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1. The cross sections of the customarily -observed and investigated pro-
cesses of hadron production by a single photon decrease rapidly with increasing
total effective mass of the reaction products. We wish to call attention to
a mechanism of hadron production by photons ("condensation" of photons), which
is amenable to observation in accelerators with opposing e~e=~ or ete- beams,
and the cross section of which is practically independent of the total effec-
tive mass of the reaction products, and increases like 1n?E/m with increasing
beam energy E.

The colliding electrons (for concreteness, we shall deal with e~e~ beams)
are decelerated and emit bremsstrahlung photons, which in turn condense into
hadrons (see Fig. 1). The total photon-condensation cross section, in analogy
with all total cross sections involving hadrons, should be practically constant
at high energies.

2. The scheme for calculating the observable quantity is similar to that
used to extract data on the total yp-scattering cross section from electroproduc-
tion [ef. [1], where references to earlier literature can be found).

For colliding beams pg = pg = E, the energy of the final electrons is
p£° = Ei’ and there scattering angles are ei -- see Fig. 1. Then (m is the

electron mass)
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After summing over all the hadron states,
the result is expressed in terms of the absorp-
tive part of the 6-amplitudes of the forward
YY scattering. Since q; # 0, a scalar photon

polarization S is possible besides the trans-
verse one T. The L-amplitudes are expressed

in terms of the total cross section 0%%, c%g,
Fig. 1 oY, and 0 (the first index indicates the

O3>
polarization of the first photon) and two amplltudes T%; and T%é corresponding
to processes with change of helicity of the individual photons, but with con-

servation of the total helicity. This question will be dealt with in a
garate paper. As a result we have for small scattering angles Gi, when
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2EE, ZEE'z - (E+E)(F+F2)E\/EEcosé (4

(1. » €, = M
E’+F’ Popregr’ P aEr4 EN(E? +£})

Here ¢ is the angle between the electron scattering planes.

3. At small values of q we have s = 4(E - E,)(E - E,), and the quantity
YY (s:
O?’XI]).I ht by 1i YY(s; 0; 1 ™ . Yp
g y light GTT(S, 0; 0). The asymptotic values © = 25 mb and ©

ql; qz) differs 11ttle from the total cross section for the scattering

= 100 ub differ by approximately 2/a = 250 times. This is approximately the

factor b;{ which cYY should be smaller than o'P, i.e., o'’ & (0.3 - 1) x
10-° (u/m ) The maximum 2y = 27 cross section calculated in scalar

electrodynamics has about the same value. Integrating (2) over the entire spec-

trum of the secondary electrons, we obtain ¢ ~ [{a/7)1n(E/m) %0 le v 10~3%8 em?.
On the other hand, if we confine ourselves in (2) to integration in the range

of scattering angles ei from 0 to em < 1, and in the range of energies Ei from

0 to Em < E, assuming that Gexp is constant, then
E En |2
A =gy 2" m.m
lg <o, 6<k, ""P[n E " m J . )

When E = 3.5 GeV, Em/E = 0.2 and em = 0.2, the range of qg is from 0 to 0.007
GeV, that of s is from 30 to 50 GeV, and o ~ (1 - 4) x 10-3%% cm?,

I, Since the electron scattering angles
are small in the proposed experiments, the
photon momenta are directed along the initial
momenta. Therefore the condensed hadrons
should form, in the main, two bunches travel-
ing along the initial beams. The average
transverse momentum of the hadrons in these
bunches should be of the order of 300 - 500
MeV (as in all hadron processes). A sig-
nificant part of these bunches should carry a b
away a unit angular momentum, i.e., they
should contain many vector mesons (p, w,
¢, ...). It is very important to ascertain P 5
the fraction of processes in which hadrons 18-
emitted at large angles reproduced. The dependence of the cross sections in q
is also of great interest.

5. In hadron interactions, the cross sections of the low-energy (< 1 GeV)
elastic or almost-elastic processes are of the same order as the asymptotic
total cross sections, while a (at resonance) is larger by one order of magni-
tude. The proposed scheme can therefore be used also to study the following
low-energy processes: a) 2y > 271, from which data can be extracted on the mm-
scattering s-wave, i.e., on the wavelengths and on the e meson (the o meson)
and perhaps also on the f-meson, etc. We know that the required calculations
are already under way, see also [2]. Db) 2y - w0 n, which 1s a very 1nterest1ng
system for various symmetry schemes. In particular, the resonances n'(Xx° ),

ﬁN, A,, etc. are of interest.

6. To distinguish this process from ordinary annihilation into hadrons, it
is nece-sary to separate the final electrons. This can be done with the aid of
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a magnetic fleld at the point of encounter even at a zero scat-
tering angle. An important competitor of the two-photon produc-
tion is the hadron "bremsstrahlung" process (Fig. 2), which
likewise does not decrease with 1lncreasing energy. Thils process
can be calculated fully if the cross sections for single-photon
annihilations into hadrons is known (Fig. 3). It is important
here that the amplitudes of the processes in Figs. 1, 2a, and 2b
do not interfere pairwise. -

The existence of these methods of hardon production must be
taken into account in the interpretation of colliding-beam ex-
Fig. 3 periments.

Thus, accelerators with colliding electron and (or) positron beams can be
used as sources of colliding photon beams, i.e., for the study of the "conden-
sation" of photons into hadrons at hlgh energles The characteristic cross
sections of such processes are 107%% - 10-%* cm™
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Recent papers [1 - 3] have reported deviations from the Franck-Condon law
upon population of the vibrational levels of excited electronic states of
diatomic molecular ions produced in slow collisions of ions with molecules in
the electronic ground state. 1In [1, 2] there was observed an increase of the
population of v1brat10na1 levels w1th vibrational quantum numbers v' = 1, 3,
and 3 of the state B? Zg of the molecular ion N+ excited by collision of dif-

ferent ions of velocity v < 1 x 10% ecm?/sec with N, molecules.

A deviation from the Franck-Condon principle was observed in [3] upon
population of the vibrational levels vl = 0, 1, 2, 3, 4, and 5 of the excilted
electronic state A% of the COY ion produced in collisions between Art ions of
energy 1 keV with CO molecules.

It was of interest to study the effect of anomalous population of the
vibrational levels of the A’ state of the CO% ion produced by collisions of
various ions having velocities v < 1 X 10° cm/sec with the CO molecule. In
the present 1nvest1gatlon, the molecular ion CO* in the state A%I was produced
in collisions between Het, Ne+, and Art ions of energy 0.16 - 30 keV with CO
molecules. The experimental setup used for the measurements is described in
[1]. The effective cross sections ¢ for the productions of the COY(A%I) ions
in different vibrational states were determined in relative units by measuring
the 1nten51t1es of the bands of the system of comet talls, emitted in
A%l —- X2% transitions (X2I is the ground state of the €Ot ion). The functions
o(v) were determined for the bands of the comet-tail systems with vibrational
transitions (0, 1), (1, 0), (2, 0), (2, 1), (1, 1), (3, 0), and (4, 2). Flgure
1 shows the functions c(v) for the (2, 0) band, excited by colllslons w1th Het
Ne+, and Art ions. The functions for the other bands of the AN —- X z system
were similar. The measured effective excitatlon cross sections of A’ —- X2Z
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