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*The E16 experiment will start 2019




J-PARC E 16 Experiment




Detectors 4

We measure the e+e- decays of ¢ mesons
in nuclei at the J-PARC E16 experiment

Lead Glass Calorimeter(LG) @ using 30 GeV, 1x1010 protons/pulse

Electron Identification

: Using 4 types detectors
Hadron Blind Detector(HBD)
(OReadout
- 112,996 ch
- Taking waveform data
- Waveform sampling time:
1 ns
- Waveform buffering time:
2 LS

Flight Path Detection
-> Momentum e
Measurement

GEM Tracker

(GTR)x3

(OTrigger
Silicon Strip Detector Target Chamber - Using GTR3, HBD, LG

(SSD) . 2,620 ch

- <1 MHz/ch




Trigger System . E : 5

Detector, Discriminator TRG-MRG SFP+

- 2,620 ch : ~15 modules /QSFP+ :
. <1 MHz/ch : Trigger |:[ Trigger
F | :WE'“ . 2l Trigger Decision Distribution
GTR3 ASD =17t Merging Module [f| Module
LVDS‘ 'V'Od“'? Belle-2 UT-3| : |Belle-2 FTSW

: : = 5 :
T‘ﬂ, .T 2yl||| Trigger to Readout Modules
HBD ASD 1| Merging [ Maximal 64 optical cable

: |1 Module ||Requirement to TRG-MRG
ok L || - Detect <1 MHz/ch edges

T' [T Dres  Eis|| Tager || - 2,620 ch -> 64 optical cable
LG {ADC/TDC r Merging Latency: <500 ns

1] Module

. Design Value
/4:1// >En \ >

600 ns (Already decided M 500 ns : 500 ns : 300 ns
from detector) 1,900 ns < Buffering Time: 2,000 ns S

<




Trigger Merging Module
(TRG-MRG)




TRG-MRG: Hardware 7

s = -
ERORY a7 il

- B SR DR T

? I\/Ialn Board

128 ch LVDS Recelver
- i - R
LVDS->1.8V LVCMOS 4

Converter

1£0—000H?
£90—2¢

Connector to Mezzanine x2 BFPGA: e
X|I|nx Kintex7 1 60T—2 ,

™ DGND

3 ) RIKEN lehma Center
e Eoosao & 105-140601A

25 MHz
i Crystal Oscillator x2 ™

MMMMMMMMM |FPGA:
g Xilinx Spartan3 50AN-4

JTAG-LYDS

12 V Power Supply | RJ45: for Remote JTAG f
S M /O x2 — T TTTI T




TRG-MRG: FiIrmware 8

1 ns Sampling, 256 ch Multi Hit TDC

== + 6.25 Gbps 4 GTX Transceivers
Mezzanine T 1311131133256 ch ¥Implemented by Vivado2017.2

LLVDS to LVCMOS Converter _ _
Using Vivado IP Core(ISERDESE?)

TDC YVYVVYVVVVVVVVVVYVYYVY /1 GHz x 1 bit -> 250 MHz x 4 bit
=[=| 500 MHz DDR Deserializer 1-/ -------

LTTTTITIIIIIL — |7 |furering maximal & -

Edge Detecter

LT 32 bit x 5 cycle / 64 s > 25 Gbps

Delay Control(up to 1,024 ns)

Discriminator

ot S Sy veeey For clock domain crossing
Hit Hit Hit Hit /
BUﬁer BUﬂ:er BUﬂ:er BUﬁer Link_layer protocol
. )4
Transceiver| ] v v for high-speed serial communication
-|-{FiFo]- JFIFO{FIFOf=} -<£ - - ==
o FIEO} | . v |156.25 MHz

AN

Aurora8b10b x4 lanes

¥ 1 ¥ 3 / 6.25 Gbps optical transceiver
SFP+| |SFP+| [SFP+| |SFP+
v v




Performance Test




Time Resolution 1 kHz Pulse 10

width: ~50 ns

Function ———— >
Generator Discriminator| Delay TRG-MRG

Elsttrlbutl;n Ef tlmle difference Distribution of time resolution
. between 2 channe AT[ns]

A 4

X

hO
Entries 1463002
Mean 16.05 0.4
Std Dev  0.2212

\ 0.35
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Time resolution < 0.35 ns in all tin region
Good agreement with expected error




Latency 11
TDC
'"L""|5OO|\/IHZ DDR Deserializer [===sf=sesnsannaan,
Edge Detect (OLatency of TDC section
e vevv vy Yy l l l l l l l l From deserializing LVDS signals
Delay Control to transmitting data to transceivers
14 S 112 11 S 2 with no delay
Hit Hit Hit Hit
Buffer|| Buffer||Buffer||Buffer
Transceiver --------------- E d
FIFo] [FIFo] [FIFo] [FIFO ncode
3 3 i i Serialize
Aurora8b10b x4 lanes [
: : : : (OLatency of transceiver section
SFP+| |SFP+| [SFP+| |SFP+ From inputting data to FIFO
l l l iOptical Cable | 1o outputting data from Aurora
SEP+| [SEP+] [SEP+] [SEP+ through optical cable
Y Y v L Deserialize
Aurora8b10b x4 lanes
Decode




Latency: TDC Section[1bc

----- 500MHz DDR Deserializer

R

Edge Detect

N i

Receive discriminator output SN2 A 1 111 A 111
N\ Hit Hit Hit Hit

O ns y ns Buffer||Buffer||Buffer||Buffer|
Transmit hit data

‘ Detect leading edges -> Buffering for 64 ns

*Using circuit simulator in Vivado2017.2

Latency in TDC section is <179ns




Latency: Transceiver Section 13

250MHz Counter _Distribution of Latency
WlthOUt . t<35000000}
FIFo] [FIFo] [FIFO] [FIFO %ﬁ‘;‘f_coﬁ’e“at'on ol
Aurora8b10b x4lane ™ - ~99.8 %
1076 F :
SFP+| |SFP+| [SFP+| |SFP+ : With
T 1075 _ Clock Compensation
- _ 0
Optical Cable(1 m) | : _O'ZL
(OClock Compensation PC i ST TN I
- Basic function of Aurora 29 3]OL ; 320
-+ To synchronize between atency(ns]
transmitting module
and receiving module
- Output busy signal Latency(Transceiver) <320 ns
3 cycles in each 2,500 cycles

Total Latency: <179 ns + 320 ns = 499 ns
Satisfy the Requirement(500 ns)




Transter Efficiency of the Merging Criteria 14
Merging Criteria: Allow maximal 8 hits for 64 ns in 64 ch

(OSimulate expected situation Beam intensity dependence
iIn the experiment with Geant4 of the transfer efficiency
- Beam Rate: 1x1010 /pulse (5 GHz) i 99 o5 o
- Single rate: <1 MHz/ch T R, ) 997
T . 0.99— * %
Multiplicity for 64 ns in 64 ch - —98.75 %
B e — Entries h0132808 0.98— '
: AVS 1o - *
> Entries = 132808 0.97 ¥
25000 - 1 Mean 3.615 C %
g RMS 1.949 096:_ *
200005— , E *
15000 . 0.95—
- Discarded hit ¢ g
100005_ 0.94= . 6| L é L L 1|2 o
5000:— 1 5 GHz 10 GHz Be‘Beam rate

Blue: Beam Rate = 5 GHz _ _ _ _
Red: Beam Rate = 10 GHz |99-95% transfer efficiency in expected situation

Enough to use in the experiment




Summary 15

- Develop trigger merging module(TRG-MRG) for the J-PARC E16 Experiment

- Detect leading edges from discriminator output by FPGA
and transmit serialized data to trigger decision module by SFP+

- 1 main board + 2 mezzanine cards
- Mezzanine: Receive 128 ch/card LVDS signal + Convert LVDS to LVCMOS format
- Main: 1 ns sampling, 256 ch Multi Hit TDC + 6.25 Gbps optical transceiver x4

- Required performance is achieved
- Time Resolution: <0.35 ns
- Latency: <179 ns(TDC section) + 320 ns(Transceiver section) = 499 ns
- Transfer Efficiency: 99.95 % in the expected situation in the experiment

TREG-MRG is Ready for the J-PARC E16 Experiment,
in Coming Autumn of 2019







J-PARC E 16 Experiment 17

Motivation: Restoration of chiral symmetry breaking under nuclear density
Method: Invariant mass spectroscopy of ¢ (ss) in nuclear medium
Facility: Japan Proton Accelerator Research Complex(J-PARC)
High momentum(High-p) beam-line (Completed by FY2019)
Beam: 30 GeV proton, ~1x10*10 /pulse(~2 s)

High-p beam-line

Expected Spectrum

v/ ndf 88.95/51

= b : (\’]—|160__'. ................ 1 .............. I .............. ' .............. I ......
30 GeV Proton Synchrotron 51403 o |pob 0000795
3 L
Circumference: ~1.6 km == %120_ .............. SCE In vacuum
BIOO__' ..................................................
Exp. Method| — S b Mass modification
\Iucleus\ S /|due to nuclear effect
P g x 88
: 40 “_ . \ , .............. ~ ...........
AN / S oM bty
Q 20pt e W
U _s 11 I 11 I :
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W. Nakai, JPS2017 [GeV/c?]




Trigger Concept OTarget 18

e+ e- pair from @

Top View of Detectors

(OMain Back Ground
BeAam Detect * Miss ID of charged @
Detect  >50° - e+e- from 70
-1t0-> 2y, r Conversion
- 10 -> re+e- (Dalitz Decay)

’ )‘ e
A'A ‘ (OMethod
e+ A GTR3 (DDetect e+/e- track
HBD , o
' — by 3 detector’s coincidence
( \ LG (Single rate: <1 MHz/ch)
‘ -> To avoid charged @

@Require the opening angle > 50°
-> To reject e+e- from 70O

Not Detect

(OExpected Trigger Condition
- Trigger rate: ~1 kHz
- ¢ -> ee Surviving Ratio: ~75 %




Integral Non Linearity(INL) 19

1 kHz Pulse
* Discriminator| ,H--v1— TRG-MRG
Generator clay
Relation between Input/Output Time Lag Distribution of Residual
) - A 0.06
E, 29005 2/ ndf 29.17 /35 % -
= . Prob 0.745 — |
— 20000 | oy 7259 = 0.003807 o 0.04+
GE) 1800 | pt 11 5.1946-06 _8 T
i: 16001 "D 0.02:_ * * *
-'g- 1400:_ &) B X X EES X X *
g 12005_ 0_ ﬂ@é}% x* KK
1000 ! B EE sk
- - ¥
800F- ~0.02- | |%
6001~ -l 1
C O 04_ Xx Xx *
400~ _ _ -0.04—
p00L- Red Line: At+B Fit i
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0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 Ll Ll Ll .

Input Time Lag[ns] 107 1072 1073
INL = [-0.04, +0.04] LSB with time lag ~0-2000 ns | nput Time Lagins]
No bad influence




Differential Non Linearity(DNL) 20

80.008 ns Clock ———TRG-MRG Deserialize 1 GHz -> 250 MHz
-> Clock interval has 4 ns periodicity

-> Check each clock width
from distribution of input clock signal

Distribution of clock edge timing
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Time%4[ns]
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DNL = [-0.022, +0.022] LSB
No bad influence




Minimum Pulse Width 21
Input Signal

/Detect

Detect narrow signal (1.0-1.3ns)

Threshold— Q .............................. with 100% efficiency
Enough to use in the experiment
1.0-1.3 ns

Double Pulse Separation

Input Signal Discriminate

Threshold - Yar S / Discriminate adjacent 2 signals (2.5-2.8ns)
‘ with 100% efficiency
g Enough to use in the experiment
2.5-2.8 ns -

X Those results are limited by test setup



