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Color evaporation induced rapidity gaps
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We show that soft color rearrangement of final states can account for the appearance of rapidity gaps
between jets. In the color evaporation model the probability to form a gap is simply determined by the color
multiplicity of the final state. This model has no free parameters and reproduces all data obtained by the ZEUS,
H1, DO, and CDF Collaborations.

PACS numbd(s): 13.87.Ce, 12.38.Aw

[. INTRODUCTION elastic scattering and diffractive dissociation. Such processes
were first observed in the late 1950s in cosmic ray experi-
We show that the appearance of rapidity gaps betweements[5] and have been extensively studied at accelerators
jets, observed at the DES&p, collider HERA and Fermilab [6]. Attempts to describe the formation of rapidity gaps have
Tevatron colliders, can be explained by supplementing theoncentrated on Regge theory and the Pomgr¢8], and on
string model with the idea of color evaporation, or soft color.its possible QCD incarnation in the form of a colorless
The inclusion of soft color interactions between the dynami-2-gluon statg9,10].
cal partons, which rearranges the string structure of the in- After the observation of rapidity gaps in deep inelastic
teraction, leads to a parameter-free calculation of the formascattering(DIS), it was suggestefiL1] that events with and
tion rate of rapidity gaps. The idea is extremely simple. As inwithout rapidity gaps are identical from a partonic point of
the string model, the dynamical partons are those producingiew, except for soft color interactions that, occasionally,
the hard interactions and the left-over spectators. A rapidityead to a region devoid of color between final state partons.
gap occurs whenever final state partons form color single¥e pointed ou{12] that this soft color mechanism is iden-
clusters separated in rapidity. As the partons propagatécal to the color evaporation mechani$t8] for computing
within the hadronic medium, they exchange soft gluonsthe production rates of heavy quark pairs produced in color
which modify the string configuration. These large-distancesinglet onium states, likd/. Moreover, we also suggested
fluctuations are probably complex enough for the occupatiothat the soft color model could provide a description for the
of different color states to approximately respect statisticaproduction of rapidity gaps in hadronic collisiofk2].
counting. The probability to form a rapidity gap is then de- Color evaporation assumes that quarkonium formation is
termined by the color multiplicity of the final states formed a two-step process: the pair of heavy quarks is formed at the
by the dynamical partons, and nothing else. All data obtainegerturbative level with scall! 5 and bound into quarkonium
by ZEUS[1], H1 [2], DO [3], and Collider Detector at at the scale\4cp (see Fig. 1a Heavy quark pairs of any
Fermilab(CDF) [4] Collaborations are reproduced when this color below the open flavor threshold can form a colorless
color structure of the interactions is superimposed on thasymptotic quarkonium state provided they end up in a color
usual perturbative QCD calculation for the production ofsinglet configuration after the inevitable exchange of soft
hard jets. gluons with the final state spectator hadronic system. The
Rapidity gaps refer to intervals in pseudo-rapidity devoidfinal color state of the quark pairs is not dictated by the hard
of hadronic activity. The most simple example is the regionQCD process, but by the fate of their color between the time
between the final state protons, or its excited stateppn of formation and emergence as an asymptotic state.

(b)

FIG. 1. Sketch of the soft color mechanism
for (@) quarkonium production an¢b) rapidity
gap formation. We indicate in the figures the
typical scale of the hard scattering and the had-
ronization scale Wqocp. The soft color rear-
rangement occurs between these two distinct
scales.

1/Aqep 1/Aqcp

0556-2821/99/6(8)/0340039)/$15.00 61 034003-1 ©1999 The American Physical Society



0.J. P.'IBOLI, E. M. GREGORES, AND F. HALZEN PHYSICAL REVIEW 61 034003

The success of the color evaporation model to explain th@arton cross section, ardbr (=Xydoy) is the total cross
data on quarkonium production is unquestionglll4]. We  section. In our model, the probabiliti€s, are determined by
show here that the straightforward application of the colorthe color multiplicity of the state and spatial distribution of
evaporation approach to the string picture of QCD readilypartons whiledoy, is evaluated using perturbative QCD.
explains the formation of rapidity gaps between jets at the The soft color procedure is obvious in a specific example:
Tevatron and HERA colliders. let us calculate the gap formation probability for the subpro-

cesses
Il. COLOR COUNTING RULES
VAV
In the color evaporation scheme for calculating quarko- PP—Q7Q7—QQXY,
nium production, it is assumed that all color configurations

of the quark pair occur with equal probability. This must be"”
a reagonablg guess becal?se pbefore %grmatlon as jquark remnant of the protof@ntiproton. The final state is

asymptotic state, the heavy quark pair can exchange an mﬁ:omposed of thX (3® 3) color spectator system with rapid-
nite number of long wavelength soft gluons with the had-ity 7x=+2, the Y (323) color spectator system wittyy
ronic final state system in which it is immersed. For instance= — %, one 3 partonj,, and one3 partonj,. It is the basic

the probabmty that @Q pa”' ends up in a color S|ng|et state assumpt|0n of the soft color scheme that by the time these

is 1/(1+8) because all states B 3=801 are equally systems hadronize, any color state is equally likely. One can
probable. form a color singlet final state betweéhandj, since3®3

We propose that the same color counting applies to finai’ 3~ 10©8©8& 1, with probability 1/27. Because of overall

state partons in higE- jet production. In complete analogy color conservation, once the systef®wj, is in a color sin-
with quarkonium, the production of high energy jets is agIEt SO is the syster’h’®1_2 On the othe_r hand, it is not
two-step process where a pair of high partons is pertur- POSSible to form a color singlet system withand. More-
batively produced at a scake;, and hadronizes into jets at a over, to form a rapldlty_ gap _th_ese system§®x and j .
scale of order\ ocp by stretching color strings between the ®Y) must not overlap in rapidity space. Since the experi-
partons and spectators. The strings subsequently hadroniZB€ntal data consist of events where the two jets are in op-
Rapidity gaps appear when a cluster of dynamical parton@os'te hemispheres, the only additional requirements are

i.e. interacting partons or spectators, form a color single¢ to be in the same hemisphereXss.e. ,>0, andj to be in
Fig. 1b. As before, the probability for forming a color sin- 1€ Opposite hemisphere{- 7,<0). In this configuration,

glet cluster is inversely proportional to its color multiplicity. € color strings linking the remnant and the parton in the
In this scenario we expect that quark-quark processes poS&me hemisphere will not hadronize in the region between

sess a higher probability to form rapidity gaps than gluon- the two jets. We have thus produced two jets separated by a

gluon reactions, because of their smaller color multiplicity.[@Pidity gap using the color counting rules which form the

This simple idea is at variance with the two-gluon exchangé)aSiS of the color evaporation scheme for calculating quarko-

; ; ; i duction.
model for producing gaps, in whiclFoo<Fgg, where —MUM Pro o
Fooco is the gap probability of reactions initiated by As is clear from the above example, the application of the

guark-quark(gluon-gluon collisions. We already confronted soft color modellfo_r _rapidity gap formation requires analyses
these diverging predictions using the Tevatron da. We of the color multiplicity of possible partonic subprocesses. In

L= . the next sections, we apply this model to the production of
analyzed the gap fraction imp collisions in terms of quark-

K keall ddl | b . rapidity gaps between jets in photoproduction at HERA and
quark, quark-giuon, and giuon-gluon SUBProcesses, 1€ pagronic collisions at the Tevatron, spelling out the relevant

counting rules.

whereQV stands foru or d valence quark, anX (Y) is the

Fgap:; Fijdo; /da, (1)

IIl. RAPIDITY GAPS AT HERA
wherei(j) is a quark or a gluon ando=Z2j;daj;. We
found thatF o> F . This somewhat unexpected feature of
the data is in line with the soft color idea.

In order to better understand the soft color idea let us

The parton diagram for dijet photoproduction is shown in
Fig. 2a. It is related to thep cross section by

consider the formation of rapidity gaps between two jets in Tepoi xy(S) = JQmaxFV(y Q?)

opposite hemispheres, which happens when the interacting e Ymin 7 Qmin

parton forming the jet and the accompanying remnant system

form a color singlet. This may occur for more than one sub- X Opyjyipxr(W) dy d@, )

processN and, therefore, the gap fraction is
whereW is the center-of-mass energy of thes system,y
2 Ed @ =W?/s is the fracti_on of the eIectr_on momentum carried by
gap— d NEON» the photon, and)? is the photon virtualityQ? ranges from
Q2,,=M2y?/(1—y) to Q3,, which depends on the kine-
where F\ is the probability for gap formation in th&l'™  matic coverage of the experimental apparatus. The distribu-
subprocessdoy is the corresponding differential parton- tion function of photons in the electron is

F
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FIG. 2. Kinematics for dijet photoproduction

b
2 i i (a) and hadroproductioiib). The proton and its
(a) 2 (b) .2 remnants systerX move in the positive rapidity
i Jy direction.
a a o
X
P R P R)
2M2y? multiplicities are different in the two clusters. In this case the
Fly,Q%)= 5 1+(1_y)2_—2 , (4)  probability for gap formation is given in our simplified
2wy Q Q model by the largest of the two probabilities because, once

. ) . that cluster forms a color singlet, the other cluster must do so
where M, is the electron mass and is the fine-structure a5 well by overall color conservation.

constant.
The py cross section is related to the parton-parton cross
section by A. ZEUS results

The ZEUS Collaborationl] has measured the formation
o _ a b of rapidity gaps between jets producedep collisions with
Tpy-iyixr(W) ;) f f Fp(xa) F5(%) 0.2<y<0.85 and photon virtualitQ?<4 Ge\2. Jets were
~ defined by a cone radius of 1.0 in the,) plane, wherep
X Tapp,p,(S) AXa Xy, (5 is the pseudorapidity ang is the azimuthal angle. In the
event selection, jets were required to hde>6 GeV, to
whereF{(x,) [Fl;(xb)] is the distribution function for parton not overlap in rapidity 4 »=|7;— 7,/>2), to have a mean

a[b] in the protonphotor] and \/§= VXaXp W is the parton- position| | <0.75, and to be in the region<2.5. The cross
parton center-of-mass energy. For dirgey reactions b Sections were measured &w bins in the range A n<4.
=7), F2(xy)=8(1—Xp). The hadronic systenx (V) is the For. the above eyent selection, we eyaluated the dijet dif-
proton (photor) remnant, and ;, is the jet which is initi- fgrenual cross sectiodo’'®'S/dA », which is the sum of the
ated by the partop, (). The proton is assumed to travel in direct day;;) and the resolved photord{es) cross sec-
the positive rapidity direction, and thechannel momentum tions. We used the GRV-LQ17] distribution function for
squared is defined as- (P,— P;)2, whereP, is the momen-  the proton apd the GR‘{/18J fo_r the photon. We fixed the
tum of the partora, andP; is the momentum of the parton fenormalization and factorization scales = ur=E+/2,
p;. The expressions for the parton-parton invariant amp”_and calcglated the strong coupling constant for four active
tudes can be found, for instance, in Rif6]. flavors with A ocp=350 MeV. Our results are confronted
We present in Table | the irreducible decomposition ofWith the experimental data in Fig. 3a, showing that we de-
active parton systems that yield color singlet states; 8.9., scribe _\_NeII both the s_hape an_d absolute normalization of the
®8= 150 6@ 3 is omitted. Taking into account this table, it total_ dljet_c_ross section. Notice that the bulk of the cross
is simple to obtain theSU(3)..1o, representations and the Section originates from resolved events. o
gap formation probability for all possible subprocesses. NOW we turn to dijet events showing a rapidity gap. We
These are displayed in Table II. Notice that only resolvecevaluate the differential cross sectidar®*"/dA 5 which has
photon processes can produce rapidity gaps because therdW sources of gap events: color evaporation gahsg{f)
no hadronic remnant associated with direct photons. and background gapsi¢gg®). In our model, the gap cross
One of the features of the color configurations shown insection is the weighted sum over resolved events,
Table Il is that, for all classes of subprocesses, when a color
singlet is(not) allowed in one of th_e clusters, the same hap- da%S,E]:E Fu dUPes, (6)
pens for the other one. Moreover, it can happen that the color N

TABLE I. Irreducible decomposition of relevaBtU(3) representations. Only those that generate singlets

are shown.

Final state color multiplicity Color singlet fraction
393=8a1 1/9
30303=1002(8)®1 1/27
32308=2762(10)®3(8)&1 1/72
3030308=3503(27)®5(1026(8)®2(1) 2/216
32303938 3=23563(27)©6(10)&8(8) &3(1) 3/243
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TABLE II. Color multiplicities and gap probabilitieB for the Notice that the jet definition used by ZEUS implies that the
reactionp y—ji j, X Y, whereX andY are respectively the proton gap cross section must be equal to the total dijet cross section
and the photon remnant systen@"(® stands for valencésea  atA »=2. This parametrization of the background does take
quarks, and we assumed that the proton travels in the positive rahjs fact into account. Moreover, background gaps can be

pidity direction. formed in both resolved and direct processes.
i i Our results are compared with the experimental data in
Subprocess ji  Ja X Y Py Fig. 3(b), where we fittedo=2.9 and used the same QCD
Q'Q-0QQ 3 3 393 3 19V 7, pararr}eterz gf F:}g.(a). This vliallge ofb agrek(]as wri]trb=2.7
so_, - = +0.3 found by the ZEUS Collaboration, when they approxi-
gsg E i i 3930303 3 Y9V s mated the non-background gap fraction by a constant. As we
QQ—QQ 3 3 393w3w3 3 V9V m can see from this figure, the color evaporation model de-
Q'Q—-QQ 3 3 33 3 1/9 for n;> 7, scribes very well the gap formation between jets at HERA. It
Q%Q—QQ 3 3 3%3%3®3 3 1/9 for ;> 7, is noteworthy that for large values afy the contribution of
0%0-0Q 3 3 339303 3 1/9 for 5> 7, the backgrounq gap is negligible. In this region the data.are
0'0.GG 8 8 393 3 0 correctly. predicted by _the color evaporation mechanism
— _ alone, with the probability of gap formation uniquely deter-
Q*Q—GG 8 8 32333 3 0 mined by statistical counting of color states.
Q°Q—GG 8 8 3®3w3®3 3 0 The gap frequencf92P(A 5) =da92P/dol®' is shown in
Q'G—-QG 3 8 3»3 33 1/27 for n,>n, Fig. 4(a), where we show the contributions of the color
Q56—QG 3 8 13939393 393 1/72forn,>n, evaporation mechanism and the background. Within the
006 3 8 3939383 3g3 172forp>n, color evaporation framework we can easily predict other dif-
Y 8 3 39303 3 19for p> 7 ferential distributions for the gap events, which can bg us_ed
< T - 172 to further test our model. As an example, we present in Fig.
GQ—-GQ 8 3 39383 3 U8form>mn, 4(b) the gap frequency predicted by the color evaporation
GG—QQ 3 3 30383 303 0 model as a function of the jet transverse energy for large
GG—GG 8 8 3®3®3 393 U2V 7, rapidity separationsX »>3), assuming that the background
has been subtracted. There are currently no data on this dis-
tribution.
with the gap probabilityFy for the different processes given
in Table 1l. Background gaps are formed when the region of B. H1 results

rapidity between the jets is devoid of hadrons because of
statistical fluctuation of ordinary soft particle production.
Their rate should fall exponentially as the rapidity separatio
A 5 between the jets increasgly. We parametrize the back-
ground gap probability as

We also performed an identical analysis for the data ob-
[{ained by the H1 Collaboratidr2]. They used the same cone
size for the jet definition4R=1), and collected events pro-
duced in proton-photon reactions with center-of-mass energy
in the range 158 W<247 GeV and with photon virtuality
Fog(An) =247, (7) Q?<0.01 GeV. They also imposed cuts on the jets:
—2.82< »<2.35 andE{>4.5 GeV. Our results are com-
whereb is a constant. The background gap cross section ipared with the preliminary experimental data in Figa)s

then written as where we useth= 2.3 to describe the background in the H1
gap ots gap kinematic range. As before, color evaporation induces gap
dopg"=Fpg(An) (do!**—dolep). (8)  formation with a rate compatible with observation. We show
~~ 10 F 1 I I I I I I -~ 10 E I I I I I I I
e E fe) E
< <
5 5 ZEUS (b)
© ©
Iy o
S ¢
1 [~]
©

----- Color Evaporation

----- Resolved e ! b
’ 0—1 I Direct “‘-»..mlz\:l __ Y Background .
F i E 10 ¢ B 3
S T N T SRR M R . S T T R T S T TR
2 225 25 275 3 325 35 375 4 2 225 25 275 3 325 35 375 4
M M

FIG. 3. Differential dijet cross section as function of the rapidity between the(@tall events andb) events presenting a rapidity gap.
The points with error bars represent the data obtained by the ZEUS Collabdrtion
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&;102: —— T T
g: r ZEUS (b)
10 F —:
— Total
----- Color Evaporation ™
---------- Background
1 A S I S N T T S
2 225 25 275 3 325 35 375 4 6 8 10 12 14 16
M E; (GeV)

FIG. 4. Fraction of rapidity gap events as a function(af the gap sizeA » and (b) the jet transverse enerdy; at large rapidity
separations 4 »>3). We imposed the cuts used by the ZEUS Collaboration.

in Fig. 5(b) our predictions for the background subtracted IV. RAPIDITY GAPS AT THE TEVATRON

gap frequency as a function of the jet transverse energy for . _ . = _
large rapidity separations 7> 3. The kinematics for dijet production ipp collisions is

illustrated in Fig. 2b), where we denoted bx (Y) the proton
C. Survival probability at HERA (antiproton remnant, and, (,) is a parton giving rise to a jet.
' The proton is assumed to travel in the positive rapidity di-

Our computation of gap rates using color evaporation igection. The dijet production cross section is related to the
free of parameters and therefore predicts absolute rates, garton-parton one via

well as their dependence on kinematic variables. In practice,
this prediction is diffused by the necessity to introduce a gap
' - 4 B b
survn_/al probability S, WhICh accounts for the fact that Upp%jljZXY(s):E f f Fg(xa) Fg(xb)
genuine gap events, as predicted by the theory, can escape ab
experimental identification because additional partonic inter- -
actions in the same event produce secondaries which spoil X‘Tabﬂplpz(s) dxa dxg , ©)
the gap. Its value has been estimated for high enggy
interactions to be of the order of a few tens of percent. Th§ynere s (gzxaxbs) is the (subprocesscenter-of-mass en-
fact that the color evaporation calculation correctly accom- ab) s the distribution function for the

X g : ergy squared anér
modates the absolute gap rate observepsircollisions im- . bYW luated the diiet " i
plies thatS,= 1. There is a simple explanation for this value. partona (b). We evaluate € dijet cross sections using

The dijet cross section is dominated by resolved photonsMRS"] distribution function$1?] with renormalization and
However, for resolved processes, a secondary partonic intefactorization scalegr= pur= \/;

action which could fill the gap is unlikely because it requires  The color evaporation model prediction for the gap pro-
resolving the photon in 2 partons. Although this routinely duction rates irpp collisions is analogous to the one [y
happens at high energies for hadrons, it does not for photonmteractions, with the obvious replacement of the photon by

~~ 102 I T T T T T T T T T T T T T S~ 1 02 [— T T T T T T T T T T T T T T 1
X N : ]
g_’ N H1 (o) ?{ H1 (b)
10 ¢ 3
—  Total .
----- Color Evaporation
---------- Background
1 N S R T TR SR S R 1 A DR P R S
2 225 25 275 3 325 35 375 4 6 8 10 12 14
& E; (GeV)

FIG. 5. Same as in Fig. 4 for the H1 experiment.
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TABLE Ill. Color multiplicities and gap probabilities for the reactiorp Eﬂj 1]2 XY, whereX andY
are respectively the proton and the antiproton remnant sys@8. stands for valencésea quarks, and we
assumed that the proton travels in the positive rapidity direction.

Subprocess i1 j2 X Y Fn
Q'Q%-QQ 3 3 333 3232393 127V m
Q°Q°-QQ 3 3 3932383 3232303 1/81V
0%QV—00 3 3 3232303 303 127V
050500 3 3 330303 3939303 181 Y 7,
QYQV—QQ 3 3 3®3 383 1/27 for ;>0
Qvasg, Qa 3 3 3®3 3932933 1/27 for ;>0
Q%QY—0QQ 3 3 323233 323 1/27 for 7,>0
Q%Q°-QQ 3 3 3232303 3232323 1/81 for ;>0
Q50500 3 3 3232393 3932393 1/81 for ;>0
Q'QV—GG 8 8 323 323 0
QVQS~GG 8 8 333 323233 0
QQV—GG 8 8 3232323 323 0
Q%Q°~GG 8 8 3232323 323233 0
Q%QS~GG 8 8 3230303 3232333 0
Q'G—QG 3 8 393 32393 1/27 for ;>0
Q°G—QG 3 8 3932383 30323 1/108 for ,>0
Q56—QG 3 8 3232393 32303 1/108 for ,>0
GQ'-GQ 8 3 3®3®3 323 1/27 for ;>0
GQ°-~GQ 8 3 3®3®3 33%3%3 1/108 for ;>0
GQ—GQ 8 3 32323 3232383 1/108 for ;>0
GG—QQ 3 3 32383 32393 0
GG—GG 8 8 39393 32393 1/108 V 7,

the antiproton, represented a8@3©3 system. The color Center-of-mass energies. For the data taken/st 1800
subprocesses and their respective gap formation probabiliti€deV, they required both jets to hatsg>20 GeV, and to be
are listed in Table III. produced in opposite sidesy{- 7,<<0) within the region

Both experimental collaborations presented their datdl-8<|7|<3.5. For the lower energy data/s=630 GeV,
with the background subtracted. The CDF Collaboratiorthey required both jets to haw&;>8 GeV, and to be pro-

measured the appearance of rapidity gaps at two diffgrpnt duced in opposite sides within the regipp|>1.8. Since the
experimental distributions are normalized to unity, on aver-

age, we do not need to introduce ad hocgap survival

s LML LA BLELMELE BLNLELELAN BLELELELE BARLALELN B RN BLELELELE
L 2 vs=1800Cev CDF ]

L 1 g 3¢ L LALL B B LA BN BN BN B
1L s & 3 —+ 3 L ,F  vs=1800Cev coF ]
o:....I....I....I....I....I....I....I....: 1:‘I : ! L] 3 3
20 25 30 35 40 45 50 55 60 0 F t } ]

Ef(GeV) AMFEFE EAPET EETE BT EFEFE B P AP

4 1.8 2 22 24 26 28 3 32 34
Ll vesesoce { coF ] (In=n4)/2
2L . ¢ 7S5 F Tt

;__i_!__i 3 . L 5[  vs=86300Cev cOF ]
O_....|....|....|....|...._ [ ]
10 15 20 25 30 35 2‘5. 3 3 - 1 4

¥ 1
E,(GeV) 0_...I...I...I...I.f.l...l.J.-.I...I._
1.8 2 22 24 26 28 3 32 34
FIG. 6. Dependence of the gap frequency on the jet transverse (|7)1_772|)/2
energy as measured by the CDF Collaboration. The absolute nor-
malization is arbitrary. FIG. 7. The same as Fig. 6 for half the gap size.
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E- [ T j T T i T i T i 1 /-\3_||||||||
4r Vs = 1800 GeV COF 7] X ]
o b L |_ §25F e — E>300ev oF 3
[ & o o o T } T: E o - 15 GeV < E; < 25 GeV ]
0or = 2L ]
L 1 1 1 1 1 I
0.2 0.3 0.4 0.5 0.6 0.7
X1,X2 1.5
&10 1 T T v I
Vs = 630 Gev COF 1
°[ | |1
DU A 4 * - 0.5
oF |

0

02 03 04 05 06 07 4 42545475 5 52555575 6 6.25
X1,%2 An
FIG. 8. The same as Fig. 6 for the Bjork&rof each jet. Two FIG. 10. Gap fraction as a function of the jets rapidity separa-
entries per event are included in the distribution. tion for two different values of the jets transverse energy. The sur-

vival probability is the same as in Fig. 9.
probability. Therefore, our predictions do not exhibit any

free parameter to be adjusted, leading to a important test Lnt at laraere~ . Apart from the lowest transverse ener
the color evaporation mechanism. gefcr. AP 9y

) . . bin, data and theory are in good agreement. In Fig. 10 we
In Figs. 6, 7, and 8 we compare our predictions with theéompare our prediction for the dependence of the gap fre-

ation is quark-quark fusion, which becomes more impor-

expgrimental observations of th? 9ap fractlion as afgnption 0 uency with the separation between the jets. Agreement is

the jets transverse energy, their separation in rapidity, andaistactory although the absolute value of our predictions

the Bjorkenx of the colliding partons, respectively. As We for |ow transverse energy is somewhat higher than data as

can see, the overall performance of the color evaporatiogpown in Fig. 9. Finally, in Fig. 11 we show our results for

model is good since it describes correctly the shape of almoghe mean value of the Bjorker of the events, where all

all distributions. This is an impressive result since the modetorrelations between the jet transverse energy and rapidity

has no free parameters to be adjusted. have been included. Again, the agreement between theory
The DO Collaboration has made similar observations atand data is satisfactory except for the low transverse energy

Js=1800 GeV. They required both jets to ha#g>15 bins.

GeV, to be produced in opposite sides;{7,<0) within We estimated the survival probability of rapidity gaps

the region 1.%|7|<4.1, and to be separated hy»|>4.0.  formed atpp collisions, comparing our predictions with the

In Fig. 9 our results are compared with experimental observalues of gap fraction actually observed. Assuming that the

vations of the dependence of the gap frequency on jet transurvival probability varies only with the collision center-of-

verse energy, where we used a gap survival probalfility mass energy, and not with the jet's transverse energy, we

=30% to reproduce the absolute normalization. This is conevaluated the average survival probability

sistent with qualitative theoretical estimates; see the discus-

. . . Foap
sion below. As we can see, the fraction of gap events in- _ Fexpt
; ! > Sp=— . (10
creases with the transverse energy of the jets. This is Fgap
expected once the dominant process for the rapidity gap for-
~~~ 3 [T T T T T T T T
33 b ]
/?3_-'|""|""|""|""|""|""_ ~ 1
L . fost g
E_z.s - ® £ > 300CeV bg 3 : ® A7 bins (156eV < E; < 25GeV)
r A 25GeV < E < 30 GeV ] 2F = Anbins (E > 30GeV) -
2 F O 156eV < E; < 25 GeV ] r A E bins (&g > 4.0) + ]
C ] 1.5 F -

+4+ t

t
0 b

...I....I....I....I....I....I....I:
] 0.1 0.15 0.2 025 0.3 0.35 0.4 0.45
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FIG. 11. Gap fraction as a function of the average Bjorkeri
FIG. 9. Gap fraction as a function of the Jet as measured by the two jets for events collected in different rapidity intervals and
the DD Collaboration atys=1800 GeV. We used a gap survival jet transverse energy bins. The survival probability is the same as in
probability of 30% to obtain the normalization shown. Fig. 9.
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TABLE IV. Gap frequencies and survival probabilities. The average survival probabilities are
S,(1800)= 34.4+ 3.3% andS,(630)=65.4+ 12.1%. Theoretical uncertainties are not included.

Vs (GeV)  ET"(GeV)  FEh (%) FI2P. (%) S (%) FERXS, (%)
1800 30 2.91 0.940.13 (DO) 32.3+4.5 1.00:0.10
1800 20 2.49 1.130.16CDF) 45.4+6.4 0.85£0.08
1800 12 2.24 0.540.17 (DO) 24.1+7.6 0.770.07

630 12 2.97 1.850.38 (DO) 62.3t12.8 1.94-0.36
630 8 2.55 2.31.0 (CDPH 90.2+39.2 1.67-0.31

In order to extracS, we combined the DCand CDF avail- V. CONCLUSION

able data at each center-of-mass energy: 630 and 1800 GeV.

We found §p(1800)= 34.4-3.3% and §p(630)= 65.4 In summary, the occurrence of rapidity gaps between hard

+12%, a value compatible with the calculation of Rgfo] ~ J€tS can be understood by simply applying the soft color, or

based on the Regge model, which yieBl$1800)=32.6%. color evaporation, scheme for calculating quarkonium pro-

For individual contributions and further details see Table Iv.duction, to the conventional perturbative QCD calculation of

Moreover. we have tha. (630)/§ (1800)= 1.9+ 0.4, which the production of hard jets. The agreement between data and
’ p P I= Ve

is compatible with the theoretical expectation 2@2 ob- this model is impressive.
tained in Ref[21].
Using the extracted values of the survival probability, we
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