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Abstract 

Impulse regime of the neutron beam generating to the measurement facilities is developed             
on the IBR-2 reactor at JINR, Dubna. According to this there is possibility to apply a                
Time-Of-Flight (TOF) technique experiments with neutrons. In particular, the small-angle neutron           
scattering (SANS) data acquisition is used on the SANS spectrometer YuMO, which utilizes the              
TOF measurements with two ring detectors. Each detector consists of 8 separate rings working with               
own timer, which allows to calculate the neutron wavelength depended on time of flight of those                
neutrons to the detector. On this basis the conversion is performed from the measured parameters of                
scattering angle with the number of counts at definite time into the reciprocal space with the                
coordinate Q and intensity of signal. Parameter Q gives the absolute value of the amplitude of the                 
coherent scattering independently of the wavelength of the received radiation. To perform the             
appropriate conversion TOF data to the Q-space of parameters it is necessary to take into account                
the equipment physical parameters, nature and form of measured signal. In this work we have               
attempted few approaches for the processing of the data from YuMO spectrometer with the sample               
of silver behenate to convert it into Q-space on each ring separately and compare results with data                 
obtained by the SAS program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 

To understand how biological macromolecules specifically interact with other molecules and           
exercise the catalytic activity it is necessary to know their structure. There are several methods of                
structural biology which can reconstruct the tertiary structure of biomolecules. The nuclear            
magnetic resonance (NMR) allows to solve the structure of biomolecules in solution, but it requires               
the isotopic labeling of the sample and this method is limited by size of molecule [1]. The X-ray                  
diffraction (XRD) as well as NMR allows to get the structural information with high resolution, but                
XRD needs the crystal [2]. Many proteins and single-stranded DNA/RNA cannot be crystallized             
and it is the challenge to obtain the periodic structure from their solution [3] . 

To study the biological macromolecules in solution the small-angle scattering methods are            
used and these methods become increasingly popular in structural biology [4,5]. Small-angle X-ray             
scattering (SAXS) is the elastic scattering of X-rays on the electron density of the biomolecules               
chaotically floating in solution. This method allows one to work with nanoparticles with size 1 -                
1000 nanometers (10 kDa - 10 MDa) and to obtain without crystallization the structural parameters               
of biomolecules such as maximal dimension, radius of gyration, distance distribution inside the             
molecule and also to reconstruct the shape of the macromolecule with low resolution and              
intramolecular domain or intermolecular ligand arrangement.  

 

 
Fig. 1 - Scheme of the SAS experiment. ͻλ is the wavelength, s - momentum transfer.                

Sample SAS measurement is followed by solvent scattering with further background subtraction            
and radial averaging respectively the direct beam. 
 

Scattering momentum transfer is described by equation: 
 

,Q = λ
4π sin (θ/2) (1) 

 
where is an angle between incident and scattered beam, λ is the wavelength (X-ray or θ               

neutron). 
The experimental data set and data reduction in SANS method is not differ from SAXS, but                

the scattering process has principal features [6]. The thermal neutron scattering occurs on the              
atomic nuclei density against the electron density in SAXS, and depends on the isotopic              
composition of the substance under investigation and magnetic properties of the sample. These             



features give additional advantages with using this method. For example, atomic nucleus of             
deuterium ͻ2ͻH(D) has the amplitude of coherent scattering +0,667 (10ͻ-14 ͻm), whereas for the protium               
nucleus ͻ1ͻH this value is -0,374 (10ͻ-14ͻ m). 

According to noted above, the contrast variation method is used in SANS experiments . It               
allows to investigate the spatial structure of the complexes consisted of macromolecules with             
different neutron scattering length density (SLD) [7], for example protein - nucleic acid complexes. 

Using various proportion of “lite” and “heavy” water in series of experiments, it is possible               
to achieve the match of SLD for the deuterium buffer and one of the component of the complex and                   
then with the second component. Using contrast variation one sample can give as minimum three               
different scattering curves, which provide us information about conformational changes and           
interactions in the macromolecular complexes. 

YuMO - small angle neutron scattering spectrometer 

All neutron investigations in JINR are based on the work of the high-flux impulse reactor               
IBR-2. Reaktor does not generates constant high neutron stream, but provide portions of powerful              
neutron beams with intensity ~10ͻ16 n/cmͻ2ͻ/c with the power 2 MW, frequency of the impulses is 5                 
and 10 Hz, pulse half-width is 200 μs. 

The YuMO facility provides the time-of-flight (TOF) technique [8,9]. The wavelength of the             
scattered neutron depends on the time after the impulse start. It gives the redundancy of data,                
because of each time interval we would have the scattering pattern on different wavelength. 

 

  
 

Fig. 2 - YuMO facility on the IBR-2 reactor (4th channel). 1 - main and auxiliary moveable                 
reflectors, 2 - reactor active zone with the moderator, 3 - interrupter, 4 - changeable collimator, 5 -                  
vacuum tube, 6 - adjustable collimator, 7 - thermostat, 8 - plate with the samples, 9 - table for                   



samples, 10 - vanadium standard, 11,12 - ring detectors (“OLD” and “NEW” correspondingly), 13 -               
direct beam detector. 
 

Each detector “OLD” and “NEW” consists of 8 rings, each ring is vapor ͻ3ͻHe detector, width                
~3 cm, moderator-detector distance for “OLD” is 22.525 m, for “NEW” - 30.990 m. Diameter of                
the “OLD” detector is about 70 cm, “NEW” - 50 cm. 

Geometry of the YuMO spectrometer is changed periodically for different tasks. Hence it is              
necessary take into account these changes for the correct data processing, structure parameter             
calculations and conversion scattering data to reciprocal space in the coordinates I(Q), where I is               
intensity of the scattered neutron beam, Q - momentum transfer. 
 

Time-of-flight method 

As the thermal neutron speed is not high, it is possible to analyze the neutron wavelength by                 
time of flight [10]. With known reactor moderator - sample distance and time after impulse start, it                 
is possible to define the wavelength  of registered neutron: 
 

,λ = ht
mL (2) 
 

where λ is the neutron wavelength, h - Plank constant, t - time of flight, m - neutron mass, L - flight 
distance. If we use for the wavelength the unit Angstrom, for time - milliseconds and for distance - 
meters, the equation can be described as: 
 

..958λ = 3 t
L  (3) 

 
 

SAS - package for small-angle neutron scattering data treatment 

The program package SAS was developed for the preliminary SANS data processing [11].             
The possibility of the simultaneous observation the data from the all rings of both detectors “OLD”                
and “NEW” is realised. 

 



 
 

Fig. 3 - Scattering patterns of AgBh from all of 16 rings of both detectors “OLD”and “NEW” 
of the YuMO spectrometer. ͻScreenshot from SAS program is presented. 

 
Raw files received from spectrometer consist of dependencies channel number against           

counts for the all detectors. Program for the preliminary SANS data treatment should convert 1) a                
channel number into the wavelength and then into the neutron momentum transfer, and 2) detector               
counts into the coherent scattering cross-section. The first task is solved by the calculation of the                
channel number into the time of flight and then, with known moderator-detector distance and              
sample-detector distance and a radius of the corresponding ring, into the momentum transfer. The              
second task requires the additional experiment with the standard scatterer. For example, a water can               
be used for this purpose. The feature of the YuMO spectrometer is not only the axial-symmetric                
geometry and aperture in the central part of detectors for the direct beam transmission, but also the                 
standard scatterer presence (metallic vanadium), which helps to perform the absolute calibration of             
the scattering cross-section with the systematic inaccuracy lower 10%. It gives the possibility to              
perform the preliminary experimental data treatment directly in absolute intensity scale. 

AgBh calibration 

For the calibration of the facility, definition of the sample-detector distance and correct             
transmission to the Q-space the standard Silver Behenate (AgBh) is used [9,12]. The chemical              
formula of AgBh is [CHͻ3ͻ(CHͻ2ͻ)ͻ20ͻCOOAg]. AgBh is the silver salt of the long-chain fatty acid with                
the long-period spacing dͻ001ͻ=58.378(8) Å. 

 

Fig. 4 - Chemical structure of silver behenate. 



AgBh was used in this work as the standard for the conversion the data from counts-channel 
number coordinates to the intensity-Q-space. The first three Bragg peaks has the coordinates in 
Q-space:  

1 - 0.1076 Åͻ-1ͻ;  
2 - 0.2152 Åͻ-1ͻ; 
3 - 0.3228 Åͻ-1ͻ. 
 
The first Bragg peak was used as the point for conversion 
into I(Q) coordinates. 
 
 
 
 
 

Fig. 5 - Bragg peaks from AgBh powder diffraction. 

Baseline subtraction 

The Bragg peaks from AgBh scattering interfer often with the Maxwell distribution of the              
spectrum of thermal neutrons and irregular non-zero background scattering, which can shift the             
Bragg peak location on the channel axis and respectively on the absolute values in Q-space. For                
minimization of these factors the BaseLine subtraction (BSL) was performed to align the             
background level [13,14]. Data from 1 to 8 rings of the “OLD” detector and 5-8 rings of the “NEW”                   
detector were used for the processing. Data from 1-4 rings of the “NEW” detector were excluded                
due to absence of the observable diffraction peak from AgBh, that is shown on the Figure 6. 

 

Fig. 6 - Comparison of the scattering curves for 4 (A) and 5 (B) rings of the “NEW”detector.                  
The Maxwell signal distribution is shown on the center of these curves and the first Bragg peak is                  
observed on the right graph part on the channel 73 for the 5th ring and is not observed for 4th ring. 




