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My small contribution on this 100 year anniversary 
of Prof. Shapiro’s birthday:

•
 

Some old ultracold
 

neutron stories of ~50 years 
ago from “the other side of the Iron Curtain”

•
 

(Time permitting) mention a new development in 
his suggestion of 1968 to search for the neutron 
electric dipole moment using stored UCNs.



The beginning (prehistory of UCNs)

What was know (by very few) in 1966 at the start of 
my doctorate work at Garching

 
under Prof. Maier 

Leibnitz:

•
 

Zel’dovich
 

1959: Estimates storable UCN density 
of 50/cm3

 
in graphite bottle (just like Ageron’s

 prediction ~1980). Both predictions were and still 
are remarkably correct.
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Shapiro 1968: Suggestion to use stored UCN for an EDM 
experiment.
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known in Garching
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(a fact which is hardly ever mentioned in 
later publications).

I will tell you about events which are never 
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First an introduction to the scenery, the FRM reactor 
(Forschungsreaktor

 
München):

•
 

Swimming pool type
•

 
light-water moderated

•
 

thermal flux ~1013

 

cm-2s-2; no Cold Source 
(~1% of ILL; ~103

 

times mean flux of IBR30)



The “atomic egg” alias reactor FRM
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A word about Prof. Maier Leibnitz
 

(ML)

•
 

He was the initiator of the reactor and 
spiritus

 
rector in all its scientific 

applications;
•

 
He had a notebook with an inexhaustible list 
of new ideas;

•
 

As a result, he had >100 diploma and 
doctorate students at any given time;

•
 

Typically, every student built their 
apparatus themselves.



Vertical cut through the reactor pool



Bird’s eye view of FRM instruments
Upper platform with “chicken ladder”

Overview 1987 with LWS, turbine and NESSIE
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A glance a the history of the vertical guide for very 
slow neutrons (or LWS  for long wavelength beam 
tube):

• Designed and built by H. Nagel (whose expertise, 
together with that of F. Schreiber, was crucial in 
all technical UCN matters over more than 20 
years);

•  Two design possibilities: (a) inclined guide 
passing through an inclined hole; or (b) vertical 
and attached to reactor bridge;

•  Inclined version was dead when ML called it an 
“elephant” (ML’s minimalist approach);

• Vertical solution had tricky features of its own. 
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Very cold neutron transmission through a copper foil



Some disasters (not in chronological order):

•  Pool water enters the guide;
•  The pre-amplifier misery right at the 

beginning;
•  The short-lived graphite film;
•  The ill-fated submerged graphite bottle.



Schematic of the movable bottle (Trűstedt, Koester, Steyerl)

1970
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How I met Prof. Shapiro

•
 

1971 or 1972; Prof. Koester visits Dubna;
•

 
Suggestion to send my dissertation to Prof. 
Shapiro –

 
an opus of >200 pp. written in German!

•
 

June 1972; invitation to Dubna
 

to present a talk;
•

 
Prof. Shapiro’s paper for a Conference on Nuclear 
Structure Study with Neutrons, Budapest, Aug. 
1972.



F. L. Shapiro, paper for Budapest, 1972



F. L. Shapiro, 1972: One of 4 figures giving credit to 
our work at Garching
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The “new story” in connection with EDM experiments

•
 

… is not so new (stressed also by Shapiro 1968);
•

 
It is the old relativistic E × (v/c) effect in the form of geometric 
phases (Pendlebury

 
2004);

•
 

The moving particles experience a magnetic field if E and B are 
not exactly aligned;

•
 

Shapiro 1968: Effect is strongly suppressed for UCN since v is 
small;

•
 

Pendlebury
 

2004: Co-magnetometer atoms (like 199Hg), stored 
together with UCNs, are affected → significant correction in EDM 
analysis;

•
 

Our work (2014) starting directly from the Schrödinger eq. rather 
than from density matrix: UCN signal may also be affected directly 
(not only indirectly);

•
 

→ Even higher precision in alignment of E and B may be required.



Thank you
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