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ABSTRACT

Distributions of rapidity gaps between charged particles are studied in Z° decay events
recorded by the SLD experiment at SLAC. We find that our measured gap spectra
are well modelled by standard Monte Carlo simulations of hadronisation. Gaps in

hadronic events are studied as a function of event primary flavor, jet multiplicity and

total charged multiplicity.
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1 Introduction

Since the initial observation of hadronic jets, rapidity has been used to characterize the
momentum of particles in jets in a frame-invariant manner [1]. Recently Bjorken [2] has
called attention to the production of color-singlet systems in hard diffractive hadron-
hadron processes which would be characterized by a large gap in the event rapidity
spectrum. Rapidity gaps have been observed at Fermilab [3, 4] and DESY [5, 6]
although their origin is not yet understood. The interpretation of these phenomena
is dependent on an understanding of the spectrum of rapidity gaps arising in the
hadronization process, and in particular on a knowledge of the probability of random
fluctuations producing large gaps.

Bjorken et al. [7] have discussed e*e™ annihilation to la,rge‘ rapidity gap events via a
color screening mechanism. We present the first measurements of rapidity gap spectra
in e*e™ annihilation. In particular we study the dependence of the measured rapidity
gap spectra on the event primary flavor and on the event jet topology.

We describe the detector, the event trigger and the event selection criteria applied
to the data in Section 2. In Section 3 we define the observables used in this analysis.
The analysis of the data is described in Section 4, and conclusions are presented in

Section 5.

2 Apparatus and Hadronic Event Selection

The ete~ annihilation events produced at the Z° resonance by the SLAC Linear Col-
lider (SLC) have been recorded using the SLC Large Detector (SLD). A general descrip-
tion of the SLD can be found elsewhere [8]. Charged tracks are measured in the central
drift chamber (CDC) and in the vertex detector (VXD) [9]. Momentum measurement
is provided by a uniform axial magnetic field of 0.6 T. Particle energies are measured
in the Liquid Argon Calorimeter (LAC) [10}, which contains both electromagnetic and

hadronic sections, and in the Warm Iron Calorimeter [11].



Three triggers were used for hadronic events. The first required a total LAC electro-
magnetic energy greater than 12 GeV; the second required at least two well-separated
tracks in the CDC; and the third required at least 4 GeV in the LAC and one track in
the CDC. A selection of hadronic events was then made by two independent methods,
one based on the topology of energy depositions in the calorimeters, the other on the
number and topology of charged tracks measured in the CDC.

The analysis presented here used the charged tracks measured in the CDC and
VXD. A set of selection cuts was applied to the data to select well-measured tracks and
events well-contained within the detector acceptance. Charged tracks were required to
have (i) a closest approach transverse to the beam axis within 5 cm, and within 10 cm

‘a,long the axis from the measured interaction point; (ii) a polar angle § with respect
to the beam axis within | cos 6 [< 0.80; and (iii) a momentum transverse to the beam
axis py > 0.15 GeV/c. Events were required to have (i) a minimum of five such tracks;
(i1) a thrust axis [12] direction within | cosfr |< 0.71; and (iii) a total visible energy
Eyiy of at least 20 GeV, which was calculated from the selected tracks assigned the
charged pion mass. From our 1994-95 data sample we have used 34,890 events which
passed these cuts. The efficiency for selecting hadronic events satisfying the | cosr |
cut was estimated to be above 96%. The background in the selected event sample
was estimated to be 0.3 + 0.1%, dominated by Z° — 7+r~ events. Distributions of
single particle and event topology observables in the selected events were found to be
well described by Monte Carlo models of hadronic Z° decays [13, 14] combined with a
simulation of the SLD. A



3 Definitions of Observables and Event Tags

A Rapidity gaps
Charged particle rapidity is defined by

E+p||
= 0.51n =——, (1)
E - py

where E is the particle energy calculated from its measured momentum and a presumed
charged pion mass and py is its momentum component along the thrust axis of the
event. We order the N charged particles in an event by their rapidity, which defines
N — 1 rapidity gaps between pairs of particles taken as nearest neighbors in the rapidity
ordering. The largest rapidity gap in the event, Afpmaz, is defined as the largest of the
N — 1 gaps between nearest neighbors.

We define the average gap size by

Nmaz — Tlmin
< Anp >= ———, 2)
n N1 (2)
where 7),.- is the greatest particle rapidity in the event and 7min is the least particle

rapidity.

B Flavor tagging

Events were classified as being of light (u, d or s) or heavy (b) flavor based on impact
parameters of charged tracks measured in the vertex detector. The 22,908 events
containing no track with normalized transverse impact parameter with respect to the
interaction point b/oy > 3 were assigned to the light flavor sample. The 4,669 events
containing three or more tracks with normalized transverse impact parameter with
respect to the interaction point b/0y > 3 were assigned to the heavy flavor sample. The
light flavor content of the light sample was estimated from Monte Carlo simulations to

be 85% and the b flavor content of the heavy sample was estimated to be 89%. A full

discussion of flavor tagging can be found in [15].



C Jet tagging

The JADE jet-finding algorithm [16] was used to define the number of jets in an event.
The values 0.005, 0.02 and 0.13 of the scaled invariant mass, ycut, were used. For yeu: =
0.005 the sample contained 4,280 2-jet and 30,567 >3-jet events; for ye, = 0.02 13,314
2-jet and 15,693 >3-jet events, and for y,: = 0.13 32,281 2-jet and 2,504 >3-jet events.

4 Rapidity Gaps Analysis

The measured distributions of | 7 |, < Ay >, and Anma.s are shown in Figures la, b
and c respectively. Also shown are the predictions of the JETSET 7.4 Monte Carlo
program [17] for the simulation of Z° decays, combined with a simulation of the SLD,
and with the same cuts as applied to the data. The simulation models the data well
except at the high end of the rapidity gap spectra. This small discrepancy is due to
7+77 event contamination of the hadronic sample. Also shown in Figures 1b and cis
a KORALZ 18] simulation of Z° — 7+~ combined with a simulation of the SLD and
subjected to the same cuts as the data. This simulation describes the high < Anp >
and A7, regions well.

We have performed a Monte Carlo study to investigate further the observed spectra.
In each of Figures 2a, b and ¢ we show the following three samples:

(1) Generator-level events including all charged and neutral final state particles
except neutrinos.

(2) Generator-level events including only stable charged final-state particles.

(3) Events with detector simulation, including only charged tracks, and with the
track and event selection cuts applied.

The rapidity spectra for cases (1) - (3) are very similar (Fig. 2a), but the gap spectra
are noticeably different (Figs. 2b, c). In the step from (1) to (2) the reduction in the
number of final-state particles produces a widening of both gap distributions and an

increase in the peak positions. Going from (2), generator-level, to (3), detector-level,



narrows the distributions and decreases the peak positions of both gap distributions.
This is due to an increase in the number of charged particles from interactions in the
detector, particularly from conversion of photons from #° decays.

We have investigated the dependence of the measured spectra of the three observ-
ables, | n |, < Ap >, and Anm.. on jet topology and event primary flavor. For the
jet study we examined the spectra separately for 2-jet and >3-jet event samples. The
number of jets in an event is defined by the y.,: value used in the jet-finding algorithm.
A smaller value of y.,: corresponds to a smaller invariant mass cutoff in the combining
of particles into jets and implies that fewer events will be classified as 2-jet events,
and that these events will be more collimated along the thrust axis than 2-jet events
defined with a larger value of yy.

The rapidity spectra for 2-jet and >3-jet events for y: = 0.005, 0.02, 0.13 are
shown in Figures 3a, b and c. The peak of f.he 2-jet spectrum moves to lower rapidity
as Yy 1s increased and less collimated events are added to the 2-jet sample. As these
events leave the >3-jet sample, that spectrum tends to become narrower as it loses its
higher rapidity particles. In all cases the Monte Carlo reproduces the data.

The < An > and An,.- gap spectra are shown in Figures 4a, b and ¢ and in Figures
5a, b and ¢ respectively. In each case they are separated into 2-jet and >3-jet event
samples for the three values of y.:. The peak of the 2-jet spectra moves to lower gap
size as Yy 1s increased and as less collimated events are added to the 2-jet sample. As
these events leave the >3-jet sample, that spectrum tends to become narrower as it
loses its larger gap events. Again, the Monte Carlo reproduces the data.

For the study of the dependence of the measured spectra on event flavor we selected
samples of light (u, d and s) quark events and heavy (b) quark events. These spectra
are shown in Figures 6a, b, and c. The rapidity spectrum of the b-tagged sample is
relatively flat out to rapidity of 2.2 followed by a sharp drop off. The light quark
spectrum peaks at a low value of rapidity and falls slowly. This difference can be
explained by the kinematics of B-hadron decays. For the gap observables, < An > and



Anmaz, We observe that the light-quark sample has a bigger tail of events with large

gaps but the peaks of the distributions are at about the same place as the heavy quark

sample

5 Summary

We have studied the observables, rapidity, event average rapidity gap, and event max-
imum rapidity gap in ete™ — Z® — ¢ events. We have studied the dependence on
jet topology and looked separately at light and heavy quark flavor samples. We find
that the JETSET 7.4 event generator with detector simulation models the qualitative

features of these dependences well, particularly in the large rapidity gap region.
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Figure captions

Figure 1.
Normalized distributions of (a) charged particle rapidity for data and Monte Carlo

samples. Normalized distributions of (b) event average rapidity gap and (c) event
maximum rapidity gap for data, hadronic Monte Carlo and 7+7~ Monte Carlo samples.
Figure 2.

Normalized distributions of (a) particle rapidity, (b) event average rapidity gap, and
(¢) event maximum rapidity gap for event generator level with all final state particles,
event generator level with charged final state particles, and detector simulation with
selection cuts samples.

Figure 3.
Normalized distributions of charged particle rapidity for 2-jet and >3-jet events

selected by yeu values of (a) 0.005, (b) 0.02, and (c) 0.13. For each jet topology, data
and Monte Carlo samples are plotted.

Figure 4.
Normalized distributions of event average rapidity gap for 2-jet and >3-jet events

selected by yeu values of (a) 0.005, (b) 0.02, and (c) 0.13. For each jet topology, data
and Monte Carlo samples are plotted.
Figure 5.

Normalized distributions of event maximum rapidity gap for 2-jet and >3-jet events
selected by y..: values of (a) 0.005, (b) 0.02, and (c) 0.13. For each jet topology, data
and Monte Carlo samples are plotted.

Figure 6.

Normalized distributions of (a) charged particle rapidity, (b) event average rapidity

gap, and (c) event maximum rapidity gap for light (u, d and s) and heavy (b) quark

samples. For both flavor groups, data and Monte Carlo samples are plotted.

12



1/N(dN/dinl)

N(dN/d<An>)

.o —— hadronic MC
1 TR0, ® SLD data
—1
10 Nﬁﬁ
-2 L
10 5
-3
10
—4
‘]O 1 1 [ 1 1 1 I i i i
2 4
Inl
Figla
10 — hadronic MC
---- tau MC
1 o SLDdata
—1
10 B
10
-3 ‘ _-*_-_,—f—
10 E ) - . :
-4 ~ )
‘10 F i J LI L l 1 1 1 1 l 1 1 1
0 1 2 3
Fig 15
10 —— hadronic MC
--- tauMC
1 SLD data
—1
10
=3 N T
10 “..-_—'.‘ " " ,
10 ' . l 1 1 ! l 1 1 I j |

SLD PRELIMINARY

2

4 6 8
D7) s

FigIc

1/N(dN /din!)

6}

1/N(dN/d<An>)

1/N(dN/dAn )

—— all particles

chursad only

®  deiector <~ cuts

I1TIIIISIIITITIIIIIIII

(@)
N

all particles
- charged only

o  detector + cuts

Illlllll]lll

" . L I R S | l H ! { i
0 0.5 1 1.5 2
<An>
Fig 2b
i
— —— all particles
- . ~-~- charged only
— | , . e  detector + cuts
ik ..
[ o
C 1 1 ] | D% =l I 1 1
0 2 4 6
AT) e




1/N(dN/dIn!) 1/N(dN/dIn!)

1 /N(dN/dInl)

SLD PRELIMINARY

- ~15
E— . 2 . /Q\ I ® Data
- — MC% Zyets S . MC% 2:jets
- © -
: o D %23.”“ \10 i o  Data
[ oo, - MC % i %23-jets
o ©50, g - o ---- MC
N -5 7"
[ o
O bd. I ———| 1 l L ) N T
0 2 4 6 0 0.5 1.5
inl (y.n= 0.005) <A77> (Yeu= O. oos)
Fig 3a Fig 4a
= ~15 -
1 A L
— . Dataz 2ojets g L e Data )
- — MC) N . MC% 2-jets
L o -
- ) Data%g31ets >1O - o Data
- 2% -- MC z [ s %Z&)ets
o %o, > - Po ---- MC
C ~ [
C — 5
of [ o
: O i Lo 11 | 1 11 1 1
0 2 4 6 0 0.5 1 1.5 2
I} (Yeu= 0.02) <bn> (ya= 0.02)
Fig 3b Fig 4b
- ~15
——'Q L] Data . /g Y Data
Ep"'i — MC % 2w y, MC % 2y
E © Data 310
"~ b %%3-183 o Data
? . -- MC < §23-_]€ts
- > = - Mc YT
— =z
>5
l 1 O : l 1 1 l L1 1 1
0 2 4 0 0.5 1 1.5
IT)' (YCu( O 13) <AT)> (y:ut O 13)
Fig 3c Fig 4c




1/N(dN/ dA7m00)

1/N(dN/ AN mes)

1 /N(dN/dAnmo‘)

SLD PRELIMINARY

"
6
s b
2 b
0 5° 4 6
JAYg I, (Yeur= 0.005)
Fig 5a
8
" e D
ata% 2-jets
6 - o — MC
D
E 'c ° am%z}jets
4 ' --- MC
2 Fo
0 k- , 1090(’\!‘0‘-&1 1 1 1J
0 4 6
Anmox (YCUQ___ 0.02>
Fig 5b

4 6
Anmox (YCutz 01 3)
Fig 5c

1 /N(dN/din!)

N

1 /N(dN/d<dn>)

1/N(dN/ dA7 )

o

Illlll!llﬂ

A

w

O

0 4 o)
Inl

Fig 6a

- e Data

- % uds-tagged

- — MC

- o Da

2 a % b-tagged

- %o -+ MC




