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ABSTRACT

The problem of summing up the large perturbative corrections in
QCD near the kinematical boundaries is studied in few particular ca-

ses. Euristic arguments have been used to conjecture the solution of
the problem, using methods due to the Russian school.

In the parton model the cross section for the production of a mag
sive pair in hadronic collisions can be computed by using as an input
the quark distributions inside the hadrons in the infinite momentum
frame. In QCD, if effective qz' dependent quark distributions are in-
troduced, the parton model relations among the Drell-Yan cross sec-
tion and the deep inelastic structure functions is agsymptotically satis-
fied; however computable corrections of order a(qz) are present(l),

Neglecting the contributions of gluons in the initial state (it is often a

good approximation), the final predictions are:

"py = Tpy Rla ),
(1)
2
R(a, n) = 1+ E%) gy + 0(a2@?))

where- O%Y are the moments in 7= Qz/s at fixed Q2 of the total
Drell-Yan cross section and U;M are the predictions of the naive

parton model, written in terms of the structure functions at q2 = -QZ.
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The function f(n) has been computed(z: 3) . for large n one finds:
2 2 4 a2 e 2w n] . ()

The factors w2 and 1n2n are rather large and the corrections to
the partony model are of order 1 at ijre:sent energies.

It has been noticed(3) that the large corrections are due to the emis
sion of soft gluons and that it should be possible to resum all the large
corrections. One can work in the approximation in which only terms
proportional to amw? or o1ln?n are retained, while other higher or-
der terms are neglected.

We conjecture that in this approximation the following result holds:

2 -
14
R(a, n) = exp'{%—{— + -;—g— (t - 2L) In(t - 2L) +

£3)
ftint - 2(t -L)In(t - Lﬂ}'

where:

¢(Q?) - 124/(2510(@Q2/4%)) . t= m~l@?/A4%) ,
(4)

L =1lnn .
Eq. (3) can be applied only if Q{Z > A2 nz,,
Let us show the arguments leading to eq. (3), The factor nz in eq.
(2) arises from the comparison of the elastic quark form factor at
spacelike and timelike momenta, Using the well known conjectured

asymptotic formula for the quark form factcir(4) :

2 - 2
%) = 5 4 Ll .
F(q®) X exp {" 55 In( - A?' ) 1nLLln(— Az)]} (5)
one finds:
2 E
Qz*—-?oo

Eq. (6) is a part of the first term in eq. (3). Indeed the Drell-Yan

cross section is proportional to the modulus squared of the form factor.
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2

The origine of the factor In®n is different. In the dimensional re

golarization the factor In 'Q2 in one loop diagrams must be written as
1n( p_hl\_/I)2 where inI is the maximum allowed value of p,; in the reac-
tion(9, 6),

Now, for simple kinematical reasons (P_,l_\_/I)2 is proportional to
%

g“(1 -x) in deep inelastic scattering and to Q2(1 - r)z in Drell-Yan

processes. The difference in the kinematics is the origine of the fac-

tor 1r12

n (1 -x is of order 1/n). In other words, in the dimensional
regolarization the corrections in the large n region to deep inelastic

scattering (Cpig) and to the Drell-Yan (CDY) process are respective

'-/-Jilnzn - —g »7"2] + O(az):

Q2 )=1+@3_)['16

2 4 2] 2
o ”—73—11’11’1—947 + O(a“)

The factor 1n?n is due to the emission of soft gluons, according
to the standard folklore it should exponentiate if the dependence of ¢
on p}ﬁ (and consequently on n) is neglected(7). In this approximation

we obtain :

2 e
N a(q”) I’fl_ 2 _ 4 ZJ}
(“DIS(q ,n) = exp{ 57 |3 In“n - g T s

o -
a2 e a(Q l|—16 2 4 ZJ}
('DY(Q ,n) % exp{~~2‘717 3 In"n - g " .

The exponentiation of the factor % 72 is rather doubtfull, howe-
ver it is a small factor and practically does not change the final result,
The correct formulae can be obtained by a straightforward application

of the results of refs, (5, 6, 8) to this particular case:

2 - 16 [ . ]
o ¥ ey —_ - - -
VDIS(q , 1) exp { 55 I:L (t-L)In(t-L) } s

C . (Q7,n) X expjl—s-— .L - %—(t—ZL)ln(t-—ZL)]} s
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where the factor proportional to 2 has been neglected.

The final result is obtained by substituting egs. (6-9) in:

2
9

C (@ m/C ((-Q%m) . (10)

R(a,n) = DY

Let us comment on the limit of validity of eq. (10).
The results of refs. (5-8) imply that in the quasi elastic region in

deep inelastic scattering the following formula holds :

9 ;
dF(q”, x) _ 16 2,42 2,42
dlnq{-———-z = - 5% [111 In(q“/A°) - In In(W" /A )] , (11)

where W2 is the final hadronic mass.

Eq. (11) implies that the function F(qz, x) at fixed W2 decreases
faster than any powers of qz,. This Sudakov-type result concerns only
the contribution of twist 2 operator. Indeed the transition form factors
decrease like 1/Q4(9’) and they give a contribution in the threshold re-
gion which is dominant in the 1im.it Q2 ~» oo : this contribution is con-
nected to the presence of higher twist operators(lo)«

In the nucleon case in the threshold region sending Q2 at infinity

at fixed W2>> mlz\T one gets, neglecting ilogar:’itms(m) :
2 , 2 »
F(2,x) ~ W2 S~ -m/qt . (12)

In other words eq. (11) breakes down when the r.h. s. becomes too

small (i. e. less-than -1).

The author is grateful to C, Altarelli for having stressed to him
the importance of controlling the large corrections at high orders, to
M. Greco, to G, Martinelli and to R, Petronzio for having pointed to
him an error in the first draft of this note. He also thanks L, Baulieu,
R. K. Ellis, C.Kounnas and N, Sourlas for useful discussions and sug-

gestions,
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