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The baseline 
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Volume moderator: 
 implemented at J-PARC 
 99 % para-H2 tested   
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High performance cold moderator 
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The TDR baseline design is a volume para-
hydrogen moderator (13 cm high x 16 cm ø) 

Thermal wings provide a bi-spectral source. 
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Unprecedented neutronic performance 
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Flux or Brightness ? 

7 

Flux is the number of neutrons 
 per unit area and unit time 

Brightness is the flux,  
divided by unit solid angle 
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Brightness 

§  It refers to the source of the neutrons (the moderator) 
§  It does not depend on the distance from the source 

§  However, the story is more complex: 
§  There are losses of neutrons in the guides (brilliance transfer) 
§  Instruments want high-quality beams (low divergence) 
§  Samples are of different sizes 
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A global effort 

§  So the ultimate figure of merit, the number of ‘good’ neutrons 
at the sample, will depend on: 
§  The moderator brightness 
§  The brilliance transfer 

§  It is a job that needs to be done together between moderator 
neutronics, neutron guide, and instrument users 
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Moderator 
Brightness 
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We start from the unperturbed brightness 
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Why flat moderators work 
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Effects of the beam extraction lines 
(perturbation) 

Perturbation of a conventional moderator 
 means removing a lot of reflector 

Perturbation of a flat moderator is expected  
to reduce only slightly the performance 

BIGGER GAINS (> 3) EXPECTED FOR  
THE PERTURBED (=REAL) CASE ! 
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Neutron maps conventional vs flat 
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15 15 15 
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16 16 16 

NOT OPTIMIZED 
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TDR baseline moderator 
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FLAT moderator 
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Gain in brightness 
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Angular distribution 
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From flat to tube? 

Low dimensional neutron moderators for enhanced 
source brightness, Ferenc Mezei et al, in press, Jour. 
Neutron. Research. 
arXiv:1311.2474 
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Tube moderator 
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Brightness increase 
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Starfish moderator 
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Options for bispectral extraction (1) 

•  From the sides 
•  From the top 
•  From the center 
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Options for bispectral extraction  (2) 

•  From the sides 
•  Distance between cold and 

thermal hot spots similar to 
TDR (about 12 cm) 
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Options for bispectral extraction  (3) 

•  From the top 
–  Penalty in cold 15-20% 

•  Possible grooving  
–  Thermal increase 60% 
–  Partial gain in cold 
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Options for bispectral extraction  (4) 

•  From the center 
•  Distance between cold and 

thermal hot spots similar less 
than TDR (about 3 cm) 

•  Wedges can be of Pb instead 
of water 
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Work in progress on moderator 
•  Best design 
•  Best option for thermal extraction (side, top) 
•  Best option to accommodate different needs for 

instruments 
–  Two moderators (big and small) 
–  One moderator with openings of different heights 

•  Engineering design 

E< 5 meV 



TAP Optics & Sihelding- 2014-01-24!

REFERENCES 

30 

K. Batkov et al, Unperturbed moderator brightness in pulsed neutron sources,  
Nuclear Instruments and Methods in Physics Research A729 (2013) 500–505 
 
F. Mezei et al, Low dimensional neutron moderators for enhanced source brightness, 
In press, Journal Nucl. Materials 
 



TAP Optics & Sihelding- 2014-01-24!

Brilliance transfer 
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Optics aspects 

§  The feasibility of the use of reduced height moderators depends on the 
conception of neutron optical beam transport systems that are capable to 
deliver with moderate losses the enhanced source brightness to the 
samples.  

§  This requires the redefinition of the current beam extraction paradigm, 
which essentially assumed that the moderators must have larger size 
than the entrance of the guide. 

§  Neutron optical systems based on existing supermirror guide technology 
are capable of delivering most of the 3 fold gain in moderator brightness 
for small samples (2 – 4 mm high) both for thermal and cold neutrons to 
all neutron scattering instruments and for all sample sizes in high angular 
resolution work (such as reflectometry, small angle scattering, neutron 
imaging).  

§  For large samples (2 – 4 cm) the flux gains on the instruments still range 
between 10 – 100 %, thus the novel “flat” moderators perform better than 
the conventional ones in all neutron scattering applications. 
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Example 
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Next steps 

§  Task force between Machine and Science (F. Mezei – 
K. Andersen) 

§  Goal: find the best configuration (moderator size) for 
each instrument 

§  Next meeting 
§  12 February 
§  Deadline:  
     April 2014 
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THANK YOU ;-) ! 
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