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The total cross sections for the negaton-positon pair production process
initiated by gamma quanta with energies from about 15 MeV up to about
2500 MeV in liquid xenon have been measured using 26 litre xenon bubble
chamber of the Joint Institute for Nuclear Research at Dubna and the 180 litre
xenon bubble chamber of the Institute of Theoretical and Experimental Physics
in Moscow. Total” means here that the cross sections for pair creation on
atomic electrons are included too.

The gamma gianta were from decays of the neutral pions generated
in collisions of charged pions with xenon nuclei at energies 2.34 and 3.5 GeV.

The energies of the gamma quanta were determined from the total-
track- len;ths of electrons in the gamma-quanta-initiated electron-photon
showers

1. METHOD

In the xenon bubble chambers: the smaller of the dimensions (13.5x
x6.8x4) t and the larger (25x10x10) t 3, where t = 4.1 cm is the radiation
length in hquld xenon, gamma quanta with energies over abou 10 MeV are
recorded with the efficiency near to 95 , when appeared in the center of
a chamber, PiO mesons, produced intensively in hadron-xenon nucleus colli-
sions, are the source of the gamma quanta. These quanta create the negaton-
positon pairs in the coulomb fields of atomic nuclei and electrons, and —
this way — initiate the electron-photon showers in liquid xenon; the showers
are visible well in the chambers. The energies of the recorded gamma can be
determined with the mean accuracy of about (10 + 15)%, and their conver-
sion lengths A can be measured with the accuracy of about 1 mm; the poten-
tial length L for a quantum in the chambers is measurable quantity as well,
with the accuracy of about 1 mm too i

The mean value of the conversion length < A> for n gamma quanta at
a given small energy interval and with the conversion lengths A, , and the po-
tential lengths in chambers L, of an i-th gamma quantum from this energy
interval are related as "8+ 7/:
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The cross section o ,(E,) at an energy E,, of the gamma quantum for the
negaton-positon pair creation is:
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where A is the mass number — for xenon nucleus it is A= 131, N is the Avo-
gadro number, p = 2.2 g/cm3 is the density for liquid xenon.

For the cross section determination, the gamma-quanta-initiated showers
registered on the chamber photographs were collected in the scanning, and
groupped into small intervals at a given energy E,* AE where AE, is about
10% of the Ey value. All registered gammas ascribed to pion-nucleus collisi-
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Energy dependence of the total cross section for negaton-positon pair creation

by gamma quanta in liquid xenon; Ty the cross section in barns; E)-..the energy
of the gamma quanta in MeV.

ons singled out in the scanning were measured and analysed without any
selection.

More details on the method of the cross section determination can be
found in our former works on this subject /4+5”

2. EXPERIMENTAL DATA

About 21000 gamma-quanta-initiated showers were found in scanning
of over 300000 chamber photographs — in three series of measurements.
Experimental data presented in the figure include the new results of measu-
rements and the results published in our previous works M

3. DATA ANALYSIS

The energy dependence of the cross section o (E_) obtained in this work
does not differ from the corresponding dependence ogtained on our previous
work /4 5/ | The comparison of it to the corresponding dependence calcula-
ted’®’ shows that experimental values of the cross sections are systemati-
cally shifted up — the shift is about 8% at energies E, > 100 MeV, and it
seems to appear due to the Bomn’s approximation used” 48/

The measured cross sections are both for the pair creation in the field
of atomic nuclei and in the field of atomic electrons. The rough estimation
of the ratio between the first and the second part of it gives in average the
value 0.03 . In the estimation, known formulas 97 were used.

This work is performed with support in CPBP Programme 01.09 in
Poland.
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