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Motivation:

Why do we need  strong sources of  Ultra-Cold-Neutrons (UCN)?

Answer: UCN are suitable particles for studies of fundamental questions

• Physical properties of the neutron itself
a) neutron lifetime
b) neutron electric dipole moment

• UCN as quantum objects for testing the  „Schrödinger equation“
a) quantum states in a gravitational field
b) neutron optics (interference effects)    

Advantages:
• UCN can be stored in in material and magnetic bottles
• Long observations times (few thousand seconds)
• Easy to polarize (spin) and keep the polarization

Disadvantages:
• UCN absorbtion cross section  (1/v law) 
• UCN up-scattering 
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Superthermal UCN production 
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• Inelastic scattering:

¾ Production:     EUCN + Δ → EUCN (Downscattering)

¾ Loss process:   EUCN → EUCN + Δ     (Upscattering)
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Neutron scattering  - basics

Scattering experiments give direct 
information on space and time-dependent 
correlations in the system.
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Kinematics 
UCN production and losses
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UCN production: UCN losses:
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Neutron scattering in sD2:

Experiments:
TOFTOF FRM II IN 4 ILL Grenoble

subthermal neutrons
E0 ~ 12 meV
ΔER=0.63 meV

Thermal neutrons
E0 ~ 17 meV
ΔER=0.7 meV
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TOFTOF-sample stick D2 sample cell
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Solid D2

Liquid => Solid (quick & dirty)

Gas => Solid (T < 10K)
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Freezing D2
from gas (at T~16 - 17 K)
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Para – and ortho-D2

Combination of spin’s  leads to ID2= 0; 1; 2
Ortho-D2  : ID2= 0; 2 (symmetric wave function -> J is even)
Para-D2 : ID2= 1 (anti-symmetric wave function -> J is odd)

E1~ 7.4 meV
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J even J odd

J=1 ground state of para D2

J=0 ground state of ortho D2

I. van Kranendonk and V.F. Sears  Can. J. Phys, 44, 313 (1966)

Para-Ortho-Conversion:
- Magnetic dipole interaction between molecules
- Interaction of nuclear quadrupole moment of one

D2 molecule with the total quadrupole moment
of a other D2 molecule
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ΔEn

Q

Dynamics
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Static structure:

hcp structure
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J.W. Schmidt et al. PRB 30, 6308 (1984)



E. Gutsmiedl ISINN 20 - 2012 17

Generalized density of states (GDOS):

sD2 from liquid phase – 66.7% Ortho sD2 from liquid phase - 95% Ortho
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Density of states from measurements
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Direct determination of UCN production cross section

Production rate:
Tn=40K ; 
PUCN= 6.6 105 cm-3 s-1
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UCN production at the FRM II MEPHISTO-beam
Cold flux ~ 5 109 cm-2 s-1
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Calibration of cross section

σ−up (J=1->0)=0.029 barn for Ei=17.2 meV neutrons

σtot =23.4 barn --- σtot (TURCHIN)=23.8 barn

M. Hamermesh and J. Schwinger
PR 69, (1946) 145

W.E. Lamb, PR 55, (1939) 190
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UCN losses ?
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Experimental results on UCN production :

Triga Mainz Experiments LANL Experiments
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Temperature dependance of UCN yield

1.6 mol sD2

TRIGA experiment Serebrov et al. 
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“Annealing” of sD2 -influence on UCN yield - TRIGA

Gain ~ 70%
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Annealing:
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Inelastic UCN up-scattering:
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UCN loss cross section – temperature dependance

PSI-data: F. Atchison et al., PRL 95, 182502 (2005)  and M. Kasprzak priv. communication 
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UCN loss cross section – energy dependance

T~5 K
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Mean free path of UCN 
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Possible theoretical explanations ?



E. Gutsmiedl ISINN 20 - 2012 33



E. Gutsmiedl ISINN 20 - 2012 34

Neutron scattering in solid α-oxygen (T<23 K)
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UCN losses:
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Summary
• First neutron scattering experiments on sD2 and sO2 delivers new 

data on the structure of the density of states in solid deuterium 
and oxygen

• It seems that sD2 is a better converter for UCN production 
compared to sO2

• The average neutron temperature of the incoming flux should be in 
the region of 40K for both converters

• Measured S(q,ω) can be used for  UCN production calculation (no 
approximations !)  as well for determination of UCN losses

• It seems, that the origin of UCN losses in sD2 is purely inelastic
• Low energy and Q neutron scattering in sO2 would be helpful to 

study possible up-scattering of UCN through magnetic excitations.

• THANK YOU
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