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Abstract

Inclusive photon spectra and photon spectfa for events with

4 prongs and 1 y—ray which result from the decay of the (3.1} and
{(3.7) resohances are presented. The decay (3.7) - (3.1) + yv 1is
observed confirming earlier results of the DASP collskoration. In

an investigation of 3y final states, the decay modes (3.1)=ny and
(3.1)>n'y are detected. In addition, the data indicate the existence
of a new heavy mass particle at 2.75 GeV which decays into twc
photons. This conclusion is based on an analysis of the 3y events
from (3.1) decays combining results of the DASP and of the

DESY - Heidelberg collakoration.

Paper presented at the 1975 International Symposium on Lepton and
Photon Interactions at High Fnergies, Bugust 21-27,1975, Stanford University



I. Intrcduction

In this report, first results from the DESY-Heidelberg colla-
1}

boration are presented. The results were obtained at the DORIS
storage rings at DESY with an apparatus sensitive both to charged

particles and y-rays. The results refer to the following topics:

(1) Inclusive photon spectra at 3.1 GeV
and 3.7 GeV

(ii) (3.7) = (3.1} + vy
o e*e”
(iii) (3.1)}
(3.1 73

In the discussicn of the last topic results obtained by the DASP
2)

collaboration are included.

II. Apparatus

The detector of the DESY-Heidelberg group shown in fig. 1 is
used to measure the direction of charged tracks and photons as well
as the energy of electrons and photons.

The interaction region {(dimensions: ~ 1 mm transverse, a few
cm longitudinal) is surrounded by a cylindrical detector consisting

of 3 concentric double driftchambers3)

, two counter hodoscopes H
and H', and a mercury converter. The arrangement covers a solid

angle of 86 % of 47.

Fach double driftchamber contains 128 anode wires at fixed
values of ¢ and 80 cathode strips at fixed values of &. The accu-
racy obtained in the angle measurements is Ad x4 mrad (fwhm) and
46 A 20 mrad (fwhmj. The ¢~ and e&-coordinates of a track are corre-

lated through the drifttime which is measured for the signal wires



as well as for the cathode strips. In this way, (¢,6) ambiguities

can be removed in multiprong events.

The hodoscopes H and H' are composed of 64 counters in total,
each counter covering an azimutal intervall A¢ = 22.5° and a polar
angel intervall & = 30°-90° or 90°-150°. A track is identified by
a coincidence between corresponding H, H' counters in the internal
and exterﬁél hodoscopes. Different track multiplicities can be

selected by the trigger electronics.

A vessel made of epoxy-fibre glass is positioned between the
second and the third chamber. It can be filled with mercury. Photons
originating from the interaction point see a converter thickness of
2 radiation lengths. The coordinates of the conversion points are

measured in the third chamber with accuracies A¢ x» A6 & 40 mrad.

In order to identify electrons and photons and to measure their
energies the cylindrical detector is surrounded by an arrangement
of NaI (N) and lead glass counter blocks (L). The lead glass blocks
on top and bottom have a dimensicn of 16 x 18 x 140 cm. Phototubes
are fixed on both sides of these blocks toc compensate light attenua-
tion and to determine the shower position from the time difference.
Each of the walls on both sides of the cylindrical detector consists
of 12 NaI and 20 lead glass blocks. The NaI counters are used to im-
prove the resolution for photon energies below 500 MeV. All pulse
heights are added linearly in order tc get a measurement of the
energy deposited in the Nal and lead glass blocks. The NaI - lead
glass counters cover a solid angle of a 60 % of 4m.

Muons are identified by drift chambers (u) behind a 60 cm thick
iron absorber. Cosmic rays can be identified by time of flight mea-
surement between the scintillation counters (C). Close to the beam
pipe two scintillation counter hodoscopes (M) of 16 elements each
extend the solid angle for charged particles from 86 % to 95 % of
4m. The scintillation counters (R) veto kbackground triggers from
the beam halo.

In the trigger we require several combinations of a certain

minimum track multiplicity with a minimum energy deposited in the



Nal - lead glass counters (see table I). The on-line computer,
a PDP 9, selects in a fast decision only events that originate

from a zone near the interaction point,

Takle T Number of prongs Minimum Fnergy recorded
0 1500 MeV
1 900 MeV
2 400 MeV
23 300 MeV

ITI. Inclusive photon spectra

In order to obtain the inclusive photon spectra from the decays
of the 3.1 GeV and 3.7 GeV resonances, we use only data without the
mercury converter. The photon shower has to be inside an octant of
the NaI - lead glass walls which is free from charged tracks. At
3.1 GeV (3.7 GeV) out of 53,000 (47,000) hadronic events 25,000
(22,000) had at least one photon fulfilling this criterion.

In Fig. 2 we show the photon energy spectra of both the (3.1)-
and (3.7)-decays. They seem to be similar and both can be fitted to
the sum of twe exponentials with a change in slope at a photon
energy of about 600 MeV. At the present state of the evaluation no
quantitative conclusion is drawn since no corrections for the accep-

tance of the apparatus have been applied sco far.

A search was made for events with a single photon associated to
4 charged tracks. Out of 22,000 events with photons (3.7 GeV, Fig. 2)
6,700 events had 4 prongs (Fig. 3) and 114 events had 4 prongs and
1 photon (Fig. 4). Most of these events are presumably still due to

decays involving 19's. We estimate an upper limit (EY > 30 MeV)

I' (3.7)> 4 charged + 1Y
' T (3.7) » all

< 3%

The branching ratio for transitions involving monoenergetic y-rays
with an energy of X~ 200 MeV and 4 prongs is < 1% according to the
data of Fig. 4.



IV. e+e_ > e+e— Yy at 3.7 GeV

We searched for decays (3.7)->e+e_yy with an invariant mass of
the e+e- - system of 3.1 GeV. The photon cascade decay shown in
Fig. 5a should give rise tc such events due to the reaction

(3.7) = vy + (3;1) . (1)
e e

[N

Recently, evidence for an intermediate state‘%: was found in such
an investigation4).
In order to select events of type (1) we applied the following

scan criteria:

1) Two tracks have to be seen in the cylindrical detector and the
energy deposited by these tracks in the Nal - lead glass counters
has to exceed 800 MeV for each of the tracks. This criterion re-

moves charged hadrons from the sample.

2) Two photons are required to convert in the Hg-converter and at
least one of the converted photons has to be correlated with energy
recorded in the NalI - lead glass counters. Events with energy cor-
related with neither tracks nor converted photons were removed from

the sample.

Using only the measured ¢ and © angles we calculate the energies
of all four outgoing particles imposing energy anéd momentum conser-
; . + =
vation. Fig. 5b shows the invariant mass of the e e system. There

is a peak at 3.1 GeV superimposed to background.
The main source of background is the decay

o_0

(3.7) = 77w+ (3.1) ' (2)

L ete”

when only two of the four photons from 7° decay are detected. If
such events are analyzed assuming reaction (1) usually wrong values

for the (e+ew)—invariant mass are obtained.



The dashed curve in fig. 5b is a Monte Carlo calculation of
this background. In order to study the background experimentally
we included in the analysis events with at least one additional

y-ray recorded in the NaI - lead glass counters. These
events were treated in the same way as our candidate events for re-
action (1). In fig. 5c¢ the effective mass of the e+e_ system of the
those events is plotted. A peak is observed at a central value of

3.3 GeV, in agreement with the Monte Carlo calculation.

Comparing the two figures we conclude that the peak at 3.1 GeV
in fig. 5b has to be attributed to reaction (1). In the mass inter-
val 3.0 - 3.2 GeV we find 20 events with an estimated background
of 5 events. According to the yy opening angle distribution only a
small fraction of these events can be due to the decay
(3.7) + (3,1) +n, n > 2Y.

We conclude that we observe the same type of events as the
ones reported in Ref. 4. Such events can be considefed as evidence
for the existence of an intermediate state P.. A preliminary esti-
mate gives a branching ratio of a few percent for the 2y - cascade.
A more detailed evaluation including the energy measurements of

the two photons is in progress.

v. ete” > 3y at 3.1 Gev and 3.7 GeV

‘We have searched for 3y events in the data taken at 3.1 GeV

and 3.7 GeV, in order to investigate decays of the type
(3.1), (3.7) >y +m, -m>Y+ty ,

m being an n, n', or a new heavy-mass state. These decay modes
have to be discriminated against the QED process e+e_ - 3y and

against other decays with more than 3 photons in the final state.

From the data recorded with the Hg-converter, we selected
3y-event candidates reguiring (1) three conversion points seen in

the cylindrical detector, (2) a recorded energy > 50 MeV behind



each conversion point, (3) no uncorrelated energy seen in the Nal
and lead-glass counters, and (4) unigque assignment of ¢, & coordi-

nates to each conversion point.

All candidates were analyzed assuming that they are 3y events.
The reconstruction was performed using the coordinates of the three
conversion points and assuming energy and momentum conservation.
The analysis yielded the three photon energies and the coordinate
Z of the interaction point along the beam axis. Figure 6 shows the
Z—distributién of the 3y events as well as of background events
(4 photons seen and 1 photon ignored). As a reference, we show in
Fig. 6c the vertex distribution of éventé from the QED process
e+e_ -+ 2y. Frcm the comparison of fhese distributions we conclude
that the 3 photon events are contaminated only by a minor back-
ground due to multiple photon events. A cut was applied to eliminate
events with |Z|> 25 mm. The correct reconstruction of the events
was tested by comparing the calculated photon energies with the
measured ones, About 5% of the events were rejected because of in-

5}

consistent energies™’.

A total of 47 events e+e— + 3y were found. 13 events were re-
corded at 3.7 GeV (integrated luminosity v 400 nb_T), 34 events at
3.1 GeV (% 240 nb ') and no event at 3.05 GeV (x 24 nb ).

Three different invariant masses mYY arg obtain;d for each
event. In a fully symmetric Dalitz plot, Myy VS. M4, every event
gives 6 points. In order to obtain a Dalitz plot with only 1 point
per event, we plotted the lowest m2 vs. the highest mz, confining
the points to the hatched triangle in Fig. 7. If the 3y decay pro-
ceeds via an intermediate state with mass m, the points should
accumulate along the trajectoreis indicated in Fig. 7. The density
of points should ke constant along each of the straight lines in
the original Dalitz plot m 2

12
from the QED process e e =+ 3y, a completely different distribution

VS, m1§. If the three photons come

is expected. Monte Carlo calculations of this process have been
performed for vs = 3.1 GeV and Vs = 3.7 Gev®) . Results are shown

in Fig. 8.

The detection efficiency for 3y events is approximately con-

stant in the whole balitz plct except the corner with the highest



values of mé. Above m;E = 9 GeV2 at 3.1 GeV and above m;! = 13 GeV
at 3.7 Gev, the soft photon has an energy below 100 MeV. The

efficiency is reduced in this corner.

The Dalitz plot of 3y events observed at 3.7 GeV is shown in
Fig. 9. The distribution is compatible with the Monte Carlo cal-
culation for the QED process., Blso, the absolute number of events
agrees within a factor of two with the QED prediction. A more
accurate comparison is nct possible at present, since we have not
yvet determined the efficiency of the event selection criteria. One
event is possibly due to the decay (3.7) - vyn.

The Dalitz plot for the 3y events observed at 3.1 GeV exhibits
a more interesting structure. Similar observations have been made
by the DASP collaboration.2 Figure 10 shows the Dalitz plot of the
events observed in both experiments. The bands for the reaction
(3.1) >yn and (3.1) > yn' are indicated. The widths correspond to
estimates of the experimental error. Both in the DASP and in the
DESY-Heidelberg experiment, accumulations of events in the n band
and at high values of mgz are observed. Some events lie in the n'
band. In the following, an analysis of the Dalitz plot, combining

the results of both experiments, is presented.

Since at high masses there is a region of possible confusion,

2 <L 6.8 Gev2.

There are 12 events within the n band, 3 events within the n' band

we analyze first the part of the Dalitz plot with m

and 9 events outside these bands. These latter events are probably

due to the QED reaction7)

. The population of this part of the
Dalitz plot can therefore be explained in terms of (3.1) » ny ,

(3.1) +n'y and e'e” > 3y (QED).

Taking into account that 46% of the n band and 57% of the
n' band are below mgz = 6.8 GeV2 and correcting for the different

branching fractions of n-> 2y and n' =2y a ratio

(3.1)>yn'
{3.1)>yn

= 4 + 2.5

is obtained.

2



In the further analysis of the events, we consider the mH2 dis-
tribution for all events within the n band (Fig. 11a) and for the
events outside the n band (Fig. 11k). The distribution of the events
is approximately flat. Within the n band, most events with,n%f> 6.8(kﬂg
can, therefore, be attributed to the decay (3.1)2*yn. The distributiocn
of the events outside the n band has a bump at 7.5 Gevz, wich is com-
patible neither with the flat distribution expected for events from
the decay (3.1)2>yn' nor with the smoothly rising distribution ex-

pected for QED events (Fig. 11c).

The interval 6.8 GeV2 < n&? < B.2 GeV2 contains 24 events,

2 £ 1.5 events (3.1)+ n'y are expected, assuming a flat distribution
within the n' band. The QED kackground can be determined without ab-
solute efficiency calculations using either the 3y events recorded
outside the resonance region or the 3y events recorded at 3.7 GeV,
assuming that all of these events are due to QED7). Both methods
show that the QED process contributes . 6 events to the interval

6.8 Gev? < méz < 8.2 GeV®. There remains an excess of~16 events
above the background of 6 to 10 events. The statistical probability
for finding 24 events or more, when 10 events are expected, is

=3 x 10—3.

It can be seen in Fig. 10 that the excess of events at high
values of msz is uniformly spread in the Dalitz plot along a verti-
cal line nearr%f = 7.5 GeVZ. This suggests the existence of a
state X with m, = 2.75 GeV. A Monte Carlo calculaticon for the decay
mode,

{(3.1) vy + X X2y,

resulted in aI%? distribution which is compatible with the data
{dashed line in Fig. 11b). If the excess of events is attributed

to such a state X, we obtain a ratic,

{(3.1) >y + ¥ . Branching ratio (X~ 2v)

{(3.1) >y + 1 Branching ratio (n =+ 2v)



__9_.

Summarizing the above discussion of the DASP and DESY-
Heidelberg data, we conclude that at 3.1 GeV the number of
observed 3%y events and their distribution in the Dalitz plot
cannot fully be explained by the three processes ete” » 3y {QED),
(3.1) » ny and (3.1) - n'y. There remains an excess of 16 events
which indicates the existence of a heavy mass state X with
My = 2.75 GeV, which is produced by a radiative decay of the
{(3.1) resonance and which decays into two y rays.

Note added in proof: The latest evaluation of the DASP Cecllabo-
ration added three more evénts to the sample of 3y-decays. One

event is a (3.1) » yn decay, one event is a candidate for
(3.1) » yX{2750); the third event has solutions for (3.1) -+ yn
as well as for (3.1) - vX(2750).
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Figure captions

10.

11.

Experimental apparatus
Inclusive photon spectra at 3.1 GeV and 3.7 GeV
Photon spectrum of 4 prong events

Photon spectra of events with 4 prongs and 1 y-ray.

dashed line indicates the rescluticn at 2C0O MeV.

(a) Photon cascade decay (3.7 - (3.1)
(b) Invariant mass distribution of

+ - . + - + -

e e pairs (e e =+ e e vy}
({c) Invariant mass distribution of

ete” pairs (background)

Distribution of reconstructed interaction points in

beam direction.

Schematic Dalitz plot for 3y events.

The

Distribution of QED 3y events at 3.1 GeV. (Monte Carlo

calculation, normalized to 100 events.)

Dalitz plot of 33 events recorded at 3.7 GeV. The numbers

indicate the Monte Carlo prediction for the QFED process

normalized to the number of events chserved below 13 GeV

Dalitz plect of 3v events recofded at 3.1 GeV.

Distribution of 3y events along the m;
and Fig. 10.

{(a) Events within the n band

(b) Events outside the n band

-axis in Fig.
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(¢c) OFED events (Background in D.HD-experiment times 5).
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