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Geneva, 13th January 1955

EURLPZAN ORGANISATION FOR NUCL:AR RESEARCH

RESSARCH PROGRALILE FOR
CIRN IN GENEVA
1955

presented by the Director — Gencral to the Scientific Policy Committcc.

GENZRAL REMARKS

While the design and construction of the big accelerating machines
in Geneva is well undcr way and progressing satisfactorily, it is clear
that at least thrce yecars will pass before cven the first of them can
be used for rescarch, It scems impcrative not to wait until that timc
but to initiate a rescarch prograrmc at the carlicst opportunity.

This idea was informally discusscd among the members of the Nominations
Comnmittce and the Dircctor-Gencral, previous to his appointment, and

its validity was recognized within this group. Bascd upon this recccgnit-
ion the first steps toward realization have ‘alrcady been taken.

With the final organization of CIRN now being in force, a resolution

by the Council is called for to support a vigorous research programnae

previous to the completion of the machines. While the pursuit of rescarch
in a scicntific organization would hardly seem to demand a justification,
it may be useful to clarify its reclation to the construction and the usc
of :the big accelerators. For this purpose we propose the following
general considerations: -

1. Although it is foreseen that a substantial part of the scicntific
manpower will come to Geneva on short contracts, it is important to
crcatc at Geneva a school and a strong standing tradition. In order
to have a scientific atmospherc well established by the time the
first machinc works, it is not too carly to start somc rescarch ac-—
tivitics herc and now.

2. Expericnce has shown that there cxists a mutually profitable rclation

between the problens of basic rescerch and those, cncountcrcd in
cngincering. Far from detracting from the construction of the big
machines it can be confidently forcscon that there will be a2 nost
fruitful cross-stirulation between the men, engaged in ‘reescerch and
thosc who.arce primarily cngaged in dcsign and construction,

3. An appropriation, comprised between half a million and onc million
Swiss frs.;yoar would alrcady bc quitc sufficicnt to initiatc and
support a worthwhile rescarch vrogrammc. It would be a rather im-—
probablc o¢oincidence if it turncd out that it is the spending of
this comparatively inconsiderablc amount which would ultluutcly up~
set the present budget.

For this ycar three rcscarch activitics arce contemplated and shall
now bc scparatcly discussed:



CERN/DG /Memo/3 ~ page 2

A. THEOQORY
1. Dutline

The neoed for theorctical work at CERN has already been rccogniged by
establishing the Thecoretical Group which is at present working under
the direction of Mfllor in Copecnhagon, It is felt, however, that a
completo gecographic scparation of the Thoory in Copenhagen on one

hand, and the cxpcrimental work in Geneva on the other hand, is not
desirable., Therofore it is planncd to haw a small group of theorcticians
working at Genovay their scloction is proposcd to be primarily governed
by the considoratlon that their fiold of intcrest bears upon thnt of
the experlnontallsts in Gencvea.

Men working in the theory of meson physics are therelaore mo°t des1rablq
but a man working in another field who proves stimulating and inter—
esting 10 other members of CiRN, should certainly not be excluded,

2. Manpower

For the coming ycar Weyhope to obtein 2 well-gqualified theoreficlans :
to work full-time at Geneva and possibly another one to work on parﬁ-
time basis. Thercfore the manpower will bes :

3

3. Budget for 1955

Staff expenses 50,000 Swiss francs
Goneral cxpenses 5,000 " "o
Capital expenses 5,000 " "

60,000 Swiss francs

B+ RESEARCH IN NUCLEAR MAGNETISN

l. Outline

Following the explicit recomrcndation of the various bodioes of the
provisional CERN, it was decided to cstablish in Geneva a small
group working on problems -of nuclear nagnctism, using mainly the
equipmont on loan from the Stanford University,” It is proposcd to
include this work in the programme under discussion.: '
The work consists of tho study of nuclcar magnetic resonance under
conditions of extrcmely high resolution (1 part in 100 million).’

. Undor this condition it is possible to study the very fine feature
of the spin~spin interaction of different nuclei in a moleocule which
are of particular intcrest in orgonic liquids. While there exist no
direct relation between this type of research and that dealing with

)
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high cnergy physics, therc can bc no qucstion about its intrinsic
scientific value, By bringing this type of work to Gonova it can
be hoped that it may stimulatc similar work in other laboratorics

in Zurope.

Purthcrmore, it may be pointed out herc that this work requircs the
art of clectronics on a very high level and there is little doubt

that the prosence of this highly-qualified personnel will help CIRN

to attain a high level of competence in the electronics ficld so
essential both for the accelcerators and for the experimental apparatus.,

2. Manpower

The 2 men who have taken up their work here on October 1, should
certainly be kept on for its continuation and besides we want to
foresece at lecast one more collaborator to join them at an earlicr
.opportunity with a small supporting technical staff and possibly,

the use of one further part-tinc mony the menpower will be theroforo:

3 13/4
2 72/3
% 13/4

3. Budget for 1955

Staff expecnscs 120,000 Swiss franocs
Goeneral expcensos 35,000 " "
Capitdl expenses 25,000 " "

180,000 Swiss francs
C. COSMIC~RAYS
1 . Qutl ine

Cosm1c~rayb research is explicitly mcntioned in the Convention (Art. II,
para, 3a) as one of the fields prescribed for CERN's activitics

Apart from its intrinsic value, such rescarch is highly 1mporﬁa1t,
egpscially during the initial years, for the following reasons:

1) It constitutes the nost appropriate training ground for young
physicists who will have to use the machines later ong it intro-
duces them to the bdsic concepts of high-energy physics and to
experimental skills which can be transferred to the accelerator
work almost without any further adaptation. The immediate availae
bility of this source of radiation ot or near Geneva helps 1o
oreate the required scicntific atmosphcere,

2) By starting immediately the developmoent of apparatus usable in
advanced cosmic-ray rcscarch, we insurc the availability, at tho
‘time nceded, of instrument-making personncl and facilitics, and
oven of some gencral—purposc items of equipniont, which will facili-
tatc the starting-up and the dcvclopment of the experimontal pro-
grammce around the aceclcerators.
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A first exchange of views betwecen the Secrctary General and various
cosmic rays experts took placc in the course of spring and summer
1954, both by letter and in discussions held on the oceasion of
various intornational mcetings., Blackvtt, Leprince-Ringuct and
Powell were among the pcrsons interested in these talks, As a con-
clusion it was thought thet, at lcast for the moment, it did not
seem useful for CERN to start a Group to work with nucle ar emulsion
technique in Geneva., This type of work is alrcady going on in a very
satisfactory way in many DBuropean Universities and CERN could con-
tinue, as during the past two years, to function as thc organizing
centre of a wide co~operation taking care of the organization, and
possibly of part of the expcnses involved in boalloon flights oexpe-
ditions, and in the development and improvements of processing and
measurements techniques, About this last point, a programmc is
expected to be sent to CERN by Powell and Rotblat,

-On the other hand, it was felt highly desirable to start as soon as
possible a research programyac based on the usc of fast countor and
cloud chambers tcchniques,

In order to kcep the cosmic-rays programmce within very narrow limits
in respect of budget and pcrsomncl requirements, two sorts of activi-
tices have becn planned:

1) an oxporiment devoted to the mcasurcment of the moan lifc of X
nesons in which cloud chambers and millimieroscecond techniques
are oonblnod. Aa&eﬁaé%eé===?u4* oot %!Pﬂ‘ﬁn"ﬂ"au};:—nuw

¢he—ﬁnﬂe§- It is ;elt that ’cnlu exporlnent W111 offor a .convenient

starting point for the instrumentation activities in these iwo
fields and that its 1ntr1nglc intcrest will introduce the necessary
sense of urgency.

"~ 2) The prosecution of the activities of the gungfraujoch Group working
' with the cloud chamber of 54 x 54 x 24 cm” on thce V events pro-
duced by cosmic rays at mountain altitudes. In fact CERN has
received from Profegsor Blackett, authorized by the D.5,I.R. to
whom the instrumeant belongs, the very gencrous offer to take over
the new cloud chamber operatced by Newth and his team at the Jung-
fraujoch. The transfer will be according to the following schedule:

October 1954 ~ October 1955:¢ two young physicists to be appointed
by CERN will join the Jungfraujoch tcam, One could be appointed
immediately, thc second in a few months. They will learn to
operate the instruments and the rolated tcchniques.,

October 1955 It is hoped that Newth can: obtain a lcave of absence
from tho Manchestcer University in order to join CERN, possibly
with somc of his collaborators. The scientific dircection and
financial support would bec smntircly by CERN. If Hewth stoys in
Manchester, nowovor, tho scicentific and financial support will bo
sharcd,
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October 1956: CERN will take ovor all responsibility.
All dotails concerning this transfer will be arrangod by Amaldi
and Blackectt. '

2.'Man20Wer

- The persomnel required for cxperimonts 1) is tho following:

1 L3 from July 1, 1955

1l IL4 " January 1, 1955
1 L5 " January 1, 1955
2 L5 " April 1, 1955

1 73 " January 1, 1955

Of the above~mentioned 6 people, 2 must be electronic experts and
2 cloud chamber experts. ‘ ‘

Since it is proposed to establish a closc link between this cxpori-
ment and the instrumentation proper, some of the personnel listod
above will be provided by the Instrumentation Scction, possibly on
a time-sharing schedule,

The pcersonncl roequired for cxpcerimonts 2) is the following:

2 L3 from October 1955

2 L4 - " October 1955
115 " November 1954
1 L5 " March 1955

The'personnei required must be composed, at least partly,'of cloud
chambor experts; Newth is included in this scheme,

3. Budget for 1955
Experiment 1)

Staff exponses 100,000 Swiss francs
General expenscs 5c,000 " "

150,000 Swiss froncs

- Experiment 2)

Staff expenses © 82,000 Swiss francs
General expenses 8,000 " "

90,000 Swiss francs
' No Cepital Expenses are forcscen in cither case, since the capital

expenditure of the Experiment 1) will be borne by the Instrumentation
Soction, and that of the Dxperinent 2) will be supplied by the donor,

i
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Observations on the proposed experiment on long lived K -

particles, using fast timing cloud chamber techniques (1).

Previous experiments.

1.1 Keuffel Mezzetti experiments (KM) - (Phys. Rev., 1 Aug. 1954).

| We have measured the decay curve of stopped unstaﬁle cosmic ray
particles using liquid scintillafors and directional Cerenkov counters (2).
Auxiligry information is provided by Geiger counters,connécted to an
BO;channel hodoscopé. The apparatus is shown in Fig.l. Each Cerenkov
counter is a hollow lucite box filled with wéter, painted black on the
bottom and viewed from above by an RCA C7157Ophotomultipliér. The
measured efficiency is 90 percent for.fasth—mesons travelling fowards
the photomultiplierlend, and 0.4 percent for particles traversing the
counter in the Qpposite sense. The experimentally verified Cerenkov
velocity threshold for water corresponds %o E/mc2 = 0.52.

The apparatus was designed to select events of the following type.

A charged unstable particle produced in the generating layer of Pb

passes through the scintillator S and stopé near or inside one of the

Cerenkov counters §, There it decays at rest into an upward—going
relativistic secondary which is detected in T unobscured by downward-going

shower particles. The time delay is measured with a 17-channel
(2,3)

chronotron—type timing circuit . Thevtriggerihg requirements

included the firing of any two counters in the G2 bank. We also later

rejected, by examining the hodoscope pictures, -events where an extension

1) “This Annex is mainly based on the report presented by Mezzetti and

Ballario to the Meeting on Cosmic Rays held in Geneva onh the 9th

and 10th Septembér 1954.

2) J. Winckler and K. Anderson, Rev. Sci. Inst. 2;_765 (1952).
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tray and/or tray G, indicated an air shower and certain other events

_ 1
discussed below.

Our results are shown in Fig.2. The time diétribution shows a
central peak and a well-defined exponential "tail" beginning at about
12.4 ?Fsec. If the lags greater than 12.4J1sec are analysed.by the
method of Peierls on the basis of a single exponential, the mean life
- is 8.7 b 1.0 TPSGC' The systematic error is probably no larger than
the statistical error quoted. The rate of such events, extrapolated
to zero time, is 3.5 hr —1,

Instrumental timing errors were studied in detail by inverting the
Cerenkov counters and triggering on fast~yrmesons and soft showers. The
timing error distributions were consistent with the shape of the central

peak in Fig.2, but could not possibly account for the exponential teil.

We found, however, that large pulses in the scintillatof - as indicated

by a high multiplieity in a hodoscoped Geiger tray below it - produced
a-ghift of 3 to 5 Trsec in the direction of apparenf lags in the Cerenkov
counters (1). ~For this reason, we rejected events in the actual run
‘where more than six counters were discharged in trays G2 or GB.

Time lags might arise from differences in time of flight of two
associated particles. We tested this possibility by displacing’the
Cerenkov counters 50 om to one side, but still maintaining similar
thickness of Pb above and around it. The rate of lags greater than
12.4 ?Fsec decreased by a factor of 20 under these conditions. (See "xB",
Fig.2)} Such a sharp decoherence cannot be agsobiated with particles’
ffq@ a distant origin. We also verified with a neutron source that the

Cerenkov counters had a negligible response to neutrons.

1) "Pulse heights could not be measured directly in this experiment

because of amplifier saturation.
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The delayed events are most reasonably interpreted in terms of bona
fide decays. Many short-lived unstable particles are known, but we wish

to re—emphasize that we detect only those which produée relativistic

secondariés. Thus?f—meéons can be detected only by the materialization of
Y‘rays from the (relatively infrequent) alternative mode-of decay’t{9TT+&'ﬁp
while the TT*}L"QL process will be detected only by the decay electrons.
These'are distributed in time over a 2.2.rsec mean life'and are véry
inefficient in triggering the apparatus compared to long—range‘y-mesons
'from K-dacay.. 4 small number of lags in the microsecond range were indeed
iobserved, but it was not possible in the present experimqnf to analyse
these into 2.2~Fsec and flat random noiée cémponents; we can only say that
the background from such events is at most about 0.5 counts per channel in
Fig.2. (If this background ﬁere doubled it would decrease the méan life
by only 0.25 Trsec.). ' '

The fact that we considered only lags greater than 12.4 ?Psec in the
analysis biases us strongly against processes with mean lives less than
about 4 ?Fsec. Our results should be compared particularly with the results
of the Paris cloud chamber group_(l)) where the minimum time of flight to
the 1oWer chamber is 5 ?rsec. These investigators found a predominant
K-process K —# J; + J, with & unique secondary momentum 223 Mev/o, and it
appeérs likely that we are observing this particle. The Paris group (2)
“estimates the K mean life as 28 ?Psec, but this value is not considered
inconsistent with ours because of their small statistical sample. Earlier
cloud-chamber mean life estimates gave lower and upper bounds of 4 and 10

?rsec (3) (4). In addition to the K -'s, these estimates probably involved

1) Gregory, Lagarrigue, Leprince-Ringuef, Muller and Peyrou, N.Cim.1l, 292
(1952).

.2) B. Gregory, Padua Conference on Heavy Mesons. April, 1954.

3) Astbury, Buchaman, Chippindale, Miller, Newth, Page, Ry$z and Sahiar,
Phil. Mag. 44 242 (1953).

4) Bridge, Peyrou, Rossi and Safford, Phys. Rev. 90 921 (1953).
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other K-particles with mean lives short enough not to show up after‘

22.4 mpseo.

Our rates‘appear to .be cénsistent with cloud chamber and emulsion

rates, but 1arée uncertainties are involved in the comparison.

1,2 Hyams' experiment. (H). The following discussion and the sketch of

the arrangements used are based on the Report of the Conference of

‘ Bégniéres de Bigorre, pag; 14.
Cl and 02 are water—filled Cerenkov counters with white walls, used
as velocity indicators. C is in anticoincidence, so-the partiéle crossing
if must have(gs%%g since the‘total range has to be greatgr than.é certain
amount Ro’ its mass must be Zmo‘ (f;i.nzr’,>m°>m e (Fig.}). 02 is ;ln
qoincidence so that the secondary particle has fo be relat%vistic!ﬁ%ﬁ>f5c
To trigger the chambgr a coincidence of the type S 61 d?n Cé is required;-
the delay between the pulses of S and Cz'is measured.- The information
associated with each picture can be summarised as fqllows‘; .
‘a) a ionising'partiole (pulsé in S and G)-g}gz.and unacbémpanied by any
fast particle (61), enters the chamber;
i)' the particle-is seen to gﬁggginAa Pb plate; this, in connection with
(a), gives a lower liﬁit'mo for the mass of the particley .

¢) & secondary ionising particle is seen to be emitted from the point

where the primary stops; in most cases a change of direction will be
observed; '
'd) the secondary particle is fast, as indicated by the Cerenkov pulse in

02 ("change of velocity" ‘criterion);

e) in most cases.it will be possible to check the change of vélocity |

between the primary and the'secondaryuby comparing the relative

4 e ——— e g

£) the time-lag betwéen‘the stopping of the primary and the emission

of the secondary is measured.



59

The Cl-anticoincidence réquirement'is probably the most severe from
the point of view of the rates. The chance of the primary being un-
accompanied by other fast particles when crossing Cl_has to be reasonably
larges consequently the shower producing layer has to be sufficigntly far
from Cl’ and the useful solid angle will be correspondingly small. It is
important to notice that the.same holds also for CZ’ in order to be able
to use its pulse for the '"change of wveclocity” criterion and fof_the

measurement of the time lag (1t is difficult to obtain good time resolution

- With multiple pulses from the same photomultiplier).

An a4priori estimate of about 1 observation per day was reported by
Hyams at Bagniéres,'but the actual rate is probably lower. 4 rate between
0.2 and O.?/ﬁay would not be inconsistent with KM!'s rate. So far about 10 -

events have been obtained (private communicétion, running time not given), -

in 5 of which positive identification of the event as an S - particle was

possible from the analysis of the cloud chamber picture; the associated

time lags were approximately 25, 9, T, 3, 3 %Fs (average 9.4-?Psec).'

.

2. List of interesting questions about long lived charged K — particles.

A number of interesting quéstions can be investigated by means of an
experiment using the directional Cerenkév triggering technique in

connection with other devices (poésibly one or two cloud chaﬁbers).

a) Possible existence of more than one mean life time, in the range

.ﬁetweén, say, 2 and 50 ?PS'

This requires a very accura%¢ analysis of the shape of the decéy

curve,'and a high intensity experiment would therefore be desirable.

b) Nature of the secondary particle (Ttor‘P)

;‘One way to do this would be to look for “casgade" decay processes
(f;i;K-ﬂ»TT _’)u-ﬁ.e), detecting theﬁ by means of "multiple timing".
If the secondary particle is a 7T+ and is brought to rest within the
sensitive volume of a gcinﬁillation‘counter, the pulses from the
inocoming W and that from the secondary_y can be separated in a éood

fraction of the cases, even if the scintillation counter is rather large;
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the pulse from the decay electron‘will be separated in almost all cases.
If the secondary particle is a 1;'in a good fraetion of the cases it will
give rise io a nuclear star, recognisable from a big.nndelayed pulse
in the counter; VP+'and'Pf will give the same pattern of pulses, the
stopping material being of low Z. '

Anotner possibility, of course, would be to make direct mass measuie-,
‘ment on the secondary particles by scattering-range (?) if a multiplate
cloud chamber is used, or by momentum range if also'a‘magnetic chamber
is available. The first method is probably too inaccurate to aliow a
distindtion between‘ﬂ’andJu, the second is probably not practica;ly i
-feasable because of cost and reduction of useful eolid anglese

c) Charge (+ or =) of the secondarj particle., If the secondary is & TL

meson, the charge can be identified from the appeerance of the pulses

at the stopping, as described above in (b).

If, instead, the secondary is aﬂP—meson,'lts sign can be inferred
from the Z - dependence of the_P-a e decay meanlife; this requ1res the
substltutlon of the low - 2 (organic) 801nt111at10n counter with a hlgh
- Z one (it will probably be possible to "load" a liquid (organic)
vscintillation with some trensparent._ high = Z material without spoiling
its fluorescence). S o ' : ' . ,

Of course; the sign of the secondary (as Welllas‘of the primary)
can be seen directly if one uses a cloud chamber with a sufficiently
: strong magnetic field;.if only the sign and not the momentum is required
a strong non uniformity of the field could be tolerated, which would make .
the problem creatlng such fleld easier and less costly.

d) ' Nuclear interaction properties of tpe,K_me§9n§L__By changing the

atomic number of the material in which the K mesons are prought to rest,
the Z dependence of the apparent mean life time of the K 's can be studied.
This w111 come out 1n a much cleaner way 1f the sign of the partiole is

i

known in advance.
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e) Energy spectrum of the secondaries. The range - spectrum would be

studied best by using a cloud chamber arrangement, which allows the
reconstruction of both the decay'->point of the primary and of the
stopping point of the secondary particle.. L lerge multiplate chamber
,woﬁld be necessary for this. The energy spectrum itself céh be derived

only when the nature of the secondary is established,

). Proposal for a purely electronic ﬁwithout C.C.) high intensity

experiment (Fig.4).
~ The delay between S

1 and T is measured; in addition, the pulses from

82 are displayed on a fast scope (resolving time of the order of 10- 8)
Master s 54 Si‘C Sz. ‘The whole apparatus is high above the fioor, in
order to pfeven% decays happening in the floor to be counted, Estimated

-1
rate of "true'" triggerings (based on KM) : ~1 h .

4. Proposal for experiment including cloud chambers to be made at CERN
(Pg.5). | S
The following events will be sfudieds \ ‘ '
Alhigh—energy particle P-producgs in the plates of the léwer cloud

champer & K-meson and a penetrating shower which discharges the‘scintilla—'

tion counter beiéw the chamber, giving an indicétion of zero time for the
millimicrosecond time measurement. The K-meson comes to rest ip another
plate of the Qloud chamber and its range can be,méasured.‘ With a certain

delay the K-meson decays in a fast upward going particle, which gives a

pulse in the Cerenkov counter if the energy exceeds the Cerenkov threshold;‘

This is the'cése for the charged light mesons emerging from the decay

_of‘kﬁlé:and %p? and part of the %P3 ‘

, Which ocour: not too far down in

the lower chamber., Other events which,wiil be recorded are thoée where

the Ce:enkov counter is friggered by upwardgbing electron pgirs, associated
with 3’-rays from the Qecay of neutral TTQ mesons, produced in the decay

of Kms and K or withb’—rays emitted directly in the decay of the K-meson.

12
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In all these cases the upward going particles will produce a pulse in
the Cerenkov counter which is delayed with respect to the zero-time
pulge from scintillation counter Sl, the delay giving the Qean—life
of ‘the stopped K-meson, The decay particle will after éraversing fhe
Cerenkov counter stop in one of the plates of the upper cloud chamber,
so that its range can be meaéured.

' The experiment, which was originally pr0poséd by Mezzetti is
essentially a derivation from Hyams experiment with cloud chambers to
identify the event, but using the diréctional;properties 6f é Cerenkov
- counter to select only events with an upwaid going.pgrtiple'as in
Mezzetti's experiment. Since this requirement is leés restrictive than
the triggering scheme'usea by Hyams the rate of $rue evenfs is expected .
to be larger. Rough estimates indicate that with a Cerenkov counter
surface of 0,5 m2 about 50 K-mesons per day should be recofded by the
electronic system at 3500 meters. Even at Geneva altitude 2-5 events
should'occur'per day. It is however not known whether the tfiggering
requirement basgd on the direcfionél sensitivity of the Cerenkov counter
is restrictive enough -to reduce tﬁe background to a level which makes
the operation of the cloud chambers possible, without excessive waste

of measuring time. This problem is being studied.
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F1c. 2. Time lag distributions. K4 : regular run, disposition as
in Fig. 1, running time 230.7 hr, total rate 19.8 hr~l. KB test for
lags due to time of flight. Cerenkov counters displaced S0 cm.
Normalized to same running time as KA, so that differences in

absolute rate of lags are significant.
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