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Results are presented of an investigation of K3-meson production from aluminum nuclei at 10° to y beams
with maximum energies of 4 and 4.7 GeV. The cross sections for K9-meson production in the momentum
range 0.95 GeV/c <pg < pg™™ are 11.0+1.54 and 21.14-1.96 b/sr eq*<y respectively. An estimate of the

upper limit of the cross section for the reaction y+p—K°+ 2" yields for the same energies 1.86+1.07 and

1.514-1.06 b/sr.

THE investigation of K°-meson photoproduction is of
interest both from the point of view of studying the
K°-meson production mechanism itself, and for the pur-
pose of determining the intensities of K- meson beams
with electron accelerators.

According to Drell’s modelt‘], the dominant process
in the photoproduction of K° mesons by high-energy
photons in the reaction

v+p—> K4 3* (@

should be one-particle exchange via the vector meson
K* (982 MeV/c?). The differential cross section for such
a process is maximal at an angle 6 = m*/k (where m* is
the K*-meson mass and k is the y-quantum energy),

and should increase with increasing energy of the in-
coming y quantum.

This problem is also of interest because there are
only very scanty data on K°~-meson photoproduction at
high energies, and have been obtained furthermore at
small photoproduction angles{?™J,

We describe in our paper a method used for the
registration of K° mesons and for the determination of
their momentum spectrum, and present experimental
results for the two maximal energies EMaX of the

y-quantum bremsstrahlung beam, namely 4 and 4.7 GeV.

The photoproduction angle was 10° for an aluminum foil
1 radiation unit thick. The experiments were performed
with the extracted bremsstrahlung beam of the Erevan
electron accelerator. The experimental setup is shown
in Fig. 1.
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FIG. 1. Experimental setup: W—tungsten target (0.14 rad. un. of
length), K, —Kj3;—collimators, M—clearing magnet, IC—ionization cham-
ber, Al—target (1 rad un. of length), Pb—lead absorber (20 cm) D—de-
tector, C, —C4—scintillation counters, A—anticoincidence counter, WQ—
Wilson quantameter.

Neutral particles produced in the aluminum target
passed through a lead absorber Pb 20 cm thick, which
served to absorb the electron-photon component of the
beam, a clearing magnet M, and a system of collimators
(K, K3) shaping the K3-meson beam. The recording ap-
paratus was located 15.5 m away from the target and
consisted of a copper regenerator Cu, 15 cm thick, two
wide-gap spark chambers, and a scintillation telescope
C, — C4 separating the pair of particles produced upon
decay of the neutral particle in the gas chamber
(V° event). The flight direction of the neutral K2 mesons
was determined by the dimensions and the relative
placement of the collimators K. and Kj, the target, and
the detector, and was known accurate to 2 x 107 rad.
The beam was monitored simultaneously and indepen-
dently by a Wilson quantameter WQ and a thin-wall
ionization chamber IC.

In coherent regeneration, the K{ meson conserves
the flight direction and the momentum of the K3 me-
sont?). By measuring the space angles 6, and 6, be-
tween the flight direction of K? and the decay 7* mesons
registered in the spark chambers as a result of the re-
action

K> K'—>at+4a, (Im)
we can obtain the K9- meson momentum spectrum.
Altogether, 800 V° events were observed and processed.
For each of them we determined the following quanti-
ties: a) the angle 0 , between the K2- meson flight direc-
tion and the plane of the V° event (Fig. 2a); b) the coor-
dinates x, y, z of the vertex of the ‘‘fork’’; c) the dimen-
sion of the vertex of the ‘‘fork’’ or the shortest distance
between the crossing lines, d = (AX® + Ay® + Az%)'/2

(Fig. 2b); d) the angles 6, and 6, between the K3-meson
flight direction and the branches of the ‘‘fork.”” A Ve
event was regarded as coherently regenerated if

d <5 mm and 6, = 0.01 rad, corresponding to the first
two intervals of the distribution in Fig. 2a. We deter-
mined the momentum of the K meson for such cases
from the measured angles 6, and 6. under the assump-
tion that the selected events are K} decays into two 7*
mesons. The rms error in the determination of the

K}- meson momentum by this method was 1—1.5% in the
interval from 1 to 3.5 GeV/c. As a check, the distribu-
tion of the lifetime in the K{-meson rest system was
constructed for all the pairs selected in accordance with
this criterion (Fig. 2c¢). The obtained lifetime was

(0.9 + 0.065) x 107*° sec, in good agreement with the
known K- meson lifetime 7(K3) = (0.862 + 0.006)

x 107 secl®d,
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FIG. 2. Distributions of the noncomplanarity angle 6, in units of
4(1—cos o) X 10% (a), of the vertex dimension d (b), and of the K‘,’~
meson lifetime in the K rest system (c).

It should be noted that the momentum spectrum
registered by the apparatus differs significantly from
the true spectrum of the produced K2 mesons. This dis-
parity is connected with a number of factors that influ-
ence the K3- meson registration efficiency and depend on
the K- meson momenta. There exist also a number of
correction factors that do not depend on the momentum,
but nonetheless distort the momentum spectrum of the
K? mesons. Among the momentum-dependent factors
are: 1) the probability of K3-meson decay in flight
ahead of the regenerator, 2) the probability of K9- meson
absorption in the lead absorber, 3) the probability of
coherent regeneration, 4) the probability of K- meson
registration, or the geometrical efficiency of the appar-
atus, 5) the probability that the K} — 77~ decay products

‘pass through the counters and the absorber between the
counters (the absorber was placed between the counters
to decrease the background events produced by low-
energy photons and electrons). All these factors were
accounted for by the Monte Carlo method, using a spec-
ial program and the Razdan-3 computer. For momenta
pg < 0.95 GeV/c, as shown by the calculation, the regis-
tration efficiency was so low that it was impossible to
obtain exact data concerning the yield of the K3 mesons.
All the results that follow pertain therefore to py
>0.95 GeV/e.

Among the factors that do not depend on the momen-
tum are: 1) the probability of K}- meson decay into
charged particles, K — 71" (69%), 2) the scanning
efficiency, 3) the efficiency of the scintillation counters
and of the spark chambers, 4) correction for the dead
time of the electronic logic circuitry after each opera-
tion.

The obtained true K3- meson spectra are shown in
Figs. 3a and 3b in the form of solid histograms. The
same figures show, in the form of dashed histograms,
the momentum spectra of the particles registered by
the setup, without allowance for the correction coeffi-
cients. The K2- meson yield at the employed y-beam
energies, summed over all the momenta from 0.95 GeV/c

843
N T R
70
» T . P _7.
a 5 b ip
Va o)
> w0 152
1% ¢
; /5 e
_J 8.
> TS
—Zh" V4 X
s 12%
= -
K, pposls &
L1 r
7 ) i S ;:—-‘-11'!..%1
9 18 26 7_4 42 50 018 265 3% 42 S0
£, GeVie P, GeV/e

FIG. 3. Momentum spectrum and yield of Kg mesons: a) EMax =
4.0 GeV, b) 4.7 GeV. Dashed histogram—spectrum registered by the
apparatus, solid—true Kg-meson yield.

to the maximum ones, in units of K2 /eq. y-sr, turned out

to be i
(442 & 0.62) -10~°. Ey™=40!GeV,

max

(848 + 0.79) - 10-°. E;™*=47 GeV.

In the calculation of the Kj photoproduction cross
section it was necessary to introduce, in addition to the
corrections listed above, also a correction for the ab-
sorption of the ¢ quanta in the target (w. ), and to take
additional account of the K3 mesons in the nucleus (ag),
where they are produced, and the absorption in the re-
mainder of the target (wK) . A calculation based on a
simplified optical model of the nucleus yields the fol-
lowing cross sections for the production of Kg mesons
on aluminum;

do/dQ =11.04-1,54 ub/eq.y-sr
dojdQ =21.1+1,96 wb/eq.y-sr:

EP™ =40 GeV,
EM* 47 GeV.

Subtraction of the data at AMaX = 4,0 GeV from the data
at EM3X = 4.7 GeV yields the total cross section for K3
meson production, for photons with average energy E
=4.35 + 0.035 GeV at an angle 10° in the momentum
interval 0.95 GeV/c =< pg = pg2*

To obtain the total K3-meson production Ccross sec-
tion we used the following procedure. For each of the
employed y-beam energies we determined the K3- meson
yield from the formula

n(px,) (1)
n (px,)NAQRNyAp’

where Yg (pK ) is the yield of K mesons with momen-

Ye, (k) =

tum PK; at a maximum y-beam energy E)‘; n(pK) is

the number of registered K{ mesons in the momentum
interval Ap with momentum pK n(pK ) is the product

of the efficiencies that depend on the momenta of the K2
mesons; 7 is the product of the efficiencies that are
independent of the momenta; AQ is the solid angle de-
termined by the target dimensions and the last collima-
tor K3, and N_ is the number of equivalent y quanta.
For each momentum interval we then determined the
yield difference from the formula

AY (pr,) = [Yiv7(l7xi) - YA,O(PK,»)]- (2)
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The statistical error for each momentum interval was
determined from the expression
Y47 (Px)1?

o(AYfpxi))% P ()

) Y40 (P& )1? ]‘/" (3)

74,0 (Pk;)

The differential K9-photoproduction cross section, shown
in Fig. 4, was determined from the formula
@ _  AY(px) Ey (4)
dQdpg ~ Nat (wKiaKi) oy QAE, "’

where AY(pk.) is given by (2), Np is Avogadro’s num-
ber, t is the target thickness, (wKiaKi) is the correction

for K3-meson absorption in the target, w., is the correc-
tion for y-quantum absorption in the target, E., is the
average y-quantum energy, AEY is the difference be-
tween the two accelerating energies corresponding to
the subtracted data, and ¢ is the deviation of the brems-
strahlung spectrum from the I/Ey spectral dependence
(the calculated number of photons in the interval AEY ;
divided by the number of photons in the same interval,
assuming that the spectral dependence is 1/E_)).

The table lists the measured K- meson yields Y(pKi)

at E:lax equal to 4.0 and 4.7 GeV, and the differences

between the former and the latter. The total K?- meson
production cross section can be obtained from these
data by integrating (4) over the momentum interval from
pgHM to pgaX. We assume

do _ E, O AY (p)
dQ- "~ NatwyAEyp & wkax,

Ap. (5)

The calculation yields for the total K2 meson photopro-
duction cross section a value 42.66 + 21.0 ub/sr.

The foregoing data for the cross section, yield, and
momentum spectrum of the K mesons pertains to reac-
tions of the type

Y+N—>K+ .., (11I)
where one actually measures the cross section of the
production of K? mesons in conjunction with other pos-
sible strange particles. In addition, the presence in the
bremsstrahlung spectrum of the y quanta of different
energies, and the use of an aluminum target, leads to
considerable difficulties in the analysis of individual
reaction channels. However, comparison of our data
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E* =40 Gev EMaX = 47 GeV
i P K AY (Pxi)
GeVie | neg) | Yuelog) nog) | Yo (og)
i i i i
1 1.5 33 3.68+0.64 49 6.25+0.89 2.57+1.09
2 2.1 25 1.64+0,33 40 2.99:+0.47 1.35:+0.57
3 2.7 13 0.656+0.18 19 1.09+0.25 0.334+0.3
4 3.3 3 0.125+0.071 3 0.14+0.099 0.015+0.11
5 3.9 2 0.088+0.062 0,088+0.062

with the data obtained with the aid of bubble cham-
berst”®) on K- meson production, and also with earlier
results(?*] , leads to the conclusion that, owing to the
rapid growth of the total cross section with increasing
energy E. , most K° mesons are more readily produced
in inelastic interactions with multiple pion production.

An investigation of the high-energy part of the mo-
mentum spectrum permits a rough estimate of the upper
limit of the cross section of reaction (I). The K°~-meson
momentum at a given photoproduction angle and a given
y-quantum energy is maximal for the reaction (I). The
next process in which the K°~-meson momentum is suffi-
ciently high is the reaction

v+ p— K° 4 Y*(1385). (IV)
The momentum of the K3 meson produced in reaction (I)
or (IV) can be described with sufficient accuracy by the
relations pg = p, — 0.6 (in GeV/c units) for reaction (I)
and pg = P, — 0.86 for the reaction (IV). Therefore all

the K? mesons whose momenta lie in the interval
(py —0.86) <pg = (py — 0.6) are due to the reaction (I);

the photon energy should be in this case in the range
from EMaX to gMaX_ (26 GeV. An estimate of the

upper limit of the cross section for reaction (I), made
under these assumptions, yields 1.86 + 1.07 ub/sr for
E}'3X = 4 GeV and 1.51 + 1.06 pb/sr for EJ'% = 4.7 GeV.

In conclusion, the authors are grateful to Professor
A. 1. Alikhanyan for constant interest in the work, to
A. Ts. Amatuni and S. K. Esin for collaboration, to G. I.
Merzon for useful discussions, and also to E. M.
Matevosyan, M. A. Mamalyan, and V. A, Ivanov for help
with the experiment and with the data reduction.
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