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14The observed A(vW,) in Fig, 3 is derived by averag-
ing the measure of scaling violations, (g?/3)(%25-%)
over the dimuon data.

5For example, the predicted dimuon rate is also
somewhat sensitive to the coefficient of x’ in the ex-

ponential in (2). Using a value of 8 (also suggested by
BN) instead of 10 increases the dimuon rate by about
25% and lowers the predicted scale violation by this
same amount, Note also the dependence on the D
branching ratio.
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We have studied correlations between two m”’s produced at the CERN intersecting stor-
age rings, utilizing detectors with large azimuthal acceptance. We find that the previ-
ously observed enhancement of two 7°’s produced at azimuthal difference near 180° can
be made to vanish when certain kinematic effects are removed. However, we observe
aligned configurations above 8 GeV of transverse energy unexplained by such kinematic

effects.

Most studies' of correlations between two par-
ticles of high transverse momentum have been
limited to nearly coplanar configurations (azi-
muthal-angle difference A¢~0°, A¢ ~180°). In
this experiment, we have measured the distribu-
tions of neutral pion pairs over nearly the full
angular range of the azimuthal difference. These
measurements enable us to remove certain kine-
matic effects in the analysis of particles emitted
in opposite directions at the CERN intersecting
storage rings (ISR). We find that the excess in
“back-to-back” 7° pair production previously ob-
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served can be made to vaish when these kinemat-
ic effects are removed, reappearing only when
one of the 7”’s exceeds 4 GeV/c in transverse
momentum.

The data for this study were derived primarily
from the ISR runs with c.m. energy Vs =52 GeV.
The integrated luminosity was ~3X10% c¢m™.

Our apparatus (cf. Kourkoumelis® and Cobb?® for
a more detailed desecription) consists of four
lead-liquid-argon calorimeters placed adjacently
around the intersection region, each covering
the polar-angle region 90°+ 45° and each having
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45° acceptance in azimuth, The calorimeters’
three views, realized by 20-mm-wide traversing
strips at different angles, allow the reconstruc-
tion of individual showers, and three radial elec-
tronic subdivisions allow the verification of nor-
mal shower development. The calorimeter trig-
ger and subsequent analysis require two photons
of energy greater than 1.2 GeV to strike differ-
ent calorimeters, providing coverage in the c.m.
system of 23°<A¢<180°,32

For the purpose of this analysis, neutral pions
are identified by the presence of at least one
reconstructed photon shower of energy greater
than 1.2 GeV/c, accompanied by additional near-
by energy, not associated by our reconstruction
program with the solved photon shower. Detailed
investigation showed that these events are pri-
marily pions with the two showers not cleanly
resolved.*

Each of the 7° pairs thus defined may be char-
acterized by their momenta P,.JL,PT2 and azimu-
thal-angle difference A¢. We have subdivided
the data by two methods for display purposes,
with each subdivision related to simple models
of the collision mechanism. Below we give the
results first for a selection based on “P;” and
then for one based on “E,” as defined below.

The distribution in A¢ for events where each 7°
has transverse momentum greater than the stated
limit P is shown in Fig. 1.° As P, is increased,
a strong, narrowing peak develops at A =180°,
similar to that observed in previous experiments,

The enhancement favoring 7° pairs in a back-
to-back configuration may result from under-
lying consituent-hard-scattering structure, but
there exist a number of possible “kinematical”
explanations for the emergence of such a corre-
lation. First, conservation of transverse mo-
mentum may produce an excess of events in this
configuration. In addition, since increasing
transverse energy is associated with decreasing
cross sections, it is expected that 7° pairs pro-
duced with an azimuthal opening angle A¢ ~ 90°
and therefore requiving additional balancing
transverse momentum are less copiously pro-
duced than those with A¢ =180°. With these points
in mind, we consider the second method of group-
ing the data.

We define the total transverse energy E, as
follows: First we construct for each 7° pair a
missing, or “ghost,” transverse momentum _ﬁm
= —(§T1+13Tz), which must be nonzero for Ag
<180°, We then define the total transverse en-
ergy (assuming negligible masses) E ;= lPTll
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FIG. 1. Fully corrected distributions of azimuthal-
angle differences A¢ between two m°s emitted with po-
lar angles 45°< 6< 135° and Ag > 23° with each of trans-
verse momentum greater than (a) 2.0 GeV/c, () 2.5
GeV/c, and (c) 3.0 GeV/c,

+ ]PT21+ | Prol and examine the azimuthal spec-
trum, this time for events in the E , infervals
shown in Fig. 2. The selection on E , depends on
a scalar quantity without the obvious biases of
the previous selection. Any peak now observed
cannot be due to those biases,

A striking feature of the spectrum, for E ;<8
GeV is the disappearance of the peak in back-to-
back configurations observed in Fig. 1,° Instead
we note a larger cross section for configuration
where the 7”s are in the same hemisphere. This
type of correlation can result from the production
of resonances or clusters, The change in distri-
bution implies that kinematic factors are impor-
tant in determining the angular correlation. There-
fore firm conclusions can be reached only by com-
parison of the data with models in which kinemat-
ic effects are taken into account,

First, without reference to a specific model,
we have examined the dependence of the angular
correlations on E ;. As the selected E, interval
rises beyond 8 GeV, we note the reappearance of
preference towards the back-to-back configura-
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FIG. 2. Azimuthal differences of two 7°’s with angu-
lar acceptances as in Fig. 1, but with total transverse
energy (see text) in the interval (a) 6 GeV< E <8 GeV;
(b) 8<Er<10 GeV; (c) 10 GeV<E;<12 GeV. The min-
imum 7° transverse momentum required for inclusion
is Py =1.2 GeV/c.

tion, together with the highly populated configura-
tion at small Ag. Next, to assess the significance
of the observed structures, we have compared

the data to the simple independent-emission mod-
el of Michael and Vanryckegham,” which derives
“jetlike” configurations from the necessity to con-
serve energy and momentum, In the “E,” selec-
tion, this model predicts an essentially uniform
distribution for the spectra of Fig. 2.

Finally, to explore the observed structure in
more detail, we have constructed the diplot of
Fig. 3 which illustrates all of the transverse var-
iables simultaneously, The plot is symmetrized,
with coordinates u;=(2P;;,/E ), i=1,2, and is anal-
ogous to a Dalitz plot.® We note that, for the in-
terval 10 GeV <E ;<12 GeV, the kinematic bound-
aries of the plot are preferentially populated,
indicating alignment of the transverse momenta
of the 7”s and “ghost.” Hard-scattering models,
with the two scattering constituents each frag-
menting into 7°+ “other” with relative transverse
momenta of the fragments, qualitatively predict
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the kinematic boundary, including the depletion of
events in the P, =0 corner of the plot, can be
varied by assigning a nonzero mass to the ghost,

In summary, we have studied the preference of
two 7’s for “back-to-back” configurations by a
novel method, After removing an obvious kine-
matic bias, we still observe, at high transverse
energies, an enhancement of configurations with
alignment of the 7”s and missing momentum.
The association of high energies and back-to-
back configurations is suggestive of underlying
constituent—hard-scattering structure, and is
not expected in simple models with no such struc-
ture built in, such as the independent-emission
model. We can not exclude the possibility that
more sophisticated models, or high-mass reso-
nant states with unexpectedly high cross sections,”®
can explain our data,
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IFor ¥ correlations, see K. Eggert et al., Nucl. Phys.
B98, 49 (1975); F. W. Biisser et al., Phys. Lett. 51B,
311 (1974). For charged-particle correlations, see
M. Della Negra et al., CERN Report No. CERN/EP/
PHYS77-10 (to be published); see also recent reviews
by G. C. Fox and H, J, Frisch, Brookhaven National
Laboratory Report No, BNL-50598, edited by H. Gor-
don and R. F, Peierls, Proceedings of the American
Physical Society Meeting, Division of Particles and
Fields, Upton, New York, 1976 (unpublished); by
H. Bdggild, in Proceedings of the Seventh International
Symposium on Multiparticle Dynamics, Kayserberg,
June 1977 (unpublished); by M. Della Negra, in Pro-
ceedings of the European Conference on Particle Phys-
ics at Budapest, July 1977 (unpublished),

2C. Kourkoumelis, CERN Report No, CERN 77-06
(unpublished); J. H, Cobb ef al,, Phys. Lett. 68B, 101
(1977),

3Although we have taken data by separate trigger with
acceptance at smaller angles, their analysis is not yet
complete.

‘A more certain, but biased 7° definition requires two
reconstructed photons with 7° effective mass. However,
this definition yields poor efficiency at high P;. When
two reconstructed showers coexist in the same octant,
the m° energy was taken as that of the highest-energy
shower. The inclusion of the lower-energy shower or

additional nearby energy in the 7° definition has no
significant effect on our results.

The spectrum has been weighted for geometrical and
energy efficiency as determined by calibration runs at
the CERN proton synchrotron so that the two m’s, when
given random angles would have a flat distribution,
independent of transverse momentum above P, = 1,2
GeV/c. Trigger corrections due to the ISR intersec-
tion angle have been made. The weight of an event var-
ies from 0.3 to 3, with an average weight of 1,

fWe have also examined the product Il = P, * P, Prg.
We find distributions similar to those of the E ; selec-
tion.

'C. Michael and L, Vanryckegham, University of
Liverpool Report No. LTH 31, May 1977 (to be pub-
lished), and private communication. We compared our
spectrum in A¢ with that predicted by the independent-
emission model for events with 9<F ;<12 GeV and
Pr.>1GeV; Pp, >3 GeV. The 412 events in our sam-
ple have a distribution essentially the same as that of
Fig. 2(b). The model predicts a nearly uniform distri-
bution with variations of <20% over our azimuthal
coverage,

8The diplot of Fig. 3 is not corrected for efficiency
which varies by less than 30% in the populated regions.

Recent measurements of T(9.5)— e*e” in the same
apparatus [J. H, Cobb et al., Phys. Lett. 72B, 273
(19771, combined with an assumed 3% branching ratio
to electrons, would indicate that there are several
hundred decays of 1(9.5) to hadrons in the data sample
from which the present events are drawn.
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The effect of electron-electron Coulomb correlation on orbital-electron capture by the
nucleus has been treated by the multiconfigurational Hartree-Fock approach., The theo-
retical "Be L /K capture ratio is found to be 0.086, and the ’Ar M/L ratio, 0.102, Both
ratios are smaller than the independent-particle predictions, Measurements exist for
the Ar M/L ratio, and agreement between theory and experiment is excellent.

Benoist-Gueutal’s insight' that atomic electrons must be included in a complete description of orbital-
electron capture by the nucleus?® led to the introduction of atomic exchange and imperfect-overlap fac-
tors in the theoretical capture probability.®”® All existing work on electron capture has been carried
out in the independent-particle approximation; effects due to electron-electron Coulomb correlation
have been neglected. Here we report on a first effort to take correlation into account, by using the
multiconfigurational Hartree-Fock (MCHF) approach.” We calculate the "Be L/K and *’Ar M/L cap-
ture ratios.

The nuclear-electron-capture rate is?

X;=\°B,, i=K,L,M,..., (1)

where 1,° is the rate obtained when atomic matrix elements are neglected,® and B; is the exchange-
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