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A propoaalrof an experiment oun the search for particles with
"'iﬂhincegral electric charge near the axis of extensive air sho-
‘;;l.rl is doscfibed. Yhe arrangement used for this purpose is con=-
Cy ‘gisted of a cloud chambur, 2 streamer chamber and an lonization
| ealorimeter in a scintillation hodoscope. The measurement has

beaen carried out at an altltude of 3250 m above eea level.

\

Introduction |

One of the main results of the symmetry theory {SU-3, 5U-6)
is the classification of the observed hadrons. The theorctical ana-

lysis has led to the conclusion that the existance of fundamental

particleafl'ﬁl of which the hadrons, in particular, may be coa-

posed, is possible. Thus, according to the uorks/I'zf, these par-
ticles constitute a triplet. kach member of the triplet, yuark, has
a nonintegral electric charge (1/3 e, 2/3e}, The lower limit for
the mags of these particles is about 6-I0 GeV/c according to the
estimation of the work/5/,

At present a great number of accelérétor/7'11/, as well as
cosmic ray/12'36/ experiments on the search for quarks with non-
integral charge and for heavy particles with integral charge have
been performed/25'36/.

The results 9r these works are given in Table I, {lt is taken

only the data with the most astatistical accuracy).

Table 1

L ]
Type of Particle Altitude of Upper limit for the Reference
QObservation absolute flux of the

particles )

(crﬂz.set.‘..sst.t-:r'ac“_l
<uarks with Sea level 1.7 - 10-iv 36
charge 1/3¢

e Y

wuarks with Sea ievel 1.4 - 10719 3%
crarge 2/3c . B -
Heavy narticles 3200m above 5,0 10-14 26
with nonintegral seua level
or integral
aharde
Fon tuarks B0 m water 1.5 - I0-% e
wivn conree 3440 eguaivalent
Muon gquarks 2200 m water 1.5 + Ii - o 15

with charge 2/32 ajuivalent
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In all the works refered here only one particle was required
t0 pass through the detectors, i.e. pérticles accompanied with
.showsrs were excluded automatically by means of various experi-
mental methods.

In fact, all the above mentioned experiments have not proved
the exlstence of particles with nonintegral charge.

However, the theoretical estimations for the guatTk production
cross sectlon are too small to confirm that the values experimen-
tally obtained for the upper limit for the flux of the quarks do
not sh;u the existence of quarks, '

Thus, according to/26' 37, 38/, the quark production cross
section in the nucleon-nucleon ;ollisions is = 1Jubarn/nu§1 in
the case of a quark‘with a mass & GeV/c? , and abouﬁ 0.03

j“ barn/nucl in the case of a quark with a maaa.IO GeV/c2 aecor-
ding to/39/ .
' /u0/

Mec Cusker et al have juite recently reported a new ox-
periment on the observation of particles with 2= 2/3e. They af-
firm that studying the central regions of the extensive air sho-
wers (EAS) with high energles (k,>I0'° ¢v) in a cloud chamber,
among 5.10“ tracks thef nave observed 5 events with an iorization
{0.48% 0.05)Imin.,wh‘ich may be identified with yuarks with Z= 2/3e.

This work has roused great interest for the following reasons:

I. If the quark mass is ~ (I0+50) GeV/c® , which follows
from the Me Cusker estimations, then it may be produced only in
the colliasion 6f nuéleons with ultrahigh energiea-( > IOlb V).
Meanwhile, the tAS are the only source of information about tne
ultrahigh energles. .

2. Studying the nucluon (nuclear active} component of the

=ib, a signitiecant increase of transverse momentum of the secon-
3 o/ hO-e2/

is observed,

2ary particles at primary energy > IDI

-3~
fhe above mentioned anomaly may be explained by assuming the exis-
tence of strongly interacting fields arising, in particular, at‘the
quark-antiquark type of interactions.

Since this work is of special interesF for us, let us ‘consi-
der it in more details.

The arrangement used for the search af quaika near the axis

"of the EAS was coneisted of a cloud chamber {CC) 25 em in height

and a system of scintillation counters for selecting showers ac-
cording to the particle numbers.

The "strange" tracks, i.e. the tracks with low ionization
had I0 c¢m length (and even ~ 20 cm in one ernt) in the il-
luminatéd zone of the CC.

The guthors found that neither the fluctuation effects (the

frequency of the appearance of the tracks with low ionization sig-

‘nificantly exceeds the expected fluctuation) nor the Chudakov

effect {the ionigation all along the length of the tracks 1s half .
the normal one), and the constructive peculiarities of the given CGC
{the adjacent parallel tracks are of good quality and clearly seen,
the diffusion widths of the ™quark" and the remained paraliel
tracks are of the ssme magnitude ebc.} may éxplain the above men-
tioned tracks.
quite soon aftér the publication of the work/hD/J the firat

comment&/hjl where there were pointed out some factora whieh ceuld

bring to an uncorrect identification of the tracks in CG have been

appeared.
) Juid

It seems to us tﬁat the only sericus argument against the
inverpretation of the uork/Lb/ is the lack ol knowleuze of tne ex-
perimental curve of the ionigation fluctuavion in <o, whiab brinse

to an ambiguous interpretaticun of the "strange” guatrklire LICKE.

DTN
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Thuas, for erample, from the works of a number of authors/“"l‘af :
who have measured the relativistic particle ionizatiom in the CC

by eommting the drops of the tracks, it fcllows that the fluctua-
tiem of the drop number in CC operating in comditions similar to
those of the work’*” L.y be 9, II and I3 %. Then the expected
number of the tracks with ionization imitating t.)u yuarklike tracks
{ I/Imin= 0.45% 0.5) of the total number of 5.10° cvemts will be
0.006, O.4 and 5 particles, respectively. In other words, the 5

/40

strange tracks of the wor may be completely explaimed as the

passage of "normal" particlea.

Ju3f

Thus, the comments show that the results of the empe-i-
mmn/“D/ must be taken carefully. On the other hand, we cam not
affirm that these results are simply mcoz;rect.

In this connection, within the scope of the idea of the ex-
neriuenﬁ {search for quarks im kAS) we plam a similar axperi-lant
.changing the method essentially.

Two approaches are possible: I} to measure preliminarily the
lonization distribution dispersiom in CC; 2} to measure the pri-
mary ionization taking into account its pure Poisson dist.xjibu-
r.ionﬂ'g/. 49 it is well known, it is possible to create such con-
ditions when In a streamer chamber is messured the primary iomisga-
tion {the number of the primary collisions) which cbeys namely the
Poissom distribution (but not ;'.he Landau distribution, in partieu-
lar).

The preject proposed below is based on the development of the

above stated remark.

Some Information on =AS

a) The relations between the particle newber in caS and the
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energies of the shower, and the primary particle producing the sho-
wer. )

Measuring the total number nlc ¢of the electrons in the wAd at
a given observation level with a sufficient accuracy, it is possible
to go to the ahower energy EA(e , and then using this estimation,
calculate the energy E, of the primary nucleon (nucleus) genera-
ting the shower with tbe partial numhar Nt at the given observa-
tion level.

The magnitude Eﬂe may be& calculated with a certain accuracv
in the frames of the electromagnetic theory. Thus, according to the
work/ "9/ Ege = (2.7%0.2) Ne o . where 3 is the air critical
energy, and E* is measured in eV¥. -According te a more recent
data’®  Epp = (30t0.11PANe -

Howeve;', the development and the passage of the extensive sho-
wers can not be described oniy with the help of electromagnetic
theory: it is necessary to use also the data on the nuclear cas-
cade process. Many of the characteristics of this process are not
known. For this reason, in order to go from Epe to Eu {or from
Ng to E,) various approximations are made. Thus, for instance,
in the works/u’sll, for various primaries it has been calculated
the dependence of h’g on Eo by the sonte-Carlo methoa taking into
account nuclear interaction models.

/al-56/ .
Using the data of the works , one may show that in the

case of energies (1015-.'— 1016) eV
E=13+ 12).109 Ne for the primary proton - {1a)
and E= (34 20).10°N, for the primary nucleus of the type £ (1bj
b) Spatial distribution function of EAS in the neighbourhood
of the shower axis.

Analyzing the spatial distribution of the electrons in the
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: -shower, it is necessary to note that the Coulomb scat.t.éring of the
electrons 1s the only mechanism of the spatial (angular) extensi.on
taken into account in the available theoretically calculated dis-
tributions. kishimura and Kamata/‘j?’sa/ have calculated the total
ﬁumber of the particles ln the shower at any depth and various va-
lues of the age parameter S .

Fizs [ and 2 show the experimental data on the spatial dis-
tribution function for individual showers with particle numbers '
Ne "'105‘and f\le ~IO7 at sea 1eve1/59/, a8 well as the theoretil-
cal curves of Nishimura ana Kamata.

Fig. 3 shows the curve of tht particle density dependence on
the distance [or the central regions of BAS with Ne = 105+ IO3 at
an altitude of 3260 m above sea level‘/bo/. According to the
worksb?’be’{- the distribution function of the eiactrkms near the
axis is given bﬁr the expression

{- (1’.} ~ 52

The nuclear active component of EAS and ites spatial di;tribu-
tion function have been investigated experimentally in many works
{in particular, in the works/él'&/. The analysis of these works
- leads to the followlng conclusions:

I) In the case of ri$ with E,2 10%°

e¥, the nutlear active
particles with energies E.,a %U GeV are concentrated mainly in the
neighbourhood of theé core (T < 3 m). Thus, the density of the nuc-
lear actlve paft.icles is 2 particles/m® atT = 1.om while it
is ~ 0;3 particles/m® at 7 = Ik m. About 80 of the hadrons with
E> 100 GeV is concentrated in an area near the shower axis with
T~2.5 m, '

2) The intensity of the nuclear active particies with E >

> I00 Ge¥ in the showers with¥ = 10° and 106 particles at an

' ticlea in them at mountain altitudes is glven in the work

==
atmosphere depth of . 800 gr/cm2 is I00 and 60U particles, respec-
tively. ’
c) The intensity of t._he EAS as a function of atmosphere depth,
and the number of particles.
The depend#enl‘:e of the number of b on the observation height

has been investigated in many papers/&*'b?/.

Fig.li shows the re-
sult of these investigations, the intensity of LAS, ‘as a funetion

of the atmosphere depth. As it follows from the figure, at an al-

" titude of 3250 m above sea level (700 gr/cmz) the frequency of the

showers with particle number > I0” is I0-I2 times the shower fre-
quency at t.l'_ge sea level, and 2,543 times the s.houer frequercy at
an altitude of 2000 m above sea level {800 gr/cmz). ‘

The dependence of the number of rAS on the number of the rar
/68/_
The total number of the particles at an altituve of 3330 ® above

sea level when Nrc> 3,510 5 1s

. 20 _Ne
S (> d,_)'-‘- (1.1t 04d ) -0 : (3.5 fo% )(h,ou.r.s)‘*rn'a 2

d} The fraction of the pure electron-photon showers (without
nuclear active component) in the absolute flux of mdS.
Tt is of a certain interest to estimate the contribution of

the EAS, in which the nuclear active component is about

( Eq.a<Qd Eef. ph. }, to the total flux of niS. These estimations

have oeen carried cut in the uorklég/.

ln' the case of showers with N¢> 10" and > 105 rarticles,

the fraction of the pure showers is 4u-+50p and 3545w, respec-

tively.

R
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I1. bescription of Lhe proposed arrangement

a) MNéthod of the measurements,

Trie schieme of Ln. experimental arrangement is given in Figs 5
and 6, It is assembled on the basis of the arrangement designed for
measuring ﬁhe.characheristics of the nuclear interactions of pouitive
and negative nuclear active‘particles with various matters/70/.

A system of hodoscope scintillation counters: serves as a detec-
tor for selectfhg the events {the eab with I%E > 107 particles are
selected}. The counters I-4 are located near the geometric center of
the arrangement (T =1 m), while the counters 5-8 and 9~12 are moved
away from the center (=4 m and %= 10 m). &ach counter has a sur-
tace of .2 m? (45x45 cmz).

A cloud champer and a streamer chamber are used as a detector
for particles with noninteéral chérhe. The search for particles is
realized by measuring the ionization in both chambers.

The Go of dimensions YI4x820x40C mm> (w300 I) is illuminated
with the help of 4 mm flash lamps of the type IFP-4Q0 from both
sides (parallel light beam) which provides the illumination of the
whole volume of ﬁﬁe GC. The chamber is placed in a heat-isolabing
oox in which the thermostability 1s maintained (with an accuracy to
3.1% €). Tue wumperature gradiant is ¢,03° ¢ per I cm. The CC 1is
photographed in zones by 7 stereo objectives (all the ecbjectives are
assembled in a speclal camera, prepared specially for measuring the
ionization of the tracks;. The rescluvion is 0.1 mm along X and Y,
and is 1.5 mm along %, which allows to measure the ionization by
counting the arors witn density of 10 arops/cm. The widih of the
fila is BG wm.

The chamber woriks by a long expension system with an expension

Y-
eycle of 5 min. The CC used for this experiment presents important
advantages over that used by Mc Cusker in.che following parameters:

I) Dimensions (the track length is 80--90 cm instead of 20 cm)

2) The illumination uniformity

3] The accurate system of photographing (sharp image of' all
the tracks in various depths of the chamber)

The streamer -amber (SC) may be placed as over, as well as
under the PC. It would be very desirable to use the SC {or measuring
the primary ienization /the Poisson distcibution (see Introductioni/
Dolgoshein et al/71/ have succeeded in measuring the primary ioni-
zation of the relativistic particles with an accuracy s 2% in a
small volume SC. In the 5C of large dimensions, necessary .or the
suggested experiment, the accuracy for determining the primary ioni-
zation will bte ~ (5=10)%. The SC 1s now in the course of prepa-
ration, and i: open to the questior of its using.

The calorimeter is jocated under the Enamburs, and is designed
for the chéck cetermination uf the shower axis, és well as for mea-
sufing the ¢nergy of Lie nuclear active component "of the »AS. In

~case of recrssity, the ionization chambers may be replacea by scin-
tillatior eounters. The calorimeter allows to measure the energy
up to the 5,164 a¥. .

b) Triggering of the arrangement

The trigger pulse of the arrangement has to provide:

1} Aceurate selection of the ;housr- with Ne= (107 106) par-
ticlee correspondipg to £ = \1012+ Iﬂlb} oY,

2} The passage of the axis of the sAS through she center of
the arrangement (through the partirle detectors)

Two kind of triggering pulses are foreseen !or our arrange-

ment. In the case of the first variant the showers are sdlected
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by the. fourfold coincidences of the counters I-1V¥, V-VIII with

an anticoincidence in 1X-XII., Such a triggering provides the recor-
ding of the showers \-'it.hl'é> 105 particles And' the passage of: the
axls of the kAS through the chamber and the calorimeter.

In tke caae of the second variant, the selection takes place
by the fourfold coincidences I-IV, twofold coincidences V-VIII,
and the pulses from the calorimeter. Such a version of_ measuranents
provides the registration of the LAS in which the presence of the
nuclear active component is obligatorily required. If cne. takes
into account that the high energy nuclear active particles pass
in the neilghbourhood of the axzis of the cAS, then in this variant
the passage of the axis through the particle detector would be
guaranteed.

It 18 required to reco‘rd the following densitles of the sho-
wer particles by means of the counters 1 12: In ihe counters I-1IV
the threshold of the triggering corresponds to 20 particles (IQO
" particles/m?) with possible threshold setting > 30, »50 and > 100
particles, In the counters V.VIII the triggering threshold corres-
ponds to 10 particles with possible threshold setting > 15, »>20,
> 30 and > 50 pa-rt.icles. In the counters IX-X1I the corresponding
valuea are > 5, >10, >I§ and >20 particles. The triggering
thresholds of the cou-nt.qré have been chosen taking into account
the data on EAS (see 1)

¢} The expected number of events. ~

The number of EAS with Mg > 10° particles at an altitude of
3250 m above sea level is. &~ 5 events/m? per day. In the case of

our arrangement, the frequency of the KAS is ~ 1 event/day. Using

the spatisl distribution function of the particles in the eAS,

«1I« "

one may Show that during a year'of measurement ~ 80 thousand
particles will pas through the cloud chamber, and the statistics
will be about 5.101" (if the useful operation time of the arrange-

ment will be ~ 0.6 of the whole time). .
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Fig.2.

Fig.k.
Fig.5,
Fig.6.

Figure Captions

" The spatial distribution lunction for =45 with particle

number 105 at sea level.

7. The spatial distribution function for maS with particle

number ~ I0° 4t sea level.

The density of the particles in #AS as a function of the
distance from the central regions.

The intensity of KAS as a function of the atmosphere depth.
The schematis c¢ross section of the arrangement (front view)

The schematic cross section of the arrangement (top view).
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