


D1 -.4638

B.Pontecorvo

SEARCH FOR NEW STABLE PARTICLES

On the occasion of the 60-th blrthday
of Edoardo Am aldl

5



On the occasion of the 60-th birthday
~ of Edoardo Amaldi o A

Introduction

Everybody knows the extracdinary contribution which Edoardo:‘
Amaldi has given to the development of Modern Physics, from X
ray to molecular Physics, . from his classical neutron investigations
to problems of nuclear techniques etc., not to speak of his great me-
rits in formmg young sc1entlsts and, last but not least in organi-
zing modern Physics in Italy (and not only in Italy')

As a rule the research work of Amaldi is fundamental and
quantltatlve in character, a fact which is evident also in all his
first class numerous books and review artlcles, and yet he occasm—
naly likes to perfome brave, qualitative expemments whose  signi-
ficance is going together with a very small a pmory probability
of fiﬁding a positive resuit (for example, the search for magnetic
monopoles, or.several unbublished old time experiments "a poi'te'
chiuse" performed in Rome), For this reason I would liké to dedicate
the preseht paper to my friend Edoardo, with whom my first steps'
in science are closely connected, . in the hope ‘that he will not
form a too severe )udgement of this extremely naive piece of fan-

tasy.



In modern accelerators, to the development of which Amaldi
in devoting much of his time, the available collision energy is. steadi-
ly increasing, so that the questlon naturally arises among phy51c1sts4
as to whether there migth not exist unknown and entirely unpredlc—'
table - "stable pértlcles" which are produced in such accelerators,

Here stable particles are defined as objects with a mean 11fe

> 10-8 sec; as it will be explaned below, the figure 107 -8 cec is
arbitrary and corresponds simply to the shortest available pulse of
accelerated protons in modern machines,

There has been already performed a number of experiments
in order to search for new stable parhcles/l/ All the relevant inves-
tigations and proposals made up till now are characterized by the
following circumstances:

a) the search is made for electrically charged particles,

b) for the identification of such particles a beam well' resolved
in momentum is analysed and various quantities (momentum, ionisa-
tion, time of flight...) are measured without the decay properties of
the new partlcles being investigated. ' /

Below a method is proposed’ for the . search of both neutral”
and charged "stable" particles, The advantage of a method which
may be operative for neutral as well as for charged partlcles is
immediately evident if one keeps in mind that among the known par—
ticles the number of neutral _object is about equal to the number
of charged ones., ”

In order to discover the new partlcles it is proposed to study

their radioactivity properties with the help of a speCLal method,

The Idea ofthe Ekperiment

’l‘here are reasons. to assume as a working hypothe51s that
new partlcles with mean lives > 10-8 sec mlght exist , that is that'
the transformation of such partlcles into’ llghter particles is strongly
forbidden in some way. As an illustration we could think, for example,

that the decay of the new particle is due to the second order weak



interaction in G , the. Fermi constant being . G - 10?5/ ‘Mp? . Then
the probabii;lty of decay will be -3-—=G ‘g’ where E is $ certain
energy characteristic of the pr;r;ess,‘ If, ‘for exaﬁple, the E —Piypé—
ron had a mass < 1115 MeV, instead of 1315 MeV, its mean life
could be longer than hours! Besides, the existence of a hyperon
with strangeness <2 and mass <1115 MeV might lead to the appea-
rance of long living quasi-;nuclei (a2 sort- of hypernuclei) with special
properties and, in particular, to a new form of radioactivity of matter,
in which the decay energy is not measured in MeV's but is of the
order of 100 MeV, However I wish to stress again that this example
is only an' illustration and the possibility that the metastability of
the new particles, if they realy exist, is to be found outside the
boundaries of th\e knowfv‘n physics seems to me much more plau-~
sible, Such metastability might be related to the existence of yet
unknown quantum numbérs, or to something\elsé, for example, to
an 'unusual combination of known quantum numbers/ 2/.

Generally speaking, the body of information accumulated in
the region of atomic and nuclear physics tells us that metastability
is a property appearing in the most various phenomena, from phos-'
phorescence to nuclear isomery, from the existence of strange
particles to the decay kt s o7t 4 77'(: etc,

I am just proposing to use electronic methods ‘for the search'
of a new type of high energy radioactivity, related to the existence
of particles which,due to a forbidness of unknown nature, decay
with a very long'mean life ( > 10-8 sec), Below the assumption
will be made that these new particles are s.tr()r.lgly scattered by
nucleons. As to the production mechanism of such particles, there .

-will' not ‘be made any hypothesis,

How to Detect the New‘ Particles?

I shall - illustrate here the case when the new particles are
electrically' neutral, Then the discovery. of the neutron and of its

properties tells us how it is possible, in principle, to detect new k



neural particles, As it is well known, neutrons may be detected
in" many. ways: . o ' o o

1. There are detected nuclear recoils in elastic collisions

of fast neutrons with nuclei (especially protons). Such a method
_is- not adequate for the discovery of new particles, because their
flux is expected to be very small, so that the number of nuclear
recoils due to ‘the new particles is negligible in comparison with"
the number ot: recoils produced by neutrons, -

‘ 2. Nuc}'ear' reactions produced by fast neutron bombardment
with the emission, for example, of protons, alpha-particles, etc,,
are looked for, Such a method is also inadequate for detecting
new particles, because their flux is very small,

3. There are observed nuclear reactions (n, y), (n,p ),(n,a);
fission, etc., produced by neutrons after they have been slowed-
down, The possibility of slowing down new particles is not to be
excluded, but since such particles are expected to be generated ’
with an energy of several 1010 eV, the slowing down process
requires very large dimensions of moderator (a fact with greatly
“complicates the detection of the new particles whose intensity is
very small at best), Under certam circumstances, however, (see
below) slowmg, down of new part1c1es could be used.

. 4, There are observed the radloactlve propertles of the neut-
ron (generally speaking, of the nucleon). Today the observation
of the free neutron decay is not a difficult problem; however it is
necessary to have a very intense neutron beam to observe the
decay of free neutrons, The detection of the decay of the new
particles in their free state is a very unpractical proposition,’
especially if theii' mean life exceeds 10-7 sec. But the detection
of neutrons turns out to be quite effective if the decay of bound
neutrons (that is if the beta radiocactivity induced b&rneutron bombard-
ment) is looked for, The ahalog,y for new particles would be the
search for a special type of radicactivity of pseudenuclei, that is
of quasi-nuclei within which the new particle is -found together

with ordinary 'nucleons (I do not call these quasi—nuelei hypernuclei,



because by definition hypernuclei a:re A quasinuclei: hypernuclei
cannot have a mean life muclri longer than "10-10, sec).- :

It is natural to expect that the new particle; (probably pro-
duced together with other particles) in high energy collisions of
protons or y quanta with nuclei, .as a rule will - leave the original

nucleus and then will be "stopped", "either suddenly (after'a few

collisions) or gradually afier slowing down by many collisions, For °

such "stopping" of the new particles a large amount of condensed
" matter is required; I will not discuss here the .corresponding expe-
riments and I shall note that only rediochemistry, which permits
to separate a "pure" source of quasi—nuclei from a large amount
of irradiated material may give positive results (if the lifetime ‘is
long enough),

Below, however, I shall consider the relatlve rare but expem—
mentally favourable poss1b111ty that in a proton or photon colhsxon
with a nucleus a new particle is produced, which is trapped‘ "at
the place of birth" (that is, which is found eventually inside the
nucleus product of spallétion); in such a circumstance, a_radioac—
tive quasi—hucleus, analogous to a hypernucleus, will be ‘produced,

Of course this requires that the new particle is being strbrigly

scattered (and attracted) by nucleons, Thus the experiment, which

will discussed below, consists in the search for a new type of
"radioactivity” (with mean life > 108 sec) in a target, irradiated in
a very high energy accelerator, the radieactivity, being notable for
the high energy of its decay products (hundreds of MeV instead
of MeV's : as in the ordinary radioactivity),

Immedlately there arises the question: what limits on the pro—

ductlon cross section of such particles can be obtained from expe-.

riments already performed? If the mean:life of the new particles
is less“ than_eil few days, there are: no limits for:the cross :sectioh,
because at the best of ‘my'}c»nowledge no relevantexperimehts have
been performéd éome limits -on.. produetion cross sections, for mean

lives greater than say, a few days, can be obtained from the

underground experlments of Reines et al/3/ on the degree of '



aécuracy with which the .baryon conservation law is known. In these -
‘experiments ‘it was found that the carbon nucleus has a mean life
longer than 1027 years (for high energy decays). If we take into
account that the carbon compound, of which the detector was made,
had beé’n irradiafed at the earth surface by a cosmic réy nucleon
flux of 10~4-10-5 cm—2 sec~1, the upper limit for the production
cross-section by nucleons of a radioactive quasi~-nucleus turns

out to be quite large - 10-30 cmZ/nucleus, -

Possibilities of the Method Proposed

Let us aiscuss now what possibilities are given by the method
just proposed, At estimate will be made for the case. of the Serpuk-
hov accelerator, although it is clear that such experiments coud
be performed on an accelerator of the CERN, Brookhaven or SLAC
types. Let us consider for example a mean life of the new type
of radioactivity of the order of daj;rs; in such a case the radiocac-
tivity can be investigated far away from the accelerator, in condi-
tions of low cosmic ray background. In spite of the fact that
radiochemical separations will not be considered here, still a de-
tection efficiency of about 0.2 or more can be achieved. Withan
average intensity of 1012 protons per second, at saturation it is
possible to detect the production of radiocactive .quasi-nuclei with.
a cross section of the order of 1040 cmzlnucl., which corresponds
to about one decay event day. ' If the production cross section.
of quasi-nuclei by protons colliding with nuclei is known, one may
then obtain the cross section for the production of new particles
in nucleon-nucleon collisions after the introduction of a small
coefficient, It isA just the requirement that the new particle is found
inside the spallation product which leads to the necessity of intro-
ducting this small coefficient, the value of which, of coursé, can-
not bé estimated a priori., However, if we fantasticate on the

analogy between the process considered here and the well-known



‘ . ) .
process of hypernucleus production, we may give a rough estimate, .

starting from the corresp@nding, experirhental,da’ba on hypernuclei,
It is known that the probabilities of hHypernucleus production in -
photoplates by K -mesons of energy 3, 5 and 10 GeV are
(3£0,1)%/4/, (2.2+0.1)% and (1.2+0,1)%/5/ of the total nuclear collisi-
on probability, respectively, Unfortunately at present there-are no
available data for higher energy -kaons but from the quoted informa- -
tioh, and also from the fact/6/ that for 25 GeV protons: the fraction
of nuclear interactions in emulsions which results in: hypernucleus
formation is 0.5%, we may guess ‘a value of 0,005 fon the indicated -
small coefficient, , '

Thus the proposed method is capable of revealing cross isec-
tions for the formation of new particles in nucleon-nucleon. collisions
which are ten orders of magnitude smaller than tHe total nucleon-

nucleon cross section (of course, if the assumptions made are true),

Remarks on the Proposed Method .

If possible, the ir_'radiati.on of the target should require a time
comparable with the mean life of the activity which is looked for.
For short mean lives one should use the extracted pért‘icle beam
(at Serbukhov such beam will consist of 30 proton pulses'thé length"of
each pulse lasting 1.5.10-8 sec)); this permits also to take the mea-
surements in the immediate proximity of the target, By means of
the classical delayed coincidence method (when the radioactivity
is looked for in the time interval between accelerated proton pulses)’
one may search for mean lives of the order of 10-8 sec, with effec~
tive beam intensities of a few percent of the fu.ll\beam’ihtehsity
and of the order of 106 sec or more at full beam mtensnty When
investigating mean lives from 108 sec to a few microseconds one
must pay attention to the pion and muon background

- By the " way, when searching for the new type of radloactlwty

with a mean life in the microsecond region, the most adequate ‘beam



time structure is to. be found in electron linear accelerator (SLAC
and Kharkow )', where the beam time length is of the order of micro-
seconds ‘with a repetition rate of 100 Hz. : )

An extracted proton beam is convenient also when look1ngk
for meéan lives less than a few hours, although in such a case
the internal.target may be used,

“The shortest mean life which can be looked for in the internal
target of the Serpukhov accelerator is- 'of the order of millisecond
(as such is the time required to put the target into the beam). It
the  internal target is used, it is highly desirable to take measure-
ments in one of the straight sections, because this allows a larger
solid angle to be seen by the detector at the target. k

In the search for activities with mean lives greater than a few
hours, the internal target can be removed and investigated in condi-
tions of very low cosmic ray background and a high solid angle.
detec’;or. One can consider the possibility of using a liquid inter- :
nal target, which can be easily removed from. the vacuum chamber.

In the search for "radioactivities" with. long mean lives there
are two difficulties which are present also, to a less degree, in
the search for shorter mean lives, ‘

1, The main source of background is due to cosmic ray muons,
the integrated flux of which at the earth surface is about
0.01 crnf2 sec~1, and also to nuclear "stars" produced by cosmic
ray neutrons, It is evidént that investigating the target "radioacti\}itsr“
underground has great advantages in the search for long mean lives,
In the most deep existing underground laboratomes the cosmic muon
intensity decreases by a factor of 108, In such cond1t1ons there
is no background even in the absence of an anticoincidence syster_rl.‘
Such systém, which can easily decrease the muon background by
a factor of 1000 should be used if the measurements are made near.. "
the earth surface, e - ; i '

- 2, The irradiated target is strondly actlve ‘due to the presence’
of spallation products, This has the effect that no_full advantage'k

for decreasing the cosmic ray muon background can be made of the
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fact that a target of very small dimensions (say <1 sz}‘_ can be
used;. as a' matter of fact, there will be marry accidental coincidences
between the counters: through which pass cosmic muons and ‘the
small area counter, placed in the immediate -proximity ‘of the small
‘target. It may be necessary to place a filter between the target
and the detector to decrease strongly the beta rédioactivity.' ]

One of the detector elements must be an energy spectrometér,
let us say a Nal chrystal (or a lead. glass spectrometer, etc,
if high energy gamma’s are looked for),

If the measurements are made at the earth surface it may turn
.out to be necessary to use some kind of track chamber to reject
the events in Wthh the particles are not commg out of the (small)
target. )

Here.l would like to mention another possible registréxtion
arrangment, When a heavy'( Z >> 78'0) quasi-nucleus decays,’fhe
decay products may induce with reasonable probability the fission’
of the nucleus. Consequently there arises the pr:obability of searching
for a "radioactivity" with emission of fission fragments. in a thin
heavy target (made of an element not unciergoing’, spontaneous fission,
let us say Th ) irradiated by high energy particles, The interest
in this arrangement is due to the possibility of detectihg (even
at the earth surface) very rare fission events of a substanée ‘

havmg an extremely high beta act1v1ty

One might also con51der the search deep underground for
a delayed emission of a few neutrons' from a heavy material irra-
diated by high energy partiéles, because it is well known that
a heavy nucleus excited at a few hundred MeV emits many eva-

poration neutrons.

Conclusion
The well known methods of observing neutral particles (deéay
in flight, missing mass spectrometer) are adequate only if the '
mean life is short enough or if the corresponding production cross

section is relatively large.
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It is evident that the present proposal (a searchr for a "radio---
activity" of a special type) is quite ndive, a fact which 1 fully
recognize., However the proposal is relatively simple and, indipen-
dent of the ideas expressed in this paper, the suggested experiment
has a definite phenomenological interest,

It is a pleasure for me to thank R.,Vassilkov, L.Landsberg,
L.Okun, M.Mg-li‘kov, L.Nemionov, A, Ciudakov for support and discus-

sions,
P.S. -

After this paper was written, Dr, Giacomelli has kindly informed
me about an interesting investigation./ﬂ, which is relevant to the
question discussed above from an experimental point of view.
although it originatéd from a completely different "phylosophy'.
A search was made for magnetic monopoles, which might have been
produt:ed in cpllisions “of high energy' protons with nuclei. In order
to detect the products of a possible monopole-antimonopole annihi- -
lation, the authors looked for an high energy radiation from a target
irradiated by 27.5 GeV protons. No effect was found, the detector
being sensible to electrons and photons in the time interval from
0.1 sec to 1 day after the "production of the monopole-antimonopole
pair" in targets of Al , polyethilene and Cy . According to this
investigation the upper 'limit for the production cross section in,
light elements of a radioactive quasi~nucleus of the type discussed
in this paper turns out to be several ordérs of magnitude smaller

than that from reference/3/,
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