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Outline
Motivation

Required functionality
Geant4 features and limitations

Implementation of UCN physics
Gravity, materials, magnetic fields, spin

Benchmarks against other codes
Example applications
Simulation of the neutron electric dipole 
moment experiment
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UCN properties

Affected by:

= - 60 neV/TVg = mgh VF ~ 300 neV

3m

gravity
Fermi potential

58Ni: 335 neV
magnetic field

B = 5T
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Geant4
Geant4 toolkit:

Provides universal, widely used tracking engine
Complicated geometries are easy to implement
But does not contain the UCN physics

Most of the 'conventional' MC codes solve 
problems analytically (problems with 
complicated geometries) 
Extended version => Geant4UCN
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Changes
Gravity
User defined material properties 

... used for boundary processes:
 diffuse and specular reflection, 
transmission, spin flip

... and interactions with materials:
 absorption, losses, scattering

Shutters, which can change the 
state in time
Spin propagation using the Bloch-
equation (adiabatic assumption)
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Benchmarks
Tests against conventional MC code (by A. Fomin):

Velocity spectrum transformation through a simple guide 
system
Wall collision frequency during storage in a Be-coated 
bottle

Test against VITESS (G. Zsigmond)
Propagation through a neutron guide

Comparison with analytical calculations
Spin rotation
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v transformation

A. Fomin
Geant4UCN

2m horizontal section + 90º bend (1 m radius) + 2 m vertical section
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Collision frequency
Be-coated bottle (R=250mm, h=2700mm), mono-energetic UCNs (131neV) 
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VITESS
Energy spectra after 5 m long guide
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p/2 rotation

B = 10- 4 T

P.A. Seeger, L.L. Daemen, Numerical solution of Bloch's Equation..., NIM A 457 (2001), 338

Analytical calculation

Simulation

(adaptive step size RK4 algorithm)
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Examples
Sample programs available with Geant4UCN library
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h = 2*10-4, v
F
 = 7.8 m/s

hh= 2*10= 2*10-4-4, v, v
FF
= 6.92 m/s= 6.92 m/s

h= 2*10-4, v
F
= 7.8 m/s

Storage chamber:

 v
F
  [m/s]:

Silica    4.15

DLC    6.56

h = 3*10  -4

UCNs
from 
the
turbine

Al 
window

nEDM simulation
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nEDM simulation
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fixed storage time: 20 s

Experimental data from ILL



Marcin Kuźniak 15PSI Workshop, 2 – 4 Oct 2006

Storage

Storage time [s]

U
C
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s 

pe
r 

cy
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e fixed filling time: 40 s

simulation

experiment

Comparison of both storage curves 
provides absolute normalization of 
the simulated beam.

Experimental data from ILL
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Status
Presently executed on merlin cluster at PSI
Frequently used in UCN project:

Understand existing experiments
Design of new experiments (nEDM, n lifetime, 
UCN source)
UCN and VCN moderation in solid D

2

Growing number of users at PSI, ILL and in 
USA 
CVS access to the library
http://ucn.web.psi.ch 

http://ucn.web.psi.ch/
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Input
Material constants compiled into the code:

Shutters and field ramping controlled from a macro file:


