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Abstract
Abramov V.V., Arbuzov В.А., Baidin B.Yu. ei al. A Search for Anomalously In-
teracting Stable Particles in the Mass Range from 1.0 to 1.8 GeV/c2;THEP
Preprint 86-119.- Serpukhov, 1986. - p. 12, table 1, figs.: 7, rets.: 12.

A search for stable С >10~® s) anomalously interacting particles with
the charge Z=+l has been performed in the mass range from 1.0 to 1.8 GeV/c .
Secondary positive and negative particles with mean transverse momentum
3 GeV/'c produced in the collision of 70 GeV protons with the lead target
have been investigated. Upper limits for invariant differential production
cross-sections of anomalously interacting particles (].8xlO"

3
^-

-9.5x30"
32
 cm

2
xGeV~

2
) per lead nucleus have been obtained at the Э0% C.L.

Адяотяция

Абрамов В.В., Арбузов Б.Л., Балдин Б.Ю. и др. Поиск аномально Поаимодействуклаих
стабильных частиц с массами от 1,0 до 1,8 ГэВ/с~: Препринт [1ФВЭ 3G-II9. - Серпу-
хов, 1Я86. - 12 с , 1 табл., 7 рис: библиогр.: 12 паов.

Проведен поиск стабильных (г " Ю~° с ), аномалы!О вэаимодрйстеуюишх частиц
с зарядом Z =+1 в интервале масс 1,0-1,8 ГэВ/с^. В эксперименте исследовались вто-
ричные положительно и отрицательно заряженные частицы со средним погн речным
импульсом 3 ГэВ/с, образующиеся в результате взаимодействий 70 ГяВ протонов со
свинцовой мишенью. Получены верхние границы на 90% уровне достоверности для
инвариантных дифференциальных сечений образования аномально взаимодействующих
частиц (1,8х10"^-9,5хЮ~32 с м 2 х ГдВ- 2 ! на ядро свинца.

(QИнститут физики высоких энергий, 1986.



INTRODUCTION

/1 2/
In theoretical papers ' ' studying the influence of mul

tigluonic exchanges on the shape of a confining potential

of coloured charge interactions it has been noted that with

the increase of the distance between the coloured objects

there is a possibility for the potential to change its beha-

viour from linear growth to the Coulomb fall. In this case

we have an "incomplete confinement" of colour, i.e., a prin-

cipal possibility to produce coloured states. Besides, it

has been shown that production of objects with the octet

coloured and integer electric charges, e.g., oclons'
2
' with

a mass exceeding that of proton may be energy advantage-

ous. The introduction of an oclon is necessary to interpret

the effect of anomalons. The evidence appears in the expe-

riments on the collisions of relativistic nuclei'^--iv. ^
e
_

sides from oclons the anomalous deuteron with a coloured

octet charge may possibly exist in the mass interval bet-

ween protons and deuterons in the case when the oclon-nuc-

leon binding energy is sufficiently high. The energy pro-

duction threshold of a coloured particle should be decrea-

sing with the increase of the atomic number of a target nuc-

leus. Their main difference from usual particles is the

anomalously large value of the interaction cross-section

with nuclei ст^Ю"
23
 cm

2
 due to a coloured polarization of

the nuclear matter. As a result a probability of a coloured

particle absorption in the matter depends mainly not on the

nucleus size but on the concentration of atoms in the volume

unit. In addition to the proposed coloured objects there

are also theoretical agruments'
6
' in favour of the existence

of a 1.025 GeV/c
2
 stable barion (1=3/2, J

P
=l/2

+
).

A search for new long-lived particles in the mass range

3.1-1.8 GeV/c
2
 was carried out in a number of experi-

ments/7-9/ along with a study of meson and barion produc-

tion in proton-nucleus interactions at small transverse mo-

menta. In this case the discovery of particles with the



anomalously large interaction cross-section was not the

goal of the experiments. Calculations proved that the int-

roduction of absorption corrections for coloured particles

in the set-up matter led to the restrictions on production

cross-sections of new objects, coinciding in the order of

magnitude with ^-meson cross-sections.

On the basis of theoretical predictions a search for pro-

duction of a long-lived (
r
 > 10"^ s) anomalously interac-

ting particle with mass from 1.0 to 1.8 GeV/c
2
 was under-

taken in the proton-nucleus interactions at 70 GeV. In order

to decrease the energy threshold and possibly to increase

a relative yield of coloured objects, the experiments were

carried out with the lead target. In contrast to the pre-

vious experiments the range of large transverse momenta of

particle production was chosen and much attention was paid

to reduce of amount of matter along the detection pion.

1. EXPERIMENTAL ARRANGEMENT

The experiment was carried out with the focusing double-

arm spectrometer (FODS)/
1 0
/. The lay-out of the set-up units

in each arm is shown in fig. 1. Particles emitted from the

н ми

50, м

Fig. 1. The lay-out of the detectors in the FODS arm. IM Is a monitoring
system of the proton beam; T is a target; L is quadrupole lenses;
С are threshold Cerenkov counters; M are magnets; S are scintilla-
tion counters; DC are drift chambers; SC is the spectrometer of
Cerenkov rings; H is a hadron calorimeter; MU is a muon identifier.

target at 160 mrad to the proton beam were detected inde-

pendently in the spectrometer arms. Magnetic optics (focu-

sing lenses, a bending magnet M-. and a spectrometric mag-

net M2) was tuned for a definite charge sign and mean par-

ticle momentum. The total momentum acceptance of the spect-

rometer arms was+20%. A part of the spectrometer from lens

Lj to magnet Mj including a threshold Cerenkov counter was



evacuated. The Pb target 0.05Л thick (A is a nuclear absorp-

tion length of protons) was put in the beam of slowly ext-

racted protons with the intensity from 5x10^ to 10^2 ppp.

The cycle duration was about 1 s. The beam intensity, po-

sition and size were measured with a secondary emission

chamber system. The spectrometed FODS comprised various

particle detectors.

Scintillation counters З^-Бз were made of a polysterene-

based scintillator. Their total thickness along the beam

was 3 cm, which corresponded to three nuclear absorption

lengths (
x̂
) of the searched anomalous particles. Signals <

from the counters were used for trigger. Signal amplitudes $

were processed to find ionization losses dE/dX in these со- f

unters. |

The length of the gas radiator of threshold Cerenkov \

counters C2 and C3 was 4.4 and 2.2 m, respectively. The \

flanges were made of 2 mm thick steel. Freon-13 was used j

as a radiator. Gas pressure in C2 was chosen so that the j

proton detection threshold corresponded to the lower limit !

of the spectrometer momentum acceptance. A signal from C2 '

was triggered in anticoincidence with signals Sj-S3,which ;

suppressed proton and lighter particle detection. The coun-

ter C3 was installed only in one spectrometer arm and al-

lowed to select particles with masses smaller than that of

a deuteron. The number of nuclear absorption lengths of

coloured objects at various gas operating pressures changed

in C
2
 from 1.4 to 1.9 ^

x
 and in C

3
 from 1.8 to 2.2 A

x
.

The drift chambers together with magnet M2 were used to

measure momenta, angles and coordinates of the charged par-

ticles passing through the spectrometer. 12 chambers with

space resolution of 0.2 mm were installed in each spectro-

meter arm.

A hadron calorimeter was placed only in one arm. It con-

sisted of 40 steel layers each 20 mm thick interleaved with

5 mm thick scintillator layers. The light was collected

with six strips of the shifter adjacent to the scintilla-

tor edges. The transverse dimensions of the calorimeter fi-

ducial volume were 100x60 cm . The energy resolution was

a(E)/E=87/vl: (%),

where E is the energy in GeV. The calorimeter was used to

measure the particles energy. An energy-momentum comparison

gave information on the value of the electric charge^

The spectrometer of Cerenkov radiation rings

was the main device to determine particle velocity by the



measured angle of Cerenkov emission. SKOC had 24 indepen-
dent channels of hodoscope photomultipliers (HPM's) detec-
ting the coordinates of Cerenkov photons in the focal plane
of a spherical mirror. Freon-13 was used as a radiator voi-
der the pressure of 6.5 atm. A 380 mm in diameter SKOC ent-
rance window was made of 2 mm thick steel. An aperture
scintillation counters S3 determined the secondary beam
size within the SKOC entrance window. The range of measu-
red angles of Cerenkov emission was 40-105 mrad. The ave-
rage number of fired HPMs per one event was 12. The spect-
rometer was calibrated with n-and K-mesons and protons,
their mean momentum being 13 GeV/c. Cerenkov light of these 2
particles covered the total length of НИН photocathodes. I

The experiment was carried out at mean momentum values f
of 21.5, 19.2 and 16.9 GeV/c for positive particles and \
19.0 GeV/c for negative ones. The total number of nuclear \
absorption lengths for coloured objects in the set-up mat- \
ter from the target to the back side of SKOC gas radiator I
was in these^runs: 7.6, 9.5, 10.4 and 7.6 A

x
, respectively. j

The counter C
3
 was not used in the measurements with<P>= j

=21.5 and -19.0 GeV/c (the sign of the momentum value cor- i
responds to the particle electric charge). The main part of
data was collected with the suppression of protons and
lighter particles in the

v
trigger. A certain inefficiency

of the Cerenkov counter Cj near the threshold resulted in
the detection of a small number of soft protons (antipro-
tons) from the momentum range captured by the spectrometer.
The average number of triggers per accelerator cycle varied
from 10 to 100 in different runs. The highest particle rate
was ensured by the counter 6

2
« It did not exceed 10

6
 par-

ticle/s. A part of experimental data was obtained with the
trigger without light particles suppression, which allowed
to determine the total number of secondary protons (anti-
protons) passing through the spectrometer. The main experi-
mental data are presented in Table, where N̂ .

r̂
_ is the

number of events recorder on the magnetic tapes; N
trac

ij
is the number of events after the geometrical reconstruc-
tion; N /£-% is the number of secondary protons (antiprotons)

having passed through the set-up.



Table

P, GeV/c

N t r ig

Ntrack

NP(P)

1

2

1

+21.5

.2xlO5

.OxlO4

.5X106

4

1

8

+19.2

.7xlO5

. lxlO 5

.5xlO6

5

1

+16.9

. lxlO 5

.4xlO5

.lxlO 7

-

1.

3 .

1.

19.0

3xlO5

7xlO3

lxlO 5

2. DATA PROCESSING

The initial stage of data processing included verification

all experimentally measured values responsible for the set-

up operation. The data obtained with the values outside

the allowed boundaries were not used. A standard geomet-

rical reconstruction procedure was used for data handling.

It was previously used in various experiments with FODS^
1
^.

The particle momentum was determined by measuring the ben-

ding angle of particle trajectory in the field of the spect-

rometric magnet. The error in the momentum value was about

3%. To suppress the background from electromagnetic showers

and from particles which did not originate in the target,

the particle trajectories were reconstructed into the rarget.

The events which were not geometrically reconstructed or

not reconstructed in the target were excluded from data pro-

cessing. Besides, only опз particle was to pass through the

set-up during the drift time of the drift chambers and SKOC

(500 ns) per each triggering.
 v

A processing of the information from SKOC was arranged

in the following way. First of all the mass value for each

responded spectrometer channel was calculated using the mea-

sured values (Z is the photon coordinate on the HPM photo-

cathode; C
x
, C

v
, X and Y are direction cosines and particle

coordinates at the SKOC entrance; P is the particle momen-

tum). Then only those masses were selected which made up

a cluster. Other values were considered to be background.

The average mass was determined from the selected values by

minimizing a functional which takes into account the measu-

rement accuracy and Coulomb scattering in the SKOC matter.

Fig. 2 shows the mass spectrum of positively charged par-

ticles obtained in the experiment, the mean momentum being



21.5 GeV/c. The mass squared resolution of the Cerenkov
spectrometer in the momentum range from 15 to 23 GeV/c va-
ried from 0.025 GeV2/c4 to 0.050 GeV2/c4 (standard deviati-
ons).The background in the mass spectrum between peaks can
be accounted for by inelastic interactions of particles in
the SKO(5 matter which was 0.07 of a nuclear length of proton
absorption.The characteristic features of such events were
the cluster low multiplicity and a large number of backgro-
und counts.These peculiarities allowed to reduce the back-
ground down to 3x]0~4 of the total number of particles with
the 93% detection efficiency.
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0.0 0.5 1,0 1,5 2,0 2.5 3,0 3 5 M

2,GeV*c'

Fig. 2. Mass spectrum of posi t ive p a r t i c l e s at mean momentum 21.5 GeV/c.

At the initial stage of the experiment the new particles
with positive electric charge were searched for in both
spectrometer arms at 21.5 GeV/c. Only those events were
selected in which a signal from the counter Cg was absent.
The mass spectrum of particles detected in SKOC after the
selection is shown in fig. 5a. As is seen in fig. 5a, only
peaks from deuterons and protons are present in the dist-
ribution. Events observed in the mass range from 1.0 to
1.8 GeV/c^ are completely described by the background from
deuteron interactions in the SKOC matter.



At the second stage of the experiment a threshold Ceren-
kov counter C3 was installed in one spectrometer arm. It
enabled to select particles with masses smaller than those
of deuteron and thus to suppress the background caused by
them. However, this modification in the experimental arran-
genemt resulted in the a larger amount of matter along the
beam path. Two measurements concerned the search of partic-
les at<P> =39.2 and 16.9 GeV/c. The particle momentum dist-
ribution at <P> =19.2 GeV/c along with the detection thres-
hold of protons in the counter C£ and of deuterons in the
counter 63 are presented in fig. 3. The major fraction of

16 17 18 19 20 21 22 23 P.GeV/c

Fig. 3. Momentum distribution of positive particles at <P> =19.2 GeV/c.
1 is the proton detection threshold in the counter <?2; 2 is the
deuteron detection threshold in the counter £3.

deuterons did not produce Cerenkov light in C3 and there-
fore was excluded from data processing by introducing a
lower cut on the signal amplitude. Masses of the events
with momenta higher than the deuteron detection threshold
were determined by the signal amplitude from Cg. In this
case the dependence of the signal amplitude on particle
velocity found with SKOC was used. The mass distribution
of n-mesons, protons and deuterons obtained with this met-
hod is shown in fig. 4. The accuracy ̂ of the mass measured
by the amplitude of the signal from C3 was considerably



worse than that measured with SKOC. However, it turned out

to be sufficient to select fraction of deuterons. Events

with masses exceeding 1.8 GeV/c
2
 were identified as deute-

rons or heavier particles.

0.0 U5 1,0 15 2.0 2.5 Я0 3,5

Fig. 4. Mass distribution of "-ееsons, protons and deuterons obtained
with the threshold Cerenkov counter Cg.

In figs. 5b and 5c one can see mass spectra of the

events satisfying selection criteria of Cerenkov counters

<L and C
3
 at <.P>=+19.2 and 16.9 GeV/c,respectively. In

tnis mass region there is one event with the mass of

1.13 GeV/c2.The expected background from protons and deute-

rons interactions in SKo6 is about 0.1 of the event. The

event found may be connected with soft protons which due to

multiple scattering entered the SKOC aperture. It results

in the error in the momentum measurements which leads to

the based mass value. The estimation of such a background

yilded the value of nearly one event.

A search of particles with negative electric charge was

carried out at <P>=19.0 GeV/c. A threshold Cerenkov coun-

ter was not used, since the antideuteron production cross-

section in comparison with that of antiprotons was negli-

gibly small. Gas pressure in the threshold Cerenkov coun-

ter C
2
 was 10% lower than in a similar run in the negative

beam. It was done in order to have in the trigger a small

8



number of antiprotons necessary to monitor the apparatus.
The background from antiproton interactions in the SKOC
matter was completely suppressed by imposing limitations
on the momentum of particles under analysis (P>17.3 GeV/c).
Fig. 5d presents the mass spectrum of the selected events.
As is seen in this figure, no new particles were detected.

Q8 1,0 1,2 1,4 1,6 1.8 2,OM,G*V/C
2

Fig. S. Кваа distribution of positive particles selected for the study
at mean momenta 21.5 GeV/c (a), 19.2 GeV/c (b), and 16.9 GeV/c (c)
and of negative particles at 19.0 GeV/c (d).

RESULTS

The data analysis resulted in the 90% C.L. upper limit
on the invariant differential production cross-section of
new stable particles (r > Ю "

8
 s) with electric charge +1,

Since threshold Cerenkov counters were used to select
events, the momentum range of search for new particles was
dependent on the mass value. Counters C

2
 and C3 strongly

influenced the limitations near the proton mass and above
it (1.4-1.8 GeV/tf), respectively. Besides, the studied mass



range was not completely covered by SKO6 at momenta smaller
than 20 GeV/c. The detection efficiency versus mass is shown
in fig. 6 for each of the mentioned factors. Finally limi-
tations on the production cross-sections of new stable par-
ticles vs mass (fig. 7) were calculated. The solid line
corresponds to the particles with a standard hadron absorp-
tion cross-section. The dashed line shows the anomalously
interacting particles with^slO"23 cm2 per nucleus. This
limit is conditional since it strongly dependens on theo-
retical predictions of absorption cross-sections, which
may be valid within the order of magnitude only. The data
obtained in different runs with positive particles were
summed up. The mean transverse momentum of negative and
positive particles turned out to be 3.0 GeV. The levels
of proton, antiproton, deuteron and antideuteron production
cross-sect ions at<Rj.>=3.0 GeV/c are shown in this figure
for comparison.

These limits are also valid for particles with fractio-
nal electric charge 2/3. The difference is that the mean
transverse momentum for these particles equals 2.0 GeV/c
and the mass range under study is from 0.67 to 1.2 GeV/c2.

CONCLUSION

No new stable particles with the charge +1 have been ob-
served among those produced with large transverse momenta
in the p-Pb interactions at 70 GeV in the mass rsnge from

1.0 to 1.8 GeV/c2.
The upper limits of production cross-sections at 90%

C.L.correspond to;
1) z=+l Ed3er/d3P=6.2xl0 -2.4X10"*35 cm 2xGeV 2

z=-l Ed3<7/d3P=9.2xl0~37-5.7xl0~36 cm2xGeV~2

for particles with a standard hadron absorption cross-sec-
tion;

2) z=+l Ed3o/d3P=2.5xl0"33-9.5xl0"32 cm xGeV"2

z=-l Ed3ff/d3P=1.8xl0"33-l.lxl0~32 cm2xGeV~2

for particles with an absorption cross-section of tf =
=10-23 cm2.

r •

In conclusion the authors would like to express their
gratitude to the personnel of the IHEP accelerator depart-
ments for a good beam quality.

10



to 1,1 1,2 1,3 1,4 1,7 1.8M.GeV/c2

Fig. 6. The detection efficiency as a function of mass. Solid lines show:
a) the influence of the counter C2; b) the influence of the coun-
ter <*3; c) SKo£ efficiency at <P> =16.9 GeV/c; d) SKO<5 efficiency
at P =19.2 GeV/c.
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Fig. 7. The 90% C.L. limitations for differential production cross-sec-
tions of new stable particles with standard hadron interaction
cross-section (solid lines) and of those anomalously interac-
ting with matter (dashed lines).
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