
CERN News The frozen spin target in its cryostat, inserted 
between the poles of the high field magnet. 
This magnet is situated in one corner of a large 
volume magnet where the target is moved 
for experiments. 

New record in mental 
arithmetic 

A l t h o u g h in modern scient i f ic circles, 

the t rend is more and more, to reach 

for the computer w h e n there are any 

sums to do , there is st i l l one man at 

CERN w h o can use his o w n brain and 

compete w i t h the electronic usurpers. 

As a t radi t ional i tem in the series of 

lectures g iven to summer students, 

Wi l l em Klein demonstrated his powers 

of mental ar i thmet ic, s h o w i n g his 

prowess in memory exercises, rapid 

calculat ions, const ruc t ing magic 

squares, and lacing it all w i t h his o w n 

special brand of humour. But he kept 

his pièce de résistance for the end. 

In the September, 1973 , issue 

(page 258) w e reported his extract ion 

of the 19th root of a 133-d ig i t number. 

This year he wan ted to go one better. 

Six papers were passed around 

among the audience, on w h i c h m e m ­

bers wro te d o w n one f igure. The six-

d ig i t number .thus composed was fed 

in to a computer w h i c h , somewha t 

laboriously, mul t ip l ied the number by 

itself th i r ty-seven t imes to g ive a 

220 -d ig i t number. A team of people 

was needed to wr i te th is d o w n on the 

r o w of b lackboards, l ined up side by 

side. Wi l lem Klein then turned around 

to look at the number and , three 

minutes and twen ty -s i x seconds later, 

he staggered the audience by wr i t i ng 

ou t the six f igures of the 37 th root — 

f igures conf i rmed by the computer and 

by the members of the audience w h o 

had selected them. 

Frozen spins 
The const ruct ion of a f rozen spin 

target at CERN was proposed in 

November 1971 based on prel iminary 

invest igat ions descr ibed in CERN 

COURIER vo l . 1 1 , p. 353 . One of the 

di f f icul t ies of t radi t ional polarized 

targets — that is targets in w h i c h as 

many protons as possible are l ined up 

in a part icular d i rect ion — is that the 

target has to be conta ined between 

the poles of a very strong magnet and 

the space around in w h i c h detectors 

can be set up is rather l imi ted. 

In the frozen spin system, the target 

is first polarized dynamica l ly at near 

zero temperatures in an intense u n i ­

fo rm f ie ld of 2.5 T by irradiat ing it w i t h 

microwaves. The microwaves are then 

sw i t ched off, f o l l ow ing w h i c h the 

target cools stil l further and it can n o w 

be moved gent ly into a less intense 

and less un i form f ield of about 1.0 T. 

This f ie ld is created by a magnet w i t h 

a large vo lume between the pole 

pieces, w h i c h can be f i l led w i t h 

detectors cover ing a sol id angle of 

a lmost 4 n. The temperature of the 

target dur ing the irradiation is about 

0.5 K sett l ing to 0.05 K w h e n the 

m ic rowave power is cut off and the 

target has been moved into the beam. 
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A t such a temperature the target 

remains almost permanent ly polar ized. 

The large vo lume magnet employed 

is the o ld ETH magnet, w h i c h has had 

a long and honourable career at CERN. 

W i t h i n it, over to one corner, the 

polar iz ing magnet has been buil t . The 

target, 15 cm long and 1.6 cm d ia ­

meter consists of small propanedio l 

spheres w h i c h are loaded into the 

cryostat at l iqu id n i t rogen temper­

atures. Dur ing tests in Ju ly , less than 

1 % decay in polar izat ion was observed 

in a target w h i c h had been polarized 

to some 9 0 % , moved into the main 

magnet vo lume, kept there for e ight 

hours and then returned. 

Crucial to the operat ion of the 

system is the design of the d i lu t ion 

refrigerator w h i c h was developed by 

T. Ni in ikosk i in the L o w Temperature 

Laboratory of Helsinki Universi ty of 

Techno logy , wh i l e the other c ryo­

genic componen ts , the pump ing sys­

tem, the t ransport mechanism and the 
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The two types of conductor used for the 

BEBC coils. Two companies, Siemens and 

Thomson-Houston, had shared the 

manufacturing of the conductor, applying 

different techniques. The photo shows 

the different geometrical arrangement of the 

superconducting filaments in the copper 

strip; the electrical properties of both types are 

almost identical. 

This drawing illustrates a simplified model of 

the persistent currents. The transport current 

flows through the superconducting filaments 

(full lines). The radial component of the 

magnetic field (Br) penetrates the conductor 

strip through the side and induces eddy 

currents which are superimposed on the 

transport current. The simplest model assumes 

that the induced currents are concentrated along 

the edges of the conductor, flowing in one 

direction along the upper edge and in the 

opposite direction along the lower one 

(dashed lines). 
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N M R electronics.were made at CERN. 
Targets of up to 50 c m 3 vo lume can 

be accommodated in the cryostat. 
Through it 3 He is circulated at a rate 
of 25 m m o l / s w h i c h a l lows 100 m W 
of m ic rowave power to be fed in 
w i t h o u t the temperature exceeding 
500 mK. Polarization rates of 1 5 % / 
minute have been observed. The rate 
of coo l ing is such that after polar iz ing, 
100 mK is achieved in three minutes 
and 50 mK in eight minutes. The 
lowest temperature so far at tained is 
be low 15 mK but the precise value can 
not be measured w i t h the present 
thermometer system. The cryostat 
wo rks smooth ly w i t h no tendency 
towards instabil i t ies or osci l lat ions 
under normal operat ion and it is 
insensit ive to the rapid magnet ic f ie ld 
variat ions to w h i c h it is subjected 
w h e n being moved. 

The first experiment to be done 
w i t h the Frozen Spin Target is the 
measurement of all the spin para­

meters, P, A and R in the react ion 
7T - p -> K° A w h e n the A emerges in 
the backward direct ion and the inc i ­
dent p ion beam has a momen tum of 
5 GeV/c . The incoming beam, w h i c h 
comes to the target along the axis of 
the cryostat, is moni tored by t w o 
si l icon diodes mounted inside the 
cryostat where they operate at a 
temperature of 1 K. A n array of opt ical 
spark chambers v iewed by seven TV 
cameras, and scint i l lat ion counters 
record the emerging particles. The 
experiment is a col laborat ion between 
CERN, ETH Zur ich, Helsinki Universi ty 
of Techno logy, Imperial Col lege Lon ­
don and Southampton University. 

Persistent currents 
in the BEBC magnet 
As previously reported (see March 
p. 78 and June , p. 170) , the magnet of 
BEBC, the 3.70 m bubble chamber, 
has since last March been systemat i ­
cal ly taken to pieces because of inter­
mi t tent shor t -c i rcu i ts between the 
non-superconduc t ing auxil iary wi res 
and the coi ls and earth. This d id not 
prevent the magnet f rom reaching its 
design f ie ld. 

Af ter the coi ls had been examined, 
var ious theories were put fo rward to 
explain the causes of the short cir­
cui ts, and w e shall n o w summarize 
the s i tuat ion. 

General layout of the conductor 

The BEBC conduc to r was a major 
deve lopment in superconduct ing 
techno logy at the t ime of its design 
and manufacture in the years 1966 -
1969. It was Europe's first large 
scale indust r ia l , p roduc t ion , and i n ­
vo lved 65 km of str ip w i t h more than 
2 0 0 Nb Ti wi res (200 ^m diameter) in 
uni t lengths of 1.5 km (see pho to ) . 
This type of f lat, un tw is ted conductor 
has a h igh aspect ratio (61 mm high 
by 3 mm th ick) for side coo l ing and 
reflected the state of the art of manu ­
factur ing high d.c. current fu l ly s tab i ­
lized conductors at that t ime. Since 
then , the advanced requirements for 
pulsed appl icat ions have st imulated 
the deve lopment of new types of 
conductors w i t h tw is ted f i laments. In 
the meant ime, evidence has been 
accumula t ing on the existence of the 
so cal led 'persistent eddy currents' in 
d.c. systems. 

Origin of persistent currents 

In service the conduc tor usually sees 
not on ly the axial (useful) f ie ld of the 
magnet but also a radial f ie ld, the 
strength of w h i c h at any point depends 
on the posi t ion of that bit of the c o n ­
ductor relative to the w h o l e coi l . The 
radial f ie ld is perpendicular to the f lat 
faces of the conductor . Variat ions in 
the f ie ld , for example dur ing charging 
or d ischarging of the magnet, change 
the magnet ic f lux, and induce eddy 
currents as i l lustrated in the d raw ing . 
If one takes a very simple model , these 
currents f o l l o w the superconduct ing 
f i laments, the c ircui t being closed by 
short bridges in the copper substrate. 
The induced currents may be very 
large for a g iven f lux var iat ion, and 
may be as high as the cri t ical current 
of the indiv idual f i laments. The decay 
t ime of the currents is very long, due 
to the l o w resistance of copper at a 
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