
 

 Development of neutron detectors for 
spectrometers of the IBR-2 reactor  

 

 

 
S. Kulikov, A. Bogdzel, , V. Drozdov, A. Churakov, V. Kruglov 

Frank Laboratory of Neutron Physics, 

Joint Institute for Nuclear Research, Dubna 

26-th International Seminar 

on Interaction of Neutrons with Nuclei  

May 28th to June 1st, 2018  

Xi’an, China 

 
 



The IBRThe IBR--2 Reactor2 Reactor  
  Average power, MW 2 

  Fuel PuO2 

  Number of fuel assemblies 69 

  Maximum burnup, % 9 

  Pulse repetition rate, Hz 5; 10 

  Pulse half-width, µs: 

    fast neutrons 

    thermal neutrons 

 

240 

340 

  Rotation rate, rev/min: 

    main reflector 

    auxiliary reflector 

 

600 

300 

  MMR and АМR material nickel + steel 

  MR service life, hours 55000 

  Background, % 7.5 

  Thermal neutron flux density 

from the surface of the mode-  

rator: 

    - time average 

    - burst maximum 

 

 

 

~ 1013 n/cm²·s 

~ 1016 n/cm²·s 

Reactor operation for physics experiments, hr/year ~2500 

 



 

Movable reflector 



Facilities at IBRFacilities at IBR--2 reactor2 reactor  



Reaction Cross-section for 
Е=25 meV, barn 

Secondary 
particles 

Particle 
energies MeV 

Energy release, 
MeV 

n + 3He 5333 p+ 

3H 

0.57 

0.2 

 

0.77 

n + 6Li 940 3H 

4He 

2.74 

2.05 

 

4.79 

n + 10B 

 

3836 4He 

7Li 

 

1.47 

0.83 

0.48 (93%) 

 

2.3 

n + 235U 

 

681 Fission 
fragments 

1-2 

Major nuclear reactions used for registration of thermal neutrons 

+ 



Detectors of instruments of the IBRDetectors of instruments of the IBR--2 reactor2 reactor  



2D and 1D position2D and 1D position--sensitive detectors (MWPC) sensitive detectors (MWPC)   

  

122 А.В. Белушкин, А.А. Богдзель, В.В. Журавлев, Ц.Ц. Пантелеев, Ли Ен Че, А.Н. Черников...

В объеме камеры расположены две катодные и одна

анодная плоскости. Расстояние между катодными плос-

костями составляет 12mm, анод расположен посередине

между ними. Катоды и аноды представляют собой тек-

столитовые рамки с натянутыми тонкими позолочен-

ными проволоками. Толщина анодных проволочек 10,

катодных — 50µm. Анодные проволоки намотаны с

шагом 2mm и соединены общей шиной, катодные про-

волоки намотаны с шагом в 1mm, объединены по две

и выведены на линию задержки. Проволоки на верх-

ней катодной плоскости расположены перпендикулярно

проволокам нижней катодной плоскости. Линия задерж-

ки состоит из дискретных элементов с постоянными

L = 145 nH и C = 56pF, одно звено задерживает сигнал

на 2.9 ns.

Высокое напряжение положительной полярности по-

дается на анод через разъем MHV, для вывода сигналов

служат 5 разъемов BNC. Монитор имеет 2 газовых

разъема типа „Swagelock“ [2], что позволяет при необ-

ходимости обеспечить его работу в режиме протока

газовой смеси через рабочий объем. Для регистрации

нейтронов монитор заполнен смесью, состоящей из

газа-конвертера нейтронов 3He и гасящего газа CF4. При

больших (> 105 n/(cm2·s)) потоках в качестве конверте-

ра нейтронов может использоваться чистый газ N2.

Электроника

Принципиальная схема сбора сигналов с монито-

ра показана на рис. 2. В состав электроники сбора

данных входят следующие компоненты: крейт NIM с

блоками дискриминатора со следящим порогом PS715

фирмы Philips Scientific и источником высокого напря-

жения NHQ 206L фирмы Iseg Spezialelektronik GmbH,

персональный компьютер с платой обработки данных и

5 быстродействующих предусилителей, закрепленных на

боковых стенках корпуса детектора.

Основные параметры предусилителей, адаптирован-

ных к сигналам с позиционно-чувствительного детек-

тора:

— коэффициент усиления (сопротивление нагруз-

ки 50 ) ∼ 1250;

— время нарастания выходного импульса ∼ 20 ns;

— среднеквадратичный шум, приведенный к входу

∼ 1.8− 2.5µV;

— динамический диапазон выходного сигнала (сопро-

тивление нагрузки 50 ) ∼ + 1.5− − 2.0V;

— напряжение питания 12V.

Сигналы с катодов (X1, X2, Y1, Y2) и через раздели-

тельную емкость с анода поступают на соответствующие

предусилители, затем на пятиканальный дискриминатор

со следящим порогом PS715. От дискриминатора сигна-

лы идут в персональный компьютер, на плату обработки

данных с PCI-интерфейсом [3]. Также на PCI-плату

поступает сигнал стартов от импульсного нейтронного

Рис. 2. Принципиальная схема электроники позицион-

но-чувствительного монитора: 1− 5 — предусилители; 6 —

дискриминатор со следящим порогом PS715; 7 — источник

высокого напряжения NHQ206L: крейт NIM; 8 — PCI-плата

обработки данных персонального компьютера; 9— анод; 10—

детектор; 11 — направление от реактора.

источника, по которому определяется энергия реги-

стрируемых нейтронов при работе в режиме времени

пролета.

Исследования параметров монитора
на нейтронном пучке

Измерения характеристик детектора производились

на реакторе ИБР-2 [4]. Были измерены координатное

разрешение и однородность эффективности монитора по

чувствительной области регистрации нейтронов.

Координатное разрешение измерялось следующим

способом. Монитор, заполненный смесью 50mbar 3He+

+ 950 mbar CF4 с кадмиевой маской перед входным

окном, помещался в прямой нейтронный пучок от ре-

актора. Маска представляла собой кадмиевую пластину

толщиной 1mm с прорезанными в ней щелями ши-

риной 0.5mm. Рассстояние между щелями — 10mm.

Полученные спектры суммировались вдоль оси Y для

получения интегрального спектра по оси X. Результат

представлен на рис. 3.

Разница в площадях пиков от отдельных ще-

лей обусловлена погрешностью ширины щелей маски

(0.5 ± 0.2mm). Наблюдаемые пики описывались распре-

делением Гаусса, и определялась их ширина на полувы-

соте. При напряжении 2900 V максимальная дисперсия

распределения составила 2.9 канала анализатора. Рас-

стояние между пиками, равное 10mm, составляло око-

ло 19.3 канала. Таким образом, полученное разрешение

в центре детектора было не хуже чем 3.7mm. Аналогич-

ным образом измерялось координатное разрешение по

оси Y, которое в центре детектора также было не хуже

чем 3.7mm.

Также была оценена дифференциальная неоднород-

ность эффективности детектора при разных рабочих

напряжениях. В этом случае монитор был выведен из

Журнал технической физики, 2008, том 78, вып. 1

Principal scheme of electronics for PSD 
1-5 – Preamplifiers; 6- discrimitator; 7 – high 

voltage source; 8- PCI data aquisition board; 9 – 
signal from anode; 10 – PSD; 11- signal from reactor 



2D PSD 200 x 200 and 225 x 225 mm2  

TypeType  
2 2 ––  DD  

MWPCMWPC  

Active areaActive area  200x200 mm200x200 mm22  

Position resolutionPosition resolution  2,0x2,0 mm2,0x2,0 mm22  

Range of neutron Range of neutron 

wavelengthwavelength  
0,4 0,4 --  12 A12 A  

Efficiency for thermal Efficiency for thermal 

neutrons (λ=2 Å)neutrons (λ=2 Å)  
65%65%  

Position determinationPosition determination  Delay lineDelay line  
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0

4,922

9,844

14,77

19,69

24,61

29,53

34,45

39,38

44,30

49,22

54,14

59,06

63,00

Tests of 2D PSD detectors at Nuclear 

Physics Institute , NPI ASCR, Řež, Czech 

Republic 

Test measurements with Cd mask «ЛНФ».  

50 mbar He3 + 950 mbar CF4 



DAQ systems for 1D and 2D position sensitive detectorsz 

De-Li-DAQ-1 block    

De-Li-DAQ-2  block    

•Counting rate up to 10^5 ev./sec 

•Installation in PCI port in PC 

 

•More than 50 boards have been produced. 

They installed in FLNP, HMI (Germany),  

Rzez (Cheh Republic), Kurchatov inst, Troick etc.  

•Counting rate ~10^6 ev./sec 
•Standard NIM installation (power supply) 
•PC connection via USB  
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MULTISECTION RING DETECTOR OF THERMAL NEUTRONS FOR 

DIFFRACTION STUDIES ON MICROSAMPLES IN AXIAL GEOMETRY 

  The detector ring is divided into 16 sections, which 

share the same gas volume. The total number of 

independent detecting elements in the ring detector 

volume is 96.  

 

  The outer radius of the ring detector is 800 mm and the 

inner one is 637 mm. Each sector of the detector consists 

of a frame with six anode wires separated by millimeter-

thick textolite plates serving as cathodes.  

   

  A detector element is shaped as approximately a 

parallelepiped with dimensions of 123 × 40 × 12mm3. 

   

The detection efficiency of neutrons with a wavelength of 

1.8 Å is ~80 % 

 

 Gas mixture: 4 bar 3He + 500 mbar Аr + 30 mbar CO2.  



Detector electronics 
 
• The number of detector elements</= 240; 

• The total throughput of system is 8x106 [ev./s] at 240 detectors in the system or 3 x 104 [ev./s] for one detector 

element; 
• The frequency of sampling time is 62.5 [MHz] (16 [ns]) and the stability of the generator is 1 [ppm]; 

• Events are registered in the absolute time of the experiment, max. time exposition is 4.5x106 [s]; 

• Register signaling with the same accuracy as the detector elements: the start of the reactor, the beginning / 

end of the time window, the end of exposure, etc .; 

• Registering an additional 6 external signals (falling and growing front): for example PICK-UP signal from 

Fourier chopper; 

• Histogram memory (64MB) for visualization and operational control of data collection. 

• Data transfer between the data acquisition electronics and PC USB interface is performed through a fiber 

optic line at a rate of 1.25 [Gbit /s]. 

64 d  

64 d  

48 d  

FPGA1  

FPGA2  

FPGA3  

FPGA4  

FPGA5  

HM (64MB)  
Optical Converter  

SerDes  

40МB/s  Fiber Link  

64 d 

  
64 d  

64 d  

48 d  

FPGA1  

FPGA2  

FPGA3  

FPGA4  

FPGA5  

HM (64MB)  

16  
Optical Converter  

SerDes  

40МB/s  Fiber Link  

64 d 

  



Detector electronics 

Block of data processing and accumulation: 

  

Frequency of time sampling of all signals 

 

Maximum registration rate 

  

PC interface 

Internal histogram memory 

Maximum registration delay relative to reactor burst 

Accuracy in specifying the channel width for the 

histogram memory and the time window duration 

  

  

max. 62.5 

MHz 

8106 events/s 

(3104 for 

one element) 

USB 2.0 

64 Mb 

0.268 s 

16 ns 

332-channel discriminators NIM 

standard  

Preamplifiers and amplifiers: 

Preamplifier type 

Power 

Gain 

Signal shaping time 

Output signal polarity 

Connectors 

High voltage 

  

charge-

sensitive 

 12 V 

40 

1 s 

positive 

LEMO 

- 1000 V 



Ring neutron detector Multi-section ring neutron detector 

- 96 individual helium-3 proportional counters;   
- 3 modules of 32-channel amplitude discriminators 

 

- 96 independent detectors in common gas volume;  

- 3 modules of 32-channel amplitude discriminators 

192 – channel data acquisition and 

accumulation module 

Detector system for DN-6 diffractometer 

13 



Real time diffractometer (RTD) 



Detector for small angle neutron scattering at Real Time Diffractometer 

15 

The detector is divided into 9 independent equidistant coaxial rings. The cathodes of each ring are 

divided into 16 independent sectors. The signal pickup is performed from anode wires (shared by all 

rings) and from each of the 16 cathodes. Thus, this detector system consists of 144 + 9 independent 

detectors.  



Infrastructure 

Helium-3 purification facility    Clean room 



New clean room 



Clean area = 48м 2  

New clean room 



Prototype with boron converter 

• 200х200 0.5 mkm 10B converter made by ESS.               

• MWPC with fiberglass cathode. 

• Very good uniformity and stability. 

 

Anode

(10мкм@2mm)

Cathode (PCB) 

Converter 

(0.5 мкм B-10)

Benefits: 

• For cold neutrons counting (thin entrance window) 

• To use in vacuum chambers (low pressure) 

• For instruments with better resolution (thin layers) 

• For higher count speed (multilayers) 

 

 



Fourier Stress Diffractometer (FSD) 

  Geometry of the ASTRA 

detector  

 
R= 900 mm. 

φ= -2.5deg. - +2.5deg. 

 

 №           Angle range ϑ , deg. 

    1            110.000  -  103.000 

    2            101.000  -    96.031 

    3              95.531  -    91.000 

    4              89.000  -    84.031 

    5              83.531  -    79.000 

    6              77.000  -    73.639 

    7              73.139  -    70.000 

90°- ASTRA detector 

ZnS(Ag)/6LiF ND screen, thickness = 0.42 mm 



The process of production a scintillation counter 

ZnS(Ag)/6LiF ND screen, thickness = 0.42 mm 



Fourier Stress Diffractometer FSD 



The detector system ASTRA 

ToF- spectra of low resolution ToF- spectra of high resolution 



The detector system ASTRA (upgrade) 

n 

sample 



DAQ electronics for multi-point detector 
(MPD)  

64 d  

64 d  

48 d  

FPGA1  

FPGA2  

FPGA3  

FPGA4  

FPGA5  

HM (64MB)  
Optical Converter  

SerDes  

40МB/s  
Fiber Link  

64 d 

  
64 d  

64 d  

48 d  

FPGA1  

FPGA2  

FPGA3  

FPGA4  

FPGA5  

HM (64MB)  

16  

Optical Converter  

SerDes  

40МB/s  Fiber Link  

64 d 

  

•Maximal amount of detectors – 240; 
•Maximal counting rate  - 8∙10^6 ev./sec.;    
•Standard NIM installation (power supply) 
•List mode 
•PC connection via  USB 2.0 
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High resolution Fourier Diffractometer HRFD 

Disadvantages of current back scattering detector: 

• current solid angle of detector ~0.16 sr;  

• a high sensitivity to -background (6Li glasses). 

R= Δd/d≈0.001 
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• Solid angle: Q ~ 2.0 sr.  (more ~12.5 times).  
 

• 0.42 mm, ZnS(Ag)/6LiF. (with wavelength shifting fibers ) 

 

• 216 independent elements 

Development of a wide-aperture backscattering detector (BSD) 
 for the HRFD diffractometer 

Detector rings 

Neiuron guide 

sample 
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Dependence of the detector efficiency on the scattering angle 
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1 2 3 4 5 6 7 8 

d/d  0.001  

3D graphic presentation of a large-aperture backscattering detector. 

Geometric contribution to the total resolution of the diffractometer.  

– error value for the i-th ring of the detector.  

sample 



The main materials and equipment 

30 

Element of the scintillation screen (white 
plate) together with the optical wavelength 
shifting fibers glued to it on both sides.  



• MPD-32 combines 
discriminator and encoder 
for 32 analog inputs  

•  USB3.0 interface with 
optical fiber extender  

•  maximum data rate 6*107 
event/sec  

•  high speed (2.5 Gb) 
interunit interface for 
linking several MPD-32 to 
common USB3.0 port.  

Authors: Drozdov V.A., Bogdzel A.A., Prikhodko V.I., Shvetsov V.V.  

FLNP, Joint Institu t e for Nuclear Research, Dubna, Russia  

E-mail: drozdov@jinr.ru 

 

Development  of the data acquisition  s ystem electronics for the project of wide-

aperture backscattering detector for the HRFD diffractometer at the IBR-2 Reactor  

Introduction 

  MPD-240  DAQ on HRFD 

 This slides show how the MPD-240 
DAQ is used now on HRFD 
 for high resolution  da ta acquisition .  
The MPD-240  DAQ unit replaceed 

the old VME-DAQ system for the high

-resolution  Fourier diffractometer 

based on DSP RTOF correlator.  
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 In the framework of the project on “Development of Experimental Facilities for 

Condensed Matter Investigations with Beams of the IBR-2 Facility» а wide-

aperture backscattering detector (BSD) for the HRFD diffractometer is being 

developed in FLNP. 

Modernization should be aimed at increasing the aperture of the diffractometer, 

reducing the background level, improving the parameters of the Fourier analy-

sis. 

The project of a new wide-aperture detector assumes a significant increase in 

the flow of recorded data, which in turn places new demands on the further de-

velopment of the data acquisition system. 

DAQ systems consisting of two types of blocks are used to collect and accumu-

late data from an array of point detectors (gas or scintillation counters) on IBR-

2 spectrometers: one digital, capable of recording and accumulating data from 

1 to 240 point detector elements, and several 32-channel analog blocks, which 

receive, discriminate, convert and transmit signals from the detector preamps 

to the MPD-240 digital unit.  For communication with the computer, the fiber op-

tic transceiver of the unit and the USB 2.0 interface adapter are used.  

 

 

Development of the data acquisition  s ystem electronics for the project of 

wide-aperture backscattering detector for the HRFD diffractometer 

MPD-32 DAQ main features  

Fig. 3 The architecture of the data acquisition system based on MPD32 USB 3.0 
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 The development of the project of a new wide-aperture detector [1] for the diffrac-

tometer HRFD imposes addition al  requirements that the electronics of the data acqui-

sitio

n

 system should satisfy. The use of a new neutron guide in experiments on the 

HRFD in 2017 showed a tenfold increase in the neutron flux  recorded by the old 

backscattering detector (BSD).  

 The project assumes a 12.5 time s  increase in the aperture, which is expected to re-

sult in an increase of 100 time s  in the neutron flux  registered by a new detector. This 

required the development of a new architecture of a high-performance data acquisi-

tio

n

 s ystem based on 8 new MPD32 units for upgrading the BSD detector.  

 One MPD-32 unit combines functio

n

s  of a 32-channel discriminator and a time en-

coder of detector signals. Unlike the MPD240, the new unit has an increased buffer 

memory, a fast serial transceiver, that provides inter-block data transfer with a speed 

of 2.5 Gbps, and a USB3.0 interface for communication  with a computer. 

 Figure 3 shows the organization  of the data acquisition  system for the detector un-

der development. 

 In such a system, up to 32 detector signals from 32 PMTs come to each unit. In every 

of the 8 units the data from the encoders is pre-recorded in the FIFO memory buffers 

and transferred to the computer using the inter-block data transfer and the USB 3.0 in-

terface of one of the MPD32 units.   

 In addition to detector signals, the time  enc oders also digitize the pick-up data of the 

chopper signal and of the reactor start signals for subsequent spectra processing using 

the RTOF correlation  method.   

 The development of the hardware of the module MPD32 with USB 3.0 for the new 

wide-aperture backscattering detector on the High Resolution  Fourier Diffractometer 

has been completed. Today the FLNP JINR is developing firm ware and software  for the 

new DAQ.  

In this case, the MPD-240 system provides, during on-line measurements, 

transmission of raw data from reactor pulse, chopper pick-up signal, and from an 

array of detector elements for their subsequent off-line processing. 

To input the data from reactor pulse and pick-up signals, there are made 

addition al  inputs on the front and back panels of the unit. To input detector 

signals, one 32-channel discriminator module is used. 

This MPD-240 data acquisition n system is now used on three Fourier 

diffractometers, HRFD, FSD, and FSS. 

Present trends towards increasing the number of detector channels and the vol-

umes of registered and accumulated data in real time  in experiments on IBR-2 

reactor spectrometers in FLNP require increasing the bandwidth of data acquisi-

tio

n

 s ystems. The new module MPD-32 is developed taking into account these 

requirements. 

MPD-32 combines discriminator and encoder 

for 32 analog inputs 

USB3.0 interface with optical fibe r  extender  

tim

e

 di gitizatio

n

 r ate – programmable 

(maximum 62.5 MHz) 

maximum data rate  6*107 event/sec  

high speed (2.5 Gb) interunit interface for link-

ing several MPD-32 to common USB3.0 port. 

range of analog input signals 0÷2V p-p  

polarity of input signals— selectable 

thresholds of discriminators 30÷400 mV,  pro-

grammable 8 bit . 

DAQ electronics for multi-point detector (MPD) 



Software Sonix+ and Web remote system 

The control over experiments and the visualization of neutron data are realized in a single user interface of the 
software package based on the software tool kit Sonix+ together with a specialized graphical interface developed 
using PyQt and Matplotlib. 
 
The software package includes: 
• modules for controlling experiments (start, stop, start a sequence of experiments);  
• the module for visualization of accumulated data; 
• the module for input of data on an experiment or a series of experiments; 
• additional software for summarizing data on various series of experiments and individual rings of the gas 

detector, for converting raw data into ASCII text data format. 
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attention! 


