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Top Tracker

Þ The Outer veto is filled with 20-30
kton of ultrapure water in the pool,
read by 2000 PMT’s (20’’) and provide
a good detection efficiency (> 95%)

Þ Water system: Employ
a circulation/polishing water system
and keep a good water quality -
including radon control.

Þ The Top Tracker will reuse the Target
Tracker of OPERA experiment with
good performance in term stability,
and take benefit from previous study
for muon track reconstruction.

Outer Veto

Central
Detector
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• Veto for the covered surface (impossible to
cover all surface around the central detector).

• Study the production of 9Li/8He produced by
muons crossing the detector and mimicking
IBDs (~80 against ~60 IBD/day).

• Study the production of fast neutrons produced
by muons crossing the surrounding rock.

• Precise measurement of the energy spectrum of
cosmogenic isotopes.

• Define the cuts to be applied in the CD to
reduce these backgrounds.

• Introduce all measured parameters in the
simulation.

• Better estimation of systematic uncertainties
induced by this noise.

Central
Detector
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Main Features:
• OPERA Target Tracker:

– 2783 m2 (XY cell : 26.4mm x 26.4mm)
– 56 walls (6.7m�6.7m)

=> Covered area : 630 m2

TT Wall



TT Storage
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TT storage (and PMT testing)

Pan-Asia Warehouse Temperature control probably needed  (for the next 3 years)

The Top Tracker of the
JUNO Experiment
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The JUNO Detector [1, T1]

JUNO located in Jiangmen city,
Guangdong, China

Underground detector buried 700 m
(⇠2000 m.w.e.)

JUNO composed of 3 parts:
I Central Detector (CD)
I Water Pool (WP)
I Top Tracker (TT)

WP and TT compose Veto system

Goals:
I determine ⌫ mass ordering
I precision ⌫ osc. measurements
I . . .

Data taking to start begginning 2021

Electronics Cards

⇥64

scintillator strip

FEB

ROB

⇥16

Concentrator

⇥63

Coincidence/DAQPMT

Front-End Board (FEB): PMT interface and part of the PMT readout.

Read-Out Board (ROB): slow control, power supply, and finish PMT readout.
Charge readout by FEB/ROB takes 8-15 µs
Triggers can be emitted even during charge readout

Concentrator Board: gathers hits related to each wall, and create L1 trigger. Also
time-stamps of all hits with a nanosecond precision.

Coincidence Board: combine information from all L1 triggers to produce a L2 trigger.

Trigger Strategy

Expected radiation-induced event rate
in JUNO much larger than in OPERA
I Radioactivity in JUNO cavern
O(100)⇥ larger than at Gran Sasso

I In JUNO, scintillator strips not
sandwiched by lead/emulsion bricks

) Need to quickly identify radiation
induced hits to reject them

Trigger done in 2 steps:
I L1: required at least X–Y hits
I L2: select “aligned” triggers from
several walls

Related presentations/posters
[T1] B. Wonsak, Status and Prospects of the JUNO Experiment.
[P309] R. Wang, H. Lu, et al., Water Cherenkov detector of the JUNO Veto System.

The Top Tracker

Top Tracker built from OPERA’s Target Tracker [2] walls

TT placed on top of WP, covering more than 25% of area above WP

TT composed of 63 walls:

I Placed horizontally in 3 layers I Disposed in a 7⇥ 3 grid

TT purpose:
I Veto atmospheric muons crossing JUNO where WP depth small
I Precisely reconstruct µ tracks to use for CD/WP calibration

Current Status of the Top Tracker Modules

TT modules arrived in China in July
2017
Currently stored at warehouse where
PMT testing done
Some TT walls taking data with
OPERA electronics for monitoring
I no noticeable ageing of scintillator

Mechanical Structure

New support structure required to use modules horizontally
Walls will be installed individually with a crane

Expected Rates from JUNO Simulation

From 40K, 232Th, 238U dcy chains

Preliminary

Trigger goal: reduce rate by
⇠ ⇥50
I charge readout: 8–15 µs
I L1 decision ! 200 ns
I L1 currently at ⇥10� 20
reduction

O✏ine analysis can easily
suppress remaining
background
I µ should produce 7 cm2

aligned hits

References
[1] F. An et al. [JUNO Collaboration], J. Phys. G 43 (2016) no.3, 030401 [1507.05613].
[2] T. Adam et al., Nucl. Instrum. Meth. A 577 (2007) 523 [physics/0701153].
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Top Tracker - Module
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Scintillator strip dimensions:

Components:

TT Modules
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Scintillator strip dimensions:

Components:

Light yield vs hit position 



Top Tracker - Module
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Layout of the TT Modules in warehouse

TT modules

TT modules

TT modules
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Monitoring on site:
• Use existing electronic to several

TT modules
• About 200h of data taking

=> 270 million of event recorded
• Long muon track selected +

strong shower : > 15 hits TT
Planes

No noticeable ageing observed



TT Mechanical Structure
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Wall Support structure Lifting  tool Crane transportation

Top Tracker

24.4 m

48.5 m
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JUNO located in Jiangmen city,
Guangdong, China

Underground detector buried 700 m
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Front-End Board (FEB): PMT interface and part of the PMT readout.

Read-Out Board (ROB): slow control, power supply, and finish PMT readout.
Charge readout by FEB/ROB takes 8-15 µs
Triggers can be emitted even during charge readout

Concentrator Board: gathers hits related to each wall, and create L1 trigger. Also
time-stamps of all hits with a nanosecond precision.

Coincidence Board: combine information from all L1 triggers to produce a L2 trigger.
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Expected radiation-induced event rate
in JUNO much larger than in OPERA
I Radioactivity in JUNO cavern
O(100)⇥ larger than at Gran Sasso

I In JUNO, scintillator strips not
sandwiched by lead/emulsion bricks

) Need to quickly identify radiation
induced hits to reject them

Trigger done in 2 steps:
I L1: required at least X–Y hits
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The Top Tracker

Top Tracker built from OPERA’s Target Tracker [2] walls

TT placed on top of WP, covering more than 25% of area above WP

TT composed of 63 walls:

I Placed horizontally in 3 layers I Disposed in a 7⇥ 3 grid

TT purpose:
I Veto atmospheric muons crossing JUNO where WP depth small
I Precisely reconstruct µ tracks to use for CD/WP calibration

Current Status of the Top Tracker Modules

TT modules arrived in China in July
2017
Currently stored at warehouse where
PMT testing done
Some TT walls taking data with
OPERA electronics for monitoring
I no noticeable ageing of scintillator

Mechanical Structure

New support structure required to use modules horizontally
Walls will be installed individually with a crane

Expected Rates from JUNO Simulation
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From 40K, 232Th, 238U dcy chains

Preliminary

Trigger goal: reduce rate by
⇠ ⇥50
I charge readout: 8–15 µs
I L1 decision ! 200 ns
I L1 currently at ⇥10� 20
reduction

O✏ine analysis can easily
suppress remaining
background
I µ should produce 7 cm2

aligned hits

References
[1] F. An et al. [JUNO Collaboration], J. Phys. G 43 (2016) no.3, 030401 [1507.05613].
[2] T. Adam et al., Nucl. Instrum. Meth. A 577 (2007) 523 [physics/0701153].
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Top Tracker Strategy
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Main TT features:
• 62 walls in 3 layers
• 992 PMT’s => 63488 electronic channels

Muon

Trigger Strategy: 
Level 1:

• Wall level (Square of 6.7x6.7m2)

• 64*16 Channels
• Counting rate: 50 kHz/PMT
• L1 trigger selection needed 

(~10 kHz/wall)
Level 2:

• Global level for track alignment

Expected rate:
• The event rate per channel is 32x higher in

JUNO site compared to Gran Sasso
Laboratory due to rock radioactivity.

• Coincidences based on 3 aligned points
can drastically reduced the rate and can
be done offline



Top Tracker Architecture
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Read Out Board (ROB, 16 cards per wall): 
• Manages MAROC3 settings 
• Hosts PMT Power Supply
• FADC for charge read out
• Send PMT OR to concentrator

Front End Card (FEC, 16 cards per wall):     
• MAROC3 Chip + logic

Concentrator board 
(1 card per wall):
• Generate wall trigger
• Trigger Timestamp wrt

GPS signal
• Measure time difference 

PMT OR and trigger
• Collect read out data and 

send them to DAQ.
• Deliver DCS command to 

ROB boards

FE
C

R
O
B

C
on
ce
nt
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Local XY 
trigger (LV1)

Feedback to the sensors in less than 1 µs

Global trigger 
(LV2)

Concen
trator
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AVDD = DVDD = 3.5V FPGA = 5V Power

Consumption 150 mA 170 mA 2W

Status:  
• Fully tested no problems observed 
• Ready for production

Production schedule begin in September 2019

TT Electronics : Front End Card

FEB-ROB 
connector

(already tested)



TT Electronics : MAROC3
CHANNEL 63

in63

RC

Preamplifier

Gain correction

(8 bits)

Variable

slow shaper

Unipolar
Fast shaper

Discri
Vth 1

S&H

gnd

S&H

gnd

Bipolar
Fast shaper

Half Bipolar
Fast shaper

MUXEN_ADC=1 and
H1H2_choice=0

Discri

Vth 0

4 3

5

4

4

d1

d2

in0

cmd_sum

cmd_ss

cmd_fsu

cmd_fsb

cmd_fsb_fsu

cmd_fsb_fsu

MUX

in_ADCCHANNEL 0

in_ADC

Multiplex
charge output

Hit_ch0

ADC_output

Common to the 64 channels

DAC 0
10 bits

Vth 0

DAC 1
10 bits

Vth 1

Bandgap

Bias

Vbandgap

SUM of 8
channels

8 SUMs

Hit_ch63

EN_ADC=1 and
H1H2_choice=1

Hold 1
(pedestal)

Hold 2
(pulse max)

d1[63..0] OR1

mask_1

mask_2

d2[63..0] OR2LVDS/CMOS
Clk_40M
Clkb_40M

MAROC3

Wilkinson ADC

8bits, 10bits or 12 bits

Out_Q : Mux charge output of
the 64 channels in case of
externals ADC

64 Triggers

OR triggers

Out_ADC : Internal ADC output

Chip features:
• Preamplifier gain dynamic 0-4 => fixed by calibration runs
• Slow shaper parameter charge readout and digital section shaper chosen according to 
OPERA  experiment.

Hold : Track and hold signal 
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TT Electronics : MAROC3
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Out_Q

CLK_R

MAROC working @ 80 MHz

• Fast OR used for trigger validation in the Concentrator
• If trigger rejected  => RESET interrupts the ADC conversion => no data sent to the 

Concentrator
• If trigger validated => no RESET => conversion completes => data sent to the 

Concentrator

Two options are available: Wilkinson data reading (14μs) or external ADC (10μs)



16

Flash ADC circuit on ROB

Flash ADC circuit optimized and frozen.
Pedestal at around 10% of range, maximum OutQ value slightly above 90%. 

Operational amplifier 
as buffer for OutQ

Differential Flash ADC:
(-1 V – 1 V) input range
12 bits

17

Flash ADC calibration

TT Read Out Board
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Task list: 
• MAROC3 settings
• OR from MAROC3 transmission

to concentrator (also through 10 m cable)
• Digital pattern acquisition from FPGA on

FEC
• Hold signal to MAROC3 for analog chain

(timing frozen, 2.5 ns jitter)
• Wilkinson data from MAROC3

acquisition
• Charge read-out with external

Flash ADC (FADC)
• Test pulse for calibration
• PMT HV management

FADC Calibration
Preliminary

Status: 
• Functionnality items checked at IPHC

and LNF
• Mechanical compatibility check with

module
• 5 ROB’s delivered and tested



TT Electronics
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3

Tests of integration between the Front-End Card and the 
Read-Out Board (Strasbourg, June and November 2017).

HV block

Test-pulse board

ROB Power
connector

Test-pulse output 
to LED

Connector to
Concentrator

USB 2.0 connector
(used for tests without
Concentrator)

FE Card

RO Board

HV connector



TT - Concentrator
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• Acquiring information from ROB
– Hits in coincidence
– Charge

• Reset and programming of the FE
ASIC

• Acceptance of interesting events
– Timestamp with approximately 1ns

time resolution for each event coming
from the ROB

• Veto of background noise
– We aim to reduce the background

radioactivity noise to approximately 10
kHz / wall

• Misc. requirements (optional)
– Periodic/random triggers for detector

study
– Data throttling in case of extreme noise

rates
– Commissioning study

Concentrator

TTIM

16 
ROBs 2

1

1

5

5
→ Fast OR
→ Serial OUT
← Serial IN
← Clock
← Reset
←?→ Spare

DAQ

L2
2

DCS

2

3x single fiber
mono-mode

event

PMT hitTime of Flight

Trigger  decision window 
~200ns



TT - Concentrator
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Concentrator Prototype

• ~ 200 x 340 mm2

• 8 layers

• Min space/trace 125 um

• ~ 1000 components

• +12V DC

• SOM 3x100 pins

• ZYNQ 7030 (XC7Z7030, “Kintex”) 
• Using 99% of available IOs 

JUNO Europe collaboration meeting 

2018-05-16
M.Sz, JW, PP   IPHC-CNRS 9

2 boards have been assembled

TTIM

@ FMC conn
16x MDR for ROBs

uSD

SFP ~1Gb/s

Ethernet 1Gb/sJTAG

Zynq SOM

DC/DC 

regulators

To White 

Rabbit switch

Signal 

conversion, 

buffering

Prototype



TT Prototype
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Theta Angle Distribution (Data) h1
Entries  563
Mean    26.58
RMS     14.21
Underflow       0
Overflow        0
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Entries  1477
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Theta Angle Distribution (MC)

Measured
with other 
electronics  

MC
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Muon angular distributionMain features:
• 8 reduced modules from TT-OPERA allowing 4XY detection planes 

1.7x1.7m2, 8x64 = 512 PMT channels
• Specific electronic developed for medical application to be 

replaced by TT electronics
• Test the whole DAQ chain +XY coincidence on four layers 

with JUNO electronics



Outline
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• TT modules are in stored in warehouse in China and equipped for
ageing monitoring.

• TT mechanical support completed and finalized with prototypes in
Dubna

• The TT Front-End and Read Out cards is almost frozen

• First concentrator prototype will be tested

• TT Prototype will be equipped with JUNO Electronics for validation

• Installation 2021
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