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1: Motivation

Fundamental physics with UCN
l

Development of practical UCN source
with

*High flux UCN

*High density UCN

(Cf. 130UCN/cm? at LANL)

*High beam efficiency

Establishment of a novel UCN production method
l

Synchronized membrane



What is Ultra Cold Neutron (UCN!?
UCN 1s neutron with v < 8.3m/s

Characteristics of UCN

« Total reflection

 Perfect polarization by 5T magnetic filter
» Sensitive to gravity : rise height <3m

lcm=1neV

th -Soli.d.—-Dz converter

{ 1 High kick-out velocity v_ .> Sm/s

out

2 Short Production time
Sms< Lifeteme < s

Possible application of physical experiment

* neutron electric dipole moment (EDM)
* [(-decay lifetime

* B-decay asymmetry

* (ravitational effect

3.



Storage time of SD,

OrthoD, ParaD,
2 : |
Rotational wave function
Ground state Excited state
(J=0,2,4,...) (=1,3.5....)
§ P R
E Par Di’ e
100% ortho 300ms 0 =146 P /cm3
97.5% ortho 30ms 0=14.6P/cm3
66%  ortho 4.5ms 0=2.190 /cm3

@10 flux at 29K
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2: Principle of proposed UCN Source

Features of our proposal

¢) synchronized membrane
*Unique storage method by
Doppler shift

*(Gain by synchronized operation

a) SD, converter
Large production rate
*High kick out velocity

AN

b) mesitylene
pre-moderator

*Easy handling

[ arge gain factor

Low temperature
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¢) synchronized membrane

Moving pattern 1

- rest membrane
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Beam sequence

beam on
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-

Steady: 2m®PD,0 X 500MeV X 3 u A=1.5kW (Scaling PSI)
Pulse: 500cc Mesitylene X 500MeV X 3 u A X 0.05=0.07kW
(Scaling KENS)

Production rate at $=10!!/cm?/sec of m

He 1.3n/cm?3/sec
} [(Golwb]
SD, 39n/cm?/sec
_ Lifetime in converter
‘He ~ 53sec (T=1.2K) |
SD, 50msec(97.5% ortho) 20 K eg,

250msec(99.7% ortho) JO k eg.

Maximum Density

1.95/cm? X 15[10K Mes]/1m/s=30UCN/cm?3/(m/s)
10/cm?3 X 15[10K Mes]/1m/s=150UCN/cm?/(m/s)
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3.2.1 Reformulation of the Schrodinger equation

The wavefunction is a solution of the Schrodinger equation

/A

ih—=(——V*+V
o ( o )w, (3.2.5)
‘W = R cos(S/h) + iR sin(S/h)

— ReiSlh, (3.2.1)
The real part gives. |

T e 2 2 2 ' '

0y O5F KRR g | (3.2.6)

ot 2m 2m R
and the imaginary part may be brought to the form

dR* _ (R*VS !
ks V'-( - ) =0. (3.2.7)

‘quantum potential energy’

o= 211, (32.16)
R= W4 +¥D" = W 1 il
S/h = tan™(a/¥) = (1/20) 108/,

de Broghie- Bodim Causal in vox
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Abstract _

The Bohm intemretgg'og of gt?ﬂm mechanics is applied to a transmission and reflection process in a double potential
well. We consider a time-dependent periodic wave function and study the particle trajectories. The average time, eventually
transmitted particles stay inside the barrier is the average transmission time, which can be defined using the causal interpretation.
The question remains whether these transmission times can be experimentally measured. © 2002 Elsevier Science B.V. All rights

reserved.

PACS: 03.65.Bz

Keywords: Bohm interpretation; Transmission times

1. Introduction

It is well known that (under certain circumstances)
the causal interpretation is empirically equivalent to
the orthodox Copenhagen interpretation (1,2]. How-
ever, there are a number of physical problems for
which this orthodox approach provides no clear-cut
answers. One of such problems is the question of a
time observable for a tunnelling process.

Tunnelling is the quantum mechanical phenom-
enon that a particle can cross a barrier with potential
V, even if its energy is strictly less than V. It is a nat-
ural question to ask how long it takes on average for
particles to cross such a barrier. Unfortunately quan-

E-mail address: regien@stomphorst.net (R.G. Stomphorst).

tum theory does not provide a suitable time operator,
whose expectation value for a given wave packet can
be compared with experiment. Time enters quantum
mechanics as a parameter, not as an operator. There-
fore, this question about tunnelling time is not an easy
one.

Tunnelling processes may be classified in two
types: scattering type, where a wave packet is initially
incident on a barrier, and then partly transmitted; and
decay type when, the particle is initially in a bound
state, surrounded by a barrier, and subsequently leaks
out of this confinement. Many authors have addressed
the duration of tunnelling processes, in case of scatter-
ing processes [3-5] and in case of a decay process [6]-

In Bohm's causal interpretation of quantum me-

tering processes can be distinguished. The most well-

0375-9601/02/S - see front matter @ 2002 Elsevier Science B.V. All cights reserved.
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