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> Abstract

At the storcge ring VEPP-2M the pcanning was performed
in the energy region 2E = 1.0 - 1.4 GeV. Fo new resonances
with the width up to 10 MeV have been found. For this energy
‘region the upper limit for a lepton width r(lf'* EE) of vec-
tor mesons with decay modes of T'r~ KK ,WwWf® end 4T* was
obtained.

Submitted to the International Symposium on Lepton and Photon
Interasctions, Batavia, USA, 1979,




In thie paper we present the preliminary results of the
experiment on,tha_gearch of new resonances in the energy region
from 1.0 to 1.4 GeV., It is our second experiment of that kind,
performed at the storage ring VEPP-2M with the detector "OLYAW,
The first one was done in 1975 /1/. Since that time the lumino-
gity of storage ring increased considerably and the second
stage of the "OLYA" detector was completed: the shower spark
chambers aimed for the gamma-quanta directions determination
and the range part of the detector were installed. The new mea-
surements were parfnrﬁad during January-February of 1978. The
energy range scanning was done by the steps of A (2E) =
= 0.67 MeV - approximately, equal to the c.m.s. energy spread.
At each point the integrated luminosity was about 1.5 nh_1u
The total integrated was luminosity lf = 725 nb~ 1,

1. Detector "OQLYA™

The detector comsists of the four identical quadrants
gurrounding the interaction region (Pig. 1). The fotal solid
angle of the detector is equal to 0.65 x 47 steradian.

Every qﬁhdrant consists of the scintillation triggering
counters, coordinate chamber system, shower gystem and range
aystem. -

In total the deteétor contains 32 scintillation counters,
16 coordinate chambers, 8 shower and 12 range spark chambers.

Coordinate chambers of each quadrant include the four two-
-coordinate wire spark chambers with the ferrite core memory.
The chamber electrodes are made of wires with the diemeter of
Oe1 mm and spacing of 1 mm. The spark gap is 10 mm, The infor-
mation ig read out both of the grounded and of the high volta-
ge wire planes. Coordinate chambers determine the coordinates
of the four points along the charged particle track.

Shower gystem consists of the seintillation counter san-
dwich and two shower chambers. The sandwich includes four
scintillation counters interlayed with the lead plates of the
width 1 X, « Bach scintillation counter is viewed by its own




photomultiplier. In the further data processing the amplifu-
des from easch scintillation counter were use he geparation

of electrons and mesons.

The Tirst -hower chember is situated after 2 X, and the
gecond one - after 4 X, of sandwich matter. Shower chamber re-
presents two edjoining spark gupﬁfgghﬁe of foiled plastic
gheets electrodea. The electrodes surface is divided by
narrow {1 mm) etcked lines into conducting strips of 12 mm
wicth, The spark gap is 1C mm. The read-out of information is
performed from all slectrodes /coordinates X and ¥ ) with
the help of ferrite core memory. The shower chembers serve
mainly for the nhoton showsr ccordinates determination.

The renge part of the detector involves three spark
chambers locaied subsequently after iron blocks of 39, 47 and
63 g/om® ihickness, respectively. The construction of the
range chambers is nimilar to that of the shower ones. Only

the width of the elecirode strips'ia 20 mm.

Time-of-flight system. Time-of-flight measurement is
performed between the scintillation counters of the third lay-

er (C3-1 and C3=2) of the opposite quadrants. The distance be-
tween counters is 60 c¢m (2 nsec). The resolution time of this
system is O, . = 0.25 nsec. The fast selection by the time-
-cf-flight is pérformed only for the‘*tollinear "trigger type
end it permits to dssreese the detector triggering ratévio the
coamic ray particl:2e by a fector of more than 10. Besides, the
value of time->f-flight is recorded with all the rest informa-

tion of event on the magnetic tape.

Synchronization of the detector $rigger with the time of
the beam flight through the interaction region is arranged for
additionel decrease of the cosmic ray triggering rate. Besi-
des, the time interval between the trigger of the time-of-
-flight counter of esch quadrant and the moment of beam flight
is measured. Later this informetion is used for the slow par-

ticles (kaons) selection,

The trigger of the detector can occur in several waya:
1) collinear events - the i{rigger by two charged partic-

¥ AT 63 %atFe - ApsERasn

Wik - WINE SPANE EWAMBEES
ESE - SUOWER SPARN PEAMOIES

REE - RAUGE sruRm CRLMOEES

CV.E2 - THISEER LEWTLEE

B-41 - TLAF

1 - cOIRBIEATE tRamME

1- ampwEn BETLETER

04,05, 0007 - SOWER cowmTERR

Fig.1. The lay-out of the "QLYA" detector,
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les in the opposite quadrants. In both of these quadrants the
three~-fold coineidence of the first three seintillation coun-
tera ie necessary. A triggering threshold is 45 VeV for pions
and 65 MeV for kaong,

2) two noncollinear particles + photon - triggering by
“wo charged particles in neighbouring cuadrants and a photon
in some other gquadrant,
- events - friggering by two photons{in the absen-

2y "

g’

ce of charged particles) in the opposite quadrantsa,
triggering by three ) - quants in dif-

4} 3 Y - events

ferent quadrants.
2e EXxXperiment

The measurements were carried out by scanning the energy
region with steps A (2E) = 0.67 MeV approximately equal to
the c.m. energy spread. At every point the integrated luminosi-
ty was 1.5 nb™!, :

Begides the main runs with luminosity taking on, perio-
dically (in every 10 points of energzy) the additional runs of
"background"-type were held. At those measurements the colli-
sions of the beams was arranged in another experimental
straight section with the average working beam currents.

The third type of measurements - "cosmic" one, was held
in the absence of beams, Naturally, in thig case the detector
trigger synchronization with the beam was switched off, that
increased the effective measurement time by the ratioc of the
beam revolution period to the resolution time of the synchro-
nization coincidence circuit. In our case this ratio is equal
to 10.

The measurements were performed at the following storage
ring average parameters: electron current 15-20 mA, positron
current 10=-15 mA, the beam life-time -~ 30-40 minutes. The
maximum luminosity in the experiment was 3 JLbn"1sec'1(3_x
x 10303m—259c-1). Averaged over the measurement time the lu-
minosity was equal to G.Tjubn-1sec_1(U.?-1Djﬂcm_23ec-1}. The
detector triggering rate was sbout 1 Hz. Quantitative charac—
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teristics of the experiment are presented in Table 1. The
meagurement time in the column "cosmic" is multiplied by a
normalization factor. The background normalization has been
done according to the integrated product of the circulating
currents. In our experiment the ratio of this integral at the
main and background meagurements is equal to 13.0.

Table 1. Quantitative characteristics of the experiment

Characteristic of the ain

experinent measurements Background = Cosmic

Feasurement time

P | 1 o LJE . - 2 .
;1U65ec; . 0e11 0,62x10.0
| Number of triggeras E1GEJ 132 a1 0,186
Wumber of elastic scat-|
iy = z - -
. tering events {10“] 220.
' Integrated luminosity |

3. Separation of the events

In the experimental cata processing the following types
of events were selected:

1) collinear { ee —-ee, tu , &  EKYk™),
2) two noncellinear Ry, S CosUI5253, 84

3) (3 + 4) prongs.

Coliinear events - were ceparated as the paire of colli-
near particles coming out of the same point located in the
interaction region of the beams. The events of thig type we-
re separated by the particle interaction in the sandwiches
end by the particle range, The natural assumption was used
that both charged collinear particles belonged the same type.

ee > K'K™. This process events trigger the detector from
the energy 2E = 1.1 GeV. The kaon velocity in our energy in-
teryal still noticeably differs from the unity: B(E = 0.56)=
= 0,47 and JE(E = 0.7) = 0.71. This allows to separate these




events by the pulse heights in the triggering counters
(C1, C2 and C3),

For separation events were taken éatisfying except the
mentioned above criteria the collinearity conditions:

JApl<3°  end [AB] < 50
In order to increase the relative part of kaons there
was imposed the additional requirement that both particles

would not reach the second range chamber (the range about
130 G/em®),

Collinear events, satiafying these conditions, were divi-
ded into the charged kaons and the particles with the minimum
lonization by the methdd of correlation matrix /2/. The sepa-
ration parameter was the ratio of the likehood functions for
the pulase heights in the scintillation counters C1,C2 and C3
for kaons and minimum ionizing particles. More detmiled des-
cription of the kaon selection procedure is done in /3/.

After the kaon extraction all the rest collinear events
were divided into three clasmes by the range:

1) both particles have the total range {(more than 180Gﬁm@
evaluated for iron),

2) only one particle has the total range,

3) both particles don't reach the last range chamber.

The probabilities for different processes events to come
to any of the mentioned above classes are shown in table 2e
The probabilities were calculated by the Monte-Carlo method
at the energy 2E = 1,2 GeV.

Table 2, Probabilities for events to come into the
clagses (1), (2), (3) in %.

Procesas J 1 2 j 3
ee —» ee 5 x 10~% 0;3 ; ~100
e —= MU | %95 5 | 741072
ee — AN 2 , 25 73

A =

The probabilities are shown here to illustrate .how thege
brocesses are distributed through the three classes. FProm
Table 2 one can see that the second and third classes contain
mainly the events of ee =ee and ee — 77 . This fact allowed
us to use the correlation matrix method for events separation,
As the parameters for the correlation matrix we used the ratio
of the likehood functions for the pulse height distributions
in the spandwich scintillation counters for the events of ee
and JIT , In this approach the only quantity.one needs from
outside is the probability for the events ae-——bﬁft to get to
the 2 and 3 classes. This probability, firet, is small and,
the second, is easily calculated. Such a Procedure was carried
out in the pion form-factor measurement /4/ and the measure-
ment of P+AX branching retio /5/. The total number of events
e — ee was found as a sum of such events in the mecond and
third classes. Starting with the obtained numbers qf*fﬂu,ﬁi* -
=events in 2 and 3 classes and probabilty for muon to traver-
se all the range system (this value was found by Monte«Carlo
gimulation /6/) the total numbers of ee —rﬂf& and ee —> AT
eventa were calculated.

Non-collinear two-prong events - the events with two
prongs coming from the same point of the beam region contai-

‘ning the X‘- quanta in the shower chambers of the quadrants,

free of charged particles. As a result of enalysis it becaise
clear that a significent admixture to the events with one

'x = quantum was due to the radiative processes like ee — eey,
These events were rejected by the acomplanari condition: the
angle between the 3’- quantum and the.planeViwo charged par-
ticles should be greater than & degrees.

Multi-prong events - the events with three or four char-
ged perticles tracks satisfying menticned above geometric con -

ditions without. any XLS « The extraction procedure of non-

~collinear and multi-prong events is desecribed in detall in

[T/

For the search of resonances four types of events were
ch'ogen: I , KK, non-collinear sand multi-prong events. The
first type corresponds to the process ee —w T'Mw™ , the ge-




cond one - to the process ee-— K'K™, the third one - to the
Process ee > WIA° and the fourth one - to the process

ee —> 4X*, Experimental distributions for three of those pro=-
cesses are shown in Fig. 2,

4. The secarch for resonances,

The experiment on search for new resonances, performed
at the storage ring VEPF-2W in 1975 /1/, schowed that there we-
T€ NO new narrow resonances with & large crome section
( r;+ee < 100 ev) in the energy region 1.0-1.34 GeV. However
about at that time one of the DESY groups discovered the resc-
nance at the energy 11700 eV with a width about 30 MeV in thre
fixed target-experiment /8/, In that experiment +1he value of
F;+ee was net directly measured. The main decay modes of
this rescnance also were not measured, So it was imposeible to
predict the result of the colliding bteams experiment, Maybe a
resonance with a mase equal to 1100 eV, does exist but is
difficult to detect it in the experiment with the colliding
e*e” - beams because of the small coupling constant with
X‘- quantum. One can also suppose that the main decay mode of
this resonance is pure neutral one which is detected by the
"OLYA" detector with rather low efficiency. Eo in the present
experiment an attempt was made to find the small resonances
which could be hidden by the fluctuationsg of background. In
the vector dominance model the partial decay mode of the vec-
tor meson to electron-positron pair is proportional to the
area of the resonance [[Voee) ~ (6 FldE y therefo-
re in the experiment the area of the regonance or ite upper
limit are looked for.

The measurements of the background end cosmic types have
shown that for the collinear channels there exists an insigni-
ficant part of cosmic ray background. As for noncollinesr chan-
nels the machine and cosmic background is absent, and "back-
ground* for the search of the resonance is due to the non-re-
sonant part of the 3m and 45T channels. .

As the "background" involving all the nonresonant channels
could not be measured separately, for the gearch of resonances
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one ghould accept, some agsumptions conceming the backgroima
energy dependence. While the data Brocessing we assumed that
the background was constant +o the right and to the left from

the resonance ingide the energy interval several times wider
than the resonance wi dthe.

- If there are no resonances in an energy region, then the.
number of background events ai each,energy point ghould be de=
scribed by the Poigson distribution, Therefore in gearch for
resonances one sghould first distinguish the points which are
diffiecult to describe by the Poisson law,

In order to form a table of anomalpus points in the gea-
reh for narrow resonances (more narrow than a scanning step)

the following parameter F; was csalculated for each €nergy po-
int Ei H

RRE T
FE: (R;—HE)
E H;x(ft'f"L; /LB)

where /1; is the number of events recorded at the energy E;,
L; 1is the integratea luminosity at this point,

'ﬁ} -nﬁx L:/ LE - the estimation of the background expectati-
on value, obtained as a remult of several measurements in the
normalization points to the right and to the left from E;,

Ls is the total integrated luminosity in the normalization
points,

Ng 1s the eum of events recorded in the normalization points.

If the number of thege normalization points is grater
than 10, then R; ig determined accurately enough, so that
statistical fluctuations of background don't disguise the re-
sult. Then the parsmeter F: iz & deviation of the detected

number of events from the average in unite of one standard
deviation.

For the search for broader resonances it is sufficient
to calculate the paremeter F for a sum of the corresponding
number of points in the vicinity of the i-th point, Naturally,
the nubber of normalization points muet be 10 times larger.
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To select anomalous (in the perameter.F ) points a cri-
tical fluctuation level [ > 3 has been set. The probability _
to obtain such a deviation by the statistical fluctuation of

3

background ig 13 x 10 .

For each anomalous point optimal resonance.: parsmeters
were determined by the maximum likelihood method, so0 that %o
engure the best energy distribution of events in the luctu-
ation region. As the numerical minimization of the likelihood,
function must be performed in easch point, formulse for the ex-
pected number of events are simplified wherever possibie. Por
the resonance cross section the Breit-Wigner form has been

uged: 2
i gl
6;\'# QX{ZIE—M)Z'FFE
where O, is the process cross section in a resonence maximum,

[+]
[ is a resonance width, M is its mass.

Radiative corrections were inserted by the convolution
of the resonance crogs section with a probablility to radiate
the energy E; by soft } -quanta. The probability density is
given by the formula /9/:

Ple, ) (B 1= oo b8

where EI is a radiated energy,
E ie a single beam energy,

o 2E)_
B:EI[&<M‘) 0_5],
is the fine structure constant,
m, is the electron mass,

A=Bx[1+0.75+B],

For narrow resonances the integration region in the con-
volution can be increased up te infinity, not influencing the
accuracy. The cross section 0;C with radiative corrections

cen be expressed in this.case through elementary functions
{gee, for example, /10/). Por not very narrow resonances the

13




correction for the beam energy spread is small for the obser~
ved cross section end the resomance width, while for the para-
meter of interest - resocnance area - it equals zero., Therefore
this correction was ineluded spproximately as the effective
broadening and lowering of the resonance curve.

In the vicinity of the chosen point the detectlon crosmss
section O (E) for events of some clase can be written as a
sum of thé%%gaanance croge section and the non-resonant
background, The expectation value 7; for the number of events
in the i-th energy point is obtained as a product of the de-
tection crosse,section and the lntegrated luminosity collected
in this point. The total logarithmical likelihood function £
in pome interval including the explored point is written as a
sum of each point contributions £ 3

— n:
Ly = 7=+ e b2
] -, n:
Here [l; is a number of events detected in the i-th point. For
each snomalous point supmation covers all the points inclu-
ding normalization ones.

The likelihood fUnctiun £ depends on four fres parame-
ters: resonance masg M, resonance c¢roge eection in the maxi-
mum O, resonsnce width |~ and orose section of background
detection 55. To obtein an upper limit for the resonance area
the parameter [] = g;.r.l": is convenient, which is proportional
to the resonsnce area, Therefore €, was replaced by [ .

As a result of data processing optimal parsmeters of a
possible resonance have been determined for each point with
a large fluctuation, In each case one of the two following hy-
potheses was to be chosen:i/ experimental distribution of de=-
tected events is due to the background fluctuation, ii/ there
exletes a resgnance in thieg point with parameters obtained by.
optimization, Ae a criterium to choose we used the probabili-
ty to obtaln such an experimental dlstribution due to the
background fluctuation, To caleulate this probability experi-
mental points lying in the interval equal to the reponance
width around ite mass have been uged (mass end width taken

14

from the optimization), For all anomalous points the probabi-
lity to observe the experimental distribution due to the ba-
ckground fluotuation varied from 146 r 107> to 143 x 10°° . Pa-
king into account that data Processing covered 50:5 experimen-
tal points in four independent channels the probability to

obtain in the whole experiment the deviation greater then the
maximum detected one was 500 x 4 x1,6x 10*5- 0.03.

E.Heéults

Data processing described above gave the fnllnwiﬁg re-~
sults. No new resonances were observed in the energy region
2E from 1060 up to 1400 Mev. The upper limits for a partial
decay width [ (V->ee) have been obtained at 90% confidence

level unﬂer different assumptions sbout the resonance width
and its decay chamnel (Table 3),

To determine the upper limit on ["(V->ee) the ¢Orrespon=-
ding detection efficiencies are needed. In Table 3 they are
presented for the average energy of the interval explored,
The variation at the interval ends doesn't exceed 10% of the
glven values. The energy range 1000 <2E < 1060 Mev is more uon;-

plicated for dates processing because of the ¥ -meson, there-
fore it is not included in the Table,

Table 3. Upper limits on [, <B, ; 90% .1,

Decay | Detéotion | Upper Iimit (ev)
lchannel efficiency,% | 1 Mev |10 Mév
e'e >ty 38 S - Sl 13
e =KK™ 36 5 -9
ete s WT° 9 22 31 .-

e e ~4a* 27 3 13

Thus in the energy region explored at 90% c.l., no nar-
row (/<10 Mev) resonances exlst with decay modes cited sbove
and the leptoni¢ width greater than 31 ev ( ~ 1/40 of that
for ¢ -meson), '

15




1e

EBeferences6s

v.A.Sidorov, Proceedings of the 18, International Confere-

. nce on High Energy Physics, V.2, PeB13, Tbilisi, 1976.

2s

3

A
e

6.

Te
S
EP
104

Fx-E-Hﬂkin et al-' PI‘E‘print IHP 77-92‘. Hﬂ?ﬂﬂibirﬂk, 1977!

- M,Iveno- et al., Preprint INP 79-68, Novoaibirsk, 1979.
~ £ ,Koop ot gl., Preprint INP 79-67, Novosibirsk, 1979%.
AeDeBukin 2t al,, Preprint INP 79-66, Novosibirsk, 197%
A.D.Bukin apd S.I.Bidelman, Preprint INP 77-101, Novosi-

L.M.Kurdadze et al,, Preprint INP 79-69, Novosibirsk, 1979
g,Bartalucci et, ale, Nuovo Cimento 49A (1979) 20T7.
G.Parrour et al.,,Preprint LAL 1280, Orsay, 1975.
Ye.T.Azimov et al., Pisma v JETP 21 (1975) 378.

Palors moceymmia 8.08.79r,

Orpercrmennuft sa sunyck - C.I.JI0MOB
Nogrmcano & mewarn 15.08.79r. MH 02977
Yex. I, meu.x., 0,9 ywewso-nsp.x.
Tapax 200 srs. Becrzawmso. '
3exas B65

Crnevasano we pozanpmues Md® CO AH CCCP




