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The production of large mass lepton pairs and
weak bosons in hadronic collisions can provide im-
portant tests of perturbative QCD. In this talk |
will review a recent study [1] of the production of
vector bosons V (=y ,W,Z) of mass M at small tran-
sverse momentum aT ,in which the predictions of a
complete two loop analysis are confronted with ex-
perimental data.

Following the analyses of [2] and [3] the cross
section at small transverse momeéentum, ar < M,vVs
,can be written
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up to corrections of order qT/M . In this result
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2. F is a product of structure functions:
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where the o

ij are the appropriate electroweak

charges.

The Q evolution of the moments of the structure

functions is, as usual, c_ontrolled by (a) universal
and (b) process depen-
(i)
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In [1] the above cross section was compared to
an exact order asz parton-level calculation. It was
found that all large logarithms of M/qT and M/p (p
is the renormalisation scale) were correctly ac-
counted for, at least to second order in perturba-
tion theory. In addition the two loop coefficients
A(Z) and B(2) were determined, and the universal-
ity of the two loop anomalous dimension was veri-
fied. The results of the calculation are (MS con-

vention):
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Note that

1. the anomalous dimensions extracted from the
small 9t cross section agree with those ob-
tained by the usual methods. [4]

2. the A(i) coefficients can be related to the
x=1 behaviour of the corresponding P(')(x)
functions. Thus if |
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then A(')=k(') (i=1,2). This was in fact how
A was first determined [3].
teresting to note that
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3. in [2] the Sudakov form factor has the more
general representatlon N
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Different values of cq/C correspond to diffe-
rent factorization and pre-
The invariance of S under such
scheme changes can be used to relate the

It is also in-
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general coefficients A(l (c c) B()(c1,c2)
to those of eqn.4, whlch correspond to
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4. the above results are valid only for the
non-singlet part of the cross section. The

extension to the singlet case is discussed inBl



As it stands, the cross section given in egn.l
cannot be used for numerical predictions. This is
because the functions S and F which appear inside
the b integral can only be calculated perturbatively
up to b=0(/\"). The large b behaviour must be

parametrized and determined from data. There are

of course arbitrarily many ways of doing this. For
example [2] the variable .
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is such that b*—»QO'] as b—ew. A value for Qg can

*
be chosen such that when b is replaced by b in S
and F these functions are always evaluated at sca-

les where perturbation theory should apply. The
non-perturbative region is then represented by
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In [1] the functions g7 and g, were fixed by
fitting FNAL ISR data. Fig.1
shows the resulting prediction for W production at
the CERN pp collider,
UA1 collaboration.
the two sets of structure functions given in [5].
The difference in shape is due mainly to the diffe-
rent values of A (.2 GeV and .4 GeV) used in the
Within the limited statistics available,
the data is clearly quite well described. Note that
the effects of non-perturbative smearing become
negligibie for ar values >5 GeV. It is interesting
to study the contribution to the cross section of

and lepton pair
compared to data from the

The two curves correspond to

two sets.

the various higher order coefficients in the Suda-
Fig.2 shows the effect on the W
cross section at Vvs=630 GeV of "switching off" the
coefficients B(z),A(Z) and B(1
of the the contribution to the cross section evi-
dently decreases in the order A“)>B(”>A(2)>B(2)
indicating that the perturbative series is apparently
well-behaved.

kov form factor.

in turn. The size

The conclusion therefore is that W and Z pro-
duction in the region 5<qT<15 GeV is insensitive to
non-perturbative and should be
predicted by QCD. The main uncertainty in this
region is the value of A.

effects firmly

The work reported in this talk was the result
of a most stimulating and enjoyable collaboration
with Christine Davies and Bryan Webber.
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Fig.1 : The cross section for W production at Vs =
540 GeV in pp collisions. The dashed, dotted lines
use set 1,2 structure functions from [5] respec-
tively. The data are from the UA1 W—ev events.
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Fig.2 : The effect on the W cross section of suc-
cessively adding the calculated coefficients to
S(b,Q). A“) only (dashed-dotted line); add B(U
(dashed line); add A (dotted line); add B
(solid line).
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