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Main tasks
Time tagging of the events for event selection;

Luminosity measurement;

Local polarimetry with forward neutrons;

Spectator neutron tagging.

Requirements:

Time resolution 150-200 ps;

Energy resolution for neutrons 50-60%/√E  8-10%;⊕

Neutron entry point geometry resolution 10 mm;

 Neutron to gamma discrimination.

Questions:

Do we have enough space ?

Can we obtain the time resolution ?
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Position

IP

ZDC ZDC

13.25 m
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Concept

 Sampling calorimeter with fine segmentation, 5x5 matrix.
 SiPM light readout
 About 1000 channels
 Optimization based on MC and measurements with prototype is required
 Readout system based on electronics designed for the DANSS neutrino 

experiment at Kalininskaya NPP, modified to 500 MSPS digitization.
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Radiation hardness
 Design goals:

 PHENIX 100 krad
 CMS 20 Grad

 HAMAMATSU SiPM:
  1011 n/cm2 – working
  1012 n/cm2 – practical limit

 Number of neutrons going from IP is 
not large – main problem beam halo 
etc.

 Similar results were obtained in detail 
simulations presented by S.Shimanskiy 
on May 13.

Forward neutron production

From IP for SPD@ NICA:
pp diffractive cone: e-Bt

B ~ 16 GeV-2

Size at 13 m ~ 25 cm
or S ~ 2000 cm2

σ ~ 0.3 mb 
L ~ 1032 cm-2 c-1

N ~ 60 kHz ~ 30 cm-2 c-1 
or ~ 109 year-1cm-2
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Simulations
 Main idea of the simulations was to compare different detector configurations
 “Beam” particles: neutrons and gamma
 Energies: 1, 3, 6, 12 GeV
 Incident particles spread uniformly on the front side of the detector and go along the 

detector axis
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Energy resolution
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Space resolution
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Photon to neutron discrimination
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Time resolution test
Average energy deposit per tile ~ 6 MeV

Plain: 3x3 scintillator cubes 3x3x3 cm3 each
3X3 mm2 SENSL 30050 SiPM (2668 pixels)
Whitened cubes with direct readout
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Test layout
DANSS SiPM power and preampifier board

Two types of digitization:
 Tektronix TDS3054B scope with 5 Gsampl/s
 DANSS with 125 Msampl/s WFD, but a large dynamic range
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Test results
Hardware trigger on the central cube.

Light collection ~ 120 ph.e./MIP or ~20 ph.e./MeV

Software trigger – amplitude in all 3 cubes in the MIP region
μ

ti-tj

σi ≈ 330 ps
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Propagation to calorimeter
Both methods are working
Time resolution scales ~ 1/√E
Aim of 200 ps could be reached at ~160 MeV 

particle energy

ti-tjk

Use sum of digitized signals Use average time

ti-(tj +tk)/2
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Results
ZDC calorimeter is a standard device required 

for collider experiment success (tagging, 
luminosity, local polarimetry)

ZDCs are installed in ALL operating IPs at RHIC 
and LHC

The concept of a sampling calorimeter with 
plastic scintillator and fine segmentation and 
SiPM readout is very promising

The test with cosmic muons demonstrated that 
the time resolution can be reached

14
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Future plans: ZDC
2020: Design and manufacture a new ZDC prototype.

Try neural networks to improve neutron to photon discrimination, 
energy and space resolutions.

2021: Assemble ZDC prototype and test it with a hadron beam.

Design of the ZDC placement inside the cryostat. 

Prepare for the production of ZDC and its electronics.

2022: ZDC and its electronics production. 

2023: ZDC tests, development of the software.

2024: Installation in the cryostat and run.

Finance: 2020 + 2021: ~12 M roubles (18 months x 8 people)

15
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ZDC in collider experiments

+ Local polarimetry
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Accelerator luminosity monitor

 pp and pA and AA 
 Collisions tuning
 Flattop history
 Vernier scans – beam 

size at IP measurements
 Beam crossing angle 

measurements

Main monitor at RHIC
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AA and pA min. bias. trigger and centrality

+ Event by event reaction plane determination 
+ Absolute luminosity in Electromagnetic dissociation
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AA and pA min. bias. trigger and centrality

!
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Local polarimetry

A~1%
We need a huge 
statistics, but it does not 
look impossible
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The technology

ZDC: sampling Cerenkov 
calorimeter
~1 ph.e./GeV
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The mother board (18х180 мм2) 
hosts:

 15 preamplifiers

 Power and bias board

 Output connector

The power and bias board provides:
• Power for preamplifiers and its control
• Common cathode voltage for SiPMs, its 
precise setting and measurement in the range 
10-65 V
• Setting and monitoring of the individual anode 
voltages in the range ±10V
• Readout of common bias current
• Readout of the external temperature sensor as 
well as onboard CPU and DAC temperatures

SiPM bias and preamplifiers

      Mother board Output connector Mount hole

Preamplifier #15 
Preamplifier #1 

Power and 
communication 

DAC 

External 
temperature sensor
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64-channel WFD

VMEx64 connectors

Channel analysis FPGAs
Communication FPGA

4 Gbit 
SDRAM 
memory

Input connectors

1 Gbit/s 
ethernet 

PHY

Input 
amplifiers

Trigger connector Ethernet connector

To be modified for 
500 MSPS operation

125 MSPS ADCs
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64-channel WFD

 64 channels of 125 MSPS 12 bit flash ADCs
 16 channels of 500 MSPS 

 VME 64x standard 6U single slot width board
 64-bit block transfer support
 Xilinx Spartan-6 FPGAs for digital signal processing and 

communication
 4 Gbit of SDRAM for data storage
 1 Gbit Ethernet connection for faster readout
 Multitrigger and triggerless operation
 Base line subtraction and zero suppression for wave form 

storage
 Selftrigger with prescale for SiPM noise measurements
 Internal or external clock operation
 Deadtimeless operation 

Instruments and Experimental Techniques, 
2018, Vol. 61, No. 3, pp. 349–354.
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Single pixel 
SiPM signal
Selftrigger

PMT signal
~27 MeV

System trigger

SiPM signal
~4.5 MeV

 System trigger

t, ns

t, ns

A
D

C
u

A
D

C
u

Exceptionally low 
electronic noise High dynamic range

A
D

C
u

t, ns

1 pixel

2 pixels

4 pixels3 pix.

SiPM 
noise

spectrum

Performance at DANSS
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