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We report a new measurement of dijet production by color-singlet exchangé icollisions at
Js = 1.8 TeV at the Fermilab Tevatron. In a sample of events with two jets of transverse energy
ErX' > 20 GeV, pseudorapidity in the range8 < |nit| < 3.5, and 5,7, < 0, we find that a fraction

R =[1.13 = 0.12(stah = 0.11(sysh]% has a pseudorapidity gap withjm| < 1 between the jets that
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can be attributed to color-singlet exchnage. The fracRoshows no significant dependenceEﬁt or
on the pseudorapidity separation between the jets. [S0031-9007(97)05184-3]

PACS numbers: 13.87.Fh, 12.38.Qk, 13.85.Hd

In high energy hadron collisions jets are usually pro-and2.2 < || < 4.2 (forward). TheAn X A¢ tower
duced through the exchange of a quark or gluon betweedimensions aré.1 X 15° for the central and).1 X 5°
partons of the interacting hadrons. Because of the ndbr the plug and forward calorimeters. For this analysis,
color flow associated with such an exchange, particles ara “charged particle” is a reconstructed three-dimensional
commonly produced in the rapidity [1] region betweentrack with Py > 300 MeV. The “tower multiplicity” is
the jets. However, jets may also be produced by a coldefined as the number of calorimeter towers with mea-
orless exchange, such as strongly interacting color-singleturedEr > 200 MeV, which corresponds approximately
or electroweak bosony( W, Z°) exchange, resulting in to trueE; > 300 MeV.
events with a “rapidity gap” between the jets, namely, a The data sample consists of events collected in a run
region of rapidity devoid of particles. In a simple model of total integrated luminosity2.2 pb™!, using a trigger
of a two-gluon color-singlet exchange, the ratio of two-jetrequiring two highEr jets at|n| > 1.4. Because of the
(dijet) events with a rapidity gap to all two-jet events pro-high instantaneous luminosity during data collection, a
duced inpp collisions at\/s = 1.8 TeV was estimated large fraction of the events had one or more additional
to be R ~ 1072 [2,3] independent of rapidity gap width (“minimum bias”) events superimposed on the dijet event
or jet transverse energyEf); for electroweak exchange, that caused the trigger. Since an overlay of minimum
R is expected to be-1074 [3]. The production rate and bias events could obscure a rapidity gap, we selected
characteristics of dijet events with a rapidity gap betweer® sub-sample of events with no more than one primary

jets can be used to probe the nature of the colorless execonstructed verteXMerex = 1) Within £60 cm of the
change process. nominal interaction point. About 16% of the events passed

The ratio R has been measured ipp collisions at this selection cut. After the jeEr, defined as the sum
/s = 1.8 TeV by the CDF [4] and DO [5] Collaborations ©f the calorimeterEy within an n — ¢ cone of radius
at the Fermilab Tevatron, and in photoproduction at &.7, was corrected for nonlinearities in the calorimeter
center of mass energy of150 GeV by the ZEUS Col- response and for energy lost in uninstrumented regions,

laboration [6] at HERA. The reported values @&gpr =  the two leading jets were required to ham'ﬁft > 20 GeV
[0.85 = 0.12(stad*033(sysh]% for dijets with leading and1.8 < |5| < 3.5. No requirement was imposed on
(highestEy) jet Er > 40 GeV and|An| > 1.5, Rpp =  additional jets in an event. The remaining dijet sample

[1.07 = O.lo(stat)tg:%g(syst)]% for EJTet > 30 GeV, consists of 10200 events with the leading jets on opposite
[n¥t| > 2 and 771, < 0, and Rzgus = 7% for jets of 7 sides f1m2 < 0), and 30 352 events with both leading
Er > 6 GeV photoproduced at HERA. The magnitudejéts on the samen side (71n, > 0). The same-side
of the measured ratio suggests that the dijet system [dijet event sample was used for the measurement of the
produced through Strong|y interacting Co|or_sing|et ex_prOdUCtion rate of diffractive dljet events presentEd in
change. In all cases, the background rapidity gap fractioff]- In this analysis, these events are used in evaluating
due to normal color-octet exchange was estimated b{he color-octet contribution to events with a rapidity gap
using Monte Carlo simulations and/or fits to the particlePetween jets in the opposite-side sample, as discussed
multiplicity distribution in the rapidity region between below. M
the jets. In this Letter, we present a new measurement The distributions of the leading jef; and n, Er
of R at the Tevatron based on a more direct methodand n;, and of the differencedEr = E(Tl) — E?) and
of background subtraction with different, and smaller,A¢ = ¢, — ¢, between the two leading jets are shown
systematic uncertainties. We also present a study of some Fig. 1. The structure atn| ~ 2.2-2.4 is caused by
characteristics of a sample of rapidity gap events, such ahe lower calorimetric response at the interface between
third-jet activity and dependence &f on Ey' and on the different detector components. The two jets tend to be
rap|d|ty interval between the jets_ balanced both inE; and b. About 85% of the events
The CDF detector is described in detail elsewhere [7]contain a third jet ofE(TS) > 5GeV. The E(T3) and 73
The detector components relevant to this study are thdistributions of the third jet are also shown in Fig. 1. The
Central Tracking Chamber (CTC), which detects chargedorresponding distributions of the same-side dijet sample
particles, and the calorimeters, which detect both chargedre very similar [8].
and neutral particles. The CTC tracking efficiency Rapidity gaps between jets can occur naturally in color-
varies from~60% for Py = 300 MeV to over 95% for octet exchange dijet events by fluctuations of the un-
Pr > 400 MeV within |n| < 1.2, falls monotonically derlying soft particle multiplicity. We first search for
beyond|n| = 1.2, and approaches zero|at| ~ 1.8. The rapidity gaps due to color-singlet exchange by analyzing
calorimeters have projective tower geometry and covethe event track multiplicity Nyack, in the region|n| <
the regions|n| < 1.1 (central),1.1 < |n| < 2.4 (plug), 1.0. Figure 2(a) shows the multiplicity of tracks with
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3000 [ two distributions shown in Fig. 2(a). The asymmetry is
Eonnn b 1000 - - ; . e
22000 |- close to zero in all bins except in the zero-multiplicity
Ei000 b 500 |- bin. From a detailed analysis of the same-side data
= ob it Py S FTIN sample [8], we estimate that the contribution from single

o 2 E(?)o ((ffv) 4 2 T? 2 4 diffractive events in thé&Vy,.x = 0 bin of the same-side
1

i EPEEE YRR A
25 3 35 4
¢1‘¢z (rad)

sample is negligibly small. Thus, the number of events in
the Npacx = 0 bin of the same-side distribution represents
approximately the expectation for the number of opposite-
side events due to color-octet exchange, and therefore the
excess above this number is attributed to color-singlet
exchange. A more accurate number for this excess is

obtained by making a parabolic fit to the asymmetry ex-
cluding the first two bins, extrapolating the fit to the first
bin (zero tracks), subtracting the extrapolated asymmetry
Lt from the data asymmetry of the first bin, and multiplying
10 ZO(G v3 the result by the sum of the same-side and opposite-side
Fr V) events in the first bin. This procedure gives consistent
FIG. 1. (top) Leading jet transverse energy and pseudoraresults even when the rapidity region of the same-side
pidity (the structure ain| ~ 2.2-2.4 is instrumental); (mid- djstribution is changed so that the mean values of the
dle) difference between .the t.ran.sverse energlgs a.md( ?2|muth me-side and opposite-side distributions do not match.
angles of the two leading jets; (bottom) third jegi{ > Using this method, we find the fractional excess over
5 GeV) transverse energy and pseudorapidity. all events to beR; = [2.06 = 0.22(stad + 0.09(sysh]%,
where the systematic error reflects the uncertainty due to

Pr > 300 MeV within [5| < 1.0 for opposite-side (solid) . P
and within| 5| < 1.2 for same-side (dashed) dijet even,[S.background sub_tractlon and the subscript “1” refers to the
Nyertex = 1 requirement.

The_n range of the same—su_je' (_jlstnbutlon was phos_,en The Nyeex = 1 selection cut, which is used to reject
to yield the same mean multiplicity as the opposite-side d ltiole | . | . inale i
distribution, and the normalization was scaled down byevent_s ue to multiple interactions, aiso rejects single in-
a factor C L 0.34. which is the ratio of opposite-side teraction dijet events with more than oneconstructed

. T ; . PP vertex. Extra vertices in a dijet event are due to confusion
to same-side events witN.,.,x > 0. Figure 2(c) shows . . . : L
the bin-by-bin asymmetry (difference over sum) of thell reconstruction caused by the high particle multiplicity.

y Y y The ratioR, must therefore be corrected for the efficiency

(fraction of events retained) of this cut, which affects pri-

» 800F 450 ¢ marily the “nongap” events, which have higher multiplic-
Z 700 4001 e (b) ity in the central region. The efficiency for nongap events
>, 600¢ ggg; ; was measured to b@55 + 0.05(sysd by comparing the
& 288; . gso; - frac_tion of single vertex d_ijet events to all dijet e_vents in
T 200k 200 - f a given run Wlt_h the fraction ex_pected _from the instanta-
D 200} 138 af neous I_umln.osny in the same time period. The as&gned
2 100} 50 b uncertainty is due to the variations found as a function
i) I P T 0 P of instantaneous luminosity. For “gap” events, the vertex
. 042 1015 o7y 10 20 30 selection efficiency was found to be00)93. Correct-
E 03} () g.g{ (d) ing R, for the vertex selection efficiency we obtain for the
s E O color-singlet fraction the value
g o1p ' 02t R =[1.13 + 0.12(stah * 0.11(sysh]%.
0yttt ++++H O
01F 0 —%ww%#%&ﬁ*ﬁ This result is in good agreement with the published results
O TURINTTIN e | ST of CDF [4] and DO [5] and, as stated previously, its
0 5 10 15 0 10 20 30 magnitude indicates that the dijet system is produced by
NUMBER OF TRACKS ~ NUMBER OF TOWERS

strongly interacting color-singlet exchange.

A similar analysis was performed using the multiplicity
of calorimeter towers with measurefi; > 200 MeV
within || < 1.0 for opposite-side andn| < 1.25 for
same-side events. In Figs. 2(b) and 2(d), a clear excess
is seen in opposite-side over same-side events in the

diNS Nwer = 0, 1, and 2. The combined excess in
these three bins yields a fraction[df92 = 0.20(sta}]%;
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FIG. 2. Multiplicity distributions (a) for tracks withPy >
300 MeV and (b) for calorimeter towers with measurggd >
200 MeV in the regions|n| < 1.0 for opposite-side #; 7, <

0) dijet events (solid lines), andly| < 1.2 (In| < 1.25) for
tracks (towers) of same-side;(n, > 0) dijet events (dashed
lines). (c), (d) The bin-by-bin asymmetry, defined as the rati
of the difference over the sum of the opposite-side and sam
side multiplicity distributions of (a) and (b).
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FIG. 3. Track versus tower multiplicity distribution for events % 1.8EF (©)
in the Nyeex < 1 Opposite-side dijet sample Wit ,.x < 5 3:5 1.6F
and Nywer < 21 within |n| < 1.0. The bins with zero tracks o 1-4§
: N12¢ + o
and 0, 1, or 2 towers contain an excess of events above S 4t h ....... ¢+¢Jﬁ ..............................
the expectation from an extrapolation from the bins with go.sg— %
Nuack > 1. This excess is attributed to events from color- z 8-2; +
singlet exchange. oF
0.25 I 1 | | I | 1
q.8 2 22 24 26 28 3 32 34

] ) o nyn,l 72
incorporating the fourth bin yieldR2.21 = 0.25(stad]%.

These values are consistent with the result obtainefi!G. 4. Normalized (to be unity on average) ratios of gap

T ; o (solid points) and control sample events (open circles) over
from the track multiplicity analysis. The spilling of the all events versus: (a) the average of the two leading jets,

rapidity gap signal into nonzero tower-multiplicity bins (py the £, of the third jet, and (c) half the separation between
is mainly due to calorimeter noise, with some additionalkhe two leading jets.

spreading resulting presumably frops entering the gap
region from the decay of parent neutral mesons produce{?1
within the jet regions. Because of the larger systemati$ir
uncertainties involved in the tower multiplicity analysis,

we used above only the tracking resui, in deriving the In conclusion, we report a new measurement of the frac-

color-singlet fractionk. . . . T o
Figure 3 shows the correlation of towers versustIon of dijet events with a rapidity gap between jetyin

L o X collisions at\/s = 1.8 TeV and present the results of a
tracks for opposite-side dijet events with,,.x < 5 and A o )
Niower < 21 within |5] < 1.0. The bins WithNyer = 0 study of rapidity-gap event characteristics. We find that

. jet .
and Nywer = 0, 1, or 2, in which the color-singlet for jets of E7~ > 20 GeV, pseudorapidityl.8 < |n| <

exchange signal is expected to be concentrated, contagy @"d 7172 < 0, the fraction of events that can be at-
a total of 221 gap events. From an analysis of thd'lPuted to color-singlet exchangefis.13 * 0.12(sta) +
results obtained from the tracking and tower multiplicities’:11(Sys?1%, in good agreement with previous measure-

(Fig. 2), we estimate that these 221 events contain abotients [4,5]. The rapidity-gap fraction is fairly indepen-

15% color-octet exchange background. For this reasorﬁj,ent of jet Ey within 25 < Ep < 55 GeV and of the

and as a check for possible detector biases, we preserr?tpidi.ty interval bhetweerrllthlejets WithlmzAfn < 6, de-
distributions of kinematical variables of the gap eventsS'€asing somewnhat at the largest valueagl.
along with corresponding distributions of a control We thank the Fermilab staff and the technical staffs of
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In each case, the total number of gap or control sampl cience_s and Engineering Research Councjl of Ca!‘ada?
events is normalized to the number of “all events.” Theth€ National Science Council of the Republic of China;

gap and control samples behave similarly. The colorlesgnd the A. P. Sloan Foundation.
exchange fraction is fairly independent of fet andAn,
decreasing somewhat at large;.

In the two-gluon model of Ref. [2], the gap to non-

er investigations with higher statistics are needed before
m conclusions can be drawn about the nature of the
color-singlet exchange process.

o . . *Visitor.
gap ra“(? IS predlctfed to be independent ofEetandAn_. [1] We use rapidity and pseudorapidity, interchangeably;
Calc_ulatlons [9]_usmg a model [10] based on thg Balitsky- n=- In(tan%), whered is the polar angle of a particle
Fadin-Kuraev-Lipatov (BFKL) [11] resummation of a  yjth respect to the proton beam direction. The azimuthal
color-singlet gluon ladder exchange also predict a “basi-  angle is denoted byp, and the transverse momentum
cally flat” [12] distribution of R versusAn. Our results (energy) of a (particle) jet, is defined aB(Er) =

are in general agreement with these predictions, but fur-  P(E)sing.
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