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Evidence is presented for local compensation of transverse momentum in pp collisions
at 200 and 300 GeV/c. We compare the data with a model which contains no dynamical

transverse-momentum correlations.
the slope of the Pomeranchuk trajectory.

In general terms, local compensation of some
conserved, additive quantum number in high-en-
ergy particle production'"® requires that each fi-
nal-state particle carrying a value ¢ be accompa-
nied by a small group of particles carrying a to-
tal value of —¢ located nearby in rapidity space.
Recent data*® support the hypothesis of local com-
pensation of electric charge. In this Letter we
describe data from 200- and 300-GeV/c¢ pp colli-
sions which strongly suggest that local compensa-
tion of transverse momentum (LCTM) is also a
characteristic of strong-interaction dynamics.
With a plausible assumption concerning the be-
havior of the undetected neutral particles, these
data determine a lower bound?? on the slope of
the Pomeranchuk trajectory.

A formulation of LCTM which can be tested by
experiments which detect only charged particles
has been presented by Weingarten®: Let _i>(v)
[~Z‘<(y)_] be the total transverse momentum car-
ried by all final-state charged particles with rap-
idities greater (less) than y in an inelastic colli-

These data are used to determine a lower bound on

sion, We define the correlation function C(y,, v,)
for y, <y, by

C(vy, ¥2)= = (Z (v Z5(3,)), 1)

where the angular brackets represent an average
over all inelastic events., LCTM requires that as
the total center-of-mass energy, Vs, increases
without limit, (a) C(y,,y,) approaches an energy-
independent limit; and (b) C(v,, v,) falls rapdily
to zero as y, — v, becomes greater than some en-
ergy-independent correlation length, X,

A model which contains no dynamical correla-
tions among transverse momenta and which may
be compared with the data can be constructed as
follows: Consider events in which all neutral and
charged particles are detected. In each event,
assign to each particle the longitudinal rapidity
at which it is actually observed, but reassign ran-
dom transverse momenta subject to the require-
ments (i) that the probability distribution of trans-
verse momentum for each individual particle be
proportional to the observed inclusive single-par-
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ticle transverse-momentum distribution (aver-
aged over rapidity), and (ii) that the set of trans-
verse momenta, p,,, ..., D.y, fOr each N-parti-
cle event conserve momentum. Then, by momen-
tum conservation, for any i+##%, the averages
(Ip,;1®y and (P,;*P.,)y taken over all N-particle
events obey the relation

(pul®y== 25 (5u'5¢1)ﬁ

j#i
== (N=1)(Py;i Pux)n- (2)

Our rule for assigning transverse momenta im-
plies that (Ip,;® = (I1p.1?, where (IP,I? is the
overall observed average of the square of the
transverse momentum. If N (v) [N, “(y)]is the
total number of charged particles with rapidities
greater [less|than y in an event, then for this
model,

Oy vp)= { LN )5, )

N-1
Let (N0>NC be the average number of final-state
neutral particles for a fixed number N, of charged
particles. Introducing the approximation,

< N < N
C(vy, ¥9) = < W>( 15,12, (4)
we obtain a prediction which can be evaluated®
with use of charged-particle data combined with
published results for (N,)y_.” Models suggest
that the value given by Eq. (4) is about 3% small-
er than that given by Eq. (3). This model dupli-
cates the actual data except for possible dynami-
cal correlations among transverse momenta,
which have been replaced by a random distribu-
tion.

The data used for this analysis come from a
study of 6329 (4060) pp interactions with four or
more charged particles at 200 (300) GeV/c in the
30-in. hydrogen bubble chamber and wide-gap
spark chamber hybrid facility at Fermilab. Bub-
ble-chamber tracks and tracks in the downstream
spark chambers were fully reconstructed in space,
and track matching was then attempted. For suc-
cessfully matched tracks, a hybrid track with
momentum resolution greatly improved over the
one with the bubble-chamber measurement alone
is produced.® Particles which do not enter the
downstream spectrometer are relatively slow in
the laboratory and may therefore be measured
reliably in the bubble chamber. Fast forward
particles without a successful match with the
spark-chamber data generally scatter in the exit
window of the bubble chamber,
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To reduce biases caused by particles with poor-
ly determined momenta, we have discarded all
events with one or more charged particles with
transverse momenta greater than 4 GeV/c. We
have performed calculations without this cut, and
have also placed this cut at 1.5 GeV/c, and find
no significant change in any results. In addition,
we have restricted the sample to (1) only those
events with spark-chamber hookup tracks (37% at
200 GeV/c and 31% at 300 GeV/c) and to (2) only
those events in the upstream half of the fiducial
volume, and have again found no significant change
in any results, Furthermore, a Peyrou plot of
the data shows reasonable symmetry (F-B/I'+ B
=0.013+0.014) about v, =0, indicating the ab-
sence of any significant bias. Our analysis also
has a built-in mechanism for detecting bias, as
described below. We are thus left with a sample
of 5998 (3847) events at 200 (300) GeV/c for the
subsequent analysis, These events have been
weighted to restore the measured inelastic multi-
plicity distributions.

Data for C(v,, v,) as a function of &y =(v,—1,),
with v, = (v, +v,)/2=0, are shown in Fig. 1 for pp
scattering at 200 and 300 GeV/c.? The errors
shown in Fig. 1 include approximately equal con-
tributions from statistical and systematic effects.
The latter arise from errors in measuring p, and
v for some forward-hemisphere tracks and were
determined by examining forward-backward asym-
metries in the correlation functions. The curves
in Fig. 1 are the predictions of the random model
described above. At 200 (300) GeV/c, the curve
given by the model is more than 40% (60%) above
the data. These differences are explicitly dem-
onstrated through the values of (0, 0)=0.202
+0.009 (0.208 +0.008) at 200 (300) GeV/c for the
data and ¢(0,0)=0.289+0.010 (0.331+0.015) for
the model. This is a deviation from randomness
in the direction required by LCTM. At high ener-
gy, the average multiplicity rises approximately
as In(s), and thus the quantity given by Eq. (4)
will also rise asymptotically as In(s). Condition
(a), however, requires C(y,,v,) to approach a
constant as s—~«, Therefore, C(v,, v,) for the
random model will asymptotically exceed C(v,,
v,) for the data which obeys LCTM, and this dif-
ference will grow with energy. This is qualita-
tively just what is observed.'® The data and ran-
dom model have also been calculated for y,=+1
and +2, and graphs similar to those in Fig. 1
have been produced. In all cases, the C(y,, v,)
for the model is significantly higher than the data
and this difference grows with increasing energy.
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FIG. 1. Plot of C(~06y/2,+0y/2) as a function of 0y at (a) 200 and (b) 300 GeV/c. The smooth curves indicate the

values of C for the random uncorrelated model.

If the data at y,=0 are fitted to a function of the
form C(-v/2, +v/2)=Aexp(-1y/\), we obtain the
value A =1.60+0.05 (1.63+0.07) at 200 (300) GeV/

c. Condition (b), in effect, requires x to be bound-

ed as a function of energy. Within errors, x for
the data is energy-independent. However, the
prediction of the random model, X =1.81+0.05
(1.97+£0.06), is larger than the data and this dif-
ference increases with increasing energy. This
deviation from randomness and its energy depen-
dence are in the direction required by LCTM. It
is worth noting that the correlation length which
we obtain here is somewhat larger than the cor-
responding parameter, X, ~1.2, obtained from
charge-transfer correlation functions.®

We believe that these data are significant evi-
dence in favor of LCTM. This being the case,
these data yield a lower bound®?® on the slope of
the Pomeron:

ay 18, [TCS (= /2, +1v/2)dy] (5)

The function C."(y,, v,) is the limit as s—~« of the
correlation function which would have been given
by Eq. (1) if Z_.() and Z _(v) had been obtained
from the transverse momenta of all the particles
rather than only from the transverse momenta of
the charged particles. Suppose, however, that
7 .9(y) and Z %(y) are the total transverse momen
ta carried by particles with charge g and rapidi-
ties, respectively, greater than y and less than
v. Then it seems reasonable that at high energy
the integrated average

f(‘)w'\—Z’J‘l( - v/2) Z f2(+y/2) dy

(8)

will be approximately independent of ¢, and g,.
This assumption combined with (5) yields

ay = [8G) [Cl=v/2, +v/2 dy]™, ™

where C.(v,, v,) is the limit as s~ of C(y,, v,)."*
Since the C(y,, v,) for the data does not change
significantly from 200 to 300 GeV/¢c, we may as-
sume that the data have reached approximate sta-
bility, and thus the 300-GeV /¢ data reasonably
approximate C.(y,, v,). We therefore assume that
the correct asymptotic form of Eq. (7) would
yield a bound on «;’ (0) about as strong as the
bound given by the data at 300 GeV/c. With these
assumptions, we obtain the bound'? «,’ (0)>0.16
GeV 2, compared with a typical phenomenologi-
cally determined value'® of a,’ (0)~0.28 GeV 2,

Equation (5) is derived?®® by using unitarity to
relate elastic scattering to multiparticle produc-
tion, and then showing that if multiparticle pro-
duction obeys LCTM, a minimum rate of shrink-
age is necessarily generated in elastic diffrac-
tion peaks. We find that the minimum thus ob-
tained accounts for about 60% of the observed
rate of shrinkage. Thus, our data suggest that
the underlying dynamical mechanism responsible
for the shrinkage of the elastic diffraction peak
is largely local compensation of transverse mo-
mentum,
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The pion-absorption contribution to the m-d scattering length (ar,’) is calculated in the
Hulthén model in a simple dispersion-theoretic approach with Koltun-Reitan input modi-
fied through the introduction of the off-shell S-wave range parameter ¢, with ¢ =500 MeV/
c. In this approach one finds the uncrossed result, a,;,’ = —2.69x 10~ *m,~1, increased by

1.30% 10" 3m " ! with the inclusion of crossing.

The role of pion-absorption in low-energy pion-
nucleus scattering as well as the possible impor-
tance of crossing in this context has generated re-
newed interest in the study of such effects in
threshold 7-d elastic scattering. The quantity of
experimental and theoretical interest in this pro-
cess is a4 the m-deuteron scattering length.

For a,,®, the contribution to a,, with no interme-
diate pion absorption, double scattering and ex-
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plicit Fadeev calculations® yield the value a,,”

~ -0.035m,"!. The remaining contribution to
Rea,, coming from intermediate pion absorption,
a,,’ which is less well understood theoretically
and for which, it has been noted, few calculations
exist, is thought to be of the order of 10% (al-
though this estimate is based on a recent meas-
urement? of Rea,, for which the uncertainty is
about 50%).



