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COLLIDER RESULT3 AND QCD PREDICTIONS

G. Martinelli
INFN, Laboratori Nazionali di Frascati, Italy

ABSTRACT
A comparison of theoretical predictions from perturbative QCD for

W and 2z° production and for jet physics and experimental results at
Collider energies is presented.

1. INTRODUCTION

A very important part of the physics explored by the UA1 and UA2
experiments at the CERN Collider concerns QCD. QCD constitues an
important aspect of Collider physics for two main reasons.

Pirstly our belief that it describes the physies of strong
interactions is not based on a single very precise experimental test,
but on the converging agreement (qualitative and/or quantitative) of
many different experimental results (accumulated over the last ten
years) with theoretical predictions from QCD: the CERN Collider offers a
unique possibility of testing QCD in a completely new range of energies.

Secondly QCD processes are the background to new phenomena and
accurate quantitative predictions for these processes are needed in
order to separate the physics of the Standard model from the signals of
a new physics.

The discussion here following is divided into two parts. In Sect. 2
T will discuss QCD effects in W and Z0 production. For these processes

QCD predictions reached a quite high level of accuracy and a



quantitative comparisons of theoretical expectations and experimental
results can already be made. In contrast with this particularly
favourable case predictions for jet physics are still affected by large
theoretical uncertainties and the agreement between theory and
experiments can be tested only at a rather qualitative 1level. The
present status of the theory for jet physics will be presented in Sect.
3 together with a discussion intended to point out the aspects that
should be further explored in order to reduce theoretical

uncertainties.

2. QCD EFFECTS IN W AND 7° PRODUCTION

At the CERN Collider W/ZO production tests the Drell-Yan mechanism
in a completely new energy range. Most of theoretical problems
encoutered at fixed target and ISR energies (4/57227-63 GeV) almost
disappear. Radiative corrections due to strong interactions for total
cross-sections, rapidity and qT distributions can be reliably computed
in perturbative QCD since theoretical uncertainties are relatively
small in the present range of center of mass energies (4/S = 540-630
GeV).

Radiative corrections modify the naive (and leading logarithms

improved) parton model predictions for all the interesting measurable

quantities: o

1) Total production cross-section GW’Z o *
2)  Rapidity distribution (d GW’Z /dy)/ GW’Z

3) Charge asymmetry o

u) Transverse momentum distribution ddw”i /qu 3

5) Transverse energy distributiorldaw’z /dET *

It turned out that the effects of radiative corrections are particularly



important for the quantities denoted by = in the list reported above(f).
Hence I will discuss in the following only the modifications, due to

radiative corrections, to the total production cross section and to the
Qrp and E distributions.

2.1 Total W/ZO production cross section

In Fig. 1 the lowest order process for W/Zo production via Drell-

Yan mechanism 1is shown together with +the first order diagrams

contributing to the total cross sectionﬂo). The result of the complete

(1,2,

first order computation has the simple form

o f dx, dx -
w,z2” 1772 2 .
1] = NW,ZO/ — H(XT,XE,P Y (1 6 2)]
Vi 1 2 -
5 . ZaS(PZ)
(1~ )+ O (x,x,= 7)f Q———-) M
L X X, 37 (-l <1x2
»} as
LK(X Xyy! Y4 (14 2) T @(x1x2 U)fg(x1x ) +0( a )J
where Nw 7 is a normalization constant and
,l

H(x1,szz)an(x1,P2)a(X2,P2)
and

K(X11| a,,P ) (Q(X11P )+ Q(X.i’P )) 5(x2’P )

are the appropriate bilinear combinations of parton distributions.

q g(zb are computable kernels (dependxng on the choice of the scale P2
H

for the parton densities) and 7= MW Z

(f) 1In other cases radiative corrections are much less important. For
example the first order corrections sensibly modify do¢ /dy and ¢ ("K
factors™). However the normalized y distribution (do /dy)/¢ is in

practice unaffected by these corrections in the experimental accessible
range of vy.

(0) The order a_ diagrams of Fig. 1 not only correct the nalve parton
model expectations for the total cross section but are also responsible
for the (perturbative) transverse momentum distribution of intermediate
vector bosons,
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FI,GE_.]_ Lowest order and order a_ diagrams relevant in
W/Z~ production. The wavy lines represent gluons.

The total cross section, including order O corrections, is often
described by rescaling the lowest order formula:

tdx, dx :
W,Z_ 2 1 2 e 2 _
07'"= K(Q7, T )NW,Z/ wx1:x——2 Sk[.[{(xVxZ,Q Y+ (1 4—&2ﬂ
i (2)
T
o1~ )} where Q:Mw 7
) ?

*1%2 .
K(Qz, T) is a very mild function of 7 and Q in the range covered by
experiments. At fixed target energies K is dangerously big for a genuine
"perturbative" correction, K~ 1.8 # 2.0, and all orders resummation
techniques must be invoked in an attempt to control the perturbative

(3)

series At Collider energies K~ 1.3 ¢+ 1.4 and the total cross
section can be predicted with a smaller theoretical uncertainty. By
writing K=1+ & +0( 82) we expect 0O( 62') 2 15%.
Other sources of theoretical uncertainties are:

i) the choice of'; the parton densities: in w/z° production at 'V§= 540-
630 GeV the total cross sechbion is dominated by the quark-antiquark
annihilation process and we probe the parton densities in a range of
X, ,ZV AT ~ 0.15 where valence quark distributions are very well known
from lower energies deep inelastic experiments. The theoretical error
due to the choice of the parton densitied is then rather small,

ii) The scale P2 appearing in the parton distributions and in O and



the value of A: different choices of P2 in the parton distributions are
compensated (at order Gy ) by a redefinition of £ (z) in Eq. (1). More
important is choice of the scale (and/or of A) 1n a One could argue
that the relevant scale could be smaller than the 1ntermediate vector
boson mass (for a more detailed discussion see Ref. (U)):
cap? 24 PP S, | (3)

where < qT:n is the average transverse momentum (<:qT> 2 T+8 GeV).
Since Ap « W 7 the choice of the scale sensibly modify the results. In
Table I I report the predicted values for the total W/Z production
cross section at /S = 540-630 GeV together with an estimate of the

theoretical error coming from the uncertalntnes discussed above(u’5’6).

(o]
Notice that the relative error for W L /172 (which is an important

quantity for the evaluation of the total z° width(7)

) is much smaller
( £ 10%) than the relative error on the cross section since most of the
theoretical uncertainties cancel in the ratio. Another quantity which
can be predicted with a small error is the ratio of production cross

section at different energies. We expect
o (VS
6(A/S = 540 GeV)

630 GeV)

Z1.25

both for W and z° production. From Table I, assuming for the branching

ratios:
B(W-+#ewv) = 0.089 B(z® » ete™) = 0.032
TABLE T
- o) A e o] _
A ) 62 (nb) AR W5 (GeV)
1.3 +0.1U .
y, 2% 1.3 540
-0.6 -0.2 3.3. £ 0.2

. +1{.6 +O-5 6 O
5+3.0.9 6.0.3 3




one obtains the figures reported in Table II where for comparison the
experimental results are also given. Theoretical predictions and
experimental results are in agreement within the errors. Without the
order Qg corrections all the theoretical values should by lowered by
~ 35%, They would then be barely compatible with experimental results.
I would 1like to add a comment: of the existing computations take
seriously only those which into account 0O( as) corrections and do not
derive total cross section by integrating numerically do /qu (qT =
transverse momentum) after having introduced uncontrolled
approximations in the resummation of soft gluon effects at all orders in

perturbation theory (see next subsection).

(B(Waev)aw)th(pb) UA1 UA2 A/3(GeV)

370"'1 10 530280290 500%100-80 540
-60 (590)

u7ot;g° 180+10%80 540570590 630
ZO

(Bo )th(pb) UA1 UA2
y2t pEaqdy 101%37%45 540
5175 621310 565209 630

TABLE TII - Comparison of theoretical predietions and
experimental results for the total cross section times the
branching ratio. The UA2 results at #/S = 540 GeV (Ref. (8)) have
been corrected after a mnew evaluation of the integrated
iuminosity (Ref. (9)). The UA1 data for W production are
uncorrected; the figure in bracket refers to the corrected value
at /S = 5L0 GeV (Refs. (10,11)). The quoted UA1 pesult at /S =
630 GeV for 7° production refers to the chanpel z° —p U, ALl
the others results for Z refers to Z —ﬂ-e e



2.2 Transverse Momentum Distribution

To get predictions for the boson transverse momentum distribution
all orders effects need to be taken into account in the region of small
transverse momenta, A « A “Q «*Mw 79 because of the presence of

’

large terms of order:
——;— a® (q2) lnm(QE/qz) m < 2n-1
q 2 8 T T
T

The resummation to all order of these terms, first attempted by

(12) (13)

Dokshitzer-Diakonov=-Troyan (DDT) , Parisi and Petronzio , Curci

&Y
et al.(1‘), has been extended beyond the double leading logarithmic

(15) ()

approximation by Collins and Soper More recently an analytic
expression for do‘/qu has been presented satisfying the following
requirements:

a) at large.qT the correct behavior resulting from the recoil against

(16)

one parton is automatically reproduced

b) in the region ap & Q = MW,Z the soft gluon exponentiation is
performed at the leading and next to leading double logarithmic
accuracy(12”13’1u’15)

c) upon integration over A the known perturbative results for the
total cross section {and do /dy)(1’2’17) are obtained including terms
of order a (which give rise to the "K-factors™")

d) all cfbﬁs sections are expressed in terms of quark distributions

which are precisely specified beyond the leading order.

A different approach has been followed by the authors of Ref. (18).
The approach of Ref. (4,5) can be augmented by higher order terms when
these will become available. Actually one can take advantage of the
existing Of as) corrections to the double logarithmic approximation
first derived in Ref. (19) and recently confirmed by Davies and
Stirling(ZO) by using the results of Ref. (21).
The fact that the resummation is necessary is demonstrated in Fig.

2 where a comparison of the all ordeér resumed expression for
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FIG...2 ~ Comparison of the resummed expression for
(do "/da.dy) | (solid line) with the first order
perturba€1Ve e%pre331on (dashed line) at VP;630 GeV.

with the first order perturbative expression is presented. From this
figure we see that the perturbative tail is an adequate descriﬁtion of
the ap distribution only for dy 2 25-30 GeV. In Figg. 3a and 3b a
comparison between the theoretical predictions for the transversa
momentum distribution of the W and the more recent data from the UA1 and
UA2 collaboration is reported. The agreement is excellert. However I
want to remind here that the predictions for the A distribution are
also affected by several uncertainties. In the present case the main
source of error comes from the choice of the value of /1 in the running
coupling constant, This is illustrated in Fig. U4 where I report two
different curves (taken from Ref. (4)) corresponding to different
values of A and of the parton parametrizations. The difference between
the two curves is mostly due to the difference in the value of A4
( A=0.2 or A=0.4 GeV). We notice here that the vector boson transverse
momentum distribution determines the transverse momentum of the final
electron when the decay W—p ey occurs and hence the values of the W

mass extracted from the lepton spectrum, The uncertainties due to lack
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of precise knowledge of the input parameters should be taken into
account as a systematic error in the experimental evaluation of the W

-

mass from the electron spectrum (cfr. Ref. (9)).

2.3 Quantities Determined by the Large Transverse Momentum Tail of the

Distribution

In this subsection I will focus my attention on two quantities
which, at large energies, are dominated by the perturbative tail of the
ar distribution.

a) Let us define Jt(qT) as the probability of w/z° production with a

transverse momentum larger than a given value qT(f):
qmax
T
do .
.»/c; 3q.) d9r
may) = — L (6)
T max

q
do
(=) dq
./; qu T

In w/z° production, for ap large enough (qT > 25«30 GeV; cofr the
preceding section) ﬂKqT) is essentially determined by the first order
perturbative transverse momentum tail.

The interest for n{qT) stems from the fact that signhals of new
physics are expected to show up at large Qrpe A precise knowledge of
Jv(qT) provides an extimate of the background at large q, due to the
physics of the Standard model. In fact ZO events at large Qp can appear
as monojets if the decay ZQ+ 51 ﬂi oecurs and similarly W events at
large ap would produce events with one electron + jet + missing energy.
Jv(qT) was evaluated in Refs. (5,24). The figures presented in Table IIT
are from Ref. (5). The errors include the uncertainties on parton
distributions, the scale in «_ and the value of A, In Ref. (5) also an

o ”
estimate of the effects of the 0(41:) corrections (partially calculated

(f) Relative probabilities are better than absolute rates. From the
probabilities one can more easily obtain the fraction of W/z° events
expected at large q., from the total number of observed events (assuming
that the experimental acceptance and efficiency are independent of qT).
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TABLE IIT
ap  wlaps  w(ap)s
25 4.1472.0 5.1%2.5
30 2.771.1 3.271.3
35 1.750.7 2.070.8
40 1,104 1.40.5 /S =540 GeV.
45 0.770.3 0.970.3
50 0.570. 1 0.670.2
55 0.3070.07  0.4070.10
60  0.20%0.07  0.25%0.10
o wapE  wlap®
25 5,472, 3 6.172.8
30 3.51.3 4.0%1.6
35 2.370.8 2.61.0
140 1.5-0.5 1.8-0.6 /S = 630 GeV.
45 1.070.3 1.270.4
50 0.770.2 0.970.2
55 0.5070.15  0.6070.15
60  0.30%0.09  0.4070.12

in Refs. (21)) was also given. From Table III, taking into account a
factor 6 between (2% 5i vi) and (z°%w-eTe”) it follows that we
expect at most 20% as many monojets with dp > 35 GeV as observed
2% &*e” events.
b) inother relevant physical quantity 1is the average transverse
momentum < qT> :
. max
] T 4o
) ap(—5g7) dag

o) qu

R el __max 0

T
/ (%) dag
“ o ar

At Collider energies first order perturbative formulae can be used in an



(£)

efficent way to evaluate < qr> . One obtainss

<qp> = 721 GeV at  4/S=540 GeV

Within the theoretical error ( ~ 1 GeV) the inclusion of an intrinsic dy
does not effect in practice the result. The theoretical expectation in
Eq. (7) agrees with the experimental results.

It is very interesting to compare results fér Drell-Yan processes
at fixed target and ISR energies with those obtained at Collider
energies. The same formulae and input parameters (parton densities,
A, ...) used for wsz° production &t A/S=540 and 630 GeV were used in
Ref. (25) to compare theoretical predictions and experimental results
for total cross sections and A distributions in Drell-Yan lepton pair
production at low energies (A/S=27+63 GeV). The agreement between
theory and experiments is excellent (see Camilleri talk at this
meeting). Here I will only report on the behavior of <« Arp > as a

function 4/S. Lowest order QCD predicts a linear rising of < qT> with

A/S:

Ve

<ap > o= 0 n(t,0A/S+ ... (8)

h is a smooth function of T ant it depends logarithmically on Q=mass of
the lepton pair. The dots indicate terms which are down by power of 4ﬁ§.
Below ISR energies the effects of scaling violations and sub-asymptotice
contributions from soft gluons significantly distort the linear
behaviour of the average transverse momentum as a function of A/S as
shown in Fig. 5. The extrapolation of the linear slope of < g > at
Collider energies leads to < qT.>2!7+8 GeV in good agreement with the
observed value in W/Zo production, despite the fact one is comparing p-p
and pQS, different values of 4/T and virtual photons with weak bosons.

(f) The value of < q., » obtained by using the first order expression
for do /dq, and_the "all orders resummed expression are perfectly
consistent at A/S=540 or 630 GeV.
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Ref. (26). Tfhe curves are the theoretical predictions for
A=0.1 and A=0.2 GeV. No intrinsic g, is included. At large

values at 4/S <« qT> increases linearly in S,

2.4 Transverse Energy Distribution

A correct treatment of the transverse energy (ET) distribution is
relevant not only for W/ZO production but also for the inclusive ET
distribution of jets. Preliminary results for the ET distribution in W

production were presented at this meeting by the UA1 and UA2

(11,12)

collaborations As it was the case for the transverse momentum

distribution, all orders in perturbation theory must be taken into
a small 5., <&

rccount at small values of ET, (IT MZ,W
of large logarithms. In the case of the transverse energy we expect a

), because of the appearence

much harder distribution than in the qT case since the emission of many
soft gluons will give rise to events with a small total transverse

momentum but a large energy as explained in Fig. 6. In Fig. 7 I compare
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FIG. 6 - Emission of many soft gluons in VUZO
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FIG. 7 - Comparison of the E, distribution (dashed-dotted

line) with the g distribution (solid line) in W production at
A/S=5L40 GeV.




the theoretical curves f;r ET and ap distributions, in W production, at
4/S=5U40 GeV.

Soft gluon emission from initial parton legs is also one of the
mechanisms resposible for the difference of the < E_ > , as measured in

T
minimum bias events, with respect to the <« E > of the so-called

"underlying® events in two Jjets processes. !

In practice the main difference between the transverse momentum
and the transverse energy distributions in comparing theoretical
predictions with experimental results arises because the ET
distribution (unliike the other) is heavily affected by parton
hadronization and by the presence of the p and E fragments as shown in

Fig. 8. The effects of the p and'g fragments can be eventually reduced

PROTON FRAGMENTS

S &
T FIG. 8 - The E, of the event get a substantial
“xux:“TQF contribution From the proton (antiproton)
s ng fragments and it is modified by the
hadronization of the emitted gluons.

by a suitable cutoff on the polar angle(27) (and energy) of the emitted
particles.

Very recently an analytic expression for the ET distribution was
found(gs)w with the same positive features of the Ap distribution

previously discussed. It has the form:
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PO
W,2 N S, (b) 5
do™’” N,z RV o e
dETdy = — dbb e L1.[1(b)cos [FET SI(b)]
[ o] (9)
|
- ] . - { N
H2(b) sin [bET SI<b€]€: + I(ET)
where
max ||
Sg,1(®) = Cg 497 )|~ 25 ay *0lay)
o \‘ = (10)

-

(cos(qu)—1, sin (qu)){

max__ e 2 0. C o et . .
ar _Q_MW’Z when Ep £ Q; !(ET) is regular as ET@-O and:
max
T ibET o o
H1,2(b)=1m, Real dET e H(x1,x2,ET) + O(as{} (11
where O( as) in Eq. (11) is a perturbatively computable function of x? 5
H
(X? 5 = AT ey, H(x?, x;, ET) is the appropriate bilinear combination
b
of quark-antiquark distributions (cfr. Eq. (1)).As it was in the ar
case:
max ’
ET
dg _
(G5) dBp =0 (12)
o] T

where ¢ is the total production cross section including the first order

correction ("K-factor™, The E, distribution is more sensitive to the

T
value of 4 than the Ay distribution (Fig. 9). Depending on A the

maximum of the distribution ranges between ET ~ T GeV and ET -~ 14 GeV,

This concludes the section on QCD effects in w/z° production,
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FIG. 9 - The A-dependence of the E, distribution is
shown in W production at A/S=540 "GeV. The curves

correspond to A=0.1 (dashed line), A=0.2 (dashed line)
and A=0.3 GeV(dashed-dotted line).

3. JET PHYSICS AT THE CERN COLLIDER

This section is devoted to a discussion of the present status of
the theory in jet physies and its comparison with experimental results.

We have seen in the preceding section that theory can, for most of
the interesting physical quantities in W and z° production, make
quantitive predictions at a level of accuracy between 15% and 50%. The
situation is certainly not that good in jet physies, although some of
the problems from which present theoretical uncertainties originate
will be probably solved in the next future with some theoretical effort.

A discussion of the theoretical uncertainties for inclusive jet
cross sections will be the subject of the subsections 3.1 and 3.2.
Finally in subsection 3.3 I will discuss some of the gluon effects that

could be observed by experiments at the Collider.
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3.1 Two Jet Cross Section

At the CERN Collider jets are observed by applying a trigger based
Jrigger
TI )
. In two jets events the

on the total transverse energy of the events (ET EIET > E
(29,30)

or
on a "two jets" and "single jet" trigger
relevant parameter which measures the fraction of momentum carried by

the incoming partons is xT=2ET/A/§. Typically:
Xp £ 0.5 at A/S=540 GeV

Theoretical predictions for the cross section are based on the lowest

2 .
order ( as) parton cross section:

3
—E%JZ = zz.fdx1 dx2 PA(X1’ P2) PB(XZ, PZ) 0 (s+t+u)
d A,B
(13)
g o e

aZ(PZ' 5 AB — f
f s

p1:X1P1 and pZ.xZP2 are the momenta of the incoming partons; the sum on
A and B runs over different type of partons; s, t and uare the Maldestam

4, .
variables and P° is some (for the moment) unknown scale related to the

transverse momentum of the final partons. MAB — f is the invariant
matrix element. Eq. (13) predicts the following fall off of do /qu with
Qp*
f{%n, In q2)
do T T
5 = (14)
dg y
T A

In Eq. (13) the sum runs over all the possible parton subprocesses
which can produce two jet events.

a) q+q—q+g
b) g+g—+q+q
) ararere (15)
d) g+g-—*g+g
e) gq+g-—Pq+g
f) q+q-—*q+q



_ separately. We see that for dp 4

The cross section for the relevant subprocesses a) ... f) have been
summarized in Ref. (31). The processes d) and e) dominate in the low
A (xT) region; at large Arp the dominant process is gq + E'—¢'q +'a. This
happens since valence quark distributions are much stiffer than gluon

distributions. Processes a), b) and c¢) give a relatively small

contribution in the whole A range. In Fig. 10 I report the trasverse dp
distribution

do__
qu dy y=0
Pp—~jet +X
10°¢ Vs =540GeV
= 10 2%
=
S g A=290MeV
g 0=}
I \§>\\
= 107 \e
s F ANA
07 N
: N
10k AN
10’4- ! L 1 . | 1 i 1
0 50 100 150

q, (GeVfe)

FIG. 10 - Differential cross section (solid line) at

zero rapidity in pp collisions at 4/S=540 GeV according
to the parton distributions of Ref.(32). The g-g (dot-
dashed line) qg (dotted line) and qq (dashed line) are
shown separately .
at 4/§;5MO GeV obtained by using the parton parametrization of Ref.

(31). ThHe contribution from the processes d), e) and f) are shown

4 70-80 GeV gluon initiated processes
dominate the cross section. At different values of the center of mass

energy 4/5, the gluon dominated region will change since the relevant
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parameter is the (dimensioness) fraction of momentum of the incoming
partons xT(f). For this reason, in the low ap region, the gg—* gg
contribution to the cross section will become more and more important
than the qg— qg contribution as we increase the center of mass energy

In Fig. 11 I report as an example the experimental results for

10%
102:_ UA2 pp—~jet+X
- e /5=630 GeV (1984)
[ o s=546GeV (1983)
ol aCh — {5=630GeV
~ - —= s=546GeV
3 |
?, 100_—
I
- L
S o'k
E L
_8 -
‘10.2;-
107
10--4,"“"“""l
-0 50 100
g (GeV)

FIG., 11 = ‘Compar'is;on of the experimental data from Ref.
(30) with lowest order theoretical predictions for the
A distribution at zero rapidity.

(f) Scaling violations may have some small effect at energies larger
than CERN Collider.
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do /day at AfS=540 GeV and 4/S=630 GeV(3O)

predictions obtained by using the parton parametrizations of Refs.

compared to theoretical

(32). The agreement is quite spectacular given that the dp distribution
falls of several orders of magnitude in the range of o covered by
experiments. When comparing data. and theoretical predictions we have to
taken into account that there is an experimental uncertainty on the
cross section of ~ U0-60% coming from the systematic errors in
measuring Jjet energies and that the thedretical error is of about a
factor 2. The theoretical uncertainties in the evaluation of the two

Jjets cross section will be the subject of subséction 3.2.

3.2 Uncertainties in the Cross Seection

I divide the sources of theoretical uncertainties in two groups:
a) The value of A in the running coupling constant and the choice of
the parton densities.
b) The scale in Qg (and in the non scealing parton densities) and

higher order corrections.

a) It is a very simple exercise to shHow how large is the effect of

choosing different values of A, For the parton cross section (we expect

a large effects since-‘do /qurv az), Assuming that the scale in Qg is
2 .

qT/M we find:

a3(qT:2O Gev, A=0.5GeV) 2
~s 2.4

CL(Qf=20GeV,11=O.1GeV)
IS

(16)

B a,(q,=150 GeV, A=0.5 Gev) |2

| as(qT=150 Gev, A=0.1 Gev)

A related problem is the choicde of the parton parametrization, The
parton distributions one ecan buy on the market (the gluon distribution

in particular) are strongly correlated to the value of /A that has been
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used to fit the data. Thus is not correct, in evaluating the theoretical
error, to change A, for a given parametrization, in an arbitrary way.
Our ignorance of the gluon ‘distributiom from deep dinelastic
scattering does not lead, contrary to naive expectations, to a large
uncertainty in the cross section at present Collider energies (where the
typical scale of Jjet events is Pgﬂd 2000 Gevz). Despite of large
differences at low scales, different gluon parametrizations are
practically identical in the region where they dominate the cross
section. This comes because gluons are mostly generated by walence
quarks at lower scales and higher values of the Bjorken variable x,
where quarks are well measured from deep inelastic experiments. For the
same reason we may expect larger and larger uncertdinties as we proceed
in the very large ap region: also if there valence quarks dominate,
their distribution is determined by quark distributions at lower P2 and
larger x where structure functions are badiy measured.
b) A theoretical issue, also related to the value of /A, is the choice

of P (efr. Eq. (13)), the scale at which parton densities and the
3
s
were available, one could fix the scale by minimizing higher order

(33)

corrections. In the absence of this computation one can make a guess

running coupling constant must be evaluated.ylf the complete order «

based on the only fragment of the 0 az) ‘coprections presently

available(3u). That example shows that the corrections can be quite

sizeable (2 100%) and that the "anactor"(f):
a
do_
. 2 (17)
o
dg °
qu
3 2

a Q
s s . s .
(f) do /qu (do,/qu) is the Ay distribution up to (and including) the
order ag (ai) terms.
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is remarkably constant in qT, thus not affecting the shape of the

distribution (Fig. (12)). The computation of Ref. (34) and (35) also

401
30
K —_— //_//
L 5=27GeV
20 __./____—-——--—-’/
y5=1000 GeV FIG. 12 - The "K-factor" is reported at
10~ two different values of the center of mass
energy ~/S=27 GeV and ~/S= 1 TeV. The
curves, referring to the process

| 1 | [ d;+q 5+ J+X, 14§, are from Ref. (34).
02 04 06 08 '

2q, 8

suggests that the appropriate scale is P2=q$/2: with this choice 0 ag)
corrections are reduced to ~ 20% throughout most of the range in Q-
Will really the Of az) computation reduce the theoretical uncertainty?
We have to distinguish the low X and large X, regions: in the former
region, since the main problems come from the choice of A and of the
scale P in Oy next order will certainly help., On the contrary the

3

knowladge of 0f aé) terms will probably not help very much in the large
X region.

My conclusion is that the qualitative agreement between
theoretical predictions and experimental results is a great success of
perturbative QCD and that the computation of the O ag) corrections,
together with better experimental measurements will probably put this

agreement on a more quantitative basis.

3.3 Gluon Effetecs in Jet Physies

As we have seen in subsection 3.1, the low Xop region is an ideal
place to study gluon jets. At Tevatron energies there will by a larger

kinematical (and experimentally accessible) region completely

‘dominanted by gluon jets.

Papturbative QCD predicts different longitudinal (z) and
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transverse (pT) distributions, with respect to the jet axis, for gluon
and quark jets. In fact, because of colour factors, the gluon fragments
more easily thus giving a softer and fatter jet than in the gquark case.
I report (Fig. 13) as an example the predicted z distributions for gluon
and quark Jjets obtained by using the Webber Monte Carlm(BS)“ The
experimental situation is however more confused. A very interesting
study of jet fragmentation properties have been presented at this
meeting by the UA1 Collaboration(36). However, we still do not see clear
experimental evidence of the difference between quark and gluon jets

from the Cern Collider results.

1&7—\\:\§\\\
\

10+ NN

\ 4 quark
\ \\ 20(2)
\ .
¢
01 / ‘\\ \\\\\\\\
2D @Dge N\
| | | |

02 04 06 08

FIG. 13 - Theoretical predictions for the glucn
(dashed line) and quark (solid line) jet longitudinal
momentum distributions.

An interesting observation, concerning gluon effects in jet
physics, has been recently done by M., Greco(37). If one considers the
jet~jet system as a whole, the Grp distribution of this systenm,
relatively to the beam axis, will be determined (at small qT) by the
emission of soft partons accompanying the two almost back-to-back jets.
The Sudakov form factors, which regulate the qT distribution, will
differ strongly whether the incoming partons are quarks or gluons. In
‘Fig. 14 I report the Ay distribution of the jet-jet system: the full

line refers to the distribution obtained for gluon-gluon scattering
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nits}

=]

e
rd

{arbitrary u
S

FIG, 14 - Transverse momentum distribution
3L ., of the jet-jet system, The gluon

. distribution function (solid line) can be
compared to the curve one obtains by
putting CA=C‘=M/3, as in the quark case

do
o}
Dl

ﬂb 25 3b (dotted linefi
qT(GdH

processes. The dotted line is obtained by putting the gluon Sudakov form

factor equal to the quark one (C,=3 —»C_ = %). The difference of the two

A F
distributions is mainly given by the effects of the three gluon
coupling. A more accurate analysis of the separation of the two curves

taking into account all the theoretical uncertainties (parton

distribution, A , ..) is still missing. The same soft radiation from
initial 1legs will also probably carry in better agreement the
experimental results for the q;Ut distribution in two Jjet events

(reported by . Pastore at this meeting) with theoretical predictions
(Fig. (15)). T have a final commént on the first attempts that have been
made by the UA1 and UA2 collaborations in order to estimate the running

coupling constant from the ratio

L. HF3 jets (18)

For a given definition of what is a two jets or a three jet event this is
a very well defined experimental quantity. Caution must be used however
in order to extract the value of the coupling constant by comparing R
with theoretical predictions. Let me recall what happens in ete”
annihilﬁtion into jets, a case for which higher order corrections have
been completely computed. In that case one was able to define a three

jet cross sections:
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UA2
o 2-JET EVENTS
—— Nlotitecarlo
{A=200MeV)
Sk
{ | |
10 ) .30
q“T“' {GeV)

FIG. 15 - q°" distribution in two jet events compared
with the results of a numerical simulation. The
theoretical curve is much steeper than the data. Soft
gluon emission may be a remedy to this difference.

olete™ = 33) = o(e'e” =+ 33)  + ole’eT =35 2
S s (19)
+ = ;

+00(e’e —dUj) 2

o

s
The first term on the r.h.s. of Eq. (19) is the lowest order (O(as))
three jet cross section. The second term is given by the O(ag) terms
from virtual diagrams. The last term is the contribution from the four
jet cross section when four jets appear as three jets because of the

algorithm by which they are defined. It turned out that, at Petra
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energies, the theoretical evaluation of the three jets cross section is

strongly affected, because of higher order terms, by the definition of

what is a jet and by the process of parton hadronization. The effects of

higher order corrections are not known in jet physiecs and we cannot rely

on (more or less educated) guesses that have been done, without any

solid theoretical basis, on the size of these higher order terms(38).
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