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Introduction  
 
Neutron scattering allows scientists to count scattered neutrons, measure their energies and the angles at 
which they scatter, and map their final positions. This information can reveal the molecular and magnetic 
structure and behavior of materials, such as high temperature superconductors, polymers, metals, and 
biological samples. The Spallation Neutron Source (SNS) facility at the Oak Ridge National Laboratory 
provides the most intense pulsed neutron beams in the world for scientific research and industrial 
development.  
 
Experiment  
 
The VULCAN diffractometer1 is designed to understand the fundamental aspects of material behaviors 
during synthesis, processing, and service. One of the experiments conducted at SNS is designed to 
generate high intensity neutron pulses for the study of materials, where, over the course of the 
measurement, the temperature is varied as a function of time [1]. The overall purpose of the neutron 
measurement is to understand the changes in structure of the material as a function of temperature.  
 
The experiment is conducted as follows: the sample is rapidly heated, then the heat source is turned off 
allowing the sample to relax and reach an equilibrium. Then the sample is rapidly heated again and the 
experiment is repeated several times. The goal is to associate neutron events occurring within a certain 
temperature bin.  An event can be defined as follows: the event starts when the sample is subjected to 
rapid heating and it ends right before the next rapid heating occurs. This is called a heat cycle. 
 
Dataset 
 
The VULCAN Beamline dataset [3] provides the sample measurement, where temperatures is recorded in 
two physically different places on the sample. These are held in two different hdf5 groups in the data file. 
Figure 1 depicts Temperature (in Celsius) vs. time (in seconds), a sample measurement on the VULCAN 
[2] beamline.  

 
Figure 1: Temperature vs. time measurement on the Vulcan beamline 

 
 

1 https://neutrons.ornl.gov/vulcan 
 



Questions of Interest 
 

• The goal is to identify heat cycles pertaining to equivalent temperatures during the same heating 
or cooling phase.  For example, two data points at 800C are in the same group only if both of 
them are in either heating or cooling cycle.  To that end, you need to identify the beginning and 
end times of the heat cycle and temperature group it needs to belong to. (The latter part could be 
thought of as a clustering problem.) 

• How many events are there in each group and how similar are the identified events? A sample 
input to the question could be attributes of the heat cycle like height, step size etc.  

• Once the heat cycles are identified, how do they vary from one event to the next. A visualization 
would be great help showcase this variation.  

• The dataset contains two sample measurements, which are highly correlated with each other. We 
suggest the second measurement used as a validation set.  
 

Notes to participants  
 
Our preference is for the algorithms to be implemented in Python with the use of Numpy or other widely 
available libraries, although other libraries are welcome. 
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