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LIQUID p-H2 : A STANDARD 
COLD NEUTRON MODERATOR MATERIAL 
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Is Water/p-H2 the best neutronic combination for CN production?
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Effect of Premoderator Temperature on p-H2 moderator



1. The parent flux dependence on Premod temps.

2. Parent to Cold flux probability dependence on T.

3. Total gains and a way to achieve them

DEPENDENCE OF p-H2 CN PRODUCTION

ON PREMODERATOR TEMPERATURE

In what follows, I refer to “Moderator Height” meaning a normal dimension to

the emission direction of the CN cell (the height of a slab, the thickness of a 

flat, or the diameter of a tube moderator)
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MAXWELLIAN AVERAGED MFP

I use (normalized) Maxwellian distributions to represent the 
incoming flux from premoderators at different temperatures. 
The average MFP is then Lave (T):

ave (T) =  dE MT(E) t (E)     Lave (T) = 1/ ave (T) 
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“Cold” group :  E´ ≤  5 meV

TWO-ENERGY GROUPS, SINGLE COLLISION MODEL
Probability Cold Neutron Production:  Σ1→2

Reaction Rate:  dR1→2 (x) = Φ1(x) . Σ1→2 dx
Brightness: dR1→2 (x)/dx = Φ1(x) . Σ1→2

PROBABILITY OF CN PRODUCTION

Energy-transfer kernels

p-H2 , 20K



Again, I use Maxwellian distributions to represent the incoming flux 
from premoderators at different temperatures. The average 
probability for CN generation is then

Pave (T) =  dE MT(E) 𝜎 𝐸 → "𝐶𝑜𝑙𝑑"    
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A “TUNABLE” PREMODERATOR:

LIQUID ETHANE



80 100 120 140 160 180

6

7

8

9

l
s

s

s-MESITYLENE

WATER-RT
METHANE

P
ro

to
n

 D
e

n
s
it
y
 (

1
0

2
2
  
a

t/
c
m

3
)

T (K)

http://www.engineeringtoolbox.com/ethane-thermal-properties-d_1761.html

ETHANE

o
l

80 100 120 140 160 180 200

540

560

580

600

620

640

660

http://www.engineeringtoolbox.com/ethane-thermal-properties-d_1761.html


(g

/l
it
)

T (°K)

Liquid Ethane exists over a 
large temperature range…

…and it has a very
large protonic density
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SIMULATIONS
CASE 1: PIPE CONFIGURATION

➢ Berillium cube with a distributed fast (1 keV, isotropic) neutron source
➢ Central hole lined with 2 mm Cd decoupler
➢ A 14 cm long pipe moderator with 99% para-H2 (of variable radius),

surrounded by a cylindrical layer of premoderator (of variable thickness)

p-H2

Premod

Cd

Be + S(1 keV)



FLUX DISTRIBUTIONS

FAST (E > 1eV) COLD (E < 10meV) THERMAL (10meV < E < 1eV) 
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ethane 100 K (red) premoderators with 1.5 cm thickness in this example.
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The ratio of the above curves represents the gains in CN brightness when 
Ethane 100 K is used as premoderator instead of Water 293 K (both with 
1.5 cm thickness).
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CONCLUSIONS

1. The presented concept involves the production of brightness enhancement in 
p-H2 moderators by changing the premoderator temperature

2. Basic calculations on a toy configuration were done using integral cross 
sections, and average magnitudes were employed to describe the relevant 
processes

3.   A potential premoderator material able to cover a wide temperature range 
       has been discussed.

4. Simulations were performed on an idealized tube configuration, that support  
the conceptual ideas on CN flux enhancement. 

5. It is shown by the simulations that gains in the emerging CN flux of the order 
of 30% or more can be achieved in typical configurations by using cold 
premoderators instead of water.
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