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ABSTRACT

The jet fragmentation fumction into m°, £(z) has been measured using the away

side high Py T® or 1 mesons as a measure of the jet momentum. The fragmentation

function is found to have an excess of events near z = 1 compared with the expo-—

nential fall-off observed at lower z values. The data behaves like 1/2° up to

z = 1, but deviates sharply from it for z > 1. Possible explanations of this

effect are the single particle fragmentation mode of the quark or gluon jet, or

quark fusion.
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The correlation between two high P, particles can be analysed using different
variables. In this letter we report on new measurements of the fragmentation
variable z = pz/p1 cos ¢, where p) is either a very high transverse momentum
(pt) 7% or 1 meson and p2 is a ®’, The hard scattering of the proton constituents
produces high P jets [1—5], which qsually fragment into several particles. The
selection of single high P, particles introduces a "trigger bias™ [2] due to the
rapidly falling p, spectrum, which allows one to use the approximation that the
direction and momentum of the high P, meson are a measure of these quantities for
the scattered constituents in the transverse plane, The variable z, while defined

0

relative to the momentum of a single high p, T or n meson (p1), is expected to

0

provide a measure of the fragmentation into m%'s of the second scattered constituent.

The apparatus used (Fig. 1) in this experiment consisted of four identical
liquid-argon calorimeters. Each calorimeter module covered a solid angle of
approximately 1 sr, 50° to 130° in polar angle and 40° in azimuth. The energies
and position of the electromagnetic showers were measured in the segmented lead -
liquid-argon calorimeter. Discrimination between hadrons and electromagnetic
showers was provided by measurement of shower development in the calorimeter.

Energy resolution in the calorimeter was found to be O(E) = 10%Z/vE. A more detailed

description of the apparatus is found elsewhere [6-12].

The trigger for this experiment was based on a large energy deposit in a
single calorimeter module. The trigger efficiency rises from near zero at 4 GeV/c
to a constant value of 95% for P above 6-7 GeV/c, The 1 production [10] was
detected via n + 2y, The n acceptance increases as a function of P> because of
both increasing trigger efficiency and geometrical acceptance. Note that in this
experiment low-energy T''s (pt < 3 GeV) were resolved in the calorimeter and were
detected as two separate electromagnetic showers. With increasing P the two
showers overlap and the 7% is reconstructed as a siﬁgle shower., Thus one could
not distinguish a single photon from m°'s in this analysis, and all showers were

assumed to be mo'g,



The analysis is done in the plane transverse to the proton-proten inter-
actions (Fig. 2). Tﬁe data can be described by the variables pi, pz and 9, the
azimuthal difference between the two particles. The azimuthal acceptance of the
apparatus being poor in the region where ¢ < 110°, events in that region were not
used. In this analysis the events were grouped in bins of fixed P. of one of the
particles (p1). For the analysis of the n-m° correlation, p1 pertains to an 7
meson. For ml-m® studies the symmetry of the correlation between two identical
particles is recognized by treating each pion both as p:1 and p2 in turn. Thus

events may appear twice in the plots,

In Fig. 3 we show the constituent fragmentation function £(z) into 7°. The
constituent energy is estimated using the high Py 1’ on the away side, A rapid
fall-off in the distribution is observed for all p; bins. A more detailed investi-
gation shows that for the region 0.8 > z 2 0.2 the fall-off is approximately
exponential with a slope of b ® 7. An even steeper exponential fall-off is
observed for events with lower z values (z < 0.2). This might be due to the fact

%'s not directly related to the scattered con-

that at lower momentum transfer, 7
stituent are included. A more interesting feature of the data is the excess of
events with respect to the exponential fit observed near z ~ 1. Note that the

functional form 1/z* (dotted line) describes the data well in the region up to

z = 1, but the data show a sharp deviation from this form beyond z = 1.

In Fig. 4 we show the constituent fragmentation function f£(z) when the esti-
mator of the constituent momentum is an 1 meson on the away side. The fragmentation
function using the n-m° events shows the same features as were discussed in the
1°-7? events. While observation of a structure near z ~ 1 for the n-r° case indi-

cates that the effect is not due to Y-y events, a y-meson correlation is not ruled

out.

The exponential fall-off of the fragmentation function has been observed
earlier, It is worth while to note that the slope observed at FNAL [13] using
lower P, jets was 4.6 compared with our 7. This might be due to the fact that as
the energy of the scattered constituent increases, the number of fragments also

increases; thus (z) is decreased, resulting in a gsteeper slope. The deviation



-3 =
from exponential fall-off or alternatively the charge in the 1/z° behaviour at
z > 1 could be the result of a number of effects, e.g. a large single particle
fragmentation mode of the quark or gluon jets either in the meson-meson or y-meson
mode; a CIM [14] process favouring quark meson scattering or quark fusion. If
we assume that the excess of events near z = 1 is due to a single particle frag-
mentation mode its ratio to the totai number of fragments is R = 2 x 107%. Assuming
the average number of fragment in this § range (8§ =~.2p1) to be 5, the probability
of a constituent to show up as a single particle is about 1%, A recent phenomeno-—
logical analysis of high mass dihadron data from FNAL [157] concludes that R is
smaller than our measured value and is consistent with being zero., That analysis
is based primarily on the P dependence of the dihadron pairs rather than on
direct measurements of the fragmentation function, and may be sensitive to other
assumptions used in the analysis, An observation of this effect with pairs of
mesons in different charge states may allow the identification of the mechanism
invelved. This effect can be an important tool for studying constituent scatter-
ing, as it implies that this region is dominated by two-body kinematics, and it
would seem reasonable that the constituent characteristics such as quantum numbers

would be more easily detected.

We would like to thank M. Jacob and R. Horgan for helpful discussion.
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Figure captions

Fig. 1 : The apparatus arraigement in the ISR,

Fig. 2 The definitions of the variables p;, pz and z.
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Fig. 3 : The constituent fragmentation distribution into 7° for 7°-n° events.

0

Fig. 4 The constituent fragmentation distribution into m° for m¥-n events.
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PLANE PERPENDICULAR TO p-p COLLISION

z=P, cos a/P,

Fig. 2



IPX

B.Hmmﬂ

Yiovr v vt

A M o hal's bl o

Yo v

~ o DO A_ﬂ_
bk el

e—Bz

x & O 0 w
_ _
|

]
b= -

(L0=2V) siuara pajybiop

Fig. 3



R P

A | e T s

et

S

v

= 0l)

Weighted Events / (Az

1000

100

0 4.5-55
A55-65
O 65-75

~O



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

