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Ingelman-Schlein approach
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Ingelman-Schlein approach

In this approach (Ingelman-Schiein model) one assumes that the Pomeron has a well defined
partonic structure, and that the hard process takes place in a Pomeron--proton or
proton--Pomeron (single diffraction) or Pomeron--Pomeron (central diffraction) processes.
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Ingelman-Schlein approach

The “diffractive’ quark distribution of flavour f can be obtained by a convolution of the flux of
Pomerons fp(xp) and the parton distribution in the Pomeron gp (8, 142):

1
Pl = f e B 5(x — B)gp(B. 12) o(re) = f S o (w)an( = 12).

X

The flux of Pomerons fp (xp):

fol(xp) = I " 1), J

with i, Tmax 0€ING kinematic boundaries.
Both pomeron flux factors fp(Xp, f) as well as gluon distributions in the pomeron were taken from
the H1 collaboration analysis of diffractive structure function at HERA.



Ingelman-Schlein, result
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Ingelman-Schlein, results
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Gluon dissociation mechanism
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Diagrams contributing to gluon dissociation
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New diagrams for gluon dissociation

not present for y — QQ
the first diagram partially cancels with the first two standard diagrams
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Impact parameter space

The amplitude for the diffractive process gN — QQN can be written in
impact parameter-space, where the impact parameters of gluon,
quark and antiquark are b, b, b_, respectively:

Ao, N = @ @iN) = [ (DBl oxpl-1p, b~ Ip-b KN (b b BN Y

The integration over impact parameters
[Db] = a®b, d’b_Pb 5P (b—zb, — (1 -2)b_), @

ensures the conservation of orbital angular momentum. Quark and
antiquark share the lightcone-momentum of the incoming gluon

2,1 = z, and have the transverse momenta p_, p_. The ’rronsi’rion
9n, — Qﬁ@ﬁ is described by the lightcone wave-function u/ . The
interaction of partons with the target is described by the operoTor

M(by,b_,b) = |S(b;)1°ST(b_) — S(b)1°S"(b)]. ®3)



Impact parameter space

Here the quark-proton S-matrix S(b..) is written in terms of the
gluon-exchange eikonal ¥ = x99, as

A 1,
S(by) =1+ik(by) - 5X2(b+)’ @

the antiquark interacts with the complex-conjugate S-matrix st (b_),
and a gluon interacts in the same fashion as a pointlike color-octet QQ
pair and its scattering is described by S(b)t°S™(b).

As we are interested in a diffractive process, with no color-transfer to
the target, only the terms of quadratic order in the eikonal will
contribute. They correspond to the coupling of two gluons in the
color-singlet state to the nucleon:

(NIx? (b3 )x?(B_)INY = 6% xP(by.b_)., ®)

which we parametrize as

d’q d’x q q q
Cr 'X(2)(b+’ b_) = f (onf (2 f(x. > + 1, 5 K) exp[lE(bJr +b_)]




Impact parameter space

(27'[)3 ) as T(X, Ky, KQ)

f(x, K1, K0) = 7)
(e 1, 72) Ng K31Ks (
where ¥ UGDF is related to the familiar integrated gluon structure
function as
alxg(x, k?)]
S TK) R . 8
F(x, x, k) 3109(2) ®
The full f is often parametrized as
q q (2m)® as I[xg(x, x?)] 1,
flx, - , oK)= — —-—B , 9
(X 2 +x 2 K) Nc il alog(Kz) eXp[ 2 Dq] ®

care of the size of the target and in accord with

where the diffractive slope Bp is a nonperturbative quantity that takes ﬁ
Regge-phenomenology Bp = By + ay log(xo/x).



Impact parameter space

We then obtain:
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Here the profile function I?) (b, b_) is related to the familar
color-dipole cross section through the relation
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Impact parameter space

We can write the relevant profile functions in terms of the off-diagonail
gluon density as:

r@w,.b) = f (;21;’2 (::)cz f(x. 3 + . g —x) exp[ig(b+ +b)] .

{eli2 (b1~ b-)] + expl-i (b b)) - explin(bs. ~ b-)] - expl-in(b ~b-)])

2 2
@b, b) = f (:;)72 (:n)z f(x. g + 5, g — )| expligb.] + expligb-] - 2exp[iqb]J_

as)

We introduce the usual parametrization of fransverse momenta: the
decorrelation momentum of jets (or momentum transfer to the proton)
A= P+ + p— and the light-cone relative fransverse momentum

k = (1 —z)p —zp_, which is conjugate fo the dipole size r = by — b_.
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Impact parameter space

We then notice, that
[Db] exp[-ik(by — b-) — iA(zby + (1 - 2)b-)] = d?ba?r exp[-iAb] exp[—ikr], a4
so that

Ap(gN — Q@N) = fdeer exp|—iAb] exp[—ikr] zpj;gﬁ(z,l)
(NIMC(B+ (1 = 2)r. b — zr, B)IN)
=19 fdeer exp[—iAb] exp[-ikr] wﬁ%(z,r)

1@ _rb-z) - e FO b
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The term o« F(2) vanishes in the forward direction A = 0.
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Momentum space

For the forward amplitude we can then easily derive:
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Our amplitude can now be expressed in terms of the integrals:
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Momentum space

Let us write it out explicitly for the different helicities:
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Then, if we put everything together, one gets for the differential
parton-level cross section
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Momentum space

Final multi-dimensional cross section reads:

do(gN — QaN; §)| /4
=————a
dzPkdA?  IA'=0 NZ(NZ-T)2 °

{[22 + (1 - 2)%]@% + mi.,cbg} .9

Forward direction only
t-dependence assumed to be exponential
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Hadronic cross section

The cross section for single diffractive production of QQ (diagram b))
can be written as a convolution of the elementary cross section for the
gp — QQX and the gluon distribution in the proton as:

dOpp—@ax ! dogpqax
— P = f g (x. ) —— 20)
azd kfdfz 0 azd' kfdfz

The cross section for the diagram a) can be obtained by frivial
replacement of x; by x, and f, by ;.
AN (x1 , ],L,Z:) collinear gluon distribution (flux of gluons).

m m:
x1 = —2 exp(+y1) + —= exp(+v2)
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Rapidities - kinematics

Explicitly:

Ya = Iog(

Xa Vs
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The rapidity difference Ay, and average rapidity Y = (yq + yg)/2 of
quark and antiquark are
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First results

GJR GDF and Kutak-Stasto UGDF ﬁ
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First results
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Figure: Absorptive effects have been included by multiplying by gap survival

factor. ﬁ

nonlinear effects for small xp



First results
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First results
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First results
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First results
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First results
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First results, Ingelman-Schlein vs gluon dissociation
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Ratios, GD vs IS
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Ratios, GD vs IS
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Ratios, GD vs IS
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Ratios,GD vs IS
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Photon-induced processes




Photon-induced processes, results
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Summary and conclusions

@ Amplitude for gluon dissociation intfo a pair of heavy quark and
heavy antiquark was derived in the impact parameter and
momentum space. Different result than in the literature.

@ Corresponding hadronic cross section for single-diffractive QQ
production has been calculated.

@ A comparison to the Ingelman-Schlein (resolved pomeron) has
been made.

@ Gluon dissociation cross section is much smaller than that for the
resolved pomeron due to special topology and diagram
cancellation.

@ The ratios of the cross section for bb and c¢ have been
calculated. The predictions are waiting for verification.

@ Competition of diffractive mechanisms and photon-induced ﬁ
processes. It has to be studied more.



