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At present, the System is practically completed and 
incorporates a few subsystems: 
•  Ten scintillation probes FNSP-1 type located in heavy-shielding 

barrels; 
•  Ten mobile stands AS16U-8 type equipped with battery powered  HV 

power supplies and digital oscilloscopes TDS305X type; 
•  Synchronization system able to trigger individual diagnostic 

elements with accuracy better than 2 ns;  
•  Optical laboratory INTRANET joins all the System in one web; 
•  A set of software enables to perform a control of system elements, 

data management and processing;     

System for Hard X-ray and Neutron Measurements 



Fast Scintillation Probes                                   
FNSP-1 type 



Main Features of FNSP-1 Scintillating Probe: 
•  It incorporates photomultiplier hybrid assembly H1949-51 type                                                  

(HAMAMATSU) and BC-408 (BICRON) plastic scintillator; 
•  Heavy-duty housing ensures high EM shielding effectiveness; 
•  Overall dimensions: 483 mm (L) x 172 mm (D); 
•  Weight: up to 11 kg. 



Scintillation Probes FNSP-1 type  
Probes’ Design 

FO Patchcords Arrangement Used During Laboratory Tests  



Scintillation Probes FNSP-1 type 

Front cover (0.5 mm Al) may be replaced by very thin foil or non-transparent paper 

Probes’ Design 

SPs equipped with small area scintillator  



Scintillation Probes FNSP-1 type 
Probes’ Design 

Large Area Scintillator – PMT’s Photocathode Coupling 



Front cover (0.5 mm Al) may be replaced by very thin foil or non-transparent paper 

SPs equipped with large area scintillator  

Scintillation Probes FNSP-1 type 
Probes’ Design 



Scintillation Probes FNSP-1 type 
Laboratory Tests 

Anode Radiant Sensitivity and Electron Transition Time 

The best approximation - power function (in accordance with PMT theory) 



Scintillation Probes FNSP-1 type 
Laboratory Tests 

Anode Radiant Sensitivity and Electron Transition Time 

The best approximation - polynomial function 



Scintillation Probes FNSP-1 type 
Laboratory Tests – Time Response Measurements 

Usage of Neutron Background Radiation   
The time response measurements have been based on detection of a neutron background 
radiation which originates either in nuclear interactions of high-energy cosmic ray particles 
with the Earth’s atmosphere and neutron production in the Earth’s crust. 

It appears that a “nude” PMT (equipped with none scintillator) is sensitive to neutron 
radiation. Hence, single neutron collision at photocathode surface followed by electrons 
emission can be equivalent of a delta-function light pulse applied in typical arrangement.  



Scintillation Probes FNSP-1 type 
Performance Tests 

Relative calibration of four SPs  

Precondition: 
•  The differences between integrals taken over neutron signals                                                    

(recorded by means of four SPs) should be not higher than 2%; 
 
Procedure: 

•  Fine adjustment of HV supply applied to three SPs,                                                                   
fourth SP has been treated as a reference probe; 

 



Scintillation Probes FNSP-1 type 

After fine adjustment of HV supply, the requirements for relative calibration have been 
fulfilled – difference between integrals of neutron signals                                                                    
have been not higher than 2%; 

Performance Tests 

Relative calibration of four SPs  



Scintillation Probes FNSP-1 type 
Performance Tests 

Neutron emission anisotropy measurements  

•  Ratio between number of neutrons emitted in chosen direction of observation and 
number of neutrons emitted at right angle (in reference to PF device axis);   

Simplified definition: 



Scintillation Probes FNSP-1 type 

Strange result – from PF theory the number of forwards emitted neutron should be higher 
than the numbers of neutron recorded along angled axis;   

Performance Tests 

Neutron emission anisotropy measurements  



Scintillation Probes FNSP-1 type 

Since this event, we have started with detailed investigations of neutron flux attenuation 
caused by neutron scattering in different materials being placed along lines of sight; 

In order to do that, the next mobile stand has been included to experimental arrangement; 

Distinct attenuation (~24%) of neutron as well as hard X-ray radiation                                                         
has been observed on waveform taken from SP,                                                                                                                 
which has been covered by glass slab of 30 mm;   

Performance Tests 

Investigations of Neutron Radiation Scattering  



Scintillation Probes FNSP-1 type 

A lot of materials (differ in composition and thickness) have been tested 
in presented manner; 

Satisfactory agreement (mutual differences lower than 3%) between 
results taken from experiment and MCNP calculation has been obtained;  

Performance Tests 

Investigations of Neutron Radiation Scattering 



Noises Level Recorded in Mobile Stand 
Scintillation Probes FNSP-1 type 

Mobile stand (in fact small Faraday’s cage) has been placed 7 m away from experimental 
chamber of PF1000 device – huge source of EM interference: 

Thanks to very effective shielding against EM interference, it has been possible to acquire 
SPs waveform with vertical sensitivity setting as low as 2 mV per division;  



In Search of a Single Neutron 
Scintillation Probes FNSP-1 type 



In Search of a Single Neutron – Initial Verification 
Scintillation Probes FNSP-1 type 

Important issue: if analyzed signals are really associated with single neutron collision,              
them shapes should fit the SP’s time response shape, which has been obtained during                                                                  
laboratory tests and measurements of which has been based on neutron background 
radiation recording. 

Both shapes are in good agreement;  



In Search  
of a Single Neutron 

Scintillation Probes FNSP-1 type 



In Search of a Single Neutron – Initial Verification 
Scintillation Probes FNSP-1 type 

Important issue: if analyzed signals are really associated with single neutron collision,              
them shapes should fit the SP’s time response shape, which has been obtained during                                                                  
laboratory tests and measurements of which has been based on neutron background 
radiation recording). 



In Search of a Single Neutron 
Scintillation Probes FNSP-1 type 

Assumption: recorded signal can result from superposition of two – 
lower amplitude peaks; 



Scintillation Probes FNSP-1 type 
Limiting Temporal Resolution 

Definition:  
It is SP’s ability to distinguish two, identical delta-function neutron radiation peaks               
shifted in time. The evaluation consists in the replacement of delta function peaks                               
by the SP’s time response and analysis of resulting signal shape; 

The limiting temporal resolution is equivalent to the time shift for which the difference 
between lower peak and valley is equal to 5% (for normalized signal). 



Scintillation Probes FNSP-1 type 
Limiting Temporal Resolution 

It has been checked that the limiting temporal resolution of the SPs FNSP-1 type                                     
is equal to 5.5 ns 



Neutron Time-of-Flight Diagnostic System 
Total, Temporal Error Evaluation 



Very Fast                                                                   
and Ultra-Fast Scintillation Probes 



Very Fast and Ultra-Fast Scintillation Probes  
New Probes’ Brief Foredesigns 

•  The new scintillation probes (SPs) are expected to be applied                                            
for hard X-ray and neutron radiation recording,                                                          
emitted during high-speed (or ultra-high-speed) phenomena development                                                                       
(small PF devices, Z-pinch, laser-matter interaction, etc.);   

•  SPs’ limiting temporal resolution has to be kept in the single nanosecond 
range, however, sub-nanosecond range is preferable; 

•  The very fast response plastic scintillators with maximum diameter                              
of 50 mm should be applied – these SPs are not dedicated                                    
to be located far away from radiation source; 

•  Employed PMTs’ gain should be in the range of 103 - 105; 
•  Low, total power consumption of internally applied electronics –                                         

all the SPs’ versions should be battery operated; 
•  Heavy duty SPs’ housings provide efficient shielding against electromagnetic 

interference; 
•  Flexible SPs’ design should allow to fit to different experimental requirements. 



Very Fast and Ultra-Fast Scintillation Probes  
Photomultiplier Selection 

Metal Package PMT (also called Metal Channel Dynode PMT)  



Very Fast and Ultra-Fast Scintillation Probes  
Photomultiplier Selection 

Microchannel Plate Photomultiplier Tube (MCP-PMT)  



Very Fast and Ultra-Fast Scintillation Probes  
Photomultiplier Comparison 



Very Fast and Ultra-Fast Scintillation Probes  
BC-422Q Scintillator (BICRON, USA) 



Very Fast and Ultra-Fast Scintillation Probes  
BC-422Q Scintillator (BICRON, USA) 



Very Fast and Ultra-Fast Scintillation Probes  
Scintillator - PMT Photocathode Coupling Manner 



Very Fast and Ultra-Fast Scintillation Probes  
6:1 Fiber Optic Taper (INCOM,USA) 



Very Fast and Ultra-Fast Scintillation Probes  
Design Options 

Standalone Versions:  



Very Fast and Ultra-Fast Scintillation Probes  
Design Options 

Flexible versions: 



Very Fast and Ultra-Fast Scintillation Probes  
Design Options 

Gated MCP-PMT Applied Instead of Standard MCP-PMT  



Very Fast and Ultra-Fast Scintillation Probes  
Design Options 

Gated MCP-PMT Applied Instead of Standard MCP-PMT  

Gate Operation - Normally OFF Mode 

§  The fine mesh reverse biasing, with respect to the 
photocathode potential, repels the photoelectrons 
emitted from photocathode 

Gate Operation - Temporary ON Mode 

§  If the gating pulse is applied, the fine mesh is forward-biased                   
for desired time; the MCP-PMT is gated on                                             
and amplifies incoming radiation for that period of time 

Gate Pulse Generator  



Very Fast and Ultra-Fast Scintillation Probes  
Gated MCP-PMT: Advantages and Possible Applications 

•  The PMT’s overloading caused by a very bright, hard X-ray flashes 
accompanying neutron generation is no longer a problem; 

•  The remote scintillation heads of gated SPs may be located in the close 
vicinity of pulsed neutron source and then can be applied for back-scattered 
neutron recording; 

•  Due to high-speed gating – being in fact an equivalent of an extraordinary 
chopper, an absolute SP’s calibration should be easy and feasible on existing 
and well-established neutron radiation sources; 

•  It seems, that an absolutely calibrated, gateable SPs become applicable to 
direct measurements of neutron radiation emitted from relative long life-time 
sources (magnetically confined plasma). 



Very Fast and Ultra-Fast Scintillation Probes  
Expectations Concerning Time Response 



Summary and Final Remarks  



•  The fast scintillation probes (SPs) FNSP-1 type have been developed                                       
and put into experimental practice; 

•  SPs’ design allows to apply scintillators with different diameter and thickness; 
•  During the laboratory tests a number of working parameters have been determined               

(for each probe individually): 
•  Time response; 
•  Electron transit time and radiant sensitivity dependence on HV supply; 
•  Conditions for linear operation;  

•  The SPs’ limiting temporal resolution value has been evaluated on 5.5 ns; 
•  During the performance test, the very precise – relative calibration of employed SPs 

has been done. Thanks to that, it became feasible to conduct measurements                      
of neutron emission anisotropy and to investigate the neutron radiation scattering 
by different materials; 

•  The usefulness of scintillation probes FNSP-1 type – embedded in the neutron             
time-of-flight diagnostic system was proven during experimental campaigns          
carried out on the plasma-focus PF1000 device; 

•  The some details concerning the new – very fast and ultra-fast scintillation probes 
have been presented; 

•  These probes are expected to be launched by the end of March 2008 and could be 
applied for hard X-ray/neutron radiation recording during investigations                               
of extremely high-speed phenomena. 

Summary and Final Remarks 


