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The JUNO Experiment

M. Grassi XIII Conference on Heavy Quarks and Leptons - May 2016

A New Lab in Southern China
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JUNO Physics Programme

Reactor Neutrinos

3 First combined observation of solar and atmospheric oscillation

3 mass hierarchy via solar-atmospheric interference

3 vacuum oscillation → not relying on matter enhancement (and related
uncertainties)

3 no θ23 or δCP ambiguities → Complementary to NOνA, Pingu and DUNE

3 Most precise measurement of solar parameters (θ12, ∆m2
12)

Supernova Neutrinos

3 a unique opportunity for Particle Physics and Astrophysics

Geoneutrinos

3 JUNO alone might detect more geo-ν than all other world’s experiments

Solar Neutrinos

3 address open issues in Solar Physics : MSW turn on, metallicity

ÜJUNO Yellow Book on Physics : J.Phys. G43 (2016) 3, 030401
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JUNO Detector Design

C. Jollet - La Thuile 2016

Detector design

9

20 kt LS

Top muon veto: plastic scintillator strips 

Water Cherenkov veto: 20 kton water

Buffer: water

PMTs: 17000 20” PMTs + 34000 3’’ 
PMTS for a ∼77.8% coverage

PMTs: 2000 20” veto PMTs

LS: 20 kton LAB based

LS container: acrylic. The maximum 
stress should be <35 MPa.

Buffer/PMT support: Stainless steel 
structure

• The experiment consists of a very large 20 kton liquid scintillator detector.

Acrylic Sphere - ∅=35.4 m

Central Detector - ∅=40.1 m

43.5 m

43
.5

 m
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JUNO Detector Challenges

C. Jollet - La Thuile 2016

Challenge of the JUNO detector

10

Calibration

Top Tracker

Electronic

Central 
detector

Water 
Cherenkov

LS filling room

Experiment Daya Bay BOREXINO KamLAND JUNO
LS mass 20 ton ~300 ton ∼1 kton 20 kton

Coverage ∼12% ~34% ∼34% ∼80%
Energy resolution ∼7.5%/√E ∼5%/√E ∼6%/√E ∼3%/√E

Light yield ∼ 160 p.e. / MeV ∼ 500 p.e. / MeV ∼ 250 p.e. / MeV ∼ 1200 p.e. / MeV

Stainless steel 
latticed shell: 

ID=40.1 m

Acrylic Sphere: 
ID=35.4 m



The JUNO Double Calorimetry Approach

M. Grassi XIII Conference on Heavy Quarks and Leptons - May 2016 31

~17,000 PMTs (20” diameter)→ Large-PMT system (LPMT)
~34,000 PMTs (3” diameter)→ Small-PMT system (SPMT)
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JUNO Double Calorimetry

Anatael Cabrera (CNRS-IN2P3 & APC)

Additional readout system (~36,000 3” PMTs): 2 independent 

readouts embedded within same detector. Many purposes… 

• (high precision calorimetry for ±Δm2) response aid to 20” 

PMTs for non-stochastic systematics (≤3% @ 1MeV). 

Main goal control of response non-linearities.  

• (θ12⊕δm2) internal redundancy oscillation parameter 

measurement: systematics cross-check (<1% precision) 

• (9Li background) enhanced 4π-μ-tracking for cosmogenic 

ion production on C tagging/vetoing: 12B/9Li/8He. 

• (supernova readout complementarity) double-readout to 

ensure unbiassed both energy and rate measurement 

• (readout⊕trigger complementarity) complementary time 

resolution, dynamic range & trigger (position) 

information→ further empower event reconstruction

JUNO’s Double Calorimetry System…

PRELIMINARY

δm2

complementary (θ12,δm2) measurement

3” PMT 

(several options) 
•MELZ (RU)
•HZC (CH)
•ETL (UK)

•Hamamatsu(JP)

PRELIMINARY

sin2(2θ12)
δm2
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JUNO Large PMT Electronics Layout

3 The PMT readout electronics will installed underwater (wet) , very close to the
PMT :

Ü PMT Voltage Divider and High Voltage

Ü Front-End electronics: analog and digital electronics

3 The BackEnd/Trigger/Timing electronics will be placed outside (dry)

3 Long cables (∼ 100 m) will transfer all signals and bring power to the electronics

PMT H
V ADC GCU

DAQ
DCS
CLK
TRG
PWR100 m shielded cables



JUNO Electronics Communication Scheme
Asynchronous System 

Crossing the Surface 11 I. Lippi - INFN Padova 

GCU 

• A standard Ethernet protocol for all the 
communications 

• Each GCU addressed by its IP number 
 
No Hardware: 
• Commercial Ethernet Switches with Power 

Over Ethernet capabilities 
• DAQ in commercial servers 

 
No Software: 
• Possibility to use existing software (IPbus) 

16 bits/sample  
1000 samples/event (1µs) 
1000 events/s (1KHz) 

16 Mbps/GCU 

200 ÷ 300 Gbps  

Zero suppression: When? Where?  
Why not on the GCU ? 

Ethernet Switch 

DCS DAQ PWR 

Logic Handling 
Run & Slow Control 
Device Programming  

Event Data Handling 
Event Building, 
Filtering, Formatting 

100BASE-TX Fast 
Ethernet 

TRG 

Data Request 

Synchronous System 

Crossing the Surface 

Clock & Trigger card 
 

Several GCU connected (32 ÷ 64 channels) 
 
• CLK - a simple fan-out  
• TRG - a synchronous counter : number of 

GCUs with a signal over threshold.  
• DCS - synchronisation special operations 

Twisted Pair Cable 
 

• Clock - 62.5 MHz symbol rate 
• Trigger - 125 MHz (2*CLK) symbol rate 

for the Trigger bit 1B/2B encoding 
Reference Clock 

Rate 62.5 MHz 

Trigger Data 

One bit per Clock 

Signal ↑↓ threshold 

10 I. Lippi - INFN Padova 

CLK TRG 

Clock & Trigger Card 

GCU 

DCS 

125 MHz in 100 m is perfectly matching the 

specification, but at its limit. 

 

How about 32 ns trigger time resolution ? 

Or a 31.25 MHz clock ? 
 

Async Comm (2 pairs) Sync Comm (2 pairs)
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JUNO Electronics Overview

Front-End electronics split into 3 boards

1) Voltage Divider (closer to PMT)

2) Global Control Unit

3) Power Board (further from PMT)

+ HV module in between

Integrated design of PMT-potting

Shrinkable tube

Bonding sealant
Thermal conductive
 media

PCB board

Sealing putty

Cable tunnel filled 
with PU connector Sealing

putty

Shrinkable 
tube  

     cable  

 copper chip

epoxy
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The Large (20”) PMTs

• JUNO (Central Detector and Water Cherenkov Veto)
will be equipped with

• ∼ 15000 MCP PMT, (20”, produced by North Night
Vision Technology)

• ∼ 5000 R12860 PMT, (20”, produced by Hamamatsu
Photonics)

• an extensive PMT acceptance and characterization
program has been developed

• PMT potting and integration with readout electronics
validation tests will be performed, early 2017

Hamamatsu R12860
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High Voltage

3 Original idea : convert a low AC voltage to high DC voltage

3 using a cascade of half-wave doublers (Cockroft-Walton multipliers)

PROS :
HV generation close to the PMT
small intrinsic power dissipation (< 0.05 W/channel)
small heat loss
high stability of HV (better than 0.05%)
reduced cost

CONS :
reliability is crucial : no more access to underwater modules

Parameter Specs

Output voltage 0 - 3000 V
Maximum current 100 µA (@ 3 kV)
Stability of V 0.05%
Output voltage ripple 60 mV (Peak2Peak)
Output voltage temperature coeff. 100 ppm/◦C
Long Term stability < 0.01%
Input Voltage 24 V
Control SPI, RS-485
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HV prototyping and testing

• Two companies, HVSYS (Dubna) and
Marathon (Moscow) have designed
and developed prototype modules

• All specs have been successfully met

• Long term tests are colorbluegoing on
for both series of prototypes

• Discussion on reliability is ongoing:
the possibility to employ more than
one module/PMT is under
investigation

HV	cell	-	current	version		
Structure	

The	micro-
processor	

SPI	

RS232	TTL	

The	high	
voltage	
mulDplier	

PWM	

Vout:	
	0..3000V	
	
1000uA	DAC	

16	bit	

ADC		
16	bit	

The	
divider	

U	
I	

SPI	

DC-DC	24VDC	 HV	power	supply	

Two	versions	of	HV	mulDplier	have	been	developed	!		

Setup		for	temperature/reliability	tesDng	

4	HV	cells	per	1	NIM	board		
	
5	boards,	20	HV	sources.	

9.6	MOhm	load	(2700V/300uA)	
	
CAN-bus	CANOpen		
	
Windows	soUware	

“FPGA	control”	version	could	be	
	converted	in-to	“redundant	version”	easily	for	test	purposes	

HV	module	

HV	module	

HV	module	

+24V	DС	 highly	reliable		
diode	

highly	reliable		
high-voltage	diode	

PWM	

SPI	

SPI	

SPI	

3000V	

PWM	

PWM	

highly	reliable	high-voltage	power	source	
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The Vulcan ADC (baseline option)

• an ASIC capable of fast data sampling and
processing for signal reconstruction

• employs three 8-bit ADCs with highly configurable
operating modes

• capable of generating a fast trigger while
processing data

• provides an optional compensation for
signal overshoot

Vulcan Specs

• Sampling rate : 1 GHz

• Bandwidth : 500 MHz

• Input impedance : < 10 Ω

• Dynamic range : 1/16 · 2000 pe

• ADC resolution : 8 bit [3×]

• High gain : 0.06 pe/bit

• Medium gain : 0.4 pe/bit

• Low gain : 8 pe/bit

• Power consumption : 1 W
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Pavithra Muralidharan, C. Grewing, M. Karagounis, A. Kruth, D. Liebau, 
D. Nielinger, N. Parkalian, C. Peters, M. Robens, S. van Waasen, U. Yegin, A. Zambanini 

Forschungszentrum Jülich GmbH, Germany

Jiangmen Underground         
Neutrino Obeservatory

• Measurement of neutrino
oscillation parameters to
determine mass hierarchy

• 700 m below ground level
• Energy resolution of 

1200 p.e./MeV
• 17,000 Photomultiplier

tubes (PMT) of 20″ ⌀
• PMT & readout submerged

in water

• Transimpedance
amplifier (TIA)

• Phase locked
loop (PLL)

• Analog to digital 
converter (ADC)

• Integrated ADC output    Measured 
number of photoelectrons 

• Integration with respect to the baseline
• Biasing fluctuation and intersymbol 

interference shift the baseline
• Unregulated ADC output indicates a 

different charge than the actual input

• Baseline restored to chosen
ADC value

• ADC output follows signal input
• Regulation deactivated during

event signal input

Baseline Regulator

Summary
• Data reduction and processing by

control unit
• Baseline regulator compensates offset

Status and Outlook 
• Chip design up to top level completed
• Design verified by simulation
• After delivery of first prototype: 

functional and performance tests

VULCAN layout

Data Processing Unit (PAM) 

• Selection of gain mode
(best precision & not saturated)

• Data reduction: 3 GB/s   1 GB/s

1  2 4  8  16  31  64  128  256  512  1024  2048
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56 ADC High Gain ADC Medium Gain ADC Low Gain

Charge
[photo electron; p.e.]

ADC out
[]

1b=0.06p.e. 1b=0.4p.e. 1b=8 p.e.

VULCAN with 3 ADC ranges

• Compensation method: ΣΔ
• Generated error signal is used

to regulate the reference
voltage of ADC  

p.e./photoelectrons

• Programmable adaptive memory
• Data reduction and compression (noise data)

Input      : 24 bit × 1 GHz = 3 GB/s 
Output   : 16 bit × 500 MHz = 1 GB/s 

• Area: 1.8 mm2 (complete digital unit: 2.1 mm2) 

Simulations by F. Lenz, RWTH Aachen

• Data processing for 
signal reconstruction

• Fast trigger generation 
parallel to signal data

• Three large dynamic 
range ADCs

• Highly configurable 
alternative operating 
modes

• Optional compensation 
for signal overshoot

35m ⌀

Write logic Ring Buffer Read logic

Data flow for PAM

Key features of VULCAN Analog Unit

• Programmable
adaptive memory
(PAM) 

• Digital signal
processor (DSP)
for trigger

• Configuration
Interface (JTAG)

• Built-in self test
(BIST)

• Head of assigned
liabilities for start
up control (HAL)

Digital Unit

4.
7m

m

Write logic

Ring buffer
• Interim buffering unit

for signal (20 kB)
• Size determined by

data obtained from
supernova simulations

Read logic
• Access ring buffer & add meta data

(timing, system events, bus mode . . .) 
• Noise compression : 1 GB/s   0.5 GB/s

4.7mm

Intelligent PMT

Global control 
unitH
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VULCAN
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GCUPMT

VULCAN

 
       

Control Unit

PAM
processor

Baseline
regulator

BIST

Registers

HAL JTAG

PLL Control DSP
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RX 1

RX 2

RX 3 PLL

LVDS

     ADCVin DAC

Integration

 Offset
 error

Reference voltage

∫

Sampling rate 1 GHz
Bandwidth 500 MHz
Input impedance <10 Ω
Dynamic range 1/16 - 2000 p.e.
ADC resolution

High gain
Medium gain
Low gain

8 bit [3 ×]
0.06 p.e./bit
0.4 p.e./bit
8 p.e./bit

Power 1 W
Area 22.09 mm2
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• Measurement of neutrino
oscillation parameters to
determine mass hierarchy

• 700 m below ground level
• Energy resolution of 

1200 p.e./MeV
• 17,000 Photomultiplier

tubes (PMT) of 20″ ⌀
• PMT & readout submerged

in water

• Transimpedance
amplifier (TIA)

• Phase locked
loop (PLL)

• Analog to digital 
converter (ADC)

• Integrated ADC output    Measured 
number of photoelectrons 

• Integration with respect to the baseline
• Biasing fluctuation and intersymbol 

interference shift the baseline
• Unregulated ADC output indicates a 

different charge than the actual input

• Baseline restored to chosen
ADC value

• ADC output follows signal input
• Regulation deactivated during

event signal input

Baseline Regulator

Summary
• Data reduction and processing by

control unit
• Baseline regulator compensates offset

Status and Outlook 
• Chip design up to top level completed
• Design verified by simulation
• After delivery of first prototype: 

functional and performance tests

VULCAN layout

Data Processing Unit (PAM) 

• Selection of gain mode
(best precision & not saturated)

• Data reduction: 3 GB/s   1 GB/s
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VULCAN with 3 ADC ranges

• Compensation method: ΣΔ
• Generated error signal is used

to regulate the reference
voltage of ADC  

p.e./photoelectrons

• Programmable adaptive memory
• Data reduction and compression (noise data)

Input      : 24 bit × 1 GHz = 3 GB/s 
Output   : 16 bit × 500 MHz = 1 GB/s 

• Area: 1.8 mm2 (complete digital unit: 2.1 mm2) 

Simulations by F. Lenz, RWTH Aachen

• Data processing for 
signal reconstruction

• Fast trigger generation 
parallel to signal data

• Three large dynamic 
range ADCs

• Highly configurable 
alternative operating 
modes

• Optional compensation 
for signal overshoot

35m ⌀

Write logic Ring Buffer Read logic

Data flow for PAM

Key features of VULCAN Analog Unit

• Programmable
adaptive memory
(PAM) 

• Digital signal
processor (DSP)
for trigger

• Configuration
Interface (JTAG)

• Built-in self test
(BIST)

• Head of assigned
liabilities for start
up control (HAL)

Digital Unit

4.
7m

m

Write logic

Ring buffer
• Interim buffering unit

for signal (20 kB)
• Size determined by

data obtained from
supernova simulations

Read logic
• Access ring buffer & add meta data

(timing, system events, bus mode . . .) 
• Noise compression : 1 GB/s   0.5 GB/s

4.7mm

Intelligent PMT
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unitH

ig
h

 v
o

lta
g

e

VULCAN
ADU

GCUPMT

VULCAN

 
       

Control Unit

PAM
processor

Baseline
regulator

BIST

Registers

HAL JTAG

PLL Control DSP

In
p

ut
 f
ro

m
 P

M
T

1
6
 b

its

DAQ
Data acquisition 

 

3
 b

its
T

ri
g

g
e

r
D

a
ta

L
V

D
S

 C
L

K

RX 1

RX 2

RX 3 PLL

LVDS

     ADCVin DAC

Integration

 Offset
 error

Reference voltage

∫

Sampling rate 1 GHz
Bandwidth 500 MHz
Input impedance <10 Ω
Dynamic range 1/16 - 2000 p.e.
ADC resolution

High gain
Medium gain
Low gain

8 bit [3 ×]
0.06 p.e./bit
0.4 p.e./bit
8 p.e./bit

Power 1 W
Area 22.09 mm2
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Vulcan chip features

Programmable Adaptive Memory

• allows to perform data reduction
and compression

IN : 24 bit × 1 GHz = 3 GB/s

OUT : 16 bit × 500 MHz = 1 GB/s

• allows to select ADC gain mode
(for best precision)

Baseline regulation

• ADC output ∝ number of photoelectrons

• biasing fluctuations may shift the baseline

• a Σ∆ method allows to compensate
for these effect

M
e

m
b

e
r 

o
ft

h
e

H
el

m
h

o
ltz

 A
ss

oc
ia

tio
n

VULCAN Integrated Circuit for PMT ReadoutJUNO Experiment

M
e

m
b

e
r 

o
f t

h
e

 H
e

lm
h

ol
tz

 A
ss

oc
ia

tio
n

Pavithra Muralidharan, C. Grewing, M. Karagounis, A. Kruth, D. Liebau, 
D. Nielinger, N. Parkalian, C. Peters, M. Robens, S. van Waasen, U. Yegin, A. Zambanini 

Forschungszentrum Jülich GmbH, Germany

Jiangmen Underground         
Neutrino Obeservatory

• Measurement of neutrino
oscillation parameters to
determine mass hierarchy

• 700 m below ground level
• Energy resolution of 

1200 p.e./MeV
• 17,000 Photomultiplier

tubes (PMT) of 20″ ⌀
• PMT & readout submerged

in water

• Transimpedance
amplifier (TIA)

• Phase locked
loop (PLL)

• Analog to digital 
converter (ADC)

• Integrated ADC output    Measured 
number of photoelectrons 

• Integration with respect to the baseline
• Biasing fluctuation and intersymbol 

interference shift the baseline
• Unregulated ADC output indicates a 

different charge than the actual input

• Baseline restored to chosen
ADC value

• ADC output follows signal input
• Regulation deactivated during

event signal input

Baseline Regulator

Summary
• Data reduction and processing by

control unit
• Baseline regulator compensates offset

Status and Outlook 
• Chip design up to top level completed
• Design verified by simulation
• After delivery of first prototype: 

functional and performance tests

VULCAN layout

Data Processing Unit (PAM) 

• Selection of gain mode
(best precision & not saturated)

• Data reduction: 3 GB/s   1 GB/s
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VULCAN with 3 ADC ranges

• Compensation method: ΣΔ
• Generated error signal is used

to regulate the reference
voltage of ADC  

p.e./photoelectrons

• Programmable adaptive memory
• Data reduction and compression (noise data)

Input      : 24 bit × 1 GHz = 3 GB/s 
Output   : 16 bit × 500 MHz = 1 GB/s 

• Area: 1.8 mm2 (complete digital unit: 2.1 mm2) 

Simulations by F. Lenz, RWTH Aachen

• Data processing for 
signal reconstruction

• Fast trigger generation 
parallel to signal data

• Three large dynamic 
range ADCs

• Highly configurable 
alternative operating 
modes

• Optional compensation 
for signal overshoot
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Write logic Ring Buffer Read logic

Data flow for PAM

Key features of VULCAN Analog Unit

• Programmable
adaptive memory
(PAM) 

• Digital signal
processor (DSP)
for trigger

• Configuration
Interface (JTAG)

• Built-in self test
(BIST)

• Head of assigned
liabilities for start
up control (HAL)

Digital Unit
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Write logic

Ring buffer
• Interim buffering unit

for signal (20 kB)
• Size determined by

data obtained from
supernova simulations

Read logic
• Access ring buffer & add meta data

(timing, system events, bus mode . . .) 
• Noise compression : 1 GB/s   0.5 GB/s
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• 17,000 Photomultiplier
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converter (ADC)

• Integrated ADC output    Measured 
number of photoelectrons 

• Integration with respect to the baseline
• Biasing fluctuation and intersymbol 

interference shift the baseline
• Unregulated ADC output indicates a 

different charge than the actual input

• Baseline restored to chosen
ADC value

• ADC output follows signal input
• Regulation deactivated during

event signal input

Baseline Regulator

Summary
• Data reduction and processing by

control unit
• Baseline regulator compensates offset

Status and Outlook 
• Chip design up to top level completed
• Design verified by simulation
• After delivery of first prototype: 

functional and performance tests

VULCAN layout

Data Processing Unit (PAM) 

• Selection of gain mode
(best precision & not saturated)

• Data reduction: 3 GB/s   1 GB/s
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• Compensation method: ΣΔ
• Generated error signal is used

to regulate the reference
voltage of ADC  

p.e./photoelectrons

• Programmable adaptive memory
• Data reduction and compression (noise data)

Input      : 24 bit × 1 GHz = 3 GB/s 
Output   : 16 bit × 500 MHz = 1 GB/s 

• Area: 1.8 mm2 (complete digital unit: 2.1 mm2) 

Simulations by F. Lenz, RWTH Aachen

• Data processing for 
signal reconstruction

• Fast trigger generation 
parallel to signal data

• Three large dynamic 
range ADCs

• Highly configurable 
alternative operating 
modes

• Optional compensation 
for signal overshoot

35m ⌀

Write logic Ring Buffer Read logic

Data flow for PAM

Key features of VULCAN Analog Unit

• Programmable
adaptive memory
(PAM) 

• Digital signal
processor (DSP)
for trigger

• Configuration
Interface (JTAG)

• Built-in self test
(BIST)

• Head of assigned
liabilities for start
up control (HAL)

Digital Unit

4.
7m

m
Write logic

Ring buffer
• Interim buffering unit

for signal (20 kB)
• Size determined by

data obtained from
supernova simulations

Read logic
• Access ring buffer & add meta data

(timing, system events, bus mode . . .) 
• Noise compression : 1 GB/s   0.5 GB/s

4.7mm

Intelligent PMT

Global control 
unitH

ig
h

 v
o

lta
g

e

VULCAN
ADU

GCUPMT

VULCAN

 
       

Control Unit

PAM
processor

Baseline
regulator

BIST

Registers

HAL JTAG

PLL Control DSP

In
p

ut
 f
ro

m
 P

M
T

1
6
 b

its

DAQ
Data acquisition 

 

3
 b

its
T

ri
g
g
e
r

D
a
ta

L
V

D
S

 C
L
K

RX 1

RX 2

RX 3 PLL

LVDS

     ADCVin DAC

Integration

 Offset
 error

Reference voltage

∫

Sampling rate 1 GHz
Bandwidth 500 MHz
Input impedance <10 Ω
Dynamic range 1/16 - 2000 p.e.
ADC resolution

High gain
Medium gain
Low gain

8 bit [3 ×]
0.06 p.e./bit
0.4 p.e./bit
8 p.e./bit

Power 1 W
Area 22.09 mm2

M
e
m

b
e
r 

o
ft

h
e

H
el

m
h
o
ltz

 A
ss

oc
ia

tio
n

VULCAN Integrated Circuit for PMT ReadoutJUNO Experiment
M

e
m

b
e
r 

o
f t

h
e
 H

e
lm

h
ol

tz
 A

ss
oc

ia
tio

n

Pavithra Muralidharan, C. Grewing, M. Karagounis, A. Kruth, D. Liebau, 
D. Nielinger, N. Parkalian, C. Peters, M. Robens, S. van Waasen, U. Yegin, A. Zambanini 

Forschungszentrum Jülich GmbH, Germany

Jiangmen Underground         
Neutrino Obeservatory

• Measurement of neutrino
oscillation parameters to
determine mass hierarchy

• 700 m below ground level
• Energy resolution of 

1200 p.e./MeV
• 17,000 Photomultiplier

tubes (PMT) of 20″ ⌀
• PMT & readout submerged

in water

• Transimpedance
amplifier (TIA)

• Phase locked
loop (PLL)

• Analog to digital 
converter (ADC)

• Integrated ADC output    Measured 
number of photoelectrons 

• Integration with respect to the baseline
• Biasing fluctuation and intersymbol 

interference shift the baseline
• Unregulated ADC output indicates a 

different charge than the actual input

• Baseline restored to chosen
ADC value

• ADC output follows signal input
• Regulation deactivated during

event signal input

Baseline Regulator

Summary
• Data reduction and processing by

control unit
• Baseline regulator compensates offset

Status and Outlook 
• Chip design up to top level completed
• Design verified by simulation
• After delivery of first prototype: 

functional and performance tests

VULCAN layout

Data Processing Unit (PAM) 

• Selection of gain mode
(best precision & not saturated)

• Data reduction: 3 GB/s   1 GB/s
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The Tsinghua ADC (alternative option)

• an ASIC capable of fast data sampling and
processing for signal reconstruction

• employs two 12-bit ADCs with highly configurable
operating modes

• capable of generating a fast trigger while
processing data

Tsinghua ADC Specs

• Sampling rate : 1 GHz

• Input Bandwidth : 500 MHz

• DNL : < 0.5 LSB

• INL : < 2 LSB

• SNR : ∼ 61 dB

• ADC resolution : 9 bit (ENOB) @ 1 GHz

• Power consumption : < 800 mW
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The Global Control Unit

• it’s the PMT interface to the DAQ and DCS

• it allows to control the HV, ADU or FEC/ADU, and performs the first online
digital analysis of the signal.

• it incorporates a dedicated fast memory (2GB) for data storage before
transmission to BackEnd electronics (essential in case of supernova neutrinos)

GCU	Work	in	Progress																																																																																																																												PMT&electronics	workshop/European	JUNO	mee@ng	

																																																																																																																																																																																																																														Dubna	16/04/2016	

3-6	

1-2	

GCU Block Diagram  
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The GCU block diagram

GCU	Architecture	Proposal	

																																																																																																																																															The	7th	JUNO	collabora9on	mee9ng	Xiamen	11-15	January	2016		
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Power Transmission

• power is transmitted over

Ethernet cables

• a dedicated board, on the

PMT back side, receives

power through the CLK line

and provides regulated DC

power to all components:

HV, ADC (Vulcan or

FEC+Tsinghua ADC) and

GCU
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The BackEnd electronics

• allows to connect each PMT readout electronics with the DAQ, DCS and Trigger
electronics :

• split signals to different destinations

• guarantee high speed data transfer over 100 m CAT5 cables

• perform some concentration, if possible

Distributed signals

• event data

• detector status and
control

• trigger request and
accept

• global reset

• system clock

• power for LV

• power for HV
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The Trigger electronics

• all the PMT send out a trigger signal, synchronous with the reference clock

• if a decision is taken by the Global Trigger Electronics (dry) a data request is sent
to the fired PMTs on the async lines. The PMTs reply by sending the requested
waveform data, in a specific time window, through the async lines.

• special topological trigger is under development for online vertex fittingVertex Fit 

nhit stream 
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e
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u

x 

S
u
m 

cm
p 

block 
trigger 

TOF correction value extracted from block position 

Vertex Fit logic for each block 

Detector block 

PMT group 

TOF correction 
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small PMT electronics

• a large number (∼ 36 k) of small, 3”, PMT will be installed in JUNO

• despite the high number of channels, a much lower rate is expected (no
waveform) → we can afford major multiplicity (128x) allowing 36 k PMTs over
< 300 readout channels

• synergies, between the large and small PMT system electronics are foreseen

• a readout card with 8 × CatiROC System On Chip is being designed by APC +
OMEGA LAB (IN2P3) and CAEN

(→ C. De La Taille’s talk on CatiROC)

Anatael Cabrera (CNRS-IN2P3 & APC)

D
A

Q

JUNO SPMT & LPMT readout system (one channel)…10

link(i/o⊕power)*LPMT
ASIC
board
(custom)

GCU*
(custom)

HV
divider
(custom)

HV
unit*
(custom)

BEE-Interface*

(*): items common to both LPMT & SPMT system (cost-effective & trivial integration)

link(i/o⊕power)* BEE-Interface*

(underwater encapsulation: all attached (i.e. potted) to each LPMT @ base)

(underwater encapsulation: dedicated under-water box hold readout for 128x SPMT)

8x
(1ch:16PMTs)

GCU*
(custom)

SPMT
HV

divider
(custom)

HV split 
(custom) ASIC board

(custom)

ASIC board
(custom)

HV unit
(custom)

HV unit
(custom)

HV split 
(custom)

8x
(1ch:32PMTs)

128x
(1ch:1PMT)128x

SPMT
HV

divider
(custom)

cable
(~10m)

*

*

~18,000x

~280x

under water surface
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DAQ

• Large PMT (Central Detector + Water Cherenkov), 20 k PMTs :

each PMT is read out directly : 16 Mbit/s (with 1 kHz physics rate)

using the BackEnd electronics schema, i.e. Ethernet switch (48 PMT/switch),
data rate = 768 Mbps

Total CD data rate 2GB/s (CDR), 36GB/s without zero suppression or data
compression

• Small PMT system, 34 k

PMTs :

data readout in blocks of

128 channels

total sPMT data rate :

1 MB/s

DAQ SOFTWARE
Readout Elec.

ROS1

L2SV
& DFM

ROS ready
Data to ROS buffer

SFIsAsign SFIk

Event Filter 
(Farm)

SFO

Storage

ROSs

To SFIk

Readout Elec.

RC

IS

PMG

…

Online

Data Flow

Read out

Event 
Building

Online 
Process

Storage

Software Data Flow

Release Buffer

SFOs

10
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Reliability of Electronics

• it is one of the main concern → the PMT and electronics will not be accessible
once the detector has been filled with LS and water

• our goal is : ≤ 1% PMT failure, including electronics, over 6 years

• several strategies are being followed :

calculations are being carried on based on MIL-STD-756B and MIL-HDBK-217F (for
components)

an external review and certification for the GCU will be soon performed by a
Space-Certified Company, (thermal and MTBF analysis, and PCB layout)

a dedicated laboratory has been setup to perform reliability and aging tests on
components

redundancy on critical components is under investigation

Ü in early 2017, 100 PMTs will be equipped with close-to-final electronics and, after
potting, reliability and long term tests will be performed
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JUNO Schedule

M. Grassi XIII Conference on Heavy Quarks and Leptons - May 2016

Schedule

34

Complete 
conceptual design.

Complete civil 
design and bidding

PMT production 
line manufacturing

Complete civil 
construction.  
Start detector 

construction and 
assembly

Complete detector 
assembly, 

installation and LS 
filling

Start civil construction. 
Complete prototyping 

(PMT & detector). 
International collaboration 

established

Start PMT 
production.  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The JUNO Electronics Group

• large PMT electronics L2 coordinators :
Achim Stahl (RWTH, Aachen) and Xiaoshan Jiang (IHEP Beijing)

High Voltage Unit : Andrei Sadovski (JINR Dubna)

ADC Unit 1 : Christian Grewing (FZ Jülich)

Front End Chip : Xiongbo Yan (IHEP, Beijing)

ADC Unit 2 : Wei Wei (Tsinghua Univ, Beijing)

Global Control Unit : Alberto Garfagnini (INFN Padova)

Data Link Unit : Yifan Yang (ULB, Brussel)

Trigger : Guanghua Gong (Tsinghua Univ, Beijing)

Power and Clock Distribution :
Jochen Steinmann (RWTH, Aachen), Jun Hu (IHEP, Beijing)

• small PMT L2 coordinator : Anatael Cabrera (APC, Paris)

• DAQ and DCS L2 coordinator : Kejun Zhu (IHEP, Beijing)

Alberto Garfagnini (UniPD/INFN-PD) 25


