE
- FURIE
- BREICLE2T—2DH v (discri)
Fr )T EIC16ED T L(XAEY)

77 > 7' 1Z IEHigh Gain, Low Gainh' & %
- HBHETEERELZEDL D

- XEY
W I‘EIE—:IZ /1= 7\/7
by MEHRD S

Slow Shaper nalog memol A DC
- BHEEN U H—ERD e W can,
Preamplifier Depth 16
- BV hTBHERDAT LABHT D .
arge
5 5100ns measurement
Depth 16
HO READ
IN High gain ~._Fast Sh
Preamplil§sr “m Varigble delay
;ﬁ"

Trigger A
- j A Depth 1€/ 70
. ~ DAC output . . .
WAGASCI DAQICFHE W T Discriminator F—=' N
— = I -bit I meastllrr"e?nen v
FE—/%{IE (/j: 1.5 Q.e. (l\— EQLEE Comman to the 38 i it 300ns/5 pis t

|

20
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Ch. 0 Analog channel

SPIROC2D —

ch. 1 Analog channel 12-bit
Wilkinson
ADC
for charge SRAM

builder

Ch. 35 Analog channel

12-bit counter

Com
module

32mm? (4.2mm X 7.2mm) congal
2gain/12bit ADC : 1 — 2000p.e.
5V/3.5V power supply Siow Shaper,

25uW/ch (idle mode) #W?

Input DACIC & W MPPCIZ A F BHVE | gy sl

1.5p

nalog memol

Depth 16

Charge
measurement

EEJ "E‘_ﬁ b 0.1pF-1.50F Slow Shape
ESEMEL TRE - WIS |, ] .
__E U (16 :I % %) ) C:{%@ IN |F-,|igh g::q_ 4% Fast Shaper Varibble del
reamplifier % § ) arigble delay
threshold A L DES A 161K S &, A E Et&"‘; Trigger

5 Flag
o ° _ . v +Depth 16| TDC
U 75\ v Li b -DAC output 4-bit threshold ;E?’ :
N o — 7 djust| t I
- RO PUH—ETT—ZEUEIIEE e =
alog

| Time output
10-bit DAC P

Depth 16 READ
HOLD

TDC ramp | measurement
300ns/5 ps

|
Common to the 36 |
channels |
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SPIROC2D digital part

qu- . '
: Ufs;t :
| Trigger(36)— Toger Column erase 1on phﬂ&'e '
' : | OR l Bunch crossing ;
: Trigger{0) — \ 5 -
; Thi i Controlled by external clock
Acquisition phase c; Ef;r; //
: Measurement of 16 columns Bunch crossing ID 4
16 i
: . 16 Column selection
(dgtalpart | Icolmnerase] gt | c"ﬂvers;u
36 i | 12-bit Wilkinson h Phase
Charge =l 36 charge 3 ADC * Ramp
Analog memory &rime(0) —
36 Track & Hold —7— TeADC T T e ¥ ...
Time =g v Eunvertedt lramp start !
value

Acquisition phase
. e Bunch +——  Analog to digital
® A column is filled, and moves to the

selection  Conversion phase !
crossing I oD |

Data writing
next column at the same time for all l Data !
the channels at timing of the next Address |
4 kbytes SRAM i

“bunch crossing”. ! digital part
® “Bunch crossing” is a coarse time flag
for the triggers.
® BCID is controlled by external 2.5MHz
clock.

Conversion phase

® 36 charge/36 timing in the analog memory
are sequentially converted at an ADC
with using ramp signals.

® The digital data are stored in 4kbytes SRAM.

e N o L
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Interface board

e Interfaceld 4D MDASU + 1D DDIFE EA > T A
- WHITES Z1miE

e Interface” HASU% B L TMPPCIZE/E % f#tia

DIF (Detector InterFace ) B (RN
* DIFIS FPGAZ FF 5. SPIROCZ FlfEl T % 4 '.f.‘.'.!.““""'.‘"'
» DAQfES & 3> 7 1 V' %SPIROCICIGIET \"ﬁiﬁ fron
. IFABL TSPIROCH S DN F — 4 %S (7B 2 e

e 77— TIEGDCCIC L » THIEII NS
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TL Uk N EA

GDCC

« DAQPC~D A —H %y b EDIF~DHDMIE DIE S IRiE

 signal transfer between an Ethernet to a DAQ PC and HDMIs to DIFs.
CCC

e GDCCOCCCE—F

* Clock {5 & fast control TS LT WL\ 5

* DAQY R T LEERZREA TS

2017/5/20 FIREITRILF — FEDOFER
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N data/clifrig
dat ff-detect
TFB & DE LY Ceeee T |t ot
T ';ﬂ;:‘ﬂ? clock & trigger
| MPPC 1 [— accelerator
: TFB2 Timing «— timing
" o 5o Modue | signais
] : """""""" Trigger
* TFB (Trip-t Front end Board) - +_Module
.« [MPPC 1 |
— 4 Trip-t Chip7f)\ » A% 5 (16 ch) m TFB 48 _F_E?_'_T‘j_!%__‘___f_i_!_!_s_%!_,g
— Trigger threshold | 16chIt@ primiive
- BESBEADCEZFEAL TS T2K DAQ system (using TFB)
integrate/reset _ _
—~ gain adjust
preamp 1=2=?i=---8
. analog
Qin > pipeline
JRE
,_“3PF discriminator
gain 1 or 4 ‘3‘52
threshold )
reset

Single Trip-t chip front end channel
25
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/\07—_“X g L « ©Ccolumn 14

* Trigth=15572D T2 p.e. "R X TWW 3

— ¢ Fit ZETNE
Pedestal_chip -

gsso: N charge_nohit_chip0_channel2_col14
I~ L. charge nohit_chinQ_channelz coli4
O L — 3 I 8 0.045E= Enties 2175
- . = M 536.3
85405 +Chip0 = oM SidDev 5556
L +— E
C 0.035F
2520* QCJ E
B 0.03—
B Y— B
500— O ooz
N H el
480 — E
- 0.015—
460— 001
C C e o.oosf—
440 ] R T E_HHIH' JJ'MJMMWWm«hdl\.I
0 oo aoo 4000 500 00 200 500 500 700 800 300 1000
Channel(32) X Column(1f) charge_nohit_chipQ_channel29_col14 ADC count
. . i i
n charge_nohit_chip0_channel27_col14 ge e B ESppr—
muge_mjhn_:npn_cnanmm_:m1u - _ Entries 2307
g 0.05/— Enties 2200 8 0.04 = ) Mean 539.5
st = Mean 5266 4 E Std Dev  60.08
C StdDev  56.14 e E
c C 4o 0.035—
U oos C -
Y C Q o003
(@) r Y -
q:t 0.03— O 0.025:—
C +* o.ozf—
0.02/— E
N 0.015—
- 001
0.01— =
C \A 0.005—
g_”m..f Y T T :HHMIJIIIMHWMM“IMIm_|"|“H|HH
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ADC_chip0_ch26_col4

ADC_chip0_ch26_col4

~ [EES J — ol -
TTEH /E\I /L—E- 3 % StdDev  10.64
w; ADC_chip0_ch0_2D
—= 5
RTFRZNONE S AR = e
400 450 500 550 600 Mean x 4.688 n
N gzaggvx SOG%S I
_'j’_ ,\7 \/Z\\}[/ e 7 3 .[A z\& L:/\Oj_—\\x 7 StdDevy 10.22 107
IWIZEWHDH S
— #910 ADC count® (£ 5 D & (=0.5 p.e.fL) = i
- RFRLNEB DR NE _ #havac e |
0 2 4 6 8
€ Cqumn(lO)
>
» (e) =1 o
'T’f ‘/( E —7 Fﬁﬂlzl’f-'i) © Peak interval I
2 B | B = Chip0
— S B T .. W el o
¢ Chlpk" %{/]3 N7 %G) 54 g—n"ﬂ l.‘u' '.".. .",' ‘”II":N”;I#I ",; ;"’"i.'. nl -.,n“.li" i e T I.."’"'"""I' z:lp;
> 3 e, 0 b T e ) & s R
C ‘O g 7?)/ a@ % 48';_ l,‘.j ¥ :-: :x'i o .‘a 5 "ill :,,:..-‘:I.“"-: {..;-:':. "'A‘f;. Y 2o ,..wig'lh‘a"
A TFa—ID M e Tt A P L A P b A A EU

3:0p.e.—2p.e. D E— 7 ElE

- Channel(32) X Column(16)
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ASU boards >

[ 20th Feb: 45 ASUs boards have arrived @ Utokyo

» 1 ASU had a trouble on its connecter before assembly, and will be assembled by using another connector.

[022nd _24th Feb: Test for simple functions for each ASU.




Test operation

O Typical events

beid_chip0_col16 ** DarkMoise & Pedestal ch:0 col:3 **
beoid chipd col16
. ——boid | 200 [ Peak search - Daroise
i 1 Std Dav 160.7 - ; 1
. Noise rate/chip is nolseratt - &Gau.ssmn fit S
extracted from s 2 Gain check

60 the first 16 bcid. = 2odlkHzl B distance - 56,23
sof -« Pedestal

- C I
o BCID -
3 «+ 1.5pe I
e o2l I
10— B

: : |

G: R [ B B B B B B Ll ||...|’|l MH!ILH...

i SO0 1000 1500 2000 2500 000 3500 4000 E’m 450 500 550 Gl

charge vs channel HG chipl coliG

e bt i e

Enics 433647
Mapn x

1549
HMam y 2975
sSdOevx 21
S ey 1717

charge ws channel LG chipl collg

e

Enwics 477889

Meen x
Magn y

1512
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i
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TR E
=

RTF X RILDSL

c Fy I AT LT EIC

RTRARZIVIZEWD D 5

— %910 ADC count® |E 5 D £ (=0.5 p.e.fE)

- RTFRAZIVMEDIBELNE

ke

Gain

30

e chipZ & IZHI3 ~7%DILH DX

5
- AV Fa—Z T DOREMN
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25

20

15

10

ADC_chip0_chQ0 2D

+ —
C 3
3 _
Oss0 _
8 ADC_chip0_ch0_2D = 10°
Qe sl
< Mean y 509.6 :
Std Devx  2.692
550 StdDevy 10.22 10°
= 10
450 . —_’\\ -
B: 37 LT &EDEWN
oob= o 1o T T e T T 1
0 2 4 6 8 10 12 14
Column(10)
Gain_chip
i ° . -« Chip0
C L
é_ «Chip1
? Chip2
C o’ Sena d 3
—:‘.t:;.. j"‘. L) » :‘Iﬁ‘: » 0, tyn, & o9
- &'e :E % i%
— : ‘ o
§ ‘\:‘;}'\}13;{,:" ) "L%;‘";‘ T Fot AL A
= Trigger threshold=162
B i e T - I I'Sll)(_)‘_l |
Channel(32) X Column(16)
32
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J I ——
AT FHBEh37Ov k

A
~ 090
: :
s | Geedd
« BY)LEIME(1.5p.e)ZET = °
- RTRAZADENEFNEL D o
AN X
e U jj:_g)g_g@égx‘_@ﬁ,;) Trigger threshold
JARXL—bZHTEST S
— BCID(bunch crossing ID) % {#
« MPPC/ A4 XL —} ! —

145

— 60 kHz / channel (V,,=0.5 p.e.)
— 1kHz / channel (V,;=1.5 p.e.)

|BiEs TRt or b H—Eh2 |
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BCID

c L= DT oeWgallBEZBASESHE LD

B@ beid_chip0

b BRI D EER

beid_chip0_col16

Entries 44560
Mean 10.26
Std Dev 6.085

ZEEREBA,ALD 7 Oy 755D

# of entries

EfIZ160 T A
THEEIZIEF 3

> |

mpp
ED LM

<> > t

580 ns

(=]

by hdBH LA
TDOT, ZIESHICE

N

TR T T T T T T T N MO T AT S B
20 25 30 35

BCID(1bin=580ns)
34

= ]
(4}
>
&
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/A XL —Fh

Noise Rate [Hz] Noise hit DX

olse xate Z| = 8

S N I —\—ﬁ /i\EI H:\t

C JARL— FAREL TV 7 X REER )
ARBIEE LT L _ BCID(0~15)DfitfER
PR s ~ 580 [ns] x ZEntry%% x 32 [ch]

« ZDchipDiFHa, 155FFUTh’
WY &M B

# of entries

Graph
. . T -
bcid_chip0 - E9800p -
- beid_chip0_col” @ _ P
i Enties 403 & 3400— .
L Suber 52 8 apool te o «Chip0
I, [
5 3000
& —
2800
10° - 2 E
E 2 2600 ¢
2400
10 — —
= 2200
2000
10I I 1 Iél 11 I1‘DI 11 I1|5I 11 I2|0I 11 I?SI 1 1 I3|0I | - 1800;_ .
BCID(1bin=580ns) =
1600_ | 1 | | | | | 1 | | | 1 | | | | | | 1

145 150 155 160 165
trigger threshold

v —_ N . N 3D
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Online-monitor PC
. S

Semi-offline PC

b=
%4:
5%
=M
2
o
W
w
l
g
I.III-III-III-I-I-II

HV/LV will be -
implemented
on the water

to Interface module

haards

“ZynqDB power
mput is not shared
it Wk ban

i

i

i

i OFront-end DAQ node

i - Dell PowerEdge R330 - Quantity:1

- Processors: Intel Xeon E3 Series, 4 core, No turbo
- Memory capacity: 8Gb, 2133MHz, UDIMM

- HDD: 1TB SATA Hot plug - RAID: No

- Fan: Yes - O5: No

-¥323,892

*Specification detail
https://drive.google.com/file/d/0ByrxSXghHziObkpCWVhEQIF60Gs /vi
SV r USp—snaring

OThe other nodes

# It remains to be investigated.

VIME crate

N e 36
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Data format

GDCC Packet Format

st Sre
MAC MAC |Type pe

6|6 2 Bytes |2 Bytes 2 Bytes
Bytes Bytes

Used for SPILL#
DIF data format
Section subsection field hex ascii
SFILL header Marker OxFFFC
<ACOId> msh
<ACQId= Isb
Ascii tag Ox5053 “SP
Ascii tag Ox4C49 “I
Blank space O 2020 .o
CHIP header Marker OxFFFD
<D= 0xFF..
Ascii tag o843 “CH"
Ascii tag 05049 o [
Blankspace | (%2020 o
Raw DATA binary
CHIP traller Marker OXTFTE
<|D=> OxFF..
Blank space e 2020
Blank space O 2020
SPILL trailer Marker OxFFFF
<ACQid> msb
<ACOId> Isb
<nb chip> OwD0 ..
<ACOId> msb
<ACOid=> Isb
Blank space 02020

2017/5/20

Ethrernel GDCC Ty GDOCC_Modifier {GDCC_PRIID |GDCC_DaraLength fGDCC_Data |PAD |[CRC32

2 Bytes W ariable Pad to 4 Bytes
Min

Ethern

et Size

SPIROC data format

(| 0 0]G[H] Charge measure Chn 35 (12 bit) |\ 1 168
it ;
Charges :
0 0|G|H Charge measure Chn 0 (12 bit) SCA
% 0 0]lG|H Time measure Chn 35 (12 bit) Colamn 15
Times :
| 0 o]Gg|H] Time measure Chn 0 (12 bity |
|
. . . 1
Gain (1 bit) Hit (1 bif)
A 4 1
[0 0]G|H]  Charge measure Chn 35 (12 bit) |
3 :
Charpes 1 .
0 0|G|H Eﬂemtﬁﬂﬂzm} SCA
% 0 0|G|H Time measure Chn 35 (12 bt} Column ()
Times _ : _
0 ojG|H Time measure Chn () (12 ba)
0000 Bunch Crossing ID (12 bit)
16 '
BC1Ds 0000 Bunch Crossing 1D (12 bit)
0000 Bunch Crossing 1D (12 bit
_ Chip 11 (8 bit) 0
15 7 0

EIEBT 2L E— BEORHG



Specification of online monitor plots

2. Noise rate per chip by BCID

- To monitor if any unexpected noise affects the data taking and
if the noise rate corresponds to the MPPC noise rate.

* After “spill flag” and “spill number” will be implemented,
this plots should be produced only for the “periodic spills”.

. . : Entries 575872
ool @ Fit bcid0~15 —boid  |yean® 1948
by a constant: y = A ) StdDev 1258
sl i g noiserate(per ch)
- =>» Noise rate per chi el *# of Entries
e = + ns [Hz - .
12‘:"]:_ = 3.23[“"'2] — 4[] {Ch|ps)
1000 =» Difference from nominal values’
sooF— will be filled into histograms.
60—
400 — -
ook Noise rate per chip (diff. from nominal)
:. L vo bowv vow Bowv v e bowwowow bwvvw By we T
GD 500 mluu 1500 2000 2500 3000 3500 4000

lﬁ|i||-|||||lhﬂullllllnlmlll-III|I|IIIIiI|r!|h|fI!HIHII !I|I|!1!|i!|!|||llI-||Fl|ﬁllilllll||l|I||n|II!!I!|i|l!II|I

The plots could be renewed every 1600 spills. u'i!'ii'ii.ii',jiyii||iniu|'|||||||||||||i||||||||u|mulll| |"|||||||s|||||-nuiumiliuiuiiliiiiulupnlmllm
* It corresponds to ~100 entries for each bin of the first 16 columns.
*Update period is expected ~bmin.

*Nominal value will be measured for each chip. .
Temporarily, 3kHz can be used for all chip. Time
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Wavelength shifting fiber

Y-11 type fibers (Kuraray)

- Multi-clad structure

IERE: 1.0mm
Core O R {75 1.50
Inner cladding @ {75 1.49
Outer cladding @ R T 1.42

i AW = 430mm
i A FE PR 460mm
e = ~3m
Sorry for Japanese...
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Light yield measurement by cosmic-rays
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Sub-module

e 1 sub-module : 4 layer (320 scintillators)
— X-layer + y-layer
— # of scintillator per layer : 20(grid x ) + 20(grid y) + 40 (plane)
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