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ABSTRACT

We show that a mew class of large infrared corrections in QCD can be easﬂy observable by measurmg the
moments of the jets energy deposited in a calorimeter in single cone experiments, '

There has been recently much interest in st udying.a class of large perturbative correctlons to various hard
processes in QCD(” They arise near the boundaries of the phase space for multigluon .emission, where the
infrared singularities become competitive to the mass singularities and all of them have to be resummed. A
critical signal of this kind of corrections is the appearence of squared logarithms of ‘the appropriate scales, as for
example found in the Sudakov form factors and in Drell-Yan processes,

In this paper we will study another example of large double logs; namely those observable in single arm
calorimetric experiments for e‘e” jets. In the standard double cone experiments:a la Sterman-Weinberg(z) ne
meets terms as oln dln s as the maximal singularity. We will show than in a single cone experiment one finds
additional terms like aln & which should be resummed. The solution to this problem can be simply accounted for
by the use of the appropriate kinematics, as found previcusly eisewhere(l) ’

Let us consider a:single cone 6f semi aperture ¢ ‘atound an arbitrary; but fixed, direction ¢ with respect to
the e*e” beams of total energy Q=2E, and let AL be the solid angle covered by this cone. We shall consider
angles d small enough to identify the angle of the calorimeter @ with the angle of a parton in the cone. We are
iriterested in the measurement of the moments of the hadronic energy M n)(d »Q) deposited in such a céne(z). In
the naive parton modlel the distribution of the energy Ec which flows in the detector is given by
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is the cross section for efe' =% q q in the Born approximation. In the following- we shall neglect hadronization
effects; of order € pf) / Ez.

To first order in-a we.can classify the events in terms of the number of the partons which enter in the cone,
similarly to ref. (4). In theifirst case (N=1) we have one single parton in the cone, then
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with in = 2. In addition We can have two partons in the case (N=2):
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To higher.orders one has N.> 2. To obtain the distribution in x ohe needs the partial cross sections for ete” - tﬁg:
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In the followzng we: shall take into account only. the term: proportional to (x; +x-) f(1=x )(l-x—) because the rest is
free from infrared :and mass singularities and doesn't contribute to the total cross se-cuonu.
Emm our L.lassxflcatan, of events we have
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(N=2)

dp :—é— 2,/ a(i) 6(j) é(x-x-x), 1< x<

2
dx 1+cos ¢ (7b)

where 0:{i) indicates that the i-th parton is constrained in the cone, and in the above equations the various
differential cross sections do /dx. clx] suitably normalized, are understood. A factor 1/2 has béen put in front of
Egs. (7) in order to satisfy the sum rule for the first moment of the dlstrlbutlon( ), (see later).

To regularize the distributions (7) at x=1 one should add the virtual contributions which, in turn, are related
to the real ones, integrated over the all phase space. Then Eq. (7a) becomes
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Adding the (N=1) and (N=2) contributions and distributing the various terms in order to cancel explicitly the
ihfrared and mass singularities one finally obtains for the n-th moment:
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where &3,j) = 8(i) &(j). As it can be easily cheched, the first moment M(“ is ‘correctly normalized to one.

In the approximation of 4 small, and in the limit n large, the leading contributions are coming from the first
two terms of Eq. (9). Then
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The left over terms are of order & lné for the contributions of the gluon in the cone and of order 6 In.n when the
(4, ) (q,8) and (g, g) respectwely, are both in the cone.
In Eq. (10) the first term behaves as
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where we-have used dimensional regularization in d=4-2¢ dimensions.
On the other ‘hand Izn),, in the limit of small §, factorizes in a divergent angular integral times a [finite
moment in x: B
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Adding Eqs. (11) and (12) one finally obtains
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Our result shows a new In’n behaviour which is absent in the usual double cone a‘na;lysis(z), Later we shall give a
simple ‘interpretation of this behaviour. Due to the appeararice of their large a,}ln’zn correction the problem arises
of resumming together the dotble logs of comparable strength, namely I 6 In nn and In“n to all orders.

This can be achieved due to the very structiire of Eq. (10). As suggested by ‘this first order calculation, the
total result is essentially given-by the probability: that a quark (antiquark) has an energy x without any angular
constraints on the gluons:emitted minus the ,]prdbability)i:haf both the quark (antiquark) and the gluon are in the
same cone. Now the first contribution exponentiates in.the manner given by the renormalization group, i.e.
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where }.2 is the infraredicutoff. Then the second térm must behave in the same way, having to cancel the }.2
singularity(7), namely
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The upper limit in the t integral, which is fixed by the-first order calculation, has a simple interpretation. In fact,
in the limit 0 - 0 and x =% 1.it gives the invariant mass t.of the quark arid the gluon
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This invariant mass has to be calculated for a- 'q;dar"'k and a gluon.which have a relative maximal angle 10 and

not 20 . With this definition in fact one consistently recovers the first order result of Eq. (13), by explicit
integration over the q, q and g Dalitz plot. ‘

We therefore can write the n moment-as
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Finally one should take into account a further kinematical effect coming from the production of quark and gluons



pairs in the gluon bremsstrahlung. This amounts to replace n(t) —> a(kz), where lk~L -x(l-—x)t(l) Then Eq. (17)
becomes
1 2 Qz(l_x) a2
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which is our final result.
A few comments are in order. First, if one neglects the (1-x) dependence in the last integral of Eq. (18), one
recovers the results of ref. (8) in the large n limit, namely
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From a phenomenological point of view Eq. (18) differs drastically from the naive results (19). This is shown
in'Fig. 1 where we plot, for fixed Q=30 GeV, two moments, M(") and M(lo), as a function of 0,
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FIG. 1~ Moments M(6) and M(lo) as a funcion of 9. ° ’

The full and dotted lines refer to Egs. (18) and (19)
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Consistently with the current phenomenology, we have used a(k:f)—lz 7®/25 In [(kijz)/Az] with A20.3
GeVand M = | GeV. Roughly speaking the same numerical agreement between Eqs. (18-19) is achieved with the
replacements

A2 A% , 82 62/ (20)

In Fig. {2) we show the combined plot of M((’) and M(m) for the same values of 0. As it can be seen, this
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representation doesn't show large differences between Eqs. (18-19), suggesting therefore that this kind of analysis
is'not a significant test.of QCD.

We finally give a Sterman-Weinberg type formula for the fraction f( &, §) of events with all the energy but
at most a fraction ¢ inside a single cone of half angle "d. To first ofder, we obtain for x~1
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The exponientiated result reads than as
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which cannot be solved analytically a unless a‘(kf) is taken fixed and-equal to some effective value ‘. This
approximation has been already discussed in ref. {9):and gives a rough estimate of the distribution. A better
approximation can only be obtaired via numerical integration. ‘A very rough estimate gives £(e, 6)~ M(n=ll/€)( d)

In conclusion we have shown that a new class of large perturbative corrections is present and can be
revealed in single cone calorimeter type experiments in ete” annihilation.. The ‘observation. of such a behaviour
can give a new support to! general ideas of resur‘nmingyltarrge"infraréd‘cbrréctions.

We aknowledge useful discussions with F. Barteiro and R. Petronzio.
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