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Where is J-PARC 3

J-PARC=]apan Particle Accelerator Research Complex
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Standard set-up of SR
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J-PARC D-line:
~180k/pulse/300kWV P* for open geometry
| 80kx0.8%/16=90e"/pulse/counter or 24ns sep.
~ | Ok/pulse/200kVV for ® | 5mm sample size
| 0kx0.8%/16=5e"/pulse/counter or 400ns sep.
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FRRIEE/N\— R 17 7H 07K~ K OBROES:

2ch detector prototype
1chASICx2 Dec. 2010
12bit HV bias DAC
manual threshold control
—works, but only 2ch.

I ch but new ASIC chip
16chASICx1 Sep. 2011
4bit HV bias DAC
4bit theshold DAC
—noise sensitive, but ASIC
works. beam tested (@ RAL.

32ch detector 2011vl—v2
16chASICx2 Nov. 2011
—]ow noise. Feb. 2012

scintillator 1s to be separated.
beam tested @J-PARC.




Technology element (1): Avalanched Photo Diode

MPPC(Multi Pixel Photon Counter)
7]
Bias (Vce~—70V) Sr90ﬁ (ElnaXZQ.QSMEV)
| i
R 1
100px,
C 1 :3 C Vout blaS:706V
. . | o for 70.17V
Inexpensive (~$40/piece) | |
. . [wmm—]‘.izigfrgx'§.3?.';n.< fnslfgtsnll:rs 73(]”']\.\/""j'ﬁ;]]l.;ljggomj
high gain (~106) R “ SR
low bias voltage (~70V) | GND
works under ~Tesla magnetic field ~ 400px,
b1as=70.0V
for 69.82V
OF l‘ ! | — = T e ..
:2888 T teSt@R|KEN/RAL (2007) ] SCIntI”ator#l [W)mm—“W"N]m 201¢
10° - I | | Scintillator#2 7
i CH1&2 Run 50, ch1,2,3 HiNA B s
" M~ WLS fiber
S 10° - e ] 1600px,
3 ) ~ 71 | support bias=73.5V
101 i CH3 - fOI’ 7174V :
| ‘ ‘ MPPC#1&2 i
10™ l I | | e 0000 s ok poims - Sooomy Josiseize
0 3 10 15 20 30 10mmX 12mm X 10mm Scintillator
time / MS D 1mm WLS fiber




Technology element (2) Front-end circuit & ASIC

_..} 4b1t‘d1g1tal contr01><3 ]

DACO: Bias voltage ;
DACI: Transistor adjustment |
DAC?2: Discriminator
4.  threshold
! Control bits x 4
' DACO enable
Gain x10/x100
Digital out ON/OFF, ]
Analog out ON/OFF
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Tr. adjustment Threshold control VOLUME-20115VOLtage amp for mU

Detector i l VHref beaM Experiment
Vce~72V DAC1 DAC2 Ibit

Digital out

R| MpPC 4bit —> FPGA
— i cMp VOLUME20I |
- Analog out Mﬂir;i';i% |I|:lrfls
0 4bit vx10amp201 | vx|0amp201 1 Koda@muon
GIND DACO = KEK-PF(BU ) T

Bias voltage control

Buffer = AR




Technology element (3): Read-out module & FPGA

FPGA (Field Programable Gate Array)
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VOLUME-2011

Uchida@IPNS, Kojima@muon

DAQ cycle

IN[o] JL___T1_T1

lemo 1]

IN[1T_]T i
7
TDC time window (64ps)  EII SR T ol h e s
LEMO: FPGA block diagram

trigger pulse
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INVed
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vx|0amp201 |
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vCC2

ASIC digital control

Clock
(125MHz)
ASC_INIY PROC _TRG
ASC_IN[1] 3
ASC IN[2] PROC_FWC
memory write .
' SiTCP:
. Optical Ethernet
PROC _FRC TCP

ASC_IN[31
o e -:I\>

UDP
Slow control block  cg DELAY <




2ch prototype:VOLUME- |

ASIC (Amp+discriminator)
2
10° Beam on/¢40 FIypast/Sllts 1 20 1 20/ 1 O4 Me delzclayl t!m.e Ispectrum by new detector
F 920 NaF 200K - o single rate: 3.15e"/pulse
~ Ba(cho) A life: 2.24(1)us _
G 1000 L &N without loss correction
2 q0flo : P\J Detector 1 |
2 | %99cc0i,... g Detector 2
S : %05, = o % | —Detector 1&2 |
— I o S 100 L -
3 a € :
E A Y © >
5 Y .oooo.o....‘ re)
© 1000 | = . 3. ] o I
© F ® ] i
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am test @ RIKEN/RAL (2011.10.18) 13

10° Counts of ch2 (with MPPC) of 16¢chASIC

——<—72.5V beam on 30cm
—<—72.5V beam off

+ARGUS
split-pair
magnets

Count/25sec (1000pulse)

—e—71.9V beam on 30cm
—e—71.9V beam off

at10am —e—71.9V beam on 15cm

—e—71.9V beam off

0O 2 4 6 8 10 12 14 16
Threshold DAC=DACZ2E

| single hit histogram of ch002 | single_ch002
Entries  829(
- Mean 54(
- RMS 22(
i rate: 1e*/pulse
1= life: 2.20us
- without loss
New counter [ correction
< ~15cm 10

| A 1| |

0 2000 4000 6000 8000 10000 12000 14000 16000 j8000 20000
time (ns
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Scinti board vl (GN-1274-1)
Analog board 201 1v3 (GN-1186-3)

Kalliope verl.| installed model in 2012 using VOLUME-201 | :

- ;l Digital board v2 (GN-1078-2)

KALLIOPE= TRA X,

KEK Advanced Linear and Logic board
Integrated Optical detector for
Position and Electrons

32ch/board
digital:

.8V IA,5V 0.5A —
analog: =




Scinti #

Scintiboard & Scintiblock
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GNDed Al-mylar for noise shield




D-line &£ J1—& ,}?EEEI%OD /1 XHRE

‘.\Ieutron Source _
’ time structure of

Muon pulse
e Supelcondu?tlng Solenoid Magnet 110 ’ S muon pu|Se
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S | e s i D Line .
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| single hit histogram of ch030 | e85 | | single hit histogram of ch030 | i veat7s
Mean 1.1e+04 = Mean 1.069e+04
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2500 —
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2012.07.09: Check of grounding and shield @ D1/J-PARC’

detector grounding
floating (rubber sheet) BL GND
touching
rubber to
No [i= insulating | | BL.GND
A sheet via six
Shield S : metallic
' spacers
rubber Bl;ifsli\j(D
Al insulating Ao
sheet spacers
wrap and ac
(20um)x2 Al wrap || )
. Al foil wrap
(20pum)x2 | B8 20m)2




2012.07.09: result of grounding and shield @ D1/J-PARC”

detector grounding

floating (rubber sheet)

BL GND

No
Shield

- T . . single_c
| single hit histogram of ch030 | Threshold: noise-level T e

[ single hit histogram of ch030 | Threshold: noise-level

single_ch030
Entries 265051

- Mean 8287
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count/27min

80—

Mean 1.096e+04
| RMS 2884

~1/350 by BL grounding
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. single_ch030
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J-PARC PSR J688(DQ-1) DIFIR: 2012.10.15
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FPGAO— RO E (3°) -

Kojima@muon

trigger—driven E‘ﬁ'ﬂEQE:E— N 9 14 = \/7\\9: v — ~ Takahashi@muon

I J-PARC/MLF 0 3GeV-RCS 0Bt 40ms
DELAY
TRC VAL =64 s HEA RN MEIRVDOE+ usTHRTT S
- (e fn Y =X UsTH === =1 > W
< 7z =11 - S —
TRG > I DT, TDC OBZE (DELAY) 1F64us. B;%— Eg? n‘l'//ﬁ\l_l JT 4
TDC wihdow T4 RV ) ORMEFERRE (GAP) ZAEIZIC
; mo>T. /4 XBERBEE
?AE P>0'512m35 I 40ms-2 X GAP-DELAY ~38ms.
noiseTRG_IN , |
ASIC transition | =1 > »
| Noi t wind . / /r =-|-\ J —_—
| < oise count window IEAP>0 512ms z O //E\I 7 I z
noiseTRG :
! 40mS'2 X GAP'DELAY~39mS ASIC transition

on-chip Y AT VY
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- HO Y Nz E-> I BEIFEFAZE (bash shell script + c-code) HITEAk
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NIM trigger in Kalliope n=|

Kalliope n=2

Kalliope n=12

----------------------------------------

-----------------------------
---------------------------------------------------------------------

NIM Fan I/O
Out

Fan

NIM bin

PMT-based
detectors

---------------------------------------------------------------------

-------------------------

network B
switch E

Yamagata@CRC ¢

Copper-Lite
trigger in
e (LG

coincidense

N NIM Fan |/O

-------------------

Discriminator

Discriminator

./
aI et

NIM bin

----------------------------

msd | -ctr

msd|-ana |

A\ 5
N DG-535 B

stop signals

D-cabin

-----------------------




OIw> 3>y : Kalliopesr#]DUSRT—%:2012.1020 *

sample: large Ag plate RT, in air

coincidence allowance=10ns
33841: MUSE D1 [1 Vs 2] ASY

M

o

0.2

0.1

Corrected Asymmetry
0

-0.1

1 alph 1.011731 6.5659E-4
2 phase 4.35581 0.191731
3 asyl 0.202165 3.9327E-4
4 frql 0.130307 8.2121E-5
5 rixl 2.9251E-6 7.5863E-4

Conditions: || 1kW operation, 27.4MeV u*, Kicker ON

DSL2 slit LR=15/15,UD=120/120
DSL3-1 slit LR=120/120,UD=120/120
No collimator block (®40 beam window)

H

rates/ 1 00pls PMT Kalliope

single 67.8k/256ch | 63.6k/384ch

coincidence | 9.3k/128pair | 14.3k/192pair

Corrected Asymmetry

33841: MUSE D1 [1 vs 2] ASY

-0.1 0 0.1 0.2

-0.2

1 alph 1.044641 6.3033E-4
2 phase 11.46727 ©.157533
3 asyl 0.221307 3.7144E-4
4 frql 0.130199 5.7751E-5
5 rlxl 6.3101E-6 0.0070488




Iy yvd: L—hMNREERRY NMILES (FriTH)*

33911
PMT deadtime Entries 1000000
= Mean 1254
= ~30ns RMS 64.99
9000
80005
7000F-
6000
5000
4000
30005 MPPC deadtime
- ~100ns&not sharp
2000
1000
o : L L L l L L L L l L L L L l L L L L l L L L L l
0 50 100 150 200 250
— Mean 486.4
H RMS 450.9
9000
800057, Undershoot o | s
7000 Vx| 0AMP height 32.6mV - e
6000 F \ | 7 S
5000 : \ i :
4000 mi T i
3000 E— e oMy s ‘NI‘A‘ n‘s‘lZ‘SI‘]S‘IS ‘ﬂ‘p‘in‘ﬁl‘ e ‘:
2000
1000
0 L1l I L1l I L1l I L1l I Ll 1l l L1l I L1l I L1 1l I L1l L1l
0 200 400 600 800 1000 1200 1400 1600 1800 2000
At (ns) between hits

10*

10" {

33911

Entries 1000000

Mean
RMS

486.4
450.9

| N N -

1

Il

HV=74.5V

lllllllllIlllIlllllllllllllllllllllll

0 200 400 600 800 1000 1200 1400 1600 1800 2000
At (ns) between hits
33911: MUSE D1 [1 vs 2] ASY
‘DAC2 -6 HV=74.5V |
o8t Ktotal&374/pulse
s Ptotal&325/pulse
>, \ ]
i g _ﬁwmﬂll‘m%fl%ﬁwaf# A Tep LAls | ? | |
R L) ﬂﬂl |
= © Kalliope: I.34k/pu|+s H ch=3.
N PMT: 2k/pulse/ )
CjO | é IIII 1|OI II
TIME [us]
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diff_P_F |

PMT deadtime

33959

5000

4000

3000

2000

IIIIIIIIIlIIIIIIlIIIIIIIIIII

Y

~30ns

MPPC deadtime

Entries 1000000

Mean
RMS

130.2
65.29

~60ns&not sharp
1000
0 L 1 L 1 L I L 1 1 L l L 1 L 1 I L 1 L 1 I
0 50 100 150 200 250
- Mean 631.9

5000

4000

3000

2000

1000

RMS

510

0

lllllllllllllllllllllllllllllllllllllll
g 200 400 600 800 1000 1200 1400 1600 1800 2000

At (ns) between hits

diff P_F | 33959
Entries 1000000
10° Mean 978.4
- RMS 1014

107 [

HV=73.0V-biasDACmin
~72.5V

| I

0

L 1 l 1 1
1000

1 1 l L 1 L 1 l L 1 1
2000 3000 4000

5000
At (ns) between hits
959: flypast Ag20mm ZF HV=73V—3—16 kickerONa [1 vs

"IDAC2-3  HV=73.0V-bias ’A%in
85 Ktotal j | -
o | "Ptotal ulse |
3‘ s 04 m H% MI i & IJ! i
% b O umtﬁr J [J * |
5 © IKalliope: 364/pu|se/3&Lc 94

0
PMT: 849/pu|se/256ch53.M9’}/F

0.1

5 10 15
TIME [us]




FPGARSE D4nsEiRE | KRR

| single hit histogram of ch030 | single_ch030
Entries 8056691

240 Mean 50.46
C | RMS 29.35

220 ;
200
180
160
140

120

100

80

It

40 :_ 1 1 1 | 1 1 1 | 1 1 1 | 1 L L | L L L |
0 20 40 60 80 100

time (ns)

MPPC/ A4 X (IRffElfkfe7z L« EX) Z3EKT 2 &
InstEIZH T v P DS T ¥ 2 ILDBIINL D,

A7 vy 7 =250MHzx4D A,

Spartan6 FPGA N Dtiming constraint2 %> 7% > ?

60

start:
NIM 1
stop: ;
LVCM_OSZ.SV 1€ > | € >
B ' lps | hs
..... L e ===
GND tl+delay t2+delay

RESh (RIEK) MRS A (BrR) BRIUERR
RESADSEROROMN - - -,

&

3|
8|

£ L L L L L - —
4 1 1008 1010 1012 1014 1016 1018 1020
Entries 08
Mean 1008
RMS 0.4988

4ns delay

I
1008 1010 1012

1004 1006

stop time t| +delay(ns)
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What’s next?

o U-line HBIE:E USRI 8x (~2kG, low rate) FY2012
eKalliope vI.I THZF 5 < KK B
e VOLUME-20 1 20ME X N 1ES

*S-line JNAHUSRE3s (~4kG, middle rate, ~1000ch class)
e VOLUME-2012H WA7E, FY2013

* D-line= USRI JE8R  (~5T, focused high rate, ~2000ch ?)
NSV VF?

* Si-strip!?

FY2013-2014
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