g-2/[EDMZEERH )V AN )y
@Hﬂn nJLﬂHjL/ZTAI%ﬁ%

FRFFEAB, MEE—BC, thEBFIEFABD, ¥ —45B.D NHEE ABD,
JIEGE LA, HiEHBIAE S hEEBD BHREAD, £/ KIEBD, HPEMHBD,
REEARAE, KERA M F—BRE, =8p%8.0, FHIHHT,
J-PARC muon g-2/EDMaZHRL—33>

A KA, Open-I1tB, JAXAC, KEKE#HIP, RKHEE L KRCAPPF
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J-PARC muon g-2/EDM =&

Sa—F ERAV T EIEEEER
g-2: 0.1 ppm( 51758 BNL ES821M¥5E 0.54 ppm ) DEETORIEEZ BT
EDM: 102" e-cm (EHED TR 1.8x10"%e-cm ) DEETHAEEBIET

Pl S = 7 FeHiig 58

J-PARC %E_&._nnﬂ%ﬂ%ﬁﬁ’ﬁ& (MLF) O
Sa—FUEBRYIEE—LSMY (H-Line) (300 wepcl
s utE—L 58 10%/sec :
EE)= 300 MeV/c (y = 3)
pr/p. ~ 107
20144 118 218 {E*@'@;‘ > 50 %
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J-PARC muon g-2/EDM =&

Sa—A4 AW EIERER
g-2: 0.1 ppm( %1758 BNL E821M#EE 0.54 ppm ) R ETO BT % B4
EDM: 102" e*cm(BREND TR 1.8x10"%e-cm ) DBEETHAELBET

Instantaneous

1.2 MHz/strip

rate

10‘°E g-2period: 2.2 usec

3
2
€
-
o]
0
o
>
)
g
°

A
12 kHz/strip =7
: NA o
Measurementpenod 33usec VC (2nn
10&;, ,,,,,,,,,,,,,,,,,,,,,,,,,,, > x10* WO Wep\c)
5 10 15 20 25 30 ‘fa;
\sec] ==
pr/p ~ 10°
20144 118 218 RABE > 50 %
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)aVARM) YT ES

AV AN T
576 mm 44—
/- —*%E%Zi%qﬂé}ﬁIE?’%E:L—?J"/O)EﬁiE%E%O)ﬂ%EDT\-\
A= FiE] B 7
- PRV NAIICKRE S
- =5 3T
s « BARNUIL—bF (]RX 1.2 MHz/strip)
Do | . KE#HL—RZEAE (1.2 MHz/strip -> 12 kHz/strip)
\- ZHOEVFEICEEFRTZHERT OILE /

—

400 mm

(5% F REhiE 2l = BRHEBEYD21—)L(1vane)

m

- Fronfend
— W | ooy mam a0 me A
N 5 R4EN, - 240 mm (radial)
R | | x 400 mm (axial)
= & | 3| #BXNJYTH : 811k strips
’ oY —1¥&H =Y 768 strip

20144 118 218 (
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JOVRIKRASIC

p Requirements

~
« Hitrate: 1.2 MHz / strip
* time measurement: > 5 life time -> 33 us
e 768 ch in small space -> 128 ch/chip
" J
Compressor
( g;e:r\)rgrp Comparaa ( TDC Serializer \
FPGA

~100ns DAC
good S/N time walk < 5ns

\ Analog part/ \ Digital part

AsSICT7 O _ o .
Siczny7k « binary A HL ¢ /NILRE—LITH I

2014% 11A 21H

- == A3
FHAIL R T LAHR R @J-PARC » ZELTDCHEEK

ans time stamp

40 s digital memory
Zero data suppress




FFEIRR
- 2011 16¢ch prototype (SlitA) design

» 2012 16ch prototype evaluation
64ch prototype (SlitA2013) design

2013 64ch prototype evaluation
2014 128ch (analog + digital) design

2015 mass production

*SlitA, SlitA20131&7 B4 /\—k®DASIC

20144 118 218
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ittt

SitA  Evaluation Board for SIitA

SfCAIBO7FOT HIDEEF

16¢ch prototype

Process : UMC 0.25 pm

20144 118 218
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SlitA:T =&

Parameter Requirement Measurement
Gain >19mV/{C 40 mV / fC
ENC <1600 e 1500 e
S/N 15 15

Dynamic Range >5 MIP > 5 MIP
Pulse Width <100 ns 130 ns
Time Walk <<5ns -

# of channels 128 16

20144 114 218 o REAN—T3V THNIILRAEDHENDHE
FHEIL R T LHRS@J-PARC o RALDA—DIIXE/N—230 THIFE




FAFEIR S

64ch proto type (SlitA2013) design
« 2013 64ch proto type evaluation
« 2014 128ch (analog + digital) design

e 2015 mass production

20144 118 218
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SlitA2013

5mMm x5 mm 100 mm x 100 mm

AMON out

analog pulse when input 3.6 fC charge

64ch proto type
Process : UMC 0.25 pm

-> SilterraCMO0S0.18 pm

20144 118 218
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SHER DT YT

PC
LAN
SlitA2013 |
;- —————— ] Oscilloscope
I

: | Trigger

l |
Cdet - t-r——=—--
(detector ——
capacitance —1PF

test pulse
Function

square wave: Freq. : 50 kHz
Width: 5 ps Generator
Ampl. : 15 —-300 mV (1 MIP: 36 mV -> 3.6 fC)

2014% 11A 21H
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signal amplitude [mV]

TAD  ZBAFTIVILD

700 - dynamlcrange58|\/|||3 ........................... i e . 3 __
600& 20 (. . - Eniries 31

- e RMS  1.989
500[—- g.am ........ 2 9.4m4\//4fC ................................................................................ 1of-

: (S|mulat|on) -
400__ ................................................................................................................................................. 10:_

- 8-
300__ ................................................................................................................................................ B

C : : : 6:—
200:_ ............................................................................................................................................... C

- galn 26 mV/fC | 5 “-
100:_ (measured) ............. ....................... ............ o

- - I_I I_I

C A P RN ENPURPURNN (N0 (0 AR L S N R

5 10 15 20 25 o 80 25 24 26 28 30
Input charge [fC] éch@’r*{zd)lib’fé‘ galn [mV/fC]

e gain: 24 ~ 32 mV/fC, 15 26 mV/fC (EXK{E > 19 mV/fC)
. BAFIVHLUT > 5 MIP (ER{E > 5 MIP)

20144 118 218
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ENC

ENC = o [mV]/A[mV/fC] / e [fC] 0:R—RSA>D5idbDE A A, e: B EH

NNE vzl ~160F

—23pF

ENC [electrons]

1200_ ....... (measured) o A .............................. 52— —

17607 NSRS S % . S

Ty = 500+22xCdet 't
o lemdaton) 1

) EE~ N W S SO A
n H H H H H

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | I 1 1 1 1 | I i i i I 4 4 4
10 20 30 40 50 é)oo 800 1000 1200 1400 1600 1800
Cdet [pF] ENC [electrons]

s ANGLDORRETR—XZMUD5bDEZHIE
« ENC:890e @ 16 pF (A sensor), 1100 e @ 23 pF (R sensor)
« FARTD ch TAsensor, R sensor EHIZERZFHE-LTLVS

20144 118 218
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JINJLANE

§180_ ..................................................................................................................................... ; ...........

5

- S S N SO S SRS OO S S .

S 160— -

(]

&

3-140__ .............................................................................................................................................
120

digital outut

80

60|

B ]
40 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1

input charge [fC]

1MIP (3.6 fC) AABRDTAILH 7 ANEBREEZATZEZED/NIILRATEDEIE

e AL aILRIZ/A X D50 [ZERTFE
« JYLRIE ~80ns@ 1 MIP (3.6 fC)
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FHAIS AT LR Z@J-PARC




BALT)A—

[«
~

[«

N
\\i\\\

[

|

T S

PP ENRNERS SRS N S— N

time differences[ns]

input charge [fC]

ANBRELAF-LEOTFOTEHOHT TANAAND S FIHIESH
it HAENBETOHRME

e 5ns MAALARRATH#BIBELTWST=ZHOZDEN <<5ns THAILENHD
+ 0.5MIP (1.8 fC) A 1B & 3 MIP (10.8 fC) ANBEETHDAA L4 —4 ~ 12ns
> BWE (A7 LIT3)

2014% 11A 21H
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E— LG BR

Single tack
(- N )
« FOIYFUIDTEVAN—2aY
- FEFEEDRSAE
(p ~ 200 MeV/c) )

EERR—

ILTOREZF D RE

RALKEFE
« 2014/09/26 — 30

» DC positron beam

20144 118 218
SHAIL R T LIRS @J-PARC

Multi track

4 )
o L—FZEALICLBNEDFEEE

« EEBRKR—ITO/AXDBIE
(3K : SIN > 15)

J

A

J-PARC MLF D-Line
« 2014/06/14,15
« High intensity pulse muon beam




- DC [BEFE—L (200 MeV/c)

- B
- FMOYRVTDTEVAN—Y IV
- BEFOESDEEZRIE

20144 118 218
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E—LTAMYRNT YD

« 580 >
A
Fiber Hodoscope Fiber Hodoscope
Read out module (BDC1.2) (BDC3 )
EASIROC: BDC
46 30 83 F 47
WFD: A,R analog N (I ol O
FS, BS1, BS2 o |Asensor||R sensor g
TDC: FS, BS1, BS2, Trigger, 3 [DssD1 DSSD2
A, R digital FI’O!I( Back
e o| M| sci. 8 Sci.
¢ (FS) (BS1, 2)
Trigger 3
FSxBS1xBS2, @
160 ® f

10

1 -

e* beam (200 MeV)
trigger : FS N BS

20144 118 218
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A sensor noise R sensor noise
14210 hnoise00 x10° hnoise01
N X Entries asrarrens [ 4,0 Entries 47922080408
12_ Moan -0.1488 N [\ Moan 0.183
K / \ AMS 355 12_ AMS aza7
10_ Constant 1,3380407 = 74710402 E { L Constant 1.44404+07 + 8.1380402
K l T Moan 01477200002 | 10 - Masan -0.1833 = 0.0001
ok o=355mV - ’ V o=323mV
’ [l i
6 [ \ 6: [ L
I R h
2t / 2: 7[ j
I R I I I °-'"'.30""-20'”'.16"'0""10""20“"30"”
mV mV

A sensor:o =3.6 mV (870 e)
Rsensor:o0=3.2mV (770 e)

B) su=coNERLAEOLAL

20144 118 218
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i
Jj0

A sensor _ R sensor -
) hsignaloo ] hsignalo1
240 Entries 10117 L Entries 18362
~ f\ - = - ~ T i s | = 1.65
220 prehmifmang| “t T prefimi -
200F Il wrwees| DO H S
180: bg Sgma 589520083 300: |l Sigma 555510084
160F : ]
140¢ 1‘L t-——{ 904mv | 250¢ 69.3mV [
1208 N — 200F
100 11 - 1
e ) I 1507 '
60; | F !]f\ 100 WJ
40F -
20; Tty 50
O 50500 s a0 550 % 50 100 150 200 950
mV mV
A sensor : S/N ~ 19 » B3R % ml-9
20144 117 218 . _
IS R T LABFEE@J-PARC R sensor : S/N 18 (S/ N > 15)



SlitA2013:F

Qul
v
&

Parameter Requirement Measurement
Gain >19mV/{C 260 mV / fC
ENC <1600 e <1600 e
S/N 15 ~ 20

Dynamic Range > 5 MIP > 5 MIP
Pulse Width <100 ns 80 ns
Time Walk <d5ns ~ 10 ns

# of channels 128 64

wariamsame A1 DI —IDHREDRLESHY



FAFEIR S

- 2014 128ch (analog + digital) design

e 2015 mass production

20144 118 218
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Slit128A

e« 128ch ZAKZA4 7
- 75 0% (SlitA2014) + T2 %)L (GM2DV2);E & [B] 1%
* Process : silterraCM0OS0.18 um

SlitA2014
SlitA2013M D FHEEE R
 Preamp and shaper
- BALDA—IHED=OTAVNKREKGEHEIICER
 Digital control part

- register (7FRAJEETORAILERTIEE D HYERY)
_ DAC : 4 bit -> 6 bit (ALY IILED LYK HEL )

2014% 11A 21H
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GM2DV2

200MHz Clock EZAHBKES FHAHLBEKES

GM2DV2 l '

GM2_CLKGEN GM2_TG
(2 phase Clock Generator) (Timing Generator)

A_D[32:1] FPGA_SER_*_[0
UNIT_0_31 (UNIT32)

| FPGA_SER_* [1]
A D[64:33 ——
_D[64:33] UNIT_0_31 (UNIT32)

A_D[96:65)] FPGA_SER_* [2
UNIT_0_31 (UNIT32)

A_D[128:97] FPGA_SER_*_[3
UNIT_0_31 (UNIT32)

CLK100M_R

20144 118 218
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TA - FAFZIIL D

z 0 dynamlc range 38MIP . |
|_|1000< .................................................................................................. .............. x.' ............
() : : : : : : :
°
2
.(_3_ 8OO e b A ...........................
£
© é
T
c 600_ ...................................................................................................................... ...........................
2 :
@
400_ ..................................................................................................................... ...........................
200_ ...................................................................................................................... . ...........................
O 1 1 1 | 111 | 111 | 111
0 14 16 18

I\

Input charge [fC]

* gain: ~ 80 mV/fC (FI/\—arId 26 mV/fC)

 Dynamic range : <

2014% 11A 21H
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3.8 MIP (13.8 fC)




ENC

- require§ments < 1é00 e

©

al

O
"

ENC [electrons]
8

850 - SRS S — T T — H—

800 = R F—— -

Zindf  297.7/3
PO 592.6 + 13.36
D1 12.62= 0.63

750 - .............................

2SS S S T —

970 e @ 30 pF Cdet [pF]

(ﬁﬁ/{—pﬂ/fli1220 e)

A, > JAXIZEBRALOYE—DFLLEAFTES

TRV R T LR ER@J-PARC




JINJLANE

N
o
o

reqU|rements< 100 ns

©
o
|IIII TTTTRTTTT

pulse width [ns]

11 I 11
16
Input charge [fC]

* pulse width: < 100ns @ ~ 5 MIP
« 44 ns @ 1MIP (3.6 fC)

2014% 11A 21H
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-

s

¢l
|II

time [ns]
TI TTT
9

_L

=

w
I

- ....... . ............... ............... ............. ~55ns ............
s e .............. ............... ............

110

109

L e e T e e I e e R S
0 2 4 6 8 10 12 14 16 18
Input charge [fC]

time walk : 5.5 ns (0.5 MIP - 3 MIP)

JV)T7oT  ox—I\ERGEDFEXITOIZEIC
LY. SHIZTHENRAD S
(BRETFEEmEIELTLVELY)
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SlitA2014

Parameter Requirement Simulation
Gain >19mV/{C 80 mV /fC
ENC <1600 e <1600 e
S/N 15 ~ 25
Dynamic Range >5 MIP 3.8 MIP
Pulse Width <100 ns 40 ns
Time Walk <3ns 5.5 ns
# of channels 128 128
BALIA—DIFRIN—DavhoWESN-(SICHELRIAD D)
20145 117 218 TADTERECTBHETAFTIVILUODNINETLGD

BHIS 2T LHFR S @J-PARC BERELTEHAFEIZESHETIEEL



=EH

« J-PARC muon g-2/EDM EED )AL Ay HEEFHASIC
DEAFEEITOTLNS
hET2OOTAMATEERL. il EiTo1=

o BEFIXAN—Iao DT HFALE{TOTNS

REAN—23 0 TlRIT A LITHEICKYRL LIF—O DN E
NRAFEFND

REAN—2a0 TR T AT - TOZIIDOEBEBEIZE-oTNS

V4
S&
2014FEFERIZRER/N—a0 5T
201545 E~1{MBAA
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BACK UP SLIDES
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YA AN )T H—

A (A) Y — A pon-n B —

BT A 7

- E&:0.32mm A sensor
ARy TEYF :0.100 mm
ARy FiE : 0.027 mm
AR)yTRE : 72 mm
AL)yTE 64 K

- RS = 16 pF
BEARA(R) Y —

« E&:0.32mm

ARy TEYF :0.188 mm
AR 7@ : 0.050 mm
AR)yTRE 102 mm
ARy TH 64 K

- fRiss s = : 23 pF

20144 118 218
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R sensor "#8




J-PARC BEAM TEST

« Muon stoped Target Sci. and decay positron was measured.

« Maximum hit rate was estimated to be more than 1.2 MHz/strip. _
580 cooling by the chiller

-
-

Sci. size 4
(xy2)
Target Sci.
(30 x 30 x 3 mm3)
Front Sci.

Bx5xTmm3 o
Back Sci.
(12x T0x10 mm?3)

Fiber Hodoscope
(BDC)

R sensor 8
)

Back
Sci.
(BS1, 2)

B

L pulse beam

20144 118 218
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DAQ

« Trigger : the pulse synchronized with beam (25 Hz)
- Wave Form Digitizer (CAEN V1742)

- analog output of SlitA 2013

- DSSD , Target Sci., Front Sci., and Back Sci. signal
- TDC (CAEN V1190, V1290)

- digital output of SlitA2013

- timing of Target Sci., Front Sci., Back Sci.

20144 118 218
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J-PARC /(X

A sensor noise R sensor noise

name00 name01
- : : : : : i | Entries 1301254 N : : : : : i | Entries 1301254

DROOO—-—--t- et bt JR | MR -0.6302 ol A N R Mean 04129
N SR I S S S A AMS 3934

L : ; 5 - | AMs 4837
- : : 5 : P erna 618.4/170 *Indl U5/ 142
Prob 6.307e-19

L : : 5 : i | Prob 0
20000 —----i=mm==iee=mndeesnncienfocbolconies| Constan® 6180404 + 27020401 T : : ; i | ConstanB 2186404 + 34620401
- i il i ] 0=3.94mV

25000

- 0=4.84 mV .
- : : : M_-_--r '''''' - \: ''''''' - r s ——p .-
15000|— ] - :
S RCES N T -
I ) R T A S L1 et =% (0N S0 (% SRS S S S
5000} —----t-mmmmefeneeae SIS SRR SR ¥ RN SO S S n .
n S e S N . S S —
-Illl LLLLLLLLL |I||ll ||llx‘lllll LALLLLLLL _llll LLLLLLLLLLL 111l LALLLLLLLLLLL L
%0 40 -30 20 10 O 10 20 30 40 50 %0 <40 -30 20 10 0 10 20 30 40 50

mV mV

20144 118 218
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UNIT32

: = RHH UBALE(E
BEAAMLES citoom p RO HLBAIES
H—
GM2_SPRS
MEM_P ‘ (Zero
S GM2_MWC (DP-MEM) Suppressor)
N (Memory
T - Write GM2_MRC ‘
D C I (Memory
o ontroller) l» MEM_N o GM2_SER ‘
| Serializer
O (DP-MEM) Controller)

7 LEEES |

/

mm) CLK200MFE [P CLKI00M_PHR  mmmp CLKIOOM_RFE [ SCKH
mm) CLK100M_NF

é?:::”z GM2_SIO
(Slow Control I/F)

2014% 11A 21H
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Digital Control

SCLK D->A
Sl D->A
SSn D->A
SO A->D

CLOCK : 1 Hz ~ 500 kHz
|O standard : LVCMOSO09
8 bits register x 2 (use 11 bits)

{11111 1

e two registens ...

2014% 11A 21H
FHRI AT LR E@J-PARC

Clock
Write Data
Chip Select
Read Data




Write

When SSn = H, SCLK is undefined. Duty ratio of clock is not guaranteed.
The minimum pulse width is guaranteed. The minimum pulse width is guaranteed.

e L ALALLLULLLE—
ssn T} |_

n

Sl

Data is sent from MSB.
Write data changes at trading edge of SCLK.

When SSn = H, Sl is undefined.

20144 118 218
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When SSn = H, SCLK is undefined. Duty ratio of clock is not guaranteed.
The minimum pulse width is guaranteed.  The minimum pulse width is guaranteed.

M an g N Wp Wiy Wy iy Wy N —
sS _| [

n

When SSn = H, High-z

SO

" Data is fetched at trading edge in digital part of ASIC.

Read out data should be changed at leading edge.

2014% 11A 21H
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Bit Control

first register second register
B T ) T

TEST Test Pulse in DAC 4t bit

W1 MON Analog monitor W9 D4 DAC 5t bit

W2 COMPENB Comparator enable W10 D5 DAC MSB
W3 GBOFF Gain boost off W11 NC
W4 POS POS terminal of RF4P W12 NC
W5 DO DAC LSB W13 NC
W6 D1 DAC 2" bit W14 NC
W7 D2 DAC 3 bit W15 NC

2014% 11A 21H
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