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1. INTRODUCTION

SppS collider results have provided a further and beautiful confir-
mation that fundamental interactions - electro-weak-strong - are descri-
bed by gauge theories. In the electro-weak sector the discovery1’2) of
the W and Z bosons, their production properties, the values of their mas
ses and sihzgw are in perfect agreement with the theoretical expectations
and low energy data., Other questions need to be ansevered now : what is
the mechanism for gauge symmetry breaking, do Higgs bosons really exisb,
are they elementary or composite, are the W and Z gauge bosons and the
leptons and quarks elementary, is supersymmetry a property of nature,etec.
From many theoretical ideas new phenomena are expected3) to occur at the
1GOVGeV—1 TeV energy scale. Indeed new phenomena have been alread obser-
ved”): appearance of monojets, 1 4+ jet + missing P, events, hard jets
produced in association with W, Z gauge bosons, etc. However no clear
and unique trend emerges from the reported new events and one has to wait
for more data from the next SppS collider operation.

1)

In the strong sector on the other hand the new data have provided
quite impressive tests of QCD and clear evidence for the non-Abelian strug
ture of the theory. The study of W and Z production and the clear observa
tion of jets with large transverse energy have become quickly an important
tool to probe hadron structure, at an energy scale comparable to an ete”

storage ring with s ~ 100 GeV.



In the following lectures I will focus on some aspects of QCD at col
lider energies, concerning W, Z physics and jet phenomena, which have been
expected to provide new and decisive tests of the theory in the new energy
domain, Additional discussions of the subject, including also tentative
interpretations of the new peculiar phenomena, can be found in the recent
literature3’5’6).

Quite generally, testing QCD is in principle more difficult than test
ing the electroweak theory due to the lack of observing directly quarks
and gluons, unlike leptons and gauge bosons. Theoretical predictions of-
ten depend explicitly upon phenomenological models of hadronization. Fur-
thermore perturbation theory cannot always be applied and next-to-leading
order corrections are sometimes non-negligible. Nevertheles previous tests
of QCD, both qualitative (i.e. jets in e'e™, large P, phenomena, ...) and
quantitative (Re+e-, scaling violations in deep inelastic scattering,

Drell-Yan processes,...~- with next-to~-leading corrections evaluated -),
-
C.;V

have given converging evidence in favor of the theory at the scale Q
~10—1O3 GeVg.

At the SppS collider one tests QCD in a new energy domain with some
times new parton configurations. For example hadron-hadron collisions lead
to spectacular effects in jet phenomena with dramatic importance of gluon
effects, new quarks flavours are excited, multigluon radiation produces
strong effects on the weak bosons production properties, etc. Furthermore
the relevant predictions can be deduced unambigously only by the QCD im-
proved parton model.

The outline of this report is as follows. Section 2 discusses jet
phenomena in the framework of perturbative QCD. Section 3 reviews vechtor
boson production, with particular emphasis on Rr properties, and related

effects in hadron collisions. Finally Section 4 contains our conclusions.

2. JET PHENOMENA

Jets have long been expected7) fo appear as clear evidence for the
parton substructure of the hadrons. They have been first observedg) at
the highest ISR energies ( VS 2 50 GeV) but have been unambigously produ

ced only at SppS collideru’9’10)

with a production cross section a few
orders of magnitude bigger and Py Up to ~ 100 GeV.

The jet yield is calculated using the improved parton model formula



do (a+b -« c+X) =

(1)
.1
= ;S‘/ dx dx‘fgd)(x,,Q2)f€b)(xﬁ,Q2)d3 (1j = cX) ,
i3 177271 i J o

where the sum runs over different types of partons, dé is the subprocess

differential cross section, and the structure functions are considered to

a scale QB %, pi/z, erd)

can be fixed only after computation of next to leading terms.

of order p% . The exact appropriate scale (Qzﬂw p

More generally, it is useful to introduce11) the concept of differen

tial luminosity of parton-parton collisions at a given c.m. energy Vs of
the colliding partons :

: _ (2)
T dx (a) (v), T (a) (b),x
f?:75;g3 J{ - fi (x)fj (X) + fj (X)fi (x)] 3

where 7 = 8/s, with Vs the c.m. energy of colliding hadrons a and b.

—n

This differential luminosity represents the number of parton-parton col-
lisions wiﬁh scaled c.m., energies in the interval (7, v+ dT ) per ha-
dron-hadron collision. Then for the hadronic reaction (1) one obtains,
for example,

»1]
%—G—-(ab-—--b c+X) = 2T (g:zi-'_—-» ) 3(;'13--—; e) . (3)
T i av

The parton-parton luminosity measures therefore the relative importance
of a given combination of partons for a fixed beam type. Of course the
cross section 6(8) ~ ¢/8 weights further the contribution of a given sub
process to the hadronic reaction of interest. As an illustration we plot
m the quantity ( ©/8)(d.¥/d7 ), which has dimensions of a

cross section as a function of V%y for total c.m. energies ranging bet-

in Figs.1

ween 2 and 100 TeV. They correspond respectively to the gg, qg and dqq
contributions in pp collisions, or similarly, gg, q(3)g and qq in pp col
lisions., The luminosity are based upon the parton distribution of ref.11).
By direct comparison of Figs.1 it is quite clear the dominance of gluon
interactions at V3 £ 0.1TeV and V3 ~ 1 TeV. This fact, together with
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the large gluon cross sections discussed below, gives to the SppS colli-
der quite a good chance to first reveal the manifestation of the non-Abe
lian character of the theory.

To lowest order QCD the parton-parton cross sections are given12)

2,2
do o,(Q7)
rO A2
dt S

AB,E, ) |2, (1)

where §,E,ﬁ are the usual Mandelstam variables and A(g,%,ﬁ) lz is indi
cated in Table I for nine different subprocesses, with its numerical va-
lue at 90° in the parton parton centre of mass. On the basis of these par
ton cross sections it is clear that processes involving initial state
gluons are largerly favoured also due to colour factors.

Experimentally, events with two clear wide angle jets dominate the
background when requiring a sufficiently large amount of transverse ener
gy (ET 7 100 GeV). Then one has been able to test various predictions of
QCD, in spite of the uncertainties associated to the theory, mainly com-
ing from the choice of the scale Qz, the parametrization of the structure
functions and the higher order corrections, as discussed later.

First the jet angular distribution has been found very indicative of
vector exchange in parton parton scattering. This is evident from Figs.2
when the UA1 and UA2 results have been shown13’1u). In particular, the
three almost overlapping lines in Fig. 2a and the area between the two
broken curves in Fig. 2b show clearly that the dominant subprocesses be

have almost the same, corresponding to the (sin 9;/2)4 behaviour common
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to all.
Using this almost universal behaviour and the approximate ratios of
o__:

2
: o1 Yy« (9/4 one can then extract from
aq’ %e’ ez (9/4):(9/1)7,
the data the effective structure function,

cross sections

k!

F(x) = G(x) + 3

alx) + 3(x)] , (5)
which can be compared with the expectations from low energy neutrino da-

ta. This is shown13’1u) in Figs. 3, where it is clear the essential role

played by gluons at low x.
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The inclusive jet yield

measured by UAZ2 is compared in Fig.4 with

the absolute QCD prediction of ref.15). The theoretical expectation is

reasonably stable against changes of sale in aS(QZ) and of the struectu-
re functions, The corresponding uncertainty, which is not shown in the
figure, is little affecting the shape of the curve and could mainly chan
ge the overall scale by a factor 2-3, in particular by effect of higher
order corrections (k factors). These are far to be calculated complete-
ly, but only partially attempted, as discussed below. The a priori sur-
prising stability of the theoretical prediction in spite of our poor know

ledge of the gluon distribution function can be easily understood. In fact,
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despite possible large differences at low Q2 various gluon densities be

come practically identical at the scale relevant for high Pp Jjets, as il

lustrated1€) in Fig. 5.
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The effect of removing the glucn vertex from the theory, as an indi
cation of the sensitivity of the result to the non-Abelian coupling,

is shown15) in Fig. 6 under various assumptions. One clearly obtains a
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Fig. 6 - Ratios of normalized QCD predictions where the contribu

tions from the three gluon vertex has been removed in elementary
partonsparton scattering (1), removed also in the evolution equa
tions (2), and in addition ag = constant (3). The data are

those of Fig. 4.



‘much worse fit to data.

The effect of the three gluon coupling can be also revealed directlv
by looking at the transverse momentum unbalance of the two almost back-
-to-back jets, as the result of bremsstrahlung from the initial gluon

17) . The resulting distribution is strongly dependent upon the hnon-

legs
Abelian colour factor C, (CA=3), to be contrasted to the case of the weak
bosons P distribution, which essentially depends on the quark gluon cou
pling CF (Cqu/B). This effect will be discussed in detail later. ,
We have so far limited our discussion to jet production to order oy
The production of three well separated jets at large P clearly corre-
sponds to the 0f a3) perturbative description of (2 -» 3) parton subpro-

cesses. The full calculation of such terms has been performed18)

19)

and the
results can be cast in a suggestive simple form, which seems to genera
'“lize the well known factorization of infrared singularities in the soft

limit. It reads (pi, p . are generic partons)

j’
0 (p,+p., —» D + p.+g) = |M12T (6)
i Kk pl 5/ = 4oy /

where |M|2 and I approach the non radiative cross section ‘Motg and the
infrared factor respectively when the momentum kg of the additive gluon
vanishes. Of course those results are only valid away from the regions of
soft and collinear singularities. Indeed the complete calculation of 0( az)
corrections to the (2 — 2) subprocesses is still missing because of its
complexity, especially in the case of gluon-gluon scattering. Some very

o
20), similarly to the m*

special terms of soft origin have been identified
term in the Drell-Yan K factor, but the full computation is far from being
completed. This lack of information is also at the origin of the ambiguity
of the choice of the scale Q in the parton densities and in the running

coupling constant. The only suggestion we have, i.e. Q2 = pT/L comes

from the calculation21) of the reaction qi+q -» 4,+q +g It clearly fol
dlows from the above discussion that the perturbative ( a. ) results for
tho Jet productlon cannot be accurate better than a factor of two or so.
An easy test of three jet production is obtained by looking at the
acoplanarity distribution of three jet events (p ~out of the event plan),

22)

as shown in Fig. 7. The comparison with experiment is only possible how

ever after using some detailed hadronization model. The agreement with da
ta is quite satisfactory.



Perturbative QCD not only predicts the emergence of jets in hard col
lisions, but in addition gives well definite predictions for the Q2 depen
dence of the parton multiplicity within hard jets. Indeed this problem has
been very carefylly studied23) recently and only a systematic treatment of

all higher orders beyond the ladder approximation leads to the correct re
sult

o2 02,% 20y Q? a2
Zn{Q%)» ~ C(1ln ——i,-) exp( =B In /-1-5; - (n
4 " A2

with b = (1WCA-2Nf)/12 and C, ~ 1. The assumption that the hadroniza
tion mechanism does not depend significantly upon Q2 leads to expect the
same Q2 behaviour for the hadronic multiplieity in the jet. Of course this
expectation cannot be naively extended to the total multiplicity observed
in pp collisions, because additional soft (low pT) processes might play

an important role. With these caveats one can try to compare SppS jets
with ee™ jets, predominantly gluon and quark jets respectively. The cor

responding multiplicities are expected asymptotically to be in the ratio
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CA/CF = 9/8. This task can only be accomplished after using a suitable
fragmentation model for quarks and gluons. A recent analysisau) of UA2
and TASSO data using a QCD Montecarlo25) seems indeed to suggest a tran
sition from a quark dominated to a gluon dominated distribution, as
shown in Fig. 8.

Other observable differences between quark and gluon jets, which ha
ve to rely heavily on detailed hadronization models, will not discussed
here.

We conclude here our discussion of jet phenomena in the framework
of perturbative QCD. Additional results will be given in the next Section,
after a general discussion of the theoretical approach to the problem of

Qp distribution of Drell-Yan pairs and weak bosons.

3. VECTOR BOSON PRODUCTION AND RELATED PHENOMENA

The production of W and Z bosonss tests the Drell-Yan mechanism of
quark annihilation in a completely new energy regime. The total cross sec
tion for vector boson production ¢ and the rapidity differential cross
section do /dy are predicted by the QCD improved parton mode126) as an ex
pansion in the strong coupling constant as. The corrections of order q?
to these cross-sections have been calculated and found to be importantar .
They increase the naive parton model prediction by an energy and rapidity
dependent factor commonly referred to as the "K-factor". At fixed target
energies the 0( aq) corrections are dangerously big and resummation te-

: 28)

chniques must be invoked in an attempt to control the perturbation se
ries. At collider energies their size is reduced because the coupling con
stant is smaller and, for the production of weak intermediate bogons, they
lead to a correction of about 30%. The total cross-section is therefore
-more reliably predicted by perturbation theory at these energies with a
smaller theoretical error on the overall normalization.

The relevant formulae are given here for the case of Drell-Yan pairs,

]
of Z and W production

x

2 de

Q" ——
daQ?

-

4w al ()
- 2 (. . , 2o 2 |
= 98 K ‘f en jdx1dx2 é(x1x2- T) {qf(XT,Q )qf(xz,Q )+(1¢¢2h}
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o]

7 Jr "a
o = 5 = % P n?
y ° . . f‘
128in chos Qw
(8b)
. e ey 2y 2
J dx1dx2 é(x1x2 T) {qf(x1,Q )qf(xz,Q Y+ (1 4> 2)} ,
2 &
VJ - un..{l; a -I-{- L'
o" = — S v/dx1dx2 6(x1,x2~ )
3ain Qw
(8e)

. 2. 2 2 Iy . 2
'{u(x1,Q )d(xz,Q Jeos @C¢u(x1,Q2)s(x2,Q2)51n GC+"'}

where 7 = QZ/S (Qz = M° for the weak bosons), e, are the quark charges,
Z ‘

no the coupling of the Z boson to the quarks ne = (1~(H/ef)/sin29w)2+1

and K is the Kmfactorag). The other notations are standard. Using the par

ton luminosities defined in Eq.(2), the weak bosons production cross sec-

tion can be put in the simple forms

, G ) ;) Qed
0% = ~L-K lﬁn? r(%%—) £f
_— .
6 V2
(9)
—
gw - Eflf_\f? K fg(.(.i.:g ‘)Ud COSEG + f(_@;_?i us sin29 +
) 3 | tdT c dt ctee

P .
where we have made use of Mi = M&/ecssz = :rra/GF V2 sinzgwcoszgw. Then
30) the departure from the simple parton model results,
together with the theoretical uncertainties related to different choices

31)

in Fig. 9 is shown

of the structure functions and ziu'Very recent theoretical values for

the total production cross sections at Vs = 540 GeV are :

yA

R )
ow +W é'g) nb , g = (1.3

+ 0.4
= (4,2 _ 0.2) nb . (10)

Multiplying these numbers by the branching ratios into electrons,

+

B(W = - 1% (5)) = 0,089 , B(Z -» e'e”) = 0.032 , (1)
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Fig, 9 - pp -» W(—s 19)4X (a) and pp =» Z(-» 11)+X (b)
cross sections as a function of S. Dashed lines cor-
respond to Born contributions and solid lines to leading
order. The numbers correspond to various parametrizations
of the structure functions.

corresponding to m, = 4O GeV and as/JU = 0.04 the predictions for the
observed decay channels are
+110 , +124
(0B)yt_, ot = (370 _¢) pb, (6B), _ + = (42 ') pb (12)
The corresponding experimental results areBZ) :
W TR 70 d
UAT (oB) = 530-80-90 pb , (oB) = T1=24=13 pb
o (13)

*
vA2 : (0B = 530%100%100 pb , (6B)? 110%50%-20 pb .

"
it

Notice that the ratio of the cross sections (10) is less affected by theo
retical errors
W++W"

oy

= 3.3% 0.2

and is important in order to obtain Ih/ Ii from experiment.
The prediction of the boson transverse momentum distribution is mo=-

re subtle, since dall order effects need to be taken into account.
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Renormalization group improved perturbation theory is valid when the

transverse momentum ap is of the same order as the vector boson mass Q.

The large Q. tail of the transverse momentum distribution was one of the
early predictions of the QCD improved- parton model33). As A becomes less
than Q, such that 11<<qT <¢Q, a new scale is present in the problem and
large terms of order

;% ag(qé)lnm(Qz/qg) w (m € 2n-1)

oceur, foreing the consideration'offall'ordePQQiﬁ;ﬁQ;fﬁééa‘tefmé are
characteristic of a theory with masﬂlessvvector gluons; Forﬁﬁﬁﬁtély, in
the leading double logarithmic approximation (DLA: m = 2n-1) these terms
can be reliably resummed.This resummation was first attempted by Dokshit
zer-Diakonov-Troyan (DDT)3M) and subsequently modified and consolidated35).
A consistent framework for going beyond the leading double logarithmic
approximation has been developed and a complete picture has begun to
emerge36). The resulting cross sections allow a precise test of the
theory in the region dp << Q. Of course, at very small ap (qT ~ A) non-
perturbative effects also become important. For the first generation of
Drell-Yan experiments it was difficult to separate clearly the regions
A, ~ A, A< 9p<<Q and ap~ Q. At the pp collider the observation of

the weak bosons Ay distributions gives a unique opportunity to test these
theoretical ideas.
31)

In a recent paper the problem of Ay distributions in Drell-Yan

processes has be reexamined. The large amount of theoretical information

accumulated in recent years has been included in a systematie way. The

final expression for the ap distributiqn»sat;sfiepwtpenfé}lgwihg,requi-
rements. ! ) , 0 :

(a) At large Apy We automatically recover~the~0(as)~perturbative distri
bution coming from one-gluon emission,,without the ad hoc introduction of
matching procedures between hard and soft vadiation.

(b) In the pegion qr<<czthe soft gluon resummation is performed at
leading double logarithmic accuracy. The role of subleading terms in the
summation is also discussed and evaluated.

(c) Only teﬂms corresponding to the emission of soft gluons, for which
the exponentiation ean be theoretically,justified, are resummed.

(d) The integral of the g distribution reproduces the known results for
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the 0(as) total cross-sections (i.e., including the "K-factor™).

(e) The average value of q% is also identical with the perturbative re-
sult at O(as).

(f) All quantities are expressed in terms of precisely defined quark di
stribution functions at a specified scale as for example those determin-
ed by the deep inelastic structure function F2 at the scale QZ.

The form of the result is,

2 bq
g“ = N‘/ d’b 5 T LB(bZ,QZ)exp S(bZ,QZ)W Y(QQ,J )
dgrdy (27) -

(14)

where the Sudakov form factor (including only terms which can deduced

from an O(as) caleulation), is

2

A 2 ag (W) 2

sw?,e?) = [T (i w1 3 S @3 L ()
0 pw= W

The complete O(ag) expressions for Y and R are given in Ref.(31) and are

too complicated to reproduce here. The zeroth order term in R involves

the parton distribution functions evaluated at a b-dependent scale

R ~ q(x] B)q(x B)+O1a) ,, B2 ~ 1/b°
with 7= M/s, x5 , = v exp(%y), and 22 - ES+QZ)2/480051-123;«--(22]
, ‘

the kinematical bound of the transverse momentum squared for gluon emis
sion. The function y is completely finite aS'qT tends to zero.

The bulk of the ar distribution, where most of the data have been
collected, comes from the soft part of eq.(14). Of course the residual
finite terms play a major role for large Qp, SAY Qp & 2, 30 GeV where eq.
(14) tends to the O(a ) perturbative result. The so called "leadlng ap=-
proximation", where one keeps only the logarithmic term ln(Q /y,) in eq.
(15) gives a very poor description of the weak boson distribution and

consequently of the decay lepton spectrum, as discussed later.

The numerical consequences of eq.(14) are shown in Fig. 10 with hi-

2 .
stograms of the UA1 and UAZ W eventsg') suitably normalized., The princi-
pal uncertainties in eq.(1l4) are associated with the choice of A. This

leads to a variation of about 15%, as shown in Fig. 11. The form of the
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parton distribution functions leads to a small uncertainty, since quark
distributions, well determined in deep inelastic scattering, are most im
portant.

The general structure of eq“(1u) has been recently checked37) in a re
cent calculation to order (a ). Writing eq.(15) in a more general form

o o0 el T AT Q2
S(b°,Q%) = /‘“‘-—2- l—JO(b,u.)—‘l H ln(—~)A(a )+B(a ﬂ (16)

M

with

a s 4
Mag = 3 20 B = 3 g2
i ' i

’

the new calculation confirms the previous result38) for A(Z) and also de

(2)

termines B . Numerically the additional corrections are of order of

A(1) and B(1) and therefore mot more important than the uncertainties as

sociated with the choice of the scale .

The Pp distribution of the lepton from the W decay can be obtained39)
from eq.(14) and is relevant for an accurate determination of the charg-
ed boson's mass. In Fig. 12 we show the invariant cross section at a lep
ton angle B = 90°. The leading approximation (solid curve), defined above,
gives rise to a much broader Py distribution than the one resulting from
the inclusion of subleading terms (dashed curve) corresponding to eq.(14),
which is reminescent of what observed for the Ay distribution of the W.

The relevant role played by the subleading terms is consistent with the



A1 data’?)

vents for Py above 50 GeV,
A1l the above results ha-
ve illustrated the idea that W

, which show no e«

and Z production has quickly be
come a clear testing ground for
perturbative QCD. The theoretigc

al expectations have been geng

rally confirmed. An improved sta

tisties is certainly better suit

80 ed for further studies, in par-

ticular to extract possible new
Fig. 12 effects from the QCD background.

The mechanism of multigluon bremsstrahlung can also be revealed in pu
rely hadronic processes associated to the hard scattering of the partons.
One might envisage two different situations. First one could deteet two
final almost back-to-back jets, and measure the transverse momentum un-
halance. As hinted at the previous Section this allows for a quantitative
test of the three gluon coupling17). Alﬁernatively, one can looku1’u2)
at the inclusive distribution of a single variable, e.g. the total trans
verse energy ET’ well defined experimentally,

More in detail, in the former case, the soft transverse momentum di
stribution associated to dijet production is given by an expression like
eq.(14), where now the Sudakov form factor (15) depends upon the group
factors associated to the initial partons-quarks and/or gluons. Due to
the dominance of gluon-gluon and quark-gluon scattering at the collider
(see Section 2) the resulting p%j distribution is quite sensible to non-
- Abelian effects. This is shown in Fig. 13, where the kT spectrui obtain-
ed by using the Gluck et al.uB) parametrization of the gluon density
(full line) is compared to the hypothetical case where gluons would ra
diate like quarks (dotted line). The theoretical uncertainty associated
to the gluon structure function is represented by the dashed line which

gives the analogous result for the CDHSHH)

parametrization. Experimental
ly, P%J is the vector sum of two large and opposite momenta and is there
fore sensitive to instrumental effects. The two components p%J (along the

bisector of the two jets in the transverse plane) and pEJ (orthegonal to
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to it and roughly parallel to the
two-jet axis) are studied separa-
tely, because they are zssoeiated
with different resolution and sy-
stematic effects.

Then the pgj—p%‘j distributions

1wy ?

are shown in Fig. 14, compared

with the theoretical predictions172
The calculated spectrum (dashed 1i
ne) is transformed into the histo
gram when are takes into aceount
detector smearing. Also shown is
the expectation (dashed-dotted 1i
ne) in the hypothetical case whe-
re gluons and quarks were to ra-
diate the same way. The close a-
greement between the expectations
and data is a clear evidence for
the non-Abelian structure of the

theory.
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The mechanism of soft radiation of active partons -~ mainly quarks

(gluons) in W, 'Z (jet) production - has been suggesteduz)

to be relevant
also in the inclusive production of transverse energy. Indeed it contri-
butes sizeably to the spectrum of do/dE;, out of the non-perturbative re
gion, and below the region where the two jet system clearly emerges at
large angles (ET < /S/2). This is shown for example in Fig. 15 at ISR
energies. The departure of the theoretical curve, which describes only
soft effects, from the dataQS) is simply related to the actual-experiment
ally observed-dominance of hard jet production, not included in the

caleulation.,

(DR S A

19-32 |

(Lt dazdEp (emt/Gev]

102 -
03 R

1075 -
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4, CONCLUSIONS

CERN SppS collider has become a very reach testing ground for QCD in a
new energy domain. Jets have been clearly observed up to P ~ 100 GeV/c
which corresponds to probe the hadron structure at the level of 10-160
The production rates and angular distributions have given clear indication
in favour of an underlying gauge theory. The production of wf, Z are also

in excellent agreement with the theoretical expections. In particular

m.

the theoretical framework of resumming perturbatively soft effects to all
orders in a has been checked in a general situation of hard parton col=-
lision, Quark and gluon jets behave differently, as predicted in a non-
Abelian theory. On the theoretical side a full o(ag) calculation of par
ton-parton scattering, albeit of great complexity, could reduce sensibly
the left over uncertalnties.

An improved statistical accuracy on the other hand, as expected from
the next operation at the pp collider, could clearly discriminate the ho
pefully new physics from the QCD background.
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