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MOTIVATING  IDEAS 



BASIC CONCEPTS 



“…..the thermal or cold neutron intensity 
emanating from the moderator surface is mainly 
determined by the slowing down neutron spatial 
distribution” 

ΦCOLD    ΦINCOM . σ (incom → cold)   

OLD  KNOWLEDGE 
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J.R. Granada and V.H. Gillette 

       Physica B 348, 6 (2004) 
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ONE-DIMENSIONAL  SYSTEM 



0 2 4 6 8 10 12 14

0

1

2

3

4

5

"B
ri

g
h

tn
e

s
s
"

Moderator "height" (cm)

 300 Norm

Normalization point

ONE DIMENSIONAL, TWO-ENERGY GROUPS, 
SINGLE COLLISION MODEL 
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Incoming Flux Density:  Φ1(z) 

Probability Cold Neutron Production:   Σ1→2 

Reaction Rate:    dR1→2 (z) = Φ1(z) . Σ1→2 dz 

Brightness:  dR1→2 (z)/dz = Φ1(z) . Σ1→2 

Outcoming Flux:    ∫dR1→2 (z)  

 

*  Σ1→2 



J.K. Zhao et al., Review of Scientific Instruments 84, 125104 (2013) 
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http://europeanspallationsource.se/higher-neutron-brightness-innovative-pancake-moderators 

MONTE  CARLO  CALCULATIONS 



J.K. Zhao et al., Review of Scientific Instruments 84, 125104 (2013) 
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MONTE  CARLO  CALCULATIONS…AND ONE-DIMENSIONAL APPROX. 



Abstract 

The performance of the cold neutron moderator of a TMR system of 

simple geometry was studied by means of Monte Carlo calculations. 

The brightness was determined over the side surface of a cylindrical 

para-hydrogen moderator of fixed diameter, with a given target, 

premoderator and reflector configuration, while the height of the 

moderator was changed. We compare the brightness behavior as a 

function of premoderator temperature, using room temperature water 

and liquid methane as typical examples. 

WHAT  WE  PROPOSED  TO  STUDY: 
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CHANGING THE PREMODERATOR TEMPERATURE 
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BRIGTHNESSES FOR DIFFERENT PREMOD TEMPS. 
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(Franz Gallmaier, private communication, 2015) 

ACTUAL CALC. RESULTS FOR DIFFERENT PREMOD TEMPS. !!! 



We confirmed the results obtained by Gallmaier, and found that for 
such a coupled system (as indicated below), the neutron moderation 
process is greatly controlled by the large Be reflector rather than by 
the premoderator. In this situation, the enhanced intensity of the 
incoming neutron field is accompanied by an enlarged neutron pulse.  
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We then returned to study a TMR system of “UCANS type” 







J.M. Carpenter & W.B. Yelon, in Methods of Experimental Physics, Vol.23 A, 
Ch.2 Neutron Sources, Academic Press (1986) 

“MODERATION RANGE” 



J.M. Carpenter & W.B. Yelon, in Methods of Experimental Physics, Vol.23 A, 
Ch.2 Neutron Sources, Academic Press (1986) 
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A useful approximation for the HWHM of the neutron pulse in hydrogeneus materials 



J.M. Carpenter & W.B. Yelon, in Methods of Experimental Physics, Vol.23 A, 
Ch.2 Neutron Sources, Academic Press (1986) 

t1/2 = 3 -1/2 (1 + ) / (sv )  
Error ≤ 2 ‰ 
0.9 ≤  ≤ 1 (f = ½) 

(J.R. Granada, 2015) 



Parameter 
H2O 
293 K 

(CH2)n 
293 K 

CH4 
20 K 

CH4 
100 K 

C2H6 
100 K 

C2H6 
180 K 

σfree     (barn) 44.749 45.73 86.73 86.73 132.46 132.46 

ρ         (g/cm3) 1 0.94 0.510 0.4392 0.641 0.550 

Nmolec  (1024/cm3) 0.0335 0.0404 0.0192 0.0165 0.0129 0.0110 

NH      (1022/cm3) 6.69 8.09 7.68 6.61 7.72 6.63 

D     (10-5 cm2/s) 2.3 --- --- 5.2 0.82 5.51 

Σfree     (cm-1) 1.5 1.849 1.665 1.431 1.705 1.463 

ξ 0.926 0.913 0.954 0.954 0.940 0.940 

ξ Σfree   (cm-1) 1.39 1.69 1.59 1.37 1.60 1.38 

γ 0.924 0.908 0.951 0.951 0.936 0.936 

v ts      (cm) 2.105 1.723 1.858 2.162 1.832 2.135 

v Δts   (cm) 1.183 0.963 1.055 1.227 1.034 1.205 

v Δt1/2 (cm) 2.346 1.915 2.080 2.421 2.046 2.383 

  

 

Neutronic Properties of some Moderators 



Parameter 
H2O 
293 K 

(CH2)n 
293 K 

CH4 
20 K 

CH4 
100 K 

C2H6 
100 K 

C2H6 
180 K 

σfree     (barn) 44.749 45.73 86.73 86.73 132.46 132.46 

ρ         (g/cm3) 1 0.94 0.510 0.4392 0.641 0.550 

Nmolec  (1024/cm3) 0.0335 0.0404 0.0192 0.0165 0.0129 0.0110 

NH      (1022/cm3) 6.69 8.09 7.68 6.61 7.72 6.63 

D     (10-5 cm2/s) 2.3 --- --- 5.2 0.82 5.51 

Σfree     (cm-1) 1.5 1.849 1.665 1.431 1.705 1.463 

ξ 0.926 0.913 0.954 0.954 0.940 0.940 

ξ Σfree   (cm-1) 1.39 1.69 1.59 1.37 1.60 1.38 

γ 0.924 0.908 0.951 0.951 0.936 0.936 

v ts      (cm) 2.105 1.723 1.858 2.162 1.832 2.135 

v Δts   (cm) 1.183 0.963 1.055 1.227 1.034 1.205 

v Δt1/2 (cm) 2.346 1.915 2.080 2.421 2.046 2.383 

Neutronic Properties of some Moderators 

solids 



Properties 

Molecular formula C2  H6 

Molar mass 30.07 g·mol
−1

 

Appearance Colorless gas 

Odor Odorless 

Density •1.3562 mg cm
−3

 (at 0 °C)
[1]

 
•0.5446 g cm

−3
 

(at 184 K)
[2]

 

Melting point −182.8 °C; −296.9 °F; 90.4 K 

Boiling point −88.5 °C; −127.4 °F; 184.6 K 

ETHANE 
 

C2H6 

http://en.wikipedia.org/wiki/Ethane 

AN INTERESTING “COOL” MODERATOR: 

http://en.wikipedia.org/wiki/Molecular_formula
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Odor
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Ethane#cite_note-pubchem-1
http://en.wikipedia.org/wiki/Ethane#cite_note-crc-2
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Boiling_point


  

 

K. Inoue (1979) 
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Liquid Ethane exists over a large temp range 
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ETHANE

….and it has a large protonic density 
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Torsion 

CH3 rock 
CC stretch 

 ħω (meV) 

ETHANE   (100K) 
Frequency Spectrum from MD (lower part) 

OUR  MODEL  FOR  LIQUID  ETHANE 
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NEED  EXPERIMENTS ! 

Predicted X-Section for H in Ethane over the liquid range 
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Predicted X-Section for H in Ethane and traditional liq. Mods. 
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12x12x4.5 cm3 
(decoupled) 
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THERMAL SCATTERING LAWS EVALUATED BY OUR GROUP: 




