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TRIGA Mark II Reactor with pulsed mode
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Pool-type reactor
built in 1965

Maximal power
steady-state mode :   100 kWth

pulse mode :   250 MWth



total length:  4.5 m
inner diameter of 

UCN guide:  66 mm

converter:  
solid D2 (max 10 mol)

pre-moderator:  
solid H2, CH4

Helium consumption:
8-10 l/h He
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The new UCN source at beam port D
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The new UCN source at beam port D

Pre-

moderator

Freeze out

rate

(mol/h)

Total gas 

amount 

(mol)

Freeze out time 

(typically)

(h)

Temperature at

nose during

freeze out (K)

H2 1.24 ~ 20 ~16 7.6

D2 1.04 ~15 ~ 14 7.6

CH4 0.52 ~10 ~ 20 ~ 95

D2 Converter 0.51 8 ~ 16 7.1
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converter:  
solid D2 (max 10 mol)
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Measurements during the last year 
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Source of heat load

Heat load and its influence on the converter quality
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Source of heat load

gamma irradiation

Heat load and its influence on the converter quality
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converter cup 
made from 

stainless steel 
(~ 100 g)

water graphite core

sD2

converter cup

5 cm
bismuth + graphite stopper

n



Slow down 
(elastic scattering) 

inside sD2Source of heat load

gamma irradiation epithermal neutrons
( > 0.5 )

Heat load and its influence on the converter quality
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converter cup 
made from 

stainless steel 
(~ 100 g)

water graphite core

sD2

converter cup

5 cm
bismuth + graphite stopper H2 or CH4 pre-moderator

n



15 %

Heat load reduce the UCN yield in the case of no and/or sD2 pre-moderator. 
With a H2 or CH4 pre-moderator there is no visible influence, even after 100 
reactor pulses.

Heat load and its influence on the converter quality
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10 MWs
10 MWs

6 MWs



foil thickness: 12.5 µm
size: 5 x 5 mm2

beam port D
Core

Au foilsBi + graphite stopper

Measurement of the thermal neutron flux

: activity after irradiation
for uncovered foil

: activity after irradiation
for cadmium covered foil

T:   irradiation time (10 min)

:   thermal cross section of gold
(98.65 barn)

http://www.reak.bme.hu/*
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   gain of  UCN  flux caused
by increased thermal neutron fluence

Thermal neutron fluence versus UCN yield
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n - fluence for one pulse

thermal neutron flux at a 
high-flux reactor during 1 s 

UCN flux
thermal neutron fluence

gain of 1.5



Cascade
detector

cryostath
90

cm

shutter 1 

= 116

storage volume
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UCN density measurements

storage curve

optimization
filling time

time-of-flight

source exit

shutter 2 
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UCN density measurements:   glass guiding system

Glass tubes coated with NiMo 85/15 in our sputter facility

roughness:  5 nm
fermi-potential:  230 neV
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UCN density measurements with different storage vessels

Results from the different measurements:

Vst (Liter) IV Nst ucn(0) cm-3 tm(s)

Conf-I 1.7 367 000 43 300 25.3 12% 1.75

Conf-I 9.5 163 000 89 300 9.4 24% 2.5

Conf-I 18.4 170 000 106 700 5.8 29% 3.3

Conf-II 1.7 543 100 42 750 25.1 8% 1.5

Conf-II 9.1/long 466 000 98 300 10.8 18% 1.5

LV

st
cap I

N

7.1

The capture efficiency lies 
between 8% - 29 %.
Only a time interval of  0.3 s from
the UCN pulse can be stored.

UCN Time of Flight
measurement at 116 cm above
source exit at 8.8 MWs
pulse energy.
Shaded area can be stored.

width 1.2

Transport of UCN
increase by a factor of 1.5

in the case of 
NiMo coated glass tubes

nocado

glass

Storage volume
(liter)

UCN yield # stored
neutrons

capture efficiency
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UCN density measurements with different storage vessels

… but,
no increase 

of 
stored neutrons.

UCN Time of Flight
measurement at 116 cm above
source exit at 8.8 MWs
pulse energy.
Shaded area can be stored.

width 1.2

Goal:

1. reduce diffuse scattering 
(surface roughness) along 
UCN guide

2. optimal height above 
source exit



MC Simulations

Neutron transport based on Monte-Carlo-Simulation

trap 
with shutterssource

detector

Including:

UCN production in sD2 (one-phonon approximation)
source parameters (scattering, absorption,…) 
material properties (quality of UCN guide)
velocity dependent diffuse scattering law 
full geometry of the setup
detector properties
shape of the reactor pulse

Code is written by Yury Sobolev.
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MC Simulations

Results from simulations

Deviation between simulation and measurement:
% for time of flight measurement (integral count rate)

% for storage measurement

Talk for the 3rd Workshop of PSI 2013 by Jan Peter Karch, Inst. of Physics, Uni. MainzSeptember  10th, 2013 



MC Simulations

What we can learn from simulations?

In total we lose  99 % of the produced UCN!
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UCN/ VCN losses during transport
(outside of sD2)

main guide 
66.0%

separation foil 
8.5 %

1st  45° bend 
5.1 %

straight section
3.8 %

trap
1.0 %

slits (total)
8.0%

detected
7.5 %

source

= /

a Ni-58 coating and small roughness 
will increase the detectable neutrons 

by a factor of 2-3



In total, we can report that the UCN source at the TRIGA Reactor Mainz (beam port D) is
a powerful source for UCN experiments: stable operation conditions and room for
increasing the UCN yield.

Summary and Outlook
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What’s next?



What’s next?

Summary and Outlook

Ni-58 coating

new UCN guides
inside the in-pile tube

measurement
UCN 

energy spectra
methane 

as pre-moderator
(liquid phase)

He liquefier

goal: 50 UCN/cm3 in 10 liter

publication on arXiv:   1308.4610
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user facility

In total, we can report that the UCN source at the TRIGA Reactor Mainz (beam port D) is
a powerful source for UCN experiments: stable operation conditions and room for
increasing the UCN yield.



Thank you for your 
attention!
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