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JUNO-TAO

Taishan Antineutrino Observatory (TAO), a ton-level, high energy resolution LS detector at 30 m
from the 4.6 GWth core, a satellite exp. of JUNO.

Measure reactor neutrino spectrum w/ high E resolution Sealing Top shield
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TAO Detectors & Electronics
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(Top Veto Tracker (TVT)

Plastic scintillator: 160 strips (4 layers)
SiPMs at both ends: 320 tiles, 0.8 m?
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Share SiPM readout electronics
e 250/125 MHz sampling, raw readout

dominated by SiPM dark rate
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(Central Detector (CD)

2.8 ton Gd-LS

Full coverage of SiPM (10 m?) w/ PDE > 50%
Operate at -50 °C (for SiPM dark noise reduction)

Energy resolution <2% resolution @ 1MeV

&
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Water Tank (WT)

J

3 tanks, ~100 3” PMTs
for each

v

Re-use the 3” PMT
electronics of JUNO

Triggerless readout




TAO TDAQ Highlights
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#SiPM dark rate: 100Hz/mm? (conservative)
#% 1.5 p.e threshold

e Readout from 3 individual\
detectors’ electronics

e Suppress total bandwidth
to < 100 Mbps before

storage -

s WR based timing system
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Up to 80m CATSe
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Data Suppression Strategy at TAO TDAQ @

Data HW SW Compres- Data

Stream trigger Trigger sion Merge

CcD 128 Gbps |Y ~800 Mbps | N Y Y <80 Mbps
WT ~105 Mbps N ~105 Mbps | Y Y Y <10 Mbps
TVT ~10 Gbps | Y ~40 Mbps | Y Y Y <1 Mbps

~140 Gbps ~1 Gbps <100 Mbps
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- CD trigger
__ TVT hardware trigger
_ DAQ




CD Trigger System Structure

. Front-end _
High-performance electronics _____ Trigger System __ DAQ
[WR ) |
» 1GHz hit rate [FEC f 1 .
. I e | | Gather Redundant| |
» 128Gbps data processing R (885) ‘—L cuz ||
: . - e | CFEC - | :
Physics trigger mode: multiplicity cae | | ¢ L —
. e N T | entra :
trigger (nHit) e = “Unit |+ DAQ
'[WR ‘: - F cu)y | !
coincident DCR < 1 Hz if nHit > 170 T Gatter j T :
! NV | Unit i
Support External trigger for LED N Iy e WRT || White Rabbit
Calibration :\ Crate d: :\ CGU>6 TEL't'rig-qe—r)lt{LED Calibration System
e = [ e
—— Trigger

Random/periodic trigger for diagnosis (6 crate

Data after trigger
Waveform Data

Reliable, flexible, scalable, maintainable...
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Hardware Implementation @

»mMTCA standard: CD Gather Unit (AMC) + CD Gather Unit Rear (RTM)
»CD Gather Unit / Central Unit: same hardware, different firmware

MTCA crate CGU CGUR
e SFP+ SPI SFP+
= _ : EEPROM | | i vey ) )
. ) ) < 1 R
SFP+ GTH X5 ——1 130 J30 [ > SFP+
> GTH x8§ <
SFP+ « > < > SFP+
ﬁ FPGA <
SFP+ XCKUO060-FFVA1156 s SFP+
g MLVDS x4
SFP+ < A & GTH x4
Width[63:0] | @ , SEP+
DDR4 ﬂ =
MT40A512M16LY %_, - SFP+
(0]
o o a (@)
» High data transmission SMA g R SEP+
g IPMB
> Hot-swap capability POWER MMC 8 -
= ar
» Rearl/O

» Redundancy available
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NHit Trigger Logic

nHit trigger logic

 nHit sum in slide window = nHit Threshold

* Record timestamp, generate trigger
* Readout data in the window

CGU(CD Gather Unit)

* Each CGU board count local nHit
e parallel processing: 1 RAM for 1 FEC
* nHit count method - mapping-
based approach

e time stamp = RAM address
* nHit count = RAM data value

2023/9/4
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Firmware Design and Implementation @

Trigger Parameters
CGU 2 Frame Parse |
. from CU
Trigger Result
v
CGU Status ey
& Heartbeat
~ERIT77777777 777 3RWDAS Data Cache SRI0| <=> CU
: :|_________---—————| & Readout
Lyl |
—S |, | Frame Parse | | I
FECS I _: : Sl from FEC : CGU Triggered Data Mux
_ >
e ———— ' NHit Count NHit Data

Configuration

Command
CU to CGU Status Control (¢—— RBCP [¢———

————————————————— . +Trigger Parameters
: l'r'l;—>;<i_—_—_—_—__________________'___I Trigger Result CU Trigger
: : | | —» Selection | Trigger Result
) | sitcp | <=> DAQ
| : " aTH/ CU Status &
CGUs <=>1 | - Heartbeat —>
: : ' SRIO NIt Data CGU Status & Heartbeat Status &
I : 5 Frame Parse : _ o thoat » Mux
| from CGU ! Triggered
Wi—— “——— 1 Triggered Data | Data Cache Triggered Data
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TVT hardware trigger



TVT Trigger Definition

> SiPM DCR: ~50 kHz/mm2 @25°C
»Muon rate: ~32 Hz/Strip (strip size: 0.2 x 0.2 m2, muon flux 80 Hz/m?)
» Natural radioactivity: ~1 kHz/Strip

» stage 0: waveform -> (Q,T) pair @threshold 0
» stage 1: coincidence of 2 ends in single strip -> window @threshold 1
» Stage 2: coincidence of layers -> window @ multiplicity threshold

ey
[ If Il Il |
stage 0 @ FEC L qm
[\ single FEC channel L 2 stage 2 @ DAQ
reshold | |+ N\ I (Q.T)pair stage 1 @Jjfrigger board " | =) Physical hi
ysical hits
L 3
single plastic strip | e
2023/9/4 valid hits - 13




S1 Hardware Trigger Requirements @

| nit
chl
single plastic strip

Bandwidth

» FEC -> trigger system: ~10 Gbps *  of remacrec [ NI > T2 | ceg s pec |«
> trigger system -> DAQ: ~40 Mbps ** S1Trigger

° ° ° ° S2 Trigger
Algorithm: coincidence trigger
stage 0 @QFEC stagel @TGU stage 2 @DAQ
» utilize the coincidence in both charge & ~
timing from dual-ends to reject DCR fresssesesanesneey .

*DCR: ~0.22 MHz/channel @1.5 p.e.
**mostly from natural radioactivity

2023/9/4 - TVT Trigger Logic Diagram.,



Hardware Design @

TVT trigger system use same hardware board as CD, different firmware

9.2Gbps Trigger 43Mbps -
hardware

. .
Fiber optic Ethernet E :
FEB x160 hannel data . .
| |
| |
u n
| |
| |

Connector

Fiber optic
FEB x160 hannel data

Storage =

TVT: top veto tracker
TGU: TVT gather unit
FEB: front end board

2023/9/4 FEC: front end controller {5



ch1 hits data
ch2 hits data

Firmware Design and Implementation @
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coincidence

L
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4 l
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*ch1l. ch2:the channels of a single plastic strip

Trigger Processing Flow |
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DAQ Design and Implementation



JUNO/TAO DAQ Architecture Design @

JUNO and TAO share same DAQ
alC h |te Ctu re Read Out Plug Modules Process Algorithm Plug

CD Modules Compression

> Share data file format and data - W

Software Trigger

transfer system
» Integrated monitoring

ReadOut Data Data Data
Subsystems Assemblers Processors Storages

Distributed framework

Distributed Framework

Pl Ug-l N m Od U I es d eS|gn Data Acquisition Utility Modules

JUNO/TAO DAQ System is divided into Data Flow and Online

2023/9/4 18




Data Flow Software @

([ Readout Elec. ]
Data Flow .|
. . \I/ | Dirt to ROS buffer
Support triggered/triggerless data stream R@T;jjj;@f 208
. . Request +To k.
data assembling by ID or timestamp pataflow | e L
Manager = Data
. . . . End DA |_ Assemblers
Online data processing interface provided o —
DP Tt
Modular deSign Software Trigger Data Processors
(Farm)
Com?)?:_‘ision 1 Reserved data
e, Data Storages
v

Data Flow
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Online Data Processing @

JUNO 400 Gbps 500 Mbps
TAO ~ Gbps <100Mbps

Data Flow Assigned DP

Manager

Parallel online processing

» Interface provided
» Customized processing can be integrated

» Algorithm can be provided by different experts

Software
Trigger

Data
Compression

Online event
classification

Data Processifig

—p  data

message

vent type

Data
Assemblers
]
|

v Full channel data

Data Processers
(Farm)

1 Compressed data

Data Storages

Provides high-performance real-time online data processing interfaces

Split the data stream based on timestamps — parallel processing

2023/9/4
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Online Software

Online Software: provide various interface and services

HTTP Interface

Configuration Run Control Message Process
Service Service Service Management Service

Online
Software

Configuration Run Control Message Process
Interface Interface Interface Management
Interface

Data Flow Software

* Redis based services

* Runin k8s managed containers.

* Web based GUI

* Detection tool for exception diagnosis

2023/9/4 21



I HTTP

Front End

Online Monitoring System Design@

user access
device
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MVC based: modular design - low coupling, reusable, easy to deploy and upgrade

20237974
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Online Monitoring for Data Quality @

ROOT & JSROOT Redis & Prometheus & Grafana
> Visualization and data analysis tool > C'omple'Fe monitoring and visualization solutions
» Rich variety of charts and dashboards

> \Expert user friendly » Support for viewing history

Spectru Specins Specins
N i N e e e o JUNO-LPMT DCR v
CHN118 Charge Spectrum in Low Gai CHN117 Charge Specin CHN118 Sharge Spectrum in Low G;
[ g |
| L | so0000
1 L. | 700000
CHN120 Charge Specirum i Lew &, CHN1Z1 Charge 5 inLow ¢ CHN13 Crarge Specirum in Low & 500000
4000
o

103.127.184 ADC Mean in High Gain: 10.3.127.164
h_ADCMeanHG h_ADCMeanHG
Entries 9088

ADC MEAN g
e M Gain
Entries 9088
Mean 65.91

40]
! Mean 63.89
35 Std Dev  37.84 Std Dev  37.89

ADC Mean

ADC Mean

30}

100 chdffenn
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Online Monitoring for DAQ Running Status @

i"M"H | 'd‘ll(lJl_MMMM\;!,\M\.‘\M

DAQ working status o ML R

» APP, process, system running status...
» Memory and CPU usage of each process

DAQ Data Flow status

» Throughput, process rate, counter, buffer usage..

2023/9/4



@" JUNO 88 wuyh / ROS <
3 ROS Throughput
80.00
€ Dashboard
60.00 b
b bl
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19:00 20:00 21:00 22:00 23:0
== sum(oec{label=~"juno_oectest.df.socket *.input_data.rate})/100000C

sum(oec{label=~"juno_oectest.df.ros:ro-* .output_volume.rate’})/102¢

ROS build-DAid Rate

400 ' ‘
[l Message Control 200 |I'M‘ L I’ ‘l dﬂ" d ‘ ” j h \ “ lll "U L 1 pl “hu qu
B AL (i \ N’ W e
L i L
19:00 20:00 21:00 22:00 230
== oec{instance="10.3.192.11:10002", job="junodaq_oec’, label="juno_oe

oec{instance="10.3.192.11:10002", job="junodaq_oec’, label="juno_oe

== oec{instance="10.3.192.11:10002 abel="juno_oe

== oec{instance="10.3.192.11:10002", job="junodaq_oec", label="juno_oe

ROS_cpu_usage

Data flow monitoring

® 2023-07-26 18:24:09 to 2023-07-26 23:00:38 v > Q i IRV (=]

DAQ Web GUI

@ o

€MD Config Info

Readout Data Rate for LPMT

o s
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5000000 o

[
s commandinto
19:00 20:00 21:00 22:00 230 . .
== {instance="10.3.192.11:10002", job="junodaq_oec’, label="juno_oecte: R u n CO ntrOI CO nflgu rat I 0 n
ROS_frags
Monitor Message Control
1000
e 2237726 225500

500 V.I "hr' w'”".",' W i o i e

R

MWW Al "MMLWH‘ MWL

Fatal ety =8
19:00 20:00 21:00 22:00 23:0
== oec{instance="10.3.192.11:10002", job="junodaq_oec", label="juno_oe
oec{instance="10.3.192.11:10002", job="junodaq_oec’, label="juno_oe
== oec{instance="10.3.192.11:10002", job="junodag_oec", label="juno_oe
== oec{instance="10.3.192.11:10002", job="junodaqg_oec’, label="juno_oe
Fatal 2 " s

ROS_memory_GB

Process info

Log message

All the monitoring modules will be integrated into DAQ web GUI

20237974

— control and monitor remotely
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TAO TDAQ Current Status

TDAQ test

Major development work completed

. pe ey . Sl Signal
» Key modules verified _ - B ccnerator

> Self-developed hardware all ready gt

Whole chain tests has started

Will be fully ready at end of 2023

(L ERIL

REE/RU/ca/WL. |
PR => § < (B

\
!

GCU - readout
electronics

SiPM in
cryostat
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Summary @

Design and build a pure digital TDAQ system for JUNO-TAO
Trigger algorithms on FPGA + compression strategies on CPU

»Reduce data rate O (100Gbps) ->< 100Mbps

Expected time for TAO be online at 2024
TAO Project Approval TAO FDRs TAO online

2018 2020 2021-2022 2023 2024

\
1“6““5
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