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Rapidity gaps in �pp, ep and e+e� collisions

K. Hatakeyamaa for the CDF, L3, ZEUS and H1 collaborations

a The Rockefeller University,
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Results on rapidity gaps in �pp collisions obtained by the CDF collaboration, in ep collisions by the ZEUS and

H1 collaborations, and in e
+
e
� collisions by the L3 collaboration are presented.

1. Rapidity gaps between jets in �pp and ep
collisions

Events with a rapidity gap, de�ned as a pseu-
dorapidity (�) region devoid of particles, between
the two highest ET jets have been studied in �pp
collisions by the CDF and D� collaborations at
the Tevatron, and in ep collisions by the ZEUS
and H1 collaborations at HERA. Such events are
shown schematically in Fig. 1. The rapidity gap
between the jets is generally thought to be due to
the exchange of a color singlet (CS) object with
vacuum quantum numbers.
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Figure 1. Schematic diagrams for events with a
rapidity gap between jets produced in (a) �pp and
(b) ep collisions.

The CDF [1] and D� [2] collaborations mea-
sured the fraction of events due to color singlet
exchange (CSE) at

p
s = 1800 and 630 GeV.

CDF measured the CSE fraction in dijet events
with 1:8 < j�jet1;2j < 3:5 and �jet1�jet2 < 0
to be 1:13 � 0:12(stat) � 0:11(syst) % for jets
with Ejet1;2

T > 20 GeV at
p
s = 1800 GeV, and

2:7�0:7(stat)�0:6(syst) % for jets with Ejet1;2
T >

8 GeV at
p
s = 630 GeV. The CSE fraction

at 630 GeV is larger than that at 1800 GeV by
R[630=1800] = 2:4� 0:7(stat)� 0:6(syst), which

is consistent with the D� result of R[630=1800] =
3:2� 1:2.
Dijet events in photoproduction in which there

is a large pseudorapidity separation �� > 2:5 be-
tween the two highest ET jets were studied with
the H1 detector [3]. The events containing 2 or
more jets with Ejet1

T > 6 GeV, Ejet2
T > 5 GeV,

�jet1;2 < 2:65 and �� > 2:5 are used in this
analysis. In the distribution of Egap

T , the total
transverse energy in the � region between the t-
wo highest ET jets, the data show an excess above
standard photoproduction predictions from the
Pythia 5.7 and Herwig 6.1 Monte Carlo (MC)
generators at low values of Egap

T .
Rapidity gap events are de�ned as events in

which Egap
T is less than Ecut

T , where Ecut
T lies be-

tween 0.5 and 2.0 GeV. The ratio of these events
to the inclusive dijet events, the gap fraction, is
shown as a function of �� in Fig. 2 for 4 di�erent
choices of Ecut

T . The MC distributions decrease
with increasing ��; however, the data distribu-
tions are approximately at with ��. Although
Herwig is closer to the data than Pythia, there
is a noticeable excess in the data at large �� for
all Ecut

T .
In Fig. 3, the gap fraction for Egap

T is shown
along with predictions of Herwig and Pythia

with CSE models added. The measured gap frac-
tion is reasonably well described with the addition
of a CSE component.
A similar analysis was performed recently by

the ZEUS collaboration. It was found that the
gap fraction is larger at high xOBS , which is the
fraction of the photon energy contributing to the
production of the two jets. To further investigate
the xOBS dependence, the gap fraction is shown
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Figure 2. Gap fraction as a function of �� for 4
di�erent values of Ecut

T .

as a function of �� separately for the high and
low xOBS regions in Fig. 4. At high xOBS , the M-
C models do not describe the data well, especially
at low ��. At low xOBS , the data are somewhat
better described by the model including a BFKL
CS component.

2. Rapidity gaps in hadronic Z decays in

e+e� collisions

Events with a large rapidity between jets have
been observed at the Tevatron and HERA as de-
scribed in Sec. 1. By crossing symmetry, simi-
lar rapidity gaps are expected in 3-jet hadronic
Z decays. The L3 collaboration searched for ra-
pidity gaps in symmetric 3-jet hadronic Z decays
produced in e+e� collisions at LEP by exploiting
di�erences in the 3-jet topology between color s-
ingle exchange (CSE) and color octet exchange
(COE) [4]. In COE, color ow is present between
the qg and �qg gaps and is inhibited by destruc-
tive interference in the q�q gap, while in CSE, color
ow occurs only in the q�q gap, as shown in Fig. 5.
In the gaps where color ow is present, more par-
ticles and smaller angles between particles are ex-
pected than in the gaps where color ow is absent.
Some asymmetry variables which are based on an-
gles between particles in the inter-jet regions are
found to be sensitive to di�erences between CSE
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Figure 3. Gap fraction as a function of �� in da-
ta, and predictions of Pythia and Herwig with
2 di�erent CSE models added.
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Figure 4. Gap fraction as a function of �� for
(left) high xOBS and (right) low xOBS .

and COE. By comparing the asymmetry distri-
butions measured in the data and those expected
from the COE and CSE models, one can estimate
the CSE fraction present in the data.
The study revealed that the data can be ex-

plained by the COE model alone. The upper lim-
it of the fraction of CSE events is estimated to be
between 7 and 9 % at 95 % con�dence level.

3. Multigap di�raction in �pp collisions

Inclusive (soft) single di�ractive (SD) and dou-
ble di�ractive (DD) events, which contain a rapid-
ity gap and/or a leading (high longitudinal mo-
mentum) outgoing p (�p), as illustrated in Fig. 6,
have been previously studied by CDF [5,6]. Here,
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Figure 5. Color ow in COE (left) and CSE
(right) shown by dotted lines.

new results are presented from studies of two
types of events containing two rapidity gaps,
namely double pomeron exchange (DPE) events
and single � double di�ractive (SDD) events,
shown schematically in Fig. 6.
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Figure 6. Diagrams and event topologies for (a)
single di�raction (SD), (b) double di�raction (D-
D), (c) double pomeron exchange (DPE) and (d)
single � double di�raction (SDD).

Soft (low pT ) events have been traditionally
treated in Regge theory, where rapidity gaps are
formed due to Pomeron (IP ) exchange. In [5,6],
the measured SD and DD cross sections were
found to be lower than Regge predictions by ap-
proximately an order of magnitude. Studying
DPE and SDD events would help to further un-
derstand the mechanism of rapidity gap forma-
tion.
The data used in these analyses are the in-

clusive SD data samples (�pp ! �pX) collected
at
p
s = 1800 and 630 GeV by triggering on a
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Figure 7. �X�p distribution at
p
s = 1800 GeV for

events with a leading �p of 0:035 < �RP�p < 0:095.
The solid line is the distribution obtained in SD.

leading �p detected in a Roman Pot spectrom-
eter (RPS). The �p momentum loss ��p and 4-
momentum transfer squared t�p are determined
from RPS information. In the DPE analysis, the
�p is measured from the calorimeter and beam-
beam counter (BBC) information using the for-
mula,

�Xp =
M2

X

��p � s =

P
i E

i
T exp(�

i)p
s

(1)

where the sum is carried out over all the parti-
cles except the leading p. For each BBC hit, �
and ET values are chosen randomly from a at
� distribution over the hit BBC �-segment and
from the expected ET distribution, respectively.
Fig. 7 shows the �Xp distribution for

p
s = 1800

GeV. The bump at �Xp � 10�3 is due to central
calorimeter noise and is reproduced in MC sim-
ulations. The solid line representing the distri-
bution obtained in SD is in good agreement with
that measured in DPE.
The fraction of the DPE events with

�p < 0:02 in the inclusive SD events with
a leading �p of 0:035 < ��p < 0:095
and jt�pj < 1:0 [0:2] GeV2 was found to
be 0:197 � 0:001(stat) � 0:010(syst) [0:168 �
0:001(stat)+0:015

�0:020(syst)] at
p
s = 1800 [630] GeV.
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These measured values are compared with pre-
dictions from Regge theory based on factoriza-
tion, IP -ux renormalization for both exchanged
Pomerons [7] and gap probability renormaliza-
tion [8] in Fig. 8. The measured values are consis-
tent with predictions of the gap probability renor-
malization model.
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Figure 8. Measured ratio of DPE to SD rates
(points) compared with predictions based on
Regge theory (dashed), IP -ux renormalization
for both exchanged Pomerons (dotted) and gap
probability renormalization (solid line).

In the SDD analysis, the ��p region is restricted
to 0:06 < ��p < 0:09, corresponding to a di�ractive

mass of
p
s0 =

p
s��p = 440-540[155-190] at

p
s =

1800 [630] GeV, so that the di�ractive cluster X
of the process �pp ! �pX covers almost the entire
CDF calorimeter coverage of �4:2 < � < 4:2.
CDF searched for experimental gaps overlapping
� = 0, de�ned by no tracks or calorimeter towers
above thresholds chosen to minimize calorimeter
noise contributions.
The fraction of events with a rapidity gap

�� > 3 within the di�ractive cluster X , correct-
ed for detector acceptance and extrapolated to
include gaps not overlapping with � = 0, is found
to be 0:246 � 0:001(stat) � 0:042(syst) [0:184 �
0:001(stat) � 0:043(syst)] for 0:06 < ��p < 0:09
and jt�pj < 1:0 [0:2] GeV2 at

p
s = 1800 [630]

GeV. These fractions are presented in Fig. 9 a-
long with the measured DD to total cross sec-
tion ratios [6], predictions from Regge theory and
factorization, and predictions based on the gap
probability renormalization model [8]. The data
are in good agreement with the predictions of the
gap probability renormalization model.
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Figure 9. Measured ratios of SDD to SD rates
(points) and DD to total rates (circles) as a func-
tion of

p
s0, the IPp and �pp system energies, re-

spectively. The dashed lines are predictions from
Regge theory and the solid lines from the gap
probability renormalization model.
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