J-PARC high-p IZB1} %

KHACEE DAQ ¥ AT L DBHSE

gyl
FX KX RCNP (J-PARC %3 =8)

2016 FHIY A5 AWHFE 2 @J-PARC



e J-PARC high momentum beamline

o E50 EERDIE /T, DAQ D
e R&D

» software, PC farm
» [A]#%, FPGA-based high resolution TDC

e F&®
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J-PARC high momentum beamline
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Hadron experiments at J-PARC high-p

2016 | 2017 | 2018 |2019 | 2020 |2021 | 2022

beamline cpnstructipn

=Rl ?
ESO N\UT

e E16: —IREG+ ¥ — A, 30 GeV, 10'%/spill
e E50: —IRKI ¥ — A (1), 20 GeVie, 6x107/spill

J-PARC high-p collaboration:
E16, E50, J-PARC Heavy Ion project THHi#% - DAQ @ R&D (ZH 1S

St




J-PARC E16

o TR EIZ X BRI B — A VEEANRY NVELLD R E
o A TIVEHEIZ DWW T DRSS

| |
decay outside nuclei decay inside nuclei l
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E16 spectrometer

@ AUBE LA NIZ/S L IVIRIZ 26 module Fit &

@ ikl — b 107Hz
PbGlCa{:)ri ers _beam g

@ Silicon Strip Detector (SSD): ~20k ch (¥ &)
@ GEM Tracker (GTR): ~56k ch oy ~100 pm
> 100x100, 200x200, 300x300 mm?2/module

@ Hadron Blind Detector (HBD): ~36k ch
> CF, gas Cerenkov + CsI + GEM
(300%300 mm? x4/module)

@ Leadglass EMCAL (LG): ~1k ch

{[T lost+ am
GEM tracker

GTR(3000), HBD & L1 trigger /EX 12 GEM foil »*
5 HAH U VNE (BK), Oepn-It) o



E16 iiAH LY A5 A

@ high rate B 72 L1 trigger rate |% ~kHz

> trigger segment: GTR 624 ch x HBD 936 ch x LG 988 ch
» FPGA IZ X % L1 trigger

* matrix coincidecne *X° trigger segment [t D FR g T H] &
* latency 2 psec AN

o THuZ AEVNIZKBWHY LTV LS

GTR, HBD: APV25 (H#f (BK), Oepn-It, CERN RD51)
(SSD: APV259?)

LG: DRS4-ADC board (A% ([ _K), Open-It)
high rate TD/SA1ILT Y THHE
B B DK F U track 120609 2 A7 E ) R BEE
e Belle-Il D MV H— - 710y ZEAEY 2—)V (FTSW)
e DAQ-Middleware (& H, Open-It)
» ~660 MB/spill (+SSD DT — &)

v

vy VvV VvV VY
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J-PARC ES0
q

q

q

FY—ALD F— 0 EELN) IV DHNER

e HWI A —7 = NI —WKMEERANHL LD
o B\ gq [ 11T & % X7 (diquark)

@ A-mode, p-mode

o i ANRY MV - A - FHEEEE O RIRAIHIE

99

Missing mass measurement | K+&nx~: 2-16 GeV/c
Slow 7 : 0.5-1.7 GeV/c

Decay measurement
a*&p: 0.2- 4.0 GeV/c

OR
Z? DO
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E50 spectrometer (2L £ 72 b)

2m
Internal TOF | FM magnet
s
Internal DC - ’ Ring Image
Chere
Counter

PID counter

LH,-target

Beam 7

TOF wall

Fiber tracker K

Pol
detector

Missing mass measurement | K+&nx~: 2-16 GeV/c

Slow 77 0.5-1.7 GeVic

Decay measurement

n=&p: 0.2-4.0 GeV/c

-» °“
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Name type Num. of ch rate TDC LSB
[M/layer/spill]  [nsec]
FPT+VFT Sci.Fi. + MPPC 1,200+1,200 60 1
B.RICH gas + MPPC TBD 60 1
(SSD)
TO Scinti. + MPPC 140 60 0.025
SFT Sci.Fi. + MPPC 7,200 76 1
DC+I.DC Wire Chamber +ASD 4,500 8-16 1
L. TOF MRPC + amp. + discri. TBD 8 0.025
S.TOF Scinti. + FM-PMT 160 8 0.025
S.RICH gas/aerogel + MPPC 10,000 8 1

@ Beam rate = 60M/spill, 2 sec beam-ON (30MHz)
@ Reaction rate = 3.6M/spill

F4H trigger rate
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Name type Num. of ch rate TDC LSB
[M/layer/spill]  [nsec]
FPT+VFT Sci.Fi. + MPPC 1,200+1,200 60 1
B.RICH gas + MPPC TBD 60 1
(SSD)
TO Scinti. + MPPC 140 60 0.025
SFT Sci.Fi. + MPPC 7,200 76 1
DC+I.DC Wire Chamber +ASD 4,500 8-16 1
LTOF MRPC + amp. + discri. TBD 8 0.025
S.TOF Scinti. + FM-PMT 160 8 0.025
S.RICH gas/aerogel + MPPC 10,000 8 1

@ Beam rate = 60M/spill, 2 sec beam-ON (30MHz)
@ Reaction rate = 3.6M/spill

F4H trigger rate
1-2M/spill
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Name type Num. of ch rate TDC LSB
[M/layer/spill]  [nsec]
FPT+VFT Sci.Fi. + MPPC 1,200+1,200 60 1
B.RICH gas + MPPC TBD 60 1
(SSD)
TO Scinti. + MPPC 140 60 0.025
SFT (—%) Sci.Fi. + MPPC 7,200 76 1
DC+I.DC Wire Chamber +ASD 4,500 8-16 1
LTOF MRPC + amp. + discri. TBD 8 0.025
S.TOF Scinti. + FM-PMT 160 8 0.025
S.RICH gas/aerogel + MPPC 10,000 8 1

@ Beam rate = 60M/spill, 2 sec beam-ON (30MHz)
@ Reaction rate = 3.6M/spill

F4H trigger rate

1-2M/spill — 160k/spill
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Name type Num. of ch rate TDC LSB
[M/layer/spill]  [nsec]
FPT+VFT Sci.Fi. + MPPC 1,200+1,200 60 1
B.RICH gas + MPPC TBD 60 1
(SSD)
TO Scinti. + MPPC 140 60 0.025
SFT Sci.Fi. + MPPC 7,200 76 1
DC+L.DC  Wire Chamber +ASD 4,500 816 1
LTOF MRPC + amp. + discri. TBD 8 0.025
S.TOF Scinti. + FM-PMT 160 8 0.025
S.RICH gas/aerogel + MPPC 10,000 8 1

@ Beam rate = 60M/spill, 2 sec beam-ON (30MHz)
@ Reaction rate = 3.6M/spill

F4H trigger rate

1-2M/spill — 160k/spill — 15k-23k/spill (on-line tracking)
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E50 DAQ ¥ A5 LD

e trigger rate 23 /& . 100 kHz BAFIZ9 % (2 Idon-line BERE TIE— BRI
th® track reconstruction 734 %
o trigger (2214 % channel £L3% .
» fiber tracker, DC, TOF, RICH = ~20,000 ch
@ FPGA T on-line tracking 9% DIZHER I A b
» Geant4 simulation {2 & 2 EERT V1 > Db
> FREFFERER 7L TV AL DOMG - Bt
» trigger latency O 5 fg
» AV IRE - TNV T
» online F/offilne FH T 7% 2 [a]#& AR 0D Bl
» KU FPGA DR — RIFZL < B
@ PC T on-line track reconstruction 3 5({ZH5 57 7?
» 32w NI =27 AR YNEH - LR oTE
» LML, 24 F TKEK-PS, J-PARC DJFE 1% + /N RO 2 5EER T high level
trigger DFEERZR L
» MDEER T IV — T DOSCHRA 5 BEL CPU D% X o< W) HFEE -
THhD



on-line track reconstruction MO}

FAIR CBM (Compressed Baryonic Matter)

fixed target (D E A 7 > fEj 22 52 R

107 collisions/sec, ~1,000 tracks/collision
dipole magnet, forward i (D48 HH 2R &
free-streaming DAQ (1TB/sec)

Cellular Automaton (Z & % track finding
Kalman filter {Z & % track fitting

SIMD kU7 — R 1. Kisel, CHEP2015
~100 psec/track/CPU #1312 7 (Intel Xeon E7-4860)

= E50 TIRFEE D reconstruction EEEZ KAET S &, 100-250 CPU core
M JEBHENTERIZS
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E50 TPl ¢

Main channel: Charmed baryons (O + gq)

o 1 +p—o Y4+ D Data rate: < 0.1 kHz
Byproducts
@ =, baryons @ Q) baryons : yield = Y, x 102
>+ p—>=04+ D+ KT » K +p—->Q +K+ KT
> - - 0+ +
@ Y baryons: yield = ¥, x 10* Kotp-> Q7+ K" +K
> +p o YO+ KO @ Drell-Yan channels
>+ p—> Y0+ KO > pontut
> +p—oY LK » K 4+ p—-Y +ut 4
> T + *=
T +p—o 0T+ K @ Pentaquark @ LHCb
@ Z baryons: yield = ¥, x 103 s +pox +J/W+p

» K- +p—-Z=0+K"

» K +p—>= + KT (KO + 1)
> +p—o>E +K 4+ KT

» 4+ p o E + KV KT

x K beam rate ~1/100
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E50 TO{ho¥Bi &

Main channel: Charmed baryons (O + gq)

o +p—YH4 D Data rate: < 0.1 kHz

Byproducts

@ =, baryons ° () baryons : yield Y. x 102
> T _|_p_>'_‘01n*—|V+ 0+K+

| PC farm TOZIK/SL event selectlon i)i"C O Kt
© Vbaryons: ¥\ % 2 v 4 & WEF 1 L OIRIFHIE
ST TSRS D

> 1T+ p—o = e T i
s+ poY + KT » K 4+ p—-Y +ut 4
— + —
» AP OT 4K @ Pentaquark @ LHCb
@ = baryons: yield = Y, x 103 s+ poa +J+p

» K +p—>El+ K0

» K +p—>= + KT (KO + 1)
> +p—o>E +K 4+ KT

> +p—o>E= +KV+KT

* K beam rate ~1/100

14/25



ES50 DAQ concept

Detector Buffer,

FrontEnd Electronics  Load balancer

local
storage

Filter

spill-by-spill
switch

10G/40G Ethernet
InfiniBand

Xilinx MGT
1G/2.5G/5G/10G Ethernet

e TDC N—Z DA H Ul
» T4 raw data rate ~50 GB/spill (spill-on 2 sec HZ 200-300 Gbps)
e TDC module & 7z V) f{K 1 Gbps D7 — X fix3%
e Buffer node: spill D7 —4& % de-randomize (x1/3). 7 — X Dz V) 5317
@ Filter node: track reconstruction
o HHE: <0.5 GB/spill & THIE (¥ 100 MB/sec LA F)



PC farm ® R&D

DAQ ¥ 7 MBH%ET A F X F (Ma, RIKEN)

@ ASUS ESC4000-G3 (2U server)

@ 2 X intel Xeon E5-2630v4 CPU (10 core/CPU)
o A E1 256GB

o PCI-E gen3

> Ethernet NIC: dual 10G, quad 10G, dual 40G, dual
50G

> (InfiniBand HCA)

» (GPU)

e track reconstruction 71 2 Z A DEAFE, #E 7 CPU(GPU) B RAE

o v NT—2 DMEREFAT

o B/ H

@ J-PARC Heavy Ion 2 )V — 7, ALICE-O2 & 1477 L T DAQ software Ffl%&
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E50 DAQ software framework

A 5D & E50 DAQ software DRX— AL B2 EDIXE AR F-T
B

fizefdi: ALFA/FairRoot, DAQ-Middleware, Z MDAif1?
o ALFA: ALICE-FAIR D 1Lid software framework

e FairRoot: simulation, f#&#r, DAQ M’task’(~ 7 H¥ 2) 2> 7 L — A
=7

e FairMQ: 7 — X EZfEDT1 T 7

FairRoot FAIR FairMQ FAIR
AliRoot6 (0?) CbmRoot R3BRoot SofiaRoot ‘MPDRoot
ShipRoot PandaRoot | | AsyEosRoot | FopiRoot EICRoot Pﬂ;::::;ef T
ALFA FairRoot Database WENEET Push parameters
— = N > o > (when new ones available)
s |2l lE 2112/|8||vs |38 23|58 ¢ Input
g([8]= gl <[22 (B2 Bz |88 |E [T
SB[ €] 2] ] & 3 |23 |g& &5 %
w g. o = O &
l

File(s) Output
Online File
SE80E <o

Task 3
Libraries and Tools

Read Push Push Write

Y Data Data Data Data
I g ¢ ¥ 5 @

g§§g§‘é§4§5...

a® a S 5 & ] 3 > Setup
3 Definition

S S S S S S 65 S

. Kollsgger - CHEP 2015 27 7. Kollsggor - CHEP 2015 2



Frontend R&D

BEDTF

o FPGA TDC module
» LSB 1 nsec: fiber tracker, RICH, drift chamber

o TUTXRT 4 A7 VIXERIFED ASIC Z1{# 5.
fBEf#: CITIROC, PETIROC2, DC-FEAT

> LSB 25 psec: TO, TOF
s TUTRT 4 AV EHRD BRI T >~ T8 & TR
» slewing correction {Z Time-Over-Threshold & H{f5
e 7 —AHiKi%: SiTCP 1 Gbps
» E—ADNEET SR EROFHAL U Tldd4-5 Gbpsidk LW
> 1 Gbps X 4-5 links? or 5 GbE? 10 GbE? Xilinx Aurora? CERN-GBT(CRU)?
o MEZIFIM: Belle-Il FTSW TZ 0w 7 %l %

@ self trigger or periodic trigger

SR 230

@ micro-pattern ;R DR Hi#% (SSD, MPGD) % free-streaming (or L1 trigger
rate ~1 MHz) TT— & #HL Y 72\ 18125




FPGA-based high-resolution TDC

e ZIY IHAIINDRA AR YT (coarse counter) — full scale range

@ FPGA N D carry chain % tapped delay line & L CZ 10w Z7H¥ A 7 )%
WN#E (fine counter) — resolution

hit_

B o o S

LN

—

AN

AN 3
L4 L4

clock ! ! ! ! !

L4

I
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FPGA-based high-resolution TDC

e ZIY IHAIINDRA AR YT (coarse counter) — full scale range

@ FPGA N D carry chain % tapped delay line & L CZ 10w Z7H¥ A 7 )%
WN#E (fine counter) — resolution

L o e e B e —

IRslslasiiasl

clock l l l l l

11

~ -
\'4
N
\Y%
N
\Y%

A 4
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FPGA-based high-resolution TDC

e ZIY IHAIINDRA AR YT (coarse counter) — full scale range

@ FPGA N D carry chain % tapped delay line & L CZ 10w Z7H¥ A 7 )%
WN#E (fine counter) — resolution

L o e e B e

Ra

—

11

~ -
\'4
N
\Y%
N
\Y%

clock J’
1

i Ld
0
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bin width % #}i 1- 9% Look-up-Table D{ERk

1 tap &7z V) DEIE & (bin width) I1£/3F /N F
histogram % {# - 7= Look-up-Table(LUT) D{ERK
At; < w;

n-1
Wn
t, o ? + Z Wi
k=0

FPGA N ® block RAM T histogram & (* LUT % 522&

AZO Atl AZQ AI3 AI4 Ats At6 At7 Atg Atg

a7,
B AL

bin ID
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FPGA HR-TDC D5 A MMZERH L7z FPGA Kbk

% Open-It
DRS4-QDC KEK-VME 6U & (i) Open

@ Xilinx Spartan-6
(XC6SLX150-2FGG484C), ISE14.7

16 ch single-ended analog input

on-board comparator (LVDS output)
NIM I/O
on-board 100 MHz clock

SiTCP 100 Base-T

Hix ETOY a7 ANEES OB
filter to DRS4

Y1
fan-out

D‘E‘Odl}; 6 dB i

comparator




FPGA HR-TDC D5 A MMZERH L7z FPGA Kbk

% Open-It
DRS4-QDC KEK-VME 6U & (i) Open

@ Xilinx Spartan-6
(XC6SLX150-2FGG484C), ISE14.7

@ 16 ch single-ended analog input

@ on-board comparator (LVDS output)
e NIMI/O
@ on-board 100 MHz clock

@ SiTCP 100 Base-T

FM ETOT F 107 AJiEE DML

filter to DRS4

to external

fan-opt

T[T

0 dB 6 dB

1

—

I——T T—c»

cpmparator

<
=




F2BXD LUT (Xilinx Spartan-6 speed grade -2)

— 60
[&] C
@ coarse counter 375 MHz (= 2.67 2) 50F
nsec) = ok
@ fine counter 10 bit g’ 30} 1 T S
o “F¥3 19 psec/bin £ 20
o 71O IHA 7}1/7\:[@6:%’{&( 10111
. (=] N, r 1
© 150 bin FRE M2 %20 20 60 80 100 120 140 160 180 200
bin ID
§ E P %] E
2 2500F 9 20f
VARRA S T
2000 E
C 7 (@] = i
B / 14f
1500} £ 12
F 10F
1000 // 8
F // —ch 0 6F
500;// SUERT 4215
%2070 60 80 100 120 140 160 180 200 10 20 30 40 50 60 70 80 90 100

bin ID bin width [psec],,-



S fRREN = (Xilinx Spartan-6 speed grade -2)

Sy fRE ()

§14ooo§ i e

— S12000F 7N :

e NIM 1% (-LVDS—FPGA) DIFHZE o0 J}ﬂ :

D o ar =30 psec 8000 ﬁf \\‘ B

. . 6000F - .

@ single channel resolution J: .
=130 pSCC/\/§ =21 psec 20002 i W = 0 psec |

1(92}.8 1027.9 1028.0 1028.1 1028.2 1028.3

Atlnsec]

L&D E

@ multi-hit buffer, leading/trailing edge, multi-event buffer (D 5%
o LRENE (REEAKAFNE) DS

@ Xilinx 7-series (21

o XDIZENIREE, T ¥ VAN DI




@ J-PARC E50 5ZBR (charmed baryon spectroscopy) Tl on-line C DR
RS
> tracking (fiber tracker + drift chamber) + PID (TOF + RICH) — 20,000 ch
o free-streaming # DAQ ¥ A 7 A% X9 5
» BHFE T A b DHIE
» % < OWERT ¥ ¥ 3V O FIRFHIE (M)
o e U HIE& DR ¥
» FEAKIL FPGA TDC: 73 f#HE 1 nsec, 30 psec
» 70 ZE#RIE ToT
o SHERMIHHE
FHEBSEIR (CPU, GPU) O & ) B 2 R
v b — 7 BER OVERERERR - EE
software B¥&: J-PARC Heavy Ion, ALICE-02 & D145

micro-pattern 2 DR H#5 (silicon strip, MPGD 7% &) D45 — X Fid i UL
5920

v VvV VvV V
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Back up



