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Next-to-leading order gluonic three-jet production at hadron colliders
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We report the results of a next-to-leading order event generator of purely gluonic jet production. This
calculation is the first step in the construction of a full next-to-leading order calculation of three-jet production
at hadron colliders. Several jet algorithms commonly used in experiments are implemented and their numerical
stability is investigated.S0556-282(197)02711-2

PACS numbds): 13.87.Ce, 12.38.Bx

I. INTRODUCTION from the fact that at NLO a parton can only be defined
through a resolution criterion. This resolution criterion can
In this paper we report the first step in constructing atake many forms, from a simple invariant mass cut to a full
next-to-leading ordef(NLO) three-jet event generator for blown fragmentation function. For the studies in this paper a
hadron colliders. This involves the construction of the puresimple invariant mass resolution criterisp;, suffices. That
gluonic contribution to this cross section. The calculationis, if the invariant mass of two partons is smaller trsg,
combines the one-loop virtual matrix elemeg—ggg[1l]  they are considered to be unresolvable and treated as a single
with the real matrix elementgg—gggg[2—7]. The major parton by integrating out the unresolved phase space. This
issue we want to address in this paper is the convergence aigblates the unresolved soft and collinear regions of phase
numerical stability of the NLO event generator. The jet al-space from the resolved bremsstrahlung phase space. After
gorithm is an integral part of the observed final state and ishis rearrangement, both the resolved contribution and the
needed to define the NLO three-jet cross section. Unlike theombination of the unresolved soft and collinear contribu-
NLO two-jet calculation, the NLO three-jet calculation is tions with the virtual corrections are finif@4,15.
sensitive to many details of the jet algorithm. This is because With the above method it is easy to calculate the soft and
of the presence of the four-parton final state, which by apeollinear contributions. The next step is to use this calcula-
plying the jet algorithm is converted into either a two-, tion to construct a NLO event generator. There are in prin-
three-, or four-jet final state. A complete understanding ofciple three methods of putting together the resolved partonic
this partitioning into different numbers of jets requires across sections in order to make the NLO jet event generator.
careful study of the details of different jet algorithms. For In order of complexity they arga) “the slicing method,” in
this paper we consider four algorithnig) the “fixed-cone”  which both matrix element and phase space are approxi-
algorithm, used by UAZ28]; (b) the “iterative-cone” algo- mated[16] in the soft and collinear regiongb) “the sub-
rithm, used by the Collider Detector at Fermil&@®DF) [9]  traction method,” in which the phase space is still approxi-
and DO Collaboration$10]; (c) the “K;" algorithm [11], mated in the soft and collinear regions, but the matrix
under study by CDF and DA.2]; (d) the “EKS” algorithm,  element is now exadby adding in the correction factor nu-
used in NLO one-jet and two-jet inclusive calculatidd§]. = merically), and (c) “the exact method,” in which both the
In Sec. Il we will describe the methods and techniguescorrection factors for the phase space and matrix elements in
used in the event generator in some detail. Section Il dethe unresolved region are added in numerically. Note that
scribes and investigates the stability of the four-jet algo-several other methods exist in the literature which are
rithms. Some distributions are shown in Sec. IV as an illus-equivalent to methoc) [17]. Method(a) is used to calculate
tration of the achievable numerical accuracy of the evenanalytically the soft and collinear regions. To be able to per-
generator. No attempt is made for a detailed phenomenologferm the integrations and extend the method to arbitrary par-
cal study; this only makes sense once the quark contribution®nic processes one has to approximate both the matrix ele-
have been included. Finally, in Sec. V we summarize thanent and the phase space in the soft and collinear regions.
findings of the study. For any useful and numerically stable event generator
method(b) is often sufficient. In a numerical calculation it is
trivial to extend methoda) to method(b). Method (c) is
attractive because there are no approximations. That is, no
terms of orders,;, have been neglected and one can choose
The construction of a flexible event generator requires théhe resolution parameter as large as one wants without
generation of partonic final states with a minimal amount ofchanging the results. This method, however, is more cumber-
implicit phase space integration. At leading orde®©) this  some to implement.
is trivial, but at NLO it requires careful handling of the can-  One can describe the different methods better using a
cellation of divergences between the soft and collinear conschematic formula. Then-parton contribution to the
tributions and the virtual corrections. The divergences stenfn—1)-jet cross section is given by

Il. THE METHOD
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do,=|M,|?*J,dP, dependence of methods) and (b) are shown in Fig. 1 for
) ) several jet algorithms. We postpone the discussion of these
=[[M[*X (1= 65) + [ M,|*X 6913, dP, dependences to Sec. IV.
= |-/\/ln|2>< (1=05)3n dPy+ 0X[T1(6s)+To(6s)

lll. JET ALGORITHMS

+T3(6s)], (1) , , _ , _
The purpose of the jet algorithm is to quantify certain

the matrix element squaréd,|2 and the phase space con- Processes. By identifying high transverse momentum had-
straints from the jet algorithm and culs integrated over the fonic clusters in collisions we can make a connection with
n-parton phase spackP,,. The soft or collinear unresolved the underlying partonic scattering and apply perturbative
part of phase space is separated off using the resolution c/RCD to predict the cross section. The form of the jet algo-

terion embodied in the quantitg, which takes the value ithm depends to a large extent on the capability of the de-
6.=1 in the unresolved phase space region égd0 oth- tector and on the collision environment. Theoretical issues

are only of secondary importance. A stable experimental jet

erwise.
T, is given by algorithm is, by definition, theoretically infrared safe. There
are of course issues of perturbative convergence, but the ex-
T1(69=SIM,_1|2XJ,_1dPeidPy_1 perlment(and |mpI|C|tIy the datashould determine the jet
algorithm not vice versa.
=R(0g)| Mp_1|2%XIp_1dP,_1, (2 With current techniques for theoretical calculations one

can easily accommodate any stable experimental jet algo-
and represents the product of the approximate matrix eledithm. The only crucial theoretical issue is a reliable estima-
ment | M, |>—S|M,_,|?> and the approximate phase spacetion of the theoretical uncertainties. This is why the NLO
dP,—dP.dP,_;. The resolution factoR(#,) is indepen- predictions for observables are so important. By comparing
dent of the hard scattering and can be integrated analyticalll])LO with LO we can determine the regions of phase space
for a wide range of multiparton processgs4,15. T, is  where we can make reliable predictions and give estimates of

given by the uncertainty. There is no point “improving” predictions
without a clear understanding of the theoretical uncertainties
To(0s) = (| Mp|?— G Mp_1]2)3J, dP, (3)  inthe “improved” predictions.

The extension of the NLO two-jet calculation to NLO

and represents the difference between the true matrix eldbree jet is nontrivial with respect to the jet algorithm as we
ment and the approximate matrix element over the true unwill now explain. The algorithms usually depend on a cone-

resolved phase spacg; is given by size or distance scale between the clusters:
T30 =S| M1 2(IndPy—Jn_1dPy_1dPs),  (4) R=\(An)*+(A¢)" ®)

and represents the approximate matrix element over the dif¥hereA » is the difference in pseudorapidity addp is the
ference between the true unresolved phase space and the &jfference in azimuthal angle. When combining clusters of
proximate unresolved phase space. Note Thatontains the ~€nergy one usually follows the “Snowmass accorl9]
soft and collinear divergences needed to cancel the singulafthich uses transverse energy-weightég-{veighted clus-
ties of the virtual term, whild, andT5 vanish as the domain tering:
of support foréy is taken to zero.

Method (a) keepsT;, but setsT,=T3=0, method(b) o= gl
keeps bothT; and T,, but setsT;=0, while method(c) Toe T
keeps all three terms. The terms proportional to the soft fac-
tor S cancel betweeiT, and T; so that the final expression 1 _
for method (c) is somewhat simplified. The advantage of <77>:E_tot2 EQ (6)
method(c) is that thefs dependence exactly cancels for any T
value of this resolution parameter. The drawback is that apart
from the usual negative weighted virtual plus soft and col- (p)= iz ED g, .
linear and positive weighted bremsstrahlung contributions EPs T
we have now an additional type of negative weighted events
which numerically cancel the subtraction teR(6;). This  We will now summarize our implementations of the four-jet
can often be confusing, especially when one chooses largagorithms under consideration.
values ofé, because one has a different phase space con- (a) The “fixed-cone” algorithmThis algorithm was used
straint on this type of bremsstrahlung term. Using metfipd by UA2 and is described in some detail in REB]. This
removes these additional events, but now we must choosagorithm is the most basic and straightforward of the four
0, to be sufficiently small that the phase space approximaalgorithms we are considering. The procedure is very simple.
tions are valid. In general this poses no problem and in prac- (1) Form a cluster list, ordering all clusters By .
tice this is the method we use. The effects of the three meth- (2) Select the highedE cluster from the cluster list and
ods can easily be demonstrated numerically. Tdg,  draw a cone of radiuR around the cluster axis. Calculate the
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FIG. 1. Thes,-dependence of the cross section for the different jet algorithms and numerical methods.

transverse jet energy and a new jet axis by performing the (b) The “iterative-cone” algorithm.Both CDF and DO
Er-weighted sum of all the clusters in the cone as defined iruse this algorithm. While it is clearly based on the “fixed-

Eq. (6). cone” jet algorithm, there are important additions. The algo-
(3) Remove all clusters in the cone from the cluster listrithm is given by the following.
and move the jet to the jet list. (1) Form a cluster list, ordered by .

(4) If the cluster list is not empty go to ste@). (2) Select the highest unassignEg cluster, and draw a
(5) Apply the appropriate minimum transverse energy antgne of radiusk around the axis of this cluster. Calculate the
rap|d|ty cuts to the entries in the jet list to find the final set of 5 ,sverse jet energy and a new jet axis by merging the clus-

Jets. ters in the cone as in Eg6).

Note that all of the basic physics involved in the clustering (3) Draw a new cone around the new jet axis. Recalculate
is already contained in the three parton final stétes, NLO  the jet axis using the clusters in the new cone. Repeat this
two-jet production or LO three-jet productipnNo matter  step until a stable jet axis is found.
how many additional partons are added to the final state, (4) If there are clusters not yet assigned to at least one jet,
each will be assigned unambiguously to a jet. go to step(1).
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(5) Check for overlapping clusters, i.e., clusters assignegxperimentally it was found tha®{2)=1.3 worked best for
to two or more jets. If overlaps occur, one has to demdeR:O_7[21]_ Note that the quantit ?)

. . : sep Nas No equivalent in
whether to merge the jets or to assign the overlapping Cluséxperimental jet algorithms and is

ters to separate jets. CDF and DO have different methods focg a purely phenomenologi-
doing this. CDF merges the jets if any of the overlapping jet al quantity. TheRgp prescription was tuned to the NLO

%Wo—jet calculation, and there are many possible ways to ex-
0, E 1 _ ’
sha'res more than 75A)'of ' OtherW|§e gaph shared'clus tend it to the NLO three-jet calculation. We choose to do the
ter is assigned to the jet to whose axis it is closesyig

space. DO merges the jets if any jet shares more than 50% g?llowmg.

ite t Otherwise the shared t (1) Consider the possible three-parton configurations by
IS lransverse energy. erwise the shared transverse ener@é[lculating theirE;-weighted jet axis as if they were clus-
is divided equally between the two jets.

(6) Once all clusters have been uniguely assigned to jetéered' If the three partons are withihof the hypothetical jet

g ; . axis and each pair of partons are separated by less than
the final jet parameters are calculated, but not using th%>< R® thev are meraed into a sinale iet. Repeat this ste
E+-weighted scheme of Ed6). For both CDF and DO, the sep (N€Y 9 gie jet. kep P

energy and momentum three-vector are calculated by simplk’m('Iz)"’ll(l:thr:ei(?j praf[Lon conﬂigbtljra:\llsns Iha\t/er beenr}i corns;:d(re]re%
adding the four-vectors of the clusters assigned to the jet, and onsider the possible two-cluster configurations by

the direction of the jet is given by the sum of the momentumcalcmaﬁng theirEr-weighted jet axis as if they were clus-

three-vectors. CDF computes the transverse energy of the j&‘?md' If both partons are withiR of the hypothetlca(lzj)et axis

asE sing, whereE is the energy calculated above, apds ~ and are separated from one another by less BiaR, they

the polar angle of the jet direction. DO computes the trans&/® merged_ Into a single jet. Repeat t_hls step until all two-

verse energy as the scalar sum of the transverse energies@fSter configurations have been considered.

the component clusters. It is worth mentioning that FR&g] _ Itis possible for two two-parton clusters to overlap. These

recently argued that the DO procedure of defining the final jeBituations are resolved in the following fashion. .

parameters leads to large perturbative corrections and there- (3) If the shared parton contributes more than 75% of the

fore should not be used. E; of either jet, all three partons are merged. If not, the
(7) Apply the appropriate minimum transverse energy angshared parton is assigned to the jet to whose axis it is closest

rapidity cuts to the entries in the jet list to find the final set ofiN 7-¢ space. _ o
jets. (4) Apply the appropriate minimum transverse energy and

rapidity cuts to the entries in the jet list to find the final set of

Note that in this case, unlike the “fixed-cone” algorithm, a Jets:

lot of the physics is missing in the three-parton final state

where there is never an iteration nor is there ever share _ "

energy. To get at all the basic physics one needs at least fogyer!%p resolution condition aa hog not tuned to the data

parton final states, or in other words NNLO two-jet, NLO @S Rgep was for the NLO two-jet calculation. For the NLO

three-jet, or LO four-jet production. In fact for NLO two jet three-jet calculation, it could be th&(), should take on a

and LO three jet the “iterative-cone™ algorithm is identical different value thangifj, that a different overlap resolution

to the “fixed-cone” algorithm. prescription will be preferred, or that additional parameters
(c) The “EKS” algorithm. The fact that the NLO two-jet will be needed to accurately describe the data.

calculation does not contain all the needed physics in the jet (d) The* K+” algorithm. This algorithm finds its roots in

algorithms used by CDF and DO inspired the authors of Refihee*e~ environment. Its adaptation to tipg environment

[13] to introduce an “improved" algorithm which phenom- \as proposed in Refl11]. The algorithm is currently under

enologically modeled the missing physics. Because this is gtudy in CDF and DQ12]. Our implementation is based on

theoretical algorithm we will describe it in terms of partons. Ref. [22].

In NLO two-jet production we have only to consider the (1) For each clusterr define a “closeness” to the beam as

three parton final state. The algorithm is then very simpleq, =E;.R,. For each pair of clusteis j, define their close-

(1) Consider the possible two-parton configurations by calness to one another dg =min{Er; ErJAR; .

(2) if both partons are within the cone sifeof the hypo-  min{d,}<d,,, mergej into i, and remove from the cluster

thetical jet axis they are merged into a single j&; go 10 jist. If all d;;>d,, jeti is said to be “complete.”

step(1) until all two parton configurations have been consid- (3) Go to step(1) until all jets are complete.

ered.(4) apply the appropriate minimum transverse energy (4) Apply the appropriate rapidity and transverse energy

and rapidity cuts to the entries in the jet list to find the final ¢ts to select the final set of jets.

set of jets.

ote that our implementation of thRg, parameters and

' o ' Al of the basic physics involved in thi clustering algo-
Note that this maximizes the energy in the cone and simurithm was already present in the three parton final states.
lates the “iterative-cone” algorithm by assuming that it al- Like the fixed cone algorithm, thk; algorithm unambigu-

ways find the optimum jet axis to maximize the energy in apusly assigns additional partons to jets, no matter how many
jet. This in fact overestimates the clustering effects of thegre added.

“iterative-cone” algorithm. To correct for this an additional The numerical stability of the four jet algorithms is re-
parameter calleﬂl(sﬁfJ was introduced20]. With this param-  lated to the degree to which the algorithm is sensitive to soft
eter one can impose the additional constraint that only tworadiation, or in other words the infrared stability of the par-

parton pairs separated by less tHx Rgié can be clustered. ticular algorithm. For the method of resolved partons, as is
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used in this paper, infrared stability is related to the extent tcAs expected the subtraction method allows us to choose
which the results are independent of the the resolution pdarger values ofs,,,, though the value should still not be
rametersy,,. This dependence is shown in Fig. 1 and will be |larger than 10 GeV. For the results presented later in this

discussed in the next section. section we will use the subtraction method wih,=2.5
GeV?2,
IV. NUMERICAL RESULTS We now consider the iterative cone algorithm. As can be

seen in Fig. [c), the cross section does not become indepen-

The calculation presented in this paper includes only thejent from the resolution parameter, even at very small values
g9—ggg andgg—gggg contribution to the NLO three-jet of s,,. In fact the behavior fits very well to a logarithmic
cross section. This means that any comparison with experdependence on the resolution parameter. This means that the
mental results would be premature. However, there are sewigorithm is not infrared safe in that we can change the jet
eral issues we can address in the context of investigating thewultiplicity by adding a soft parton somewhere in the event.
numerical applicability of the resolved parton approach.it is obvious that this can occur when we have three parton
First, we can get a first impression of the size of the radiativeonfigurations in which two of the partons are slightly more
corrections in the inclusive three-jet cross section by comthan the cone sizR apart balancing the leading third parton.
paring the all-gluon LO three-jet results with the NLO three-For the tree level and virtual contributions this is a three-jet
jet results. Second, we can start to look at questions relategient. The situation should not change if we add a soft par-
to the jet algorithms and to what extent observables depen@n in between the two nearby partons, and in fact it does not
on the choice of algorithm. We will look at two particular change for any of the jet algorithms besides the iterative
sets of observables. The first set is the transverse energpne. The soft parton gets clustered with one of the hard
distribution of the leading, second, and third jet in the eventpartons, slightly changing the jet parameters, but not affect-
The second set involves the transverse energy fraction of th@g the jet multiplicity. In the case of the iterative cone,
leading, second, and third jet. however, one of the two hard partons will cluster with the

For all numerical results in this section we used thesoft parton thereby shifting its jet axis to withiR from the
CTEQ3M[23] parton distribution functionéPDF’s), a fixed  other parton. Because of the iterative nature of this algorithm
renormalization or factorization scale of 100 GeV and a centhe two clusters will subsequently be merged further into a
ter of mass energy of thep system equal to 1800 GeV. The single jet vyielding a two-jet final state. Thus, we have
fixed scale is needed at NLO because we calculate thghanged the jet multiplicity by adding an arbitrarily soft par-
gluons-only cross section. The full PDF’s, including the ton to the event. As a result the algorithm is infrared unstable
quarks, are evolved up t@=100 GeV. The input gluon and cannot be used within the context of perturbative QCD.
PDF is then taken at this scale and not evolved any furtheExperimentally this means that the jet algorithm depends on
(the factorization scale is fixed at 100 GeVh this manner  the implicit soft cutoffs in the detector, e.g., granularity of
we get a consistent cross section with only glu@res, tak-  the detector, cluster cutoff, and ultimately hadron masses. In
ing the number of flavors equal to z¢rat NLO. To select other words, the jet multiplicity depends on the ability of the
events we required at least one jet wigh>50 GeV in the  detector to resolve and measure soft hadrons. It is clear that
rapidity region| 7| <4. Additional jets were required to have we cannot use this algorithm within the NLO calculation.
E+>20 GeV and rapidity in the rangey|<4. Only events Note that this result does not make the one- and two-jet
with at least three jets in the final state were selected. Thinclusive cross sections infrared unstable since in those cases
cone sizes were chosen differently per algorithm such thalve do not have to resolve three-jet configurations. Both CDF
they give approximately the same cross section. Thend DO have compared their multijet dafise., more than
“iterative-cone” algorithm uses the same cone size of 0.7 aswo jets in the final stajewith LO Monte Carlog10,24. It
is usually chosen experimentally. In the “EKS” algorithm s interesting to note that the experiments have in fact added
the cone size was chosen to be 0.7 viff)=R3)=1.3 as  an additional cut to their multijet cross section in order to
is common in the NLO two-jet calculatlons In order to make these comparisons. This cut requires all the jets in the
accommodate the larger “effective” cone of the two previ- event to be further apart than their cone sizeRef0.7. For
ous algorithms we chose the “fixed-cone’ algorithm to haveCDF this cut wa\R;;>1.0, while for DO the requirement is
a larger cone, R=0.7X1.3=0.91. Finally for the AR;;>1.4. This additional requirement in the jet algorithm
* Ky"-clustering algorithm the closeness parameter is set tahanges thes,,,;,, dependence of the cross section dramati-
R,=1.0 (note that this quantity is not really a cone gize  cally, as can be seen clearly in Figcl In fact the behavior

The first issue to be considered is thg, dependence of is now very similar to the other three algorithms. This is no
the cross section and the determination of the range in whichurprise since with this additional selection cut the infrared
we can choose its value such that the approximations madsstability is removed. This means that the iterative cone
in the different numerical methods are valid. The results ar@lgorithm needs to be augmented with a jet separation cut in
shown in Fig. 1 for both the slicing and subtraction methodorder to be an infrared safe jet algorithm.
(the exact method has not yet been implemendedi all four The most basic distributions we can look at are the
types of jet algorithms. The first thing to notice is that the Eq-ordered transverse energy distributions. These distribu-
behavior of the iterative cone algorithm is quantitatively dif- tions are given in Fig. 2 for various jet algorithms. The
ferent from that of the three other algorithms. The other threeurves are fits to Monte Carlo output and have a fit uncer-
algorithms behave as expected and it is clear how to choodainty associated with them. The fit uncertainty for the lead-
Smin for them. For the slicing method one has to chooseng jet is shown in Fig. &) where the leading jeK factor
Smin Smaller than 1 Ge¥ in order to get the correct answer. (i.e., the ratio of NLO over LQis given together with the 1-
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FIG. 2. TheE spectra of théa) leading,(b) second, andc) third jet. (d) contains theK factor of the leading jet for the EKS clustering
scheme.

o boundary on the fit. The uncertainties on the second andt the renormalization or factorization scale choice. This is
third jet are very similar in size anl; dependence. As can no accident. Usually one would choose this scale to be equal
be seen from Figs.(3), 2(b), and Zc) the differences be- or proportional to the leading jeE+. For the gluons-only
tween the jet algorithms are small and stable, especiallprocess, however, this would require evolving the PDF'’s
when taking the fit uncertainties into account. The LO nor-with n;=0. So, part of the large corrections away from
malization is highly uncertain because it is@process and E;=100 GeV are due to the choice of renormalization or
therefore very dependent on the valueagf (i.e., at LO the factorization scale which generates large logarithmic correc-
renormalization scale choige The radiative corrections, tions at higher orders. The second reason is that we look at
however, show more structure than a simple normalizatiomluons only, while evolving the PDF’s to a scale of 100 GeV
shift. The radiative effects can be quite substantial, with ausing both quarks and gluons. This means the gluon content
K factor as large as 3 foEr=350 GeV. There are two of the proton and therefore the size of the radiative correc-
reasons for these large corrections. Note that the minimum itions in the gluons-only case depend on the mass factor-
the K factor for leading jet occurs &1=100 GeV, exactly ization scheme used in the PDF and matrix element. Any
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conclusion on the radiative corrections in the full caseenergy fractionX=2E®/M;;; where the energies are de-
(i.e., including the quark procesges therefore prema- fined in the center-of-mass frame of the collision ang; is
ture. Note that in the modified minimal subtractigMS) the invariant mass of the three leading jets. We have chosen
scheme used in this calculation the contribution of gluonthe transverse energy fractions because they do not require
initiated scattering aE1=350 GeV is very small. The scat- the determination of the center-of-mass reference frame. At
tering at such large momentum transfers is dominated b§WLO, the determination of the center-of-mass frame is
t-channel quark scattering, making the size of the gluonsstrongly dependent on the ability to detect forward radiation,
only K factor irrelevant. making the NLO prediction rather unstable and detector de-
The final observable we will look at in our investigation pendent. The transverse energy fraction, on the other hand,
of the stability of the NLO three-jet event generator is thebehaves more stably and radiative effects are small. This can
transverse energy fractiod{) =2E{)/=?_ E{) of the three  be seen in Fig. 3 where the normalized LO and NLO trans-
leading jets(in transverse energyin the event. These are Vverse energy fraction distributions are plotted for several jet
different from the usual observables used by the experimerglgorithms. Also shown is th& factor for the normalized
talists (see, e.g., the CDF pap€l8,24]). They look at the X(Tl) distribution together with its fit uncertainties. The radia-
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tive corrections for these distributions are in general smallsis, though the reason is the inefficiency of the cluster algo-
except at the edge of LO phase space where the jet algorithiithm instead of the theoretically motivated removal of the
sensitivity also becomes larg@t LO the transverse energy infrared instability. The other jet algorithms behaved prop-
fractions are constrained to 2¢3<(T1)<1, 1/2<X(T2)<1, and erly and no additional cuts were needed.
O<X(T3)<2/3, not taking anyE; cuts into accounft. The The NLO three-jet event generator was applied to several
NLO three-jet event generator is capable of predicting thesdistributions and it was demonstrated that one could obtain
distributions accurately enough for comparisons with experiuseful results which can be compared to the experimental
ments. data, once the quark matrix elements are included.

Note added: After this work was completed, we learned of

V. CONCLUSIONS a similar calculation by Z. Trcsanyi [25].

In this paper we have presented results on the purely glu-
onic contribution to the NLO thre_e—jet cross section. All of ACKNOWLEDGMENTS
the techniques used can be readily applied to the quark con-
tributions. Several techniques to isolate the soft or collinear We would like to thank the Fermilab lattice QCD group
contributions were explored and their numerical effects infor the kind use of the ACPMAPS supercomputer, on which
vestigated. the calculations in this paper were performed, and George
All of the relevant experimental jet algorithms were Hockney for his assistance in using it. We would like to
implemented in the NLO three-jet event generator and theithank Lance Dixon for comparing our numerical implemen-
radiative effects studied. For the iterative cone algorithm ittation of the matrix elements in Rgfl] to the authors’ re-
was necessary to augment the algorithm with an additionadults. Fermilab is operated by Universities Research Associa-
jet separation cut in order to obtain infrared stability. Bothtion, Inc., under Contract No. DE-AC02-76CHO03000 with
CDF and DO already apply such a cut in their multijet analy-the U.S. Department of Energy.
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