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A precise determination of inclusive jet cross-section in hadronic collision at
high energies is very important in order to provide decisive tests of parton - parton
dynamics within the standard model and eventual evidence of new physics. Recent
calculations!112] of o(a3) corrections have been performed for jet cross-sections,
which start to be properly defined from that order of perturbation theory, and show
a reduced theoretical sensitivity to the renormalization and factorization scales ,
as compared to the Born o(a?)terms. Those results have been obtained either for
all subprocesses in a fully analytical form limited to small jet cone sizes § << 1[1},
or for the pure glue case for finite size cones up to %[21, On the experimental side
UA2(3 and CDF 4l collaborations have given results up to jet transverse momentum
p: ~ 200 Gev/¢, with various jet algorithms and kinematical cuts.

The aim of the present letter is to extend the analysis of ref.lll to a more
general configuration which takes into account both the experimental definition of
the jet algorithm and finite size effects. Our findings are then compared to the
experimental data(3/{4],

We briefly discuss the method used. We start from the analytical results of
ref.l1l, corresponding to the Furmaril!5! definition of the jet cone of semi-aperture
angle 6, for § << 1, obtained from the basic results of Ellis and Sexton!®! of
virtual and real parton-parton subprocesses in n-dimensions. Then we add a further
contribution, which is free of infrared and collinear singularities, and therefore can
be calculated for n=4, which takes care of the finite cone size and the jet algorithm.

We first consider the case, & la Furman8], where the jet momentum P; is well
defined and it comes from the vectorial sum of hadrons momenta contained within
a cone of size A, with no restrictions on A. This situation is realised in the UA2 jet
algorithm®l. Then the corresponding jet cross section do(A) can be schematically

written as
EJdO’(A) _ Ejddan(5) EJdUnum(A - 5) (1)
d3PJ d3PJ daPJ

where do,,(6) is the analytical contribution already given in ref.l!] for small 6,

and doym(A —6) is the complementary contribution computed by performing the



TABLE 1 :

Inclusive jet cross section p{E (;"T‘;(nb GeV ~2) versus the cone size A result-
ing from the analytical calculation (ANALYT.), the combined analytical and
numerical one (NUMERIC.) and the Born term (one loop) only (BORN), for

Vs =18 TeV,u = P;,0 = 90° and various z, = 3}1

Xt Proc delta ANALYT.  NUMERIC. BORN
0.1 gg 0.1 O.177E+05 O0.17VE+05 0.539E+05
0.3 0.375E+05 0.369E+05 0.539E+05
0.5 0.467E+05 0.480E+05  0.539E+05
0.7 0.527E+05 0.542E+05 0.539E+05
0.9 0.573E+05 0.60VE+05 0.539E+05
1.1 0.B09E+05 O0.677E+05 0.539E+05
0.3 g¢ 0.1 0.164E+02 0.164E+02 0.804E+02
0.3 O0.515E+02 0.494E+02  0.804E+02
0.5 0.670E+02 0.666E+02 0.804E+02
0.7 O.776E+02 0.771E+02  0.804E+02
0.9 0.855E+02 0.887E+02  0.804E+02
1.1 O0.918E+02 0.991E+02 0.804E+02
0.1 qq O.1 O0.705E+04 O.7OSE+04 0.820E+04
0.3 0.817E+04 0.817E+04 0.820E+04
0.5 0.869E+04 0.886E+04 0.839E+04
0.7 0.904E+04 0.934E+04 0.829E+04
0.9 0.929E+04 0.989E+04 0.8239E+04
1.1 0.950E+04 0.106E+05  0.829E+04
0.3 qq 0.1 0.411E+03 0.411E+03 O.555E+03
0.3 0.505E+03 0.501E+03 0.555E+03
0.5 0.549E+03 0.551E+03  0.555E+03
0.7 0.578E+03 0.500E+03  O.555E+03
0.9 0.600E+03 0.630E+03 0.555E+03
1.1 O.B17E+03 0.670E+03  0.55EE+03
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numerical integration of the matrix elements squared. More precisely one obtains

(P1,2 are two generic final partons)

donim(A — 8) = do(p1,p2 € Ca_s; P1+ 53 = Pj)+
 do(py € Cs, pr € Ca_s; Pi+p;=P;)—
do(p1 € Cs, pa € Cas; P1 = _1—5;) + permutations,

where Cs and Ca_g are the cone of semi-aperture § and the crown between the
cones C's and Ca, respectively.

The numerical computation is performed by integrating over four variables
using VEGAS . A more detailed discussion on the integration procedure will be
given elsewherel?].

In Table 1 we show the dependence of the resulting o{a3) + o(a?) cross section
on the cone size A for the subprocesses g¢9 — jet + X and q:g; — Jet + X, as
compared to the analytical cross results of ref.(!| valid in principle for § << 1.
Both the analytical and numerical predictions are precise up to 0(2%). The validity
of the analytical approximation up to § < 0.7 — 0.8 is striking. "This might be
understood by observing that the neglected terms in the calculation are of order
(62/4), since they all come from the expansion of (1 —cos6)/(1 + cos §).

We compare now our results with the UA2 datal3l, which correspond to a value
A = arcos(0.2) =1.37. We have used two different sets of structure functions to
have an idea of the theorei?iCal uncertainty. The first choice, hereafter denoted by
ACGG]1, corresponds to i;he Diemoz et al.(8! parametrisation, with A = 160 MeV
and m; = 60 Gev, modified in order to be consistent with our factorization scheme,
which absorbs the kinematical terms becoming large riear the boundary of the phase
space into the finite next-to-leading corrections to the structure functions. In ref. (!}
this corresponds to the choice CQ=1. The second set corresponds to the Martin
et al.% parametrisation, denoted by MRS2, characterised by a hard glue with
A =250 MeV and the M'S factorisation scheme. Both sets of structure functions

include next-to-leading terms in the evolution programmes and reflect two extreme



descriptions of the glue distribution. As discussed in ref.[! the scale dependence
induce an uncertainty which ranges between ~ 10% at z; ~ 0.1 and ~ 30% at
r: ~ 0.6. Needless to recall that the Born terms only, with a,(u2) to one loop,
lead to an ambiguity of order of two.

Our results are shown in Fig.1, for u2 = M2 = p? and compared with the
UA2 datal3l. The parametrisation ACGGQ1 clearly describes the data better. How-
ever, the systematic uncertainty cannot rule out the MRS2 set. The mass scale
uncertainty, reported above, is niot shown in the figure. The agreement is excellent.

We discuss now the comparison with CDF datal4. The correspondig jet algo-

rithm leads to define a jet as a deposition of transverse energy E; inside a circle

Crofradius R = /(An2+ A®2?) = 0.6 in the rapidity - azimuthal angle plane,
irrespective of the jet direction inside C r- Furthermore the jet direction is varied
in the range 0.1 <| | <0.7. To approximate this experimental configuration
we have considered within our analytical jet algorithm a cone of average value
6 ~ 0.55, and let its direction vary within the appropriate # range. This procedure
is expected to be a rather good approximation of the CDF measurement, because
of the weak (logarithmic) dependence on 6, up to § ~ 0.8, as well as the reliabil-
ity of the analytical results, as discussed above. It is clear that a more precise -
but much longer - cbmputation might be in principle achieved combining the an-
alytical and numerical methods, appropriately modified to exactly match th CDF
jet algorithm. We believe however that the improvement in the precision possibly
gained so, would be smaller than the theoretical ambiguity coming from the scale
dependence and the choice of the structure functions.

Our results are shown in Fig.2, using the ACGG1 structure functions and with
%pt S B = M < 2p; The agreement is clearly quite satisfactory. Notice the
strong reduction of theoretical sensitivity to the mass scales from o(a?) to o(ad).
As discussed previously, in connection to the UA2 data, the choice of the structure
functions induces a further ambiguity, not explicitly reported in Fig.2.

During the completion of this work we have been aware of a paper of S.D.



C UA2 (1985)  -UA2 (prelim.)

1.00E+02 T
T ]
e
O 1.00E+01 o+
2 3
= ]
5 1
I 1
= —
o
W& 1.00E+00 I
NELAR :
1.00E-01 <
1.00E-02
1.00E-03 o+
] <>"\.
—{
1.00E-04 =+
1.00E-05 o
1;00E"06 T Y T } T T T % T T “T % Y T T % 1
3.00E+01 7.00E+01 1.10E402 1.50E+02 1.90E+02
Pt (Gev)
Fig.(1) :
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Inclusive jet cross section [dvegn],,zo("b GeV —1) versus py, for /s =

630 GeV, i = p;, using the parametrisations of the structure functions ACGG1
(full line) and MRS (dotted). The data are from UA2 collaboration(®l, Statys-

tical errors only are shown.
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Ellis, Z. Kunszt and D.E. Soper!19l, where a similar conclusion is reached on the
basis of their jet algorithm much closer to CDF definition. On the other hand our
approach is more directly applicable to the UA2 configuration which cannot be

analysed in their case becatse of limitation R = /(An?+ A®2) < ZI. The two
approaches have been found in excellent agreement to o(few %) in some particular
_configurations (gluon - gluon scattering, 6 << 1) where we could directly compare
our results.
To conclude we have shown that o(a2) corrections improve sizably the QCD
predicting power introducing the right dependence on the detector size, which
is missing at the Born level, in agreement with data, and reduce the theoretical

uncertainty to a level of 0(30%) which is comparable with the actual experimental

accuracy.

We are grateful to M. Mangano, G. Marchesini and T. Sjostrand for discus-
sions. We also thank L. Di Lella; P. Jenni and K. Meier for allowing us to use
the UA2 preliminary data, and S. Bertolucci and A. Sansoni for discussions on the

CDF jet algorithm.
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