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Motivation: v*+P(p) — P(p')+V,~,2 jets etc.
Hard Diffractive Production (HDP)

dominated by 2-gluon coupling to gg-loop.
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Excellent testing ground to measure nondiagonal Gluon

distribution:
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Also: The nondiagonal Gluon distribution (Not the di-

agonal one!) appears in the cross section for HDP.



If we know the nondiagonal Gluon distribution, we can
make predictions of the size of the cross section, energy

dependences, etc.

IT Importance of ND-PD’s for HDS

e For leading twist QCD Evol. Eq. have usually been
discussed in terms of the imaginary part of the ampli-
tude. BUT there exists an Evol. Eq. for the whole

amplitude.

" Goal: For HDP’s, the Q%evolution at any x is given
by a nondiagonal GLAP-type equation with asymmet-
ric DGLAP-type kernels and HDP’s can be calculated

through discontinuities of parton distributions.



e To express the amplitude in terms of ND-PD’s, close
integration contour for G over singularities of gluon-

nucleon scattering at fixed z; and z3 = 1 — .

e Causality condition: z —1 <z <1

but for small —t > 0: z <z < L.
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e For £ < z; < 1 the amplitude is the sum of terms
with s- and u-channel singularities only! — Ampli-
tude is expressed through imaginary part of the am-
plitude for gluon-nucleon scallering. QCD evol. is

described by GLAP-type equation + ND-Kernels.

ez > x; > 0: Contribution of this region has

no direct relationship with conventional parton den-

sitics, since the integral over [ cannot be closed

over s- and u-channel discont., only over the gluon
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mass’. Connection to VM-wavefunction as sug-

gested by Radyushkin’96.



e Dispersion relation over s (— Discont. over parton
distribution) — only subtraction constant in the real

part cannot be reconstructed.

e Symmetric contribution (under s > u) to the disp.
rel. is down by an additional power of s and the anti-
symmetric piece corresponding to a process'with neg.
charge parity i.e., electroproduction of 7, has NO
subtraction term at all [increases with energy slower

than s] — Disp. Rel. gives full discription!
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e Small z; behaviour: Consideration of HD-Feynman
diagrams shows that for
T2 G(21,T2) =

dy‘ 1
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o Leading a;Inz: Inz; ~ Inz — Gz, 20) = G(z).

e Leading o Inz; with z; >> x5

CL'QG(CUl, :Cg) ~ :z:lG(xl)



III Proof of no lnz; in ND-PD’s

Strategy: Show that 2 = 01s not a leading region!

Step I: Gluon with zg =0 corresponds to a soft gluon.

Step II: Use argument by Collins and Sterman that a

soft gluon does not give a leading contribution.
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To Step I

o |_ (quark loop) ~ myz >> k_ since k- =

(mZz+ME)my
29pN

o2 << @* due to cut-off by VM-wavefunction,
whereas k? possibly O(Q?) but k#T"”} = 0 or
Top, T* + ky, 7" = 0 and since 3 = 0, k2 << 2
T is the scattering amplitude and the Ward identity

is very simple since we are dealing with gg-singlet!

— gluon is soft!

To Step II:

Integral for leading region is:

1
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= fsoft k



2 possibilities:

o k. k_ > k? No obstructions to contour deformations
+ t

— No leading contribution!

o k. k_ < k? No Obstructions to contour deformations

— No leading contribution!

— 19 = 0 gives no leading contribution!

IV GLAP-EVOL.EQ. 4+ ND-Kernels

Evolution Equation:

[g(xl, xg) = (I‘l — A)G(Tl, A), A =TI — IEQ]

dg(a:l,A,Qz) 1 dyy T1/9 — Ay 9
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+PGQ($17 yl) 1 — A/yl q(yla A) QZ)
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In the limit of small z and large Q%

tG(x) 28 2.G(x1, Z2)

Reason: In this limit, main contribution stems from
ND-distribution at Z1,%2 = ; — A with 1 >>» x;. For
Z1,T2 > A deviations from the diagonal distributions

are small. — Main effect of asymmetry from evolution.

Kernels: Calculated using diagramatic method of decay

cells

do

R
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A = 0 yields the diagonal Kernels!
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V Numerical Results of Evolution

e Used modified CTEQ-Package and as initial distribu-
tion for diagonal and nondiagonal case the CTEQ4
global fit. Q% = 1.6GeV?

x,=10"
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Conclusions

e Amplitudes of HDS are given by discontinuities of
ND-PD’s.

e No Inzs terms in ND-PD’s.

e £G(x) == z,G(x1, x2) since the diagonal and nondi-

agonal case are very similar for small z.
e Numerical study confirms:

—No Inzy and 2G(z) =~ 122G (z1, T2).

— Since G(z1,x3) enters o for VMP in DIS, the di-
agonal approximation used in VMP calculations is

valid at the kinematics of HERA within 20%!

e More work is needed, especially NLO calculation to

check whether correction i1s substantial.
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