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1 Introduction 

A possibility of detecting gamma quanta in a streamer chamber of 
the magnetic spectrometer RISK and determining their parameters was 
rather important for this experiment (SERP-E-151). 

First, the contribution of the radiative decay Xe -+ 1J /1j,, to pro­
duction of J /1j,,-mesons was estimated [l]. Secondly, the possibility of 
directly observing Dalitz decays of resonances T/ -+ µ+ µ-"/, TJ 1 -+ µ+ µ-"f 
and w-+ p+p-1r0 in the region of small masses Mµµ ~ Afp (on the ba­
sis of the world's best statistics) allowed us to calculate its share in the 
spectrum of p+ µ- -pairs [2]. These resonances were found to be a dom­
inating source of muon pairs in the region of M1,µ < 0.6 GeV /c. This 
fact essentially changed the idea about the probability of production of 
"anomalous" dileptons, which was predicted in previous experiments.to 
be about (35±13)% at XF > 0.4. Thirdly, registration of 'Y quanta al­
lows one to study decays of other resonances, e.g. a0 (980) -+ r71r0

, to 
determine their role in formation of the dimuon spectrum and to find the 
accompanying particles, e.g. w -+ 1r+1r-1r0 [3]. 

Unlike previous streamer chamber experiments [4-6], where convert­
ers based on materials of large atomic weight were only used to identify 
electrons and positrons and to count the number of 'Y quanta, our exper­
iment was the first to involve measurement of momentum and angular 
characteristics of photons. This made us solve some methodical problems 
connected with corrections for radiation losses of electrons in converters, 
selection of 'Y quanta, rejection of shower photons, etc, which will be the 
subject of this paper. 

The experimental material contains ~ 7300 µ+ µ- pair production. 
events, where ~ 6260 'Y conversions were registered. About 3370 events 
with a non-zero number of photon conversions were taken for analysis. 

2 Targets and converters in streamer chamber 

The main part of the spectrometer RISK was a three-gap streamer cham­
ber of working volume (4.7x0.9x0.8) m3, placed in a magnetic field of 
1.5 T [7, 8]. A bipolar high-voltage system [9] supplied power to the 
chamber with electric field pulses up to 20 kV /cm, their duration being 
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Figure 1: Location of targets (T) and converters ( C) in the sensitive· 
vqlume of a streamer chamber. 

~ 18 ns. The chamber was filled with a working mixture of He ( ~ 50%) 
and Ne ( ~ 50%) at the atmospheric pressure. Small additions of an elec­
tronegative gas SF 6 allowed the memory time of the streamer chamber 
to reduced to 1-2 ms. Four pairs of lenses viewed the sensitive volume of 
the chamber. The field of view of each pair covered a section ~ 120 cm 
long [10, H]. · 

The number of converters ·and targets, their position in the streamer 
chamber depended mainly on the requirements of the experiment on 
production of µ+ µ- pairs and J Ni-particles. To detect the radiative 
decay Xe --+ ,J /'lj;, when the average , quantum momentum is < p, > 
= 2.8 GeV /c, the version with five targets and five converters proved to 
be the most suitable (Fig. 1). 

A target consisted of two elliptic carbon segments 4.8 cm by 3.6 cm 
in size, placed at a distance of 3.8 cm from each other downstream. 
Each segment was 1.8 cm thick, which corresponded to 2.8% of the pion 
interaction length and 7.2% of the radiation length. Both segments were 
placed in a cylinder-shaped plexiglas shell 8 cm in diameter, both its ends 
closed with lavsan film covers 50-70 µm thick. The distance between the 
covers was 8 cm. Freon was used as an insulating gas forced through the 
shell. 

The five converters (Cl-C5) were assembled from plates 43x18 cm2 
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.and 43x38 cm2 in siz~ and averagely 0.47 cm thick, made of lead glass 
TF5 [12]. The converters covered the cross section of the chamber either 
in the middle gap (3 converters - Cl-C3) or in all three gaps (2 converters 
- C4, C5). The converters C2 and C4, placed at the boundary of the 
field of view of the lenses, are tilted at about 6° to reduce their. "shadow" 
to a minimum and allow observation of electron tracks from the point 
where they leave the converter. 

The choice of the converter thickness depends on two factors. On the 
one hand, the , quantum registration efficiency increases with the con­
verter thickness. On the other hand, bremsstrahlung energy losses and 
fluctuations also increase, which leads to a larger error in determination 
of the , quantum energy. The thickness chosen to correspond to ~ 23% 
of XR is a kind of compromise. 

The surface of the converters is covered with paper or cloth impreg­
nated with epoxy resin to smooth a little the sharp change in dielectric 
permittivity on the glass-gas surface (the dielectric constant of lead glass 
is c ~ 7 - 8, the dielectric constant of epoxy resin is c ~ 2.4) and to 
increase mechanical strength. A layer of black paint is applied to the 
surface of the converters to avoid flashes and reflections. 

Holes 7 cm in diameter are cut in the plates for a primary beam. 
Since the beam is deflected by the magnet field, the centres of the holes 
are displaced with respect to chamber symmetry axis. As the electric 
field is "ousted" by the dielectric, there is a region of its higher intensity 
in the close vicinity of the converter and hole edges. That is why the 
edges are separated from the working gas in the chamber. 

Typical cases of I quantum conversion are shown in photo- graphs 
(Fig. 2). 

The acceptance of the installation for detection of I quanta depends 
on the position of the target in which the interaction occurred, the kine­
matic characteristics and the probability of photon conversion. The ra­
diation unit of length of the converter was calculated in accord with the 
weight part of each component of lead glass - R = 9.48 g/cm2 (1.99 cm). 
The absorption coefficient µ(E), which determines the probability of a 
1 quantum absorbing the energy E over a radiation unit of length, was 
calculated by the known Bethe-Reitler formulae [13] and approximated 
by a polynomial. The dependence of the acceptance on the Feynman 
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Figure 2: Typical cases of 'Y quantum conversion (3rd quarter of sensitive 
volume: target T5, converters C2 and C3). 

variable x F and the transverse momentum PT of 'Y quanta from the third 
target is given in Fig. 3. As to the registered photons, their mean weight 
over all the experimental material is ~ 2.6. 

Two factors determined the length over which tracks were measured: 
the particle momentum and the distance between the converters. Low­
energy particles (E < 0.25 GeV) were measured over the maximum length 
(lower limit was about 3-4 cm, which corresponded to momentum ~ 10-
20 MeV /c). At higher energies of e+ and e- the track section to be 
measured was limited by the distance between converters equal to ~ 60 
cm, which allowed the accuracy dp/p ~ 0.04 * p [GeV /c]. The coor­
dinates of the 'Y quantum conversion point V,, were found in compliance 
with the condition that the sum of squares of distances of the vertex from 
the closest points on the particle trajectories was a minimum. The ac­
curacy of the vertex reconstruction is illustrated by the mean difference 
between V,, and the intersection point V,, of the 'Y quantum momentum 
vector and the centre of the converter: < V,, - Vc >= -0.84 ± 0.12 mm. 

4 

f I 

.., 

50 

40 

30 

20 

10 

0 

1a.a 
o.«:,.__. 

0.2 ..• 1 
v_ o •~o.s 
""" ~ 4 , ~~ciAo.& 

""°.:L_f ~ 

Figure 3: Acceptance as a function of the transverse momentum PT and 
the Feynman variable XF for -y quanta from the third target. 

3 Analysis of gamma accompaniment of muon pairs 

Interaction of photons with the converter material resulted in produc­
tion of single electrons e- (9.6% ), electron-positron pairs e+ e- (86.1 % ), 
triplets'e+e-e- (2.5%) and quartets e+e+e-e- (1.8%). Only e+e- pairs 
were taken for analysis because most single electrons were rejected by 
momentum cut-off, and triplets and quartets, though producing little 
effect on statistics, caused larger ( as compared with e+ e-) errors in de­
termination of -y quantum para.nieters. 

To reject interaction of non-charged particles with a converter and 
decays of K 0

- and A-particles near the converter, a constraint Af;+e- - ~ 

0.01 (GeV /c2
)

2 
was imposed on the effective e+e- pair mass, which l~d to 

a loss of 2.6% of events. The angle between the electron and the positron 
can help to determine the photon energy more precisely in some cases, 
because it bears a relation to the part of the momentum transferred to 
the nucleus in whose field a pair is produced [14]. In this case, however, 
the experimental values of the angle considerably differed from the the­
oretical ones owing to rescattering of electrons in the' converter material 
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and inaccuracy in measurement of their escape angles. That is ,vhy the 
quantity Me+e- was not used after that, it was taken to be zero and the 
energy was taken to be equal to the momentum. 

The fact that there were five relatively thick targets in the beam can 
be the reason both for simultaneous escape of photons from different 
targets and for their production in a secondary interaction in the same 
target. It is important to estimate the number of "alien" 1 quanta and 
to get rid of them if possible. For this purpose one can employ the 1 
quantum parallax PARX, i.e. the angle between the I quantum mo­
mentum vector and the vector connecting the primary interaction vertex 
with the reconstructed vertex of the ·e+e- pair (Fig. 4). This quantity 
was assumed to originate from a "natural" source: errors in measurement 
of momenta and escape angles of electrons, their energy losses in a con- . 
verter. It is confirmed by similarity of the dependence of the mean value 
<PARX> on the mean photon momentum and the distribution of errors 
in the azimuthal and polar angles < d)..-r > and < dc.p-r >. As the mo­
mentum increases to~ 0.7 GeV /c, the value <PARX> falls down from 
~ 120 mrad to ~ 35-40 mrad and then changes but slightly; < d)..-r > 
and < dc.p-y > behave in the same manner but in other angle ranges. For 
checking the parallax was simulated in the following way. The photon mo­
mentum vector was rotated such that PARX = 0. Then radiation losses 
of each electron from the e+ e- pair were ·simulated uniformly within the 
average losses· calculated for this purpose. After calculation of new 1 
quantum parameters corrections for measurement errors < d>.-r > and 
< dc.p-y > were introduced on the assumption that they obey the Gaus­
sian distribution. The only free parameter, error distribution dispersion, 
was chosen by comparing with the experimental histogram. The result 
of this comparison (normalized to the distribution maximum) is shown 
in Fig. 4. The curve is satisfactory for the initial part of experimental 
PARX value, but not for the "tail" of the distribution, which extends 
to angles of ~ 500 mrad. It follows from this comparison that from 
angles of ~ 150 mrad (Fig. 4b) a considerable number of I quanta can 
be considered to be "alien": This cut-off leads to a loss of 5% of photons, 
most of which, however, are of low energy. 

The effective mass spectrum of two gamma quanta, the 71"
0-meson 

peak shape, its position and width were a kind of indicator for correct-
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Figure 4: Distribution in the parallax of photons with momentum 
P-r < 0.3 GeV /c (a) and P-r 2: 0.3 GeV /c (b). The histogram is the 
experiment, the curve is the simulation. 

ness of operations with photons. For example, rotation of the I quantum 
momentum vector by angle PARX resulted in a considerably narrower 
7ro signal and a sharp peak in the region M-r-r < 20 MeV /c2, which 
is not seen in the initial spectrum. As already mentioned, in 1.8% of 
events there were e+ e+ e- e- combinations resulted from conversion of a 
bremsstrahlung photon· emitted by an electron from the e+ e- pair pro­
duced by an initial I quantum [15]. It would be strange not to observe 
the same effect but at different converters. It is seen from the distribu­
tion of angles among momentum vectors of I quantum pairs detected in 
the same and in different converters ( Fig. 5) that secondary photons are 
in the range of angles from O to 20 mrad with respect to the primary 
one, and the number of those placed in this category by chance ( it can 
be estimated by the bottom histogram) is not more than 1.6% of the 
total number of combinations. Of the two photons selected in this way 
we excluded from consideration the last one, if it took away a fraction of 
energy, or both, if their momenta were close in value. 

The converters were not thick enough for development of a multipar-

7 

-



-c, 90 e 
~ 80 
z 

Figure 5: Distribution of angles 
between the momentum vectors of 
pairs of I quanta registered in the 
same and in different converters. 
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tide shower; yet, they were thick enough for bremsstrahlung losses of 
electrons to be noticeable. To calculc1:te them, we found the most proba­
ble I quantum conversion point, which was at such a place that with the 
given converter thickness there were equal total probabilities for a photon 
of known momentum and escape angles to produce an e+ e- pair before 
and after this point. Then the range of each electron before leaving the 
converter was determined in accordance with its angles. It is on this 
range that the energy losses were calculated in relation to the electron 
momentum. The allowance for the losses resulted, among other things, 
in a slight ( :S 10 Me V / c2) displacement of the rr0 peak. 

Finally, to reduce the background and exclude photons that do not 
practically contribute to the 1r0 signal, we determined the lower limit of 
the I momentum spectrum. For this purpose 11 spectra were constructed 
on condition that the momentum of one or both photons is below a 
certain value, which was changed with a step of 50 lVIeV /c. The rr0

-

meson peak was found to appear when a 1 momentum exceeds 150 Me V / c 
and/or the sum of the momenta exceeds 400 MeV /c. Photons that failed 
to meet this requirement were rejected. 
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4 Conclusion 

The methodical problems of placing a set of lead glass gamma converters 
in a three-gap streamer chamber 80 cm deep are solved. Unlike the case 
in other streamer chamber experiments, where converters were used only 
for identification of electrons and photons, in this experiment the angular 
and momentum characteristics of I quanta were measured for .the first 
time. 

While processing the gamma quantum measurements, we have done 
the following operations: 

- only electron-positron pairs from converters were selected for anal­
ysis (86.1%); 

- pairs with a more than 50% relative error, dpe/Pe, in measurement of 
the momentum of one of the electrons were rejected (0.9% of electrons); 

- pairs with the effective mass M;+e- :S 0.01 (GeV /c2)2 were rejected 
(2.6%); 

- photons with the parallax PARX larger than 150 mrad were rejected 
(4.8%); 

- correction for the parallax were made; 
- corrections for radiation losses of electrons were made; 
- shower photons were excluded ( 6. 1 % ) ; 
- in separation of 1r

0-mesons the lower limit of the I momentum spec-
trum was 150 MeV /c and/or the sum of the momenta of two I quanta 
was 400 MeV /c. 

It should be mentioned that the percentage of losses in each of the 
above paragraphs is given irrespective of the others. Since a I quantum 
is often rejected on the basis of several criteria at a time, the total losses 
are a small part of the data obtained. For example, most of the photons 
rejected for the parallax were in the range of small momenta and can be 
excluded from the analysis by the last paragraph. 

The final effective mass spectrum of two I quanta is given in Fig. 6a. 
The distribution was fitted by the sum of two functions, the polyno­
mial and the Gaussian. The following parameters were obtained: M1ro = 
(135.5 ± 1.1) MeV /c2 

, CT1ro = (9.4 ± 1.1) MeV /c2
• To simulate pro­

duction of 1r
0-mesons with allowance of the installation acceptance, the 

momentum spectra of 1r+( 1r-)-mesons were used as initial particles, or pa-

9 



"u .l,n° " ~ ~ ~ +1) J 200 (a) j 240 d. (b) 0 ... 
~ 200 ~ 

160 

160 
120 ,., 

120 r 1: sot,'~ 
4-0 f f d, I • 

80 

"o 
~200 I 

Q) 
.I, "' 

::Ii 
g 175 
~ 

150 

125 

100 

75 

50 

25 

0 
0.4 

,, 

40 

0 0.4 0.6 0.4 1.2 2. 2.6 3.6 
M.,,(GeV/e2

') M,.+,h(GeV/e1
) 

(c) 

2. 2.8 
M.,•.-nC GeV / e') 

Figure 6: Effective mass spectrum of 
'Y'Y (a), µ+µ-'Y (b) and 1r+1r-'Y'Y (c). 
The curves are the results of fitting. 
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rameters of the particle were simulated within the appropriate kinematic 
limits. Allowance for corrections discussed above led to a ,1 spectrum 
shape close to the experimental one. Another result is connected with 
17-mesons deca)·ing into two photons. Simulation showed that, first, their 
number that can be registered by the installation is 60% of the num­
ber of r.0-mesons; secondly, the error "smearing" results in a wide peak 
(a,,~ 40 iVleV /c2 ). If the production cross section and the probability of 
the decay into two I quanta is taken into account, there must be a very 
weak manifestation of the 17-meson signal 

To check the above operations in another way the effective mass spec­
tra ofµ+µ-, and 1r+1r-,, were constructed (Fig. 6b and 6c). Ip the 
µ+ µ-, distribution the I quantum momenta was cut off by the lower 
limit of 300 MeV /c. In the latter case there was an additional con­
straint imposed on the effective mass of a photon pair: 100 < Af-y-y < 
170 MeV /c2, only one combination closest to the 1r0 mass was selected 
in an event. The distribution was fitted similarly to 1r0

• The parameters· 
obtained are M 11 = (549.5 ± 5.4) MeV /c2, a11 = (26.6 ± 4.8) l\IeV /c2; 
Mw = (782.5 ± 10.9) MeV /c2 , aw= (3:3.3 ± 11.8) MeV /c2

• The values of 
these parameters prove the procedure of data processing and introduction 
of corrections to be correct. 

The authors express their sincere gratitude to T.I. KotoYa and T.P. 
Saenko for assistance in preparing the paper. 
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6aHHl1KOB A.B. 11 AP· 
lt1JMepeH11e 11 o6pa6oTKa raMMa-<:onposo>+<.Qet-tl1A _ 
MIOOHHblX nap B peaKt.111111(C + µ+ µ· + 'Y + x'i,p11 38 f3B 

·E1-92-372 

8 11YBCTBl1Te11bHOM 060eMe 'CTp~MepHo,;:, KaMepbl MarHl1THoro cneKTpo­
MeTpa , Plt1CK ~p11 nposeAeH1111 3Kcnep11MeHTa SERP-E-151 no 11Jy'leH1110 
3KCK11I0311BHblX npoueccos p0>KAet-tl1A MIOOHHblX nap 11 J/iJ,-'laCT11LI B 1(C-. 

B3al1MOAe,;:,CTBl1AX np11 38 f38 p83Me~a11CA Ha6op yrnepoAHblX Ml1Wet-te,;:, 
11. KOHBepTOpOB, ~3rOTOB11eHHblX 113 CBl1HLIOBOrO CTeKna. npeACTaBllet-tbl, 
11X KOHCTPYKLll1A 11 xapaKTep11CTl1Kl1. Ocy~ecTBnei-to 113MepeH11e 11Mny11bC-

' HblX 11 yrnoBblX cneKTpoB 'Y·KBaHTOB. np11soA11TCA 01111caH11e npouecca 
o6pa6oTKl1 nony'leHHOro MaTep11a11a, BK11IO'lalO~ero B ce6A OT6op cpOTOHOB,' 
BBeAeH11e nonpaBOK Ha 11X napaMeTpb'I 11, 31leMeHTbl MOAe1111fOBaHl1f\_ AnA 
111111IOCTpat.11111 noKa3aHbl CneKTpbl 3cpcpeKT11BHblX MaCC 'Y'Y, µ µ·-y 11 1T. 1T-i"f. 

.. 4 I . ' ' ' 

Pa6oTa BbinonHeHa B na6oparnp1111 AAepHblX npo6neM Olt1AVI. 

IlpenpHHT Qm,e;:i1111eHHOro HHCntryra, H;.epHblX HCCJ1e;:ioeam1tt. Jly6Ha 1992 

BannikovAV. et al.i 
Me'asurement ~nd Proces.sing ot' Gammas Accompanying 
Muon Pairs in the ·Reaction 1r·c + µ + µ· + 'Y + X at 38 GeV 

E1-92-372 

A set of carbon targets and lead glass converters were placed in the sen­
sitive ·volume of a streamer'chamber of the magnetic spectrometer RISK in 
th·e experiment SERP-E-151 on the study of exdusiv~ processes of produc­
tion of muon ·pairs and JN,,-particles in 1r·c interactions at 38 GeV. The design 
and characteristics of the targets and converters are given. Momentum and 
angular spectra of 'Y quanta are measured. The processing of the data obtained 
is. described, including selection of photons, correction for ttieir parameters ' ' ' ' , ' . , + + 
and elements of simulation. Effective mass spectra of TI, µ µ ·-y and .1T 1r·n 
are shown for illustration. . -· 

The investigation has bee~ performed· at the_ Laboratory_ of Nuclear Prob­
lems, JIN R. 
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