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J PARC hlgh momentum beam line

« J-PARC MR 5 D1.RfZFE—AD—ER
(2B ZE DI EHETHRY BT,
* spill 2 sec. beam—ON / 6 sec. cycle
* proton:
e Max. 30 GeV ~10"%/sec
« E163EE% 2016~
7 (unseparated):
 Max. 20 GeV ~107/sec
« E503EZ 2019~
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«  EMRATODy conversion 5 MDbackgroundZ B 6 3 7=HFE NMEMZER

— HBEHEMENTNEOSRIBE)DEMNEZLRXTE—ATERL
— O(I0HzOKBEE—ATEXZEZ7EIRD 0(107)Hz interaction rate

- EPEAE

— Ap/p ~1% for 1GeV/c electron 2 ¢,,= 100um
— GEMbFZ v 51— (GTR) 56160 strips

e ete Z[RETE

—  hadron backgroundZ 104 5 T
— Hadron Blind Detector (HBD) 35880 pads
— $#4H S XEM CAL (LG) 988PMTs

Level-1 trigger:

« GTR(624ch) x HBD(936¢ch) x LG(988ch)
trigger segmentDIEAAL T VR

AND

« ete™ hitopening angle > 60°

Background process
(small opening angle)
10 Dalitz decay
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~56000ch — Datafow
—3» Trigger primitive
?oToF;mO il’?/ggﬁsgnd <€— L1-trigger, global clock

<€ s|ow clontrol

GTR E16 256¢ch APV25 GTR/HBD FEM

200x200 APV25hybrid repeater SRS-ADC/FEC
e
GTR E16 256ch n UT-3 decision
300x300 APV25hybrid SV
~620ch // trigger/clock
B FTSW distributor
/1 :
~36000ch _,/,E
HBD APV2Ehybiid / record waveform with ZS
Y
~940ch H
HBD ASD <45kB/event
~100Qc¢h 1-2k trigger/spill
— DReds s ~660MB/spill
~1000ch \ (ave. 110MB/sec)
network switch <_i DAQ PCs

FEM: Frontend Electronics Module



APV25s1

Analog Pipeline [Voltage—mode] in 0.25 um silicon CMOS technology

LHC—-CMS silicon tracker
* CMS L1 trigger 100kHz

128 ch input
input range Low noise
e  <20fC (VSS=-1.25V, VDD=+1.25V) reamifer
«  <40fC (VSS=0V, VDD=2.5V) 1 "iy

preamp ~50ns peaking (programmable)

3 operating modes (deconv., peak, multi), 40MSPS
192 cell analog pipeline memory (160 write, 32 read)
FIFO length ~4us

128:1 AMUX

. N
Analogue
pulse __:\\_.E_‘M_ MUX I/P
shape stage
processor T (pmg,;rain)
By |
50 ns CR-RC -
50 ns CR-
shaper JNT\_
== 192-cell T i el
s e ifferentia
analoga — current
O/P stage

pip:cgm: ?'D-J#

+

ENC: 270+38/pF = ~1500e for 30cm readout strip 'l
Output driver: up to ~ 12m
~ 350mW/chip s acssmm
toOLEE]
i
: il
é Aodum. Eétg
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essum! M — T i
Y 4 | mEmmmmm emea ;»'Ell'?iif‘?:"'!:l"n ¢ poosn s ™
_L 1950um gL 695um 1§-
3 3
Bias generator FIFO Standard
and bias registers Cell Logic




RD51 and SRS

RD51 collaboration organized by CERN

http://rd51—public.web.cern.ch/rd51—public/
World wide MPGD collaboration

— WG2: characterization and physics issues
— WG3: applications

— WG4: simulations and software tools

— WG): electronics

— WGG: test facilities

— WGT: technological aspects and development of new detector structures

To ROS PC

/" To TTC

partition

SRS (scalable readout system)
. Bt N\

Detector with 2
APV25 Hybrids
(Master/Slave)

SRU
Z Scalable
HDMI cable Readout
(analog) Unit

(Front End Concentrator,
Digitizer)



APV25 hybrid card

- SRS-APV-hybrid card
E16 CTIZHBDIZ{E

128ch/card
‘micro-HDMI = ==

Wt
o1 ._"i .,',* ',-:;}‘
RE RSN

g

%\

board—to—board connector
to directly attach a readout plane

FR-4 4layers

RAPH
e—sys;th
TNT

TRK-APV hybrid cardZE16 GTRFA [ZFA ¥

FPC 8layers

KEL-XSL
micro—miniature coaxial cable
(100-300mm length to GEM)

57.8 mm

256¢h/card

micro—HDMI

Residual [mm]

STELHDKZ EDGEM tracker® W\ INICHEWNTH

APV257&1§D7'C_=;L¢77~|':|:'| L/'Cax <1oo um% HER

0.16f=i —8= GTR 100 B v foi: ]
F | = GTR200 : :

0.14{—i e~ GTR 300

0.12—

0.1

0.08]

0.06]

0.02 : R e

0 10 20 30 40

Incident Angle [degree]

°"8§ +GTR 1004  J(beam test @ K1.1BR)




HDMI-1.4 cable
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BEREBESR 4 pair
- TMDS CLOCK, TMDS DATA (TMDS: Transition Minimized Differential Signaling)
—  clock 340MHz Z & ICR/G/B#RICENE N 10bit % 32{5 > 3.4Gbps/lane
- =TI AYE—4>22ZX100Q
VNI Y REBIR 3+
- CEC (Consumer Electronics Control): JED#ESHITH = A >

EIR +5V
=)V R =TI (SRR DHDIIAECH)

—  DDC (Display Data Channel): 7 X2 7 L A {EHR DAt L DI2CE(E - HDCPFRREENE
HPD (Hot plug detect): HDMI RxS#E#i SN TS Z & ZHDMI T DR BT 5D (C{EH
HPD & UtilityZ ZBI R 7 & L TES =M AREZE D 100Base—TX(HEC: HDMI Ethernet Channel)

SRSTIZAPV25 & DIFEKLICH VT,
=4 pairo M >

s EE7 OS5 A 2 pair

e LVDS clock input

e LVDS trigger input

CECDDC S 4 ~

* slow control (12C), reset
HPD,Utility *5V> A >

- BIRHAE

N =
/EIE\'

& LTHERA

* type-DA R Y % (micro-HDMDIItype- AR U ¥ DHENR TRV, EVTHAL UMED,
* equalizer A Y 4 — 7 JU(active cable)/= & T —FEEDAMMRE > TWTHHRIZEZALN,

_ type—D (micro—HDMI) male
type=A male TMDSDATAD-  woosereeremsenseeee :
TMDS DATAO*
TMDS DATAO- ................ . CEC TMDS DATA2=  +-sereeesnes . _ GEC
TMDS DATAO+ : DDC/SCL TMDS DATA2+ : : — gggﬁ:g}'—\
TMDS DATA2= «--ececec DDG/SDA D g —
TMDS DATA2+ —— : HOT PLUG DETEGT HOT PLUGDETECT _D 3 < +5V
/"~ No.19 (
|| —
S—
TMDS DATAT+ : \ No.18 ipric AN
TMDS DATAL= ... ; oV TMDS DATAI= r-e-snsssneee- E
TMDS CLOCK+ Vtlity (2#(4GND)  TMDS GLOGK+
TMDS CLOCK- jf TMDS GLOCK-
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SRS (classic)

- 6U
* no backplane
ATX PS unit

Up to 8 HDMI
chiplinks per
Adapter card
16ch ADC
ADS5281 x2 S ,
12bit, 40MSPS e T
. FEC-V3 FEC-V6
equalizer . FPGA: Virtex-5 . FPGA: Virtex—6
- DDR2 256MB - DDR3 ~GB(plug-in)
* SFP x1 for GbE * SFP x2 for GbE
PCle board—to—board connector e trigger, clock I/F » trigger, clock I/F
LEMO
16 APV=2048 ch%& 'I['EVT](:X (clock) Twinax (clock)
1 ADC-FEC combo THidH L ATRE RJ45 RJ45

Zero—suppression is implemented.

It works, but ---



GEM foil trigger HASD ASI

Ar:CO, =70:30

Mesh

GEM foil [C [
WHEREDES

A
4

~ 300x300 mm? foilZ& 24{@ [Z & (2nF/segment)

24ch GEM f0|I ASD card [ vDpSs driver

from GEM foi

12

B A/NE, KEK-IPNSFREF
e-sysH A, hE

to trigger merger

ENC 20000 (@ C, = 2nF)

- / GEM foil{§ 2 I (DASICZ IR
. o KEL-XSL

stripD{E T [FAPV25 micro—miniature 10cm
FEIPAPV25(3 b U A —ERZ BN coaxial cable

| TOcm

— oo Measured
Number of channels 6 ch/chip | - [P0 041201014 ... \
Input range 10fC — 1pC 3 E-:l : 3639362 0011:3; . g g
Shaper time constant 25 nsec Rl .__,E_____?-1??..:2'9?1_95___. bl 1
Pulse width < 200 nsec —
ConverSion gain 32 mV/fC TR Trigd 1502_ """"""""""""""""""""""" 4 analog output (proba)

i simulation
Power supply +2.5V/0.1A, -2.5V/0.1A i R TR T
Input(iC)
output analog feh, digital 6ch oo 4. - %90[1360 P

2.39m
Cot 9II 9 "“"‘“ ||||| hmlwilll
@ Labe o
[OC) AC A llm 7s So0)if on \—m

ou 19 03




13

L G-FEM with DRS4 (prototype)

input: single—ended 16 ch
input range: -2 to OV
2ch cascaded = 2048 cell
2-2.8usec L1 trigger latency eo.7-1G6sps
fast comparator to generate trigger
primitive signals
Vth control by on—board DAC
100Base-T (SiTCP)

e TCP: readout

 UDP: slow control
Region—Of-Interest readout
Wave Union TDC (planned)

filter

SY89835

Yok

. toDRS4
- o) fo trigger
LMH7322 E
$54513 §S4513 - L E b
c 53 .3 FPGA
o (ThC)
o -
N N g |
a4 —

comparator LVDS fan-out
LMH7322 SY89835 AD9637
opamp DRS4 ot 40MSPS
THS4513 4
q Spartan-6
| “ Lx150

comparator out

LVDS 16 ch _

analog input

(single-end) <:|

16 ch
KEK-VME
+3.3V
-3.3V

User I/O (NIM){ %

100BASE-T

12 bit DAC (bias, threshold)
LTC2656

ADC ch [0.25 mVich]
= 9
B

— 100 mV pulse
- from function generator

| NI - P -
200 400 600 800 1000
Cell number

tusec




E16 TRG-MRG (trigger merger) 3"

GEM-ASD, LG-FEM e Carrier card + mezzanine card x2

twisted pair cable .
< 15m

carrier card

LVDS receiver mezzanine
e GEM ASD slow control sub card

I mezzanine

Belle2 « GEM, LGODdiscri. out(LVDS)

uT-3 ZFPGARNICH#BEL/=TDCTLY Z T

parallel
LVDS

LSB < 4nsec
max. 256¢ch/TRG-MRG board
« EBRYITFEKUT-3)ATDCT—4 %

SRABIETEIE

Belle2

Aurora8b10b for 5Gbps

FTSW

Aurora64b66b for 10Gbps

PCle 6pin (+12V)
LEMO EPY x2(NIM1/0)

~350mm | SEARAY 400pin (FMC VITA57)
" ' * user [/0 168pin

: e GTX clock (Carrier—to—Mezannine) x1
mezzanine

P ™ " & Bslot T

%Ommz)

Kintex—7—
(XC7K160T-2REG676C)

RJ45 x2 (LVDS trigger/clock)

x1 (JTAG)
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trigger decision module

MTP/MPO fiber

Belle—1l Universal Trigger Board3 (UT3) SN ::G
* VME-6U 3 slot TNy iy, ¢
— PS: +5V ‘

Virtex—6 HX365T

« QSFP MGT 64 links via MTP/MPO fibers
— GTX x40(max. 6.6Gbps) on GTX sub board
— GTH x24(max. 10Gbps) on main board

* RJ45 =
— trigger, clock I/F

* NIM user /0
— in: 8ch, out: 8ch

* dual stacked VHDCI
— LVDS I/0: max. 128pair -~

1234567881011 12
{connector endface and pin position)

— LVDS sub board

&

I

UT-3 5 /DS as = hain board e
S S i W | MRS
= sub-board i e

TRG-MRG ; ,
TDCTF—# 73— KL, §& -

10-12 TRG-MRGs

- It 1
it
[T I

]|
coincidence tableZ B \/= }l

oo M
TRG-MRG NUA—ODY L2 EFFE T B i
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trigger/clock distribution module

Belle=II FTSW (ver. 2.1)
e VME-6U 2slot
— PS: +5V
* Virtexd LX30 + Spartan3AN
e on-board clock: 127MHz
e RJ45 (dual stacked)

— LVDS in x1, out x20

— clock, trigger over a LAN cable (CAT-7)
o < 30ps jitter with jitter cleaner
 8b10b encoded trigger data 254Mbps

— JTAG on LVDS over a LAN cable
e slow control

— via VME bus
— via 100Base-T (planned)

LVDS clock/trigger out port JTAG on LVDS
(MDLAN cablefER E > (MDLAN cablefEf E >
ACK 1-2 TCK 1-2
TRG 3-6 T™MS 3-6
RSV o—4 TDI 5-4
CLK 7-8 TDO 7-8
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D AQ software e-sysE B T

« DAQ-Middleware % {£FH
- XY NT=OR=RADT—HRE AT A
* GEM readout (RD51-SRS)AH O >y 7/R— R > b #FAH(Open-lt)
* LGreadoutllaVR—X 2 MMITND 5 %EH
« —EBMDeventZFonlineTeventbuild L CTEZF—a 7 R—FR> MNET

» FHAIZEDT —# (IFEHIMICKEKCC, RIKEN CCJ/RICCE W =5t EE S S
AN TS

KEKCC
RIKEN CCJ/RICC

P
' JLAN, SINET
=7

'

CCAA Nathavar B
CCAA g = Aathovar By Merger

FEM T Gatherer

Dispatcher EventBuilder

Filter

Gatherer -
Monitor
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J-PARC E50EER

INFOYVZERIRT H72HD

BHEE

— constituent quark > FECIR
RE - ITFVYFvo/NERAY
DEEICIIA+59

— diquark: h S —Z#F o722
quark@cluster

heavy quarkZz&{/NU A >

- W o—BIHEBEERIT
UA—OUDEEICKERL
T5<735

— U 0)%;%5,\2 quark D48 B ®
Rt IRREEAMI [ZIRN S

— A mode, p mode

charmed baryop@lﬁ}]@‘lﬁ%

AR MIVDOAIEZBLT

diquark|CH £ 5

Inclusive p(7,D*) Y, **

o LK
p~- D>+
T p(z,D*p)D°
l,b(n’j e (p(ﬂ':D*-ﬂ')Yc’)
Y T oo
D(Y)) = decay




E50 spectrometer

FM m: ¢ Internal TOF wall
i ! TOF wall
Fiher “"ﬂfkﬂ' SSD Tl y \T'-.-___T___-_---"“H-\\ L7 II."I v, -__ p
| 5 h -H-. | -_______.
\ Beam 7~ \hl \\ T
—l = il I_I.E e T|__ |
i y - P Y
£ I . ’____.r" N /.4
\ Beam GC / - | A . / X | o
T“ I,,-“’ ,.-“"'a | . ."______..-- p \\ '-II ?_
Fibert k;e------ | ’\\\\"-, |
el tracker — N\
Decay w \ ——
LH,-target DC1 4

e L
arge acceptance # of readout channels

—  D* 50-60% .

— decay particle: >80% * Fiber tracker: ~9200
e Resolution * Wire chamber: ~ 1500

— Ap/p <1%(0.2% @ 5GeV/c)  Beam RICH: ~260
« High rate « RICH (aerogel + C,F,,): ~10000

— beam intensity: 6x107 /spill e TOF: ~500

— event rate: 3M/spill . (SSD: ~4000)

— L1 trigger rate:
e w/o online tracking: 160k/spill (80kHz)
 w: online tracking: <30k/spill (<15kHz) total: 27000-31000 ch



E505c Ly AT ADIRET

Level-1 trigger rate:
— charm: 10-80kHz (online tracking C= & I CIKTE)
— (strangeness: ~80 kHz(by—product), charmD EER & [ Bl [Cbeam time & E3K?)
- E16ERUMUA—EEDa—)V EBele2ED 2a—ILBEZED
- TYRYLLDHEE - I8N TS5A4 b B
Fiber tracker ~ 9200ch
— {&#f: MPPC + EASIROC + FPGA TDC (LSB=1ns)
RICH ~ 10000 (+ beam line RICH ~260) ch
— {&##: MPPC + EASIROC + FPGA TDC (LSB=1ns) (fiber tracker DB} & £BIL L 7= 1V)
Wire chamber ~ 7500ch
— {&%#: Belle-1l COCAASD + FPGA TDC (LSB=1ns)
— RECBE, RAINERIZEWEES DTEIR MRZEEY 7200
TOF 450-500ch
— R ESEHE: segmented plastic scintillator, MRPC(#15 =), diamond?
— 0 <100ps BREBHSERETED) — BABRALEITTHESKRERHESOH/RDPLE
— targetififE(Xhigh rate BmmEI A2 D > F 7= L& 3MHz/chDhigh rate)
-  [EIEREHE

HPTDC
FPGA HR-TDC (wave-union TDC): [RIB (X IEfE., EIEZEDRLD—?
> 500MSPS waveform digitizer: FADC? /N TS5 A AbENi=mE7FAQTAEY?

(SSD ~ 4000ch)

Software
- F1BF—4H L — b ~3-30 TB/day (charmD EER. EHER)
— {&##H: DAQ-Middleware?
— N—=FOxzZ7 bR UA=HZLENDSDITES ?
«  0(100) GbpsDEIFRE T — 4 % 1/1000LL F ICHIFE T B /= HDCPU farm



Summary

J-PARC E16RE&
- RUF—=AVVOBENEEZLZEZREMITHE
— NROVESHEREE - QCDEZDOMEDHEEICEM
— high—p beam line 10'%/secD Ki&E £ — A’&1§Fﬁ (2 sec. beam-on/6 sec. cycle)
— 2016 REREIG (RANIIIRLZR1/3, ERRERTICIE
Bl S R 5 ADRED
— BAH UEE: EFRIEER - BEBROMSELIUONRSAINT v TRED DR £5CEF
»  GTR (~56000 ch), HBD (~36000 ch)
— APV25, CERN RD51 SRSZ {51
—  256¢h APV card DR
LG ~1000 ch
— DRS4%{F>/=ADCDEIR
- hUA—EE: ~2600chD U AH—EI AL FMPSELESDTDCIFMLSB 4 nsLI F)ZEERIAEBFTEHL.
BIWNRIEGZ—AY Dete BRIEERZEZHT
Belle2;AAAO Yy 2 EEBelle2 UTHHB LU Oyv S -« YU H—9EEEFTSWZER
GEM foil{S B FHASD ASICOBIH
Trigger merger board D BH

— DAQ-Middleware|C & BT —# 5 U trigger rate 1-2kHz, 660MB/spill

?&0).%5_
%E?E@’HEA

- BbL—=FTOTRH
- MUA—ADYIDRFE
— @%@EE mERE
- LGE&H bFﬁDAQ component B H
— BRHEBDT A AN,
— HV, LV, gas flow, ---DFIf - BEsR AT ADBAFE, etc. -

J-PARC E503E&%
- Fy—ARNUFUREREOBZNEZBELT, F40+r— OV BHEDIRIL - 140+ —JHEBZMR

— 20194 RERABTFE
— Fiber tracker 9200ch, Wire chamber 7500ch, RICH 10000ch, TOF 500ch
— trigger rate 10—-80kHz, data rate: 0.2-2GB/spill (rough estimation for charm tagged events)

_ fpEH. -




back up



GEM tracker (GTR)

gas: Ar CO2 70/30
hole diameter: Copper/Kapton: 65/35 um
hole pitch: 140um

Incident particle

Charge clusters

strip ptich: X 350um, Y 1400um X X B
hit rate: max. SkHz/mm? — e |-
* % & 3188 - — -
E¥MEE: b5 v H—3ETO0.75%X, N B .
At A30°F To,<100um7Z& ZERK (tlmlngif) S —_
100x100mm2 200x200mm? 300x300mm |
i ’ M
224 (CFRPYY R ORI O R 1.7

( o Jh, ( j: niH/F o] I:l) incident angle []



0.35)

Normalized yield
=} 3 o
2 & B

o
o
5]

aF- —— Forward bias

E 20f
,\E..lm R ol
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Hadron Blind Detector (HBD)

EBYEELGRERARF LT
— window less, mirror less

§a5144: pure CF,

— pion threshold: 4 GeV/c ~950cm

Csl photocathode

reverse bias

- EBHET

B =AY A4 A
- RBF

© ERBKREV BB
— online TIZR S Tkl
— offline TTIEIZ ZARY =Y A X(hitD&H > 7
padZ) HE D

beam test(1 GeV/c n~&e~) @ J-PARC K1.1BR

Pions Electrons Obtainad
/.4 p.e.

Pion response
E —— Reverse bias

[t v e I
0 10 20 30 40 50 60 o 5 10 15 20 25
primary charge (e) Charge (p.e.)

pion electron

\
KFzlLazik
0 \

Avyra

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

CSI%EE '

(CENN Aatartave

AH LAY R

~60cm

K. Aoki et al., NIM A628, 300(2011)
K. Kanno, IEEE NSS/MIC Conf. Rec. (2013)



Leadglass EM calorimeter (LG)

« TOPAZ, KEK-PS E362(K2K)3

LG % i
— hit rateZ F(FB7=0I1CHE|

« PMT#980074(%Belle ACCD3 inch fine—mesh
PMT(Hamamatsu R6683)[ZfT(TEZ % FE

— gﬁmi’w_;d/i

$rH S A(SFeW)DEETT

S. Kawabata et al., NIM A270, 11(1988)

parameter value 3 @

Radiation length
Refractive index
Ec

RM

Density

2ER TlEbHO N /=

| e & m ADC dist. |
g 0.07F
E 0.06 - ‘L{ ] —— e@0.4GeV/c
g - — T@0.4GeV/c
< 005 n@1.0GeV/c
1. =
33 i 0.041 n@0.4GeV/c
1.805 0.03F 7(5.410.5%)@e90%
: - @1.0GeV/c
0.021 1(15.5+0.3%) @e90%
12.6 MeV -
0.01ff
2.8cm 0§, ,,,, - T R B
0 50 100 150 200 250 300
5.20 g/cm3 ~10cm ADC [ch.]

(beam test @ J-PARC K1.1BR)

25
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SRS (ATCA)

ATCA blade (Virtex6 130T + DDR3-RAM slot x2)
+ 2 HDMI mezzanine cards (24 ADC channel/mezzanine)
+ Rear Transition Module

SRS-ATCA blade 48 APV = 6144 ch can be read by 1 SRS—ATCA blade.

g xcBvix 130t . Z3
E ff1156

zZ2
g xcBvix130t
E f1156

651x9
"figo56 IPMC zZ1

SRS-ATCA RTM
SRS-ATCA HDMI mezzanine 2-slot crate



