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Starting Point

Regge Theory

(successfully describes many hadronic processes)

Discrete Regge trajectories (Pomeron) expected to dominate structure
functions at sufficiently low-x

In QCD Pomeron is described by the BFKL equation.

Purely perturbative NLO BFKL equation including effects of running
coupling leads to a Regge cut - continuum spectrum of trajectories.
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Coupling runs with k
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pP1-- - - — -

pP2- - - - — =

Ko @(k) = wa(k)

Coupling runs with k

Assume that at some low-k=Kkp, IR (non-perturbative) features of
QCD fix the phase, n of eigenfunctions.

(Lipatov ’86)
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Only discrete values of w respect the IR boundary phase AND
transition at £ =&  (§ =In(k))
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= L

Only discrete values of w respect the IR boundary phase AND
transition at £ =&  (§ =In(k))
Leads to a discrete spectrum of Regge poles

Y f (K2)s™
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Numerical Calculation

NLO BFKL kernel with 2-loop running coupling, and resummation of
higher order poles at y=0,1 (Salam)
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NLO BFKL kernel with 2-loop running coupling, and resummation of
higher order poles at y=0,1 (Salam)
IR phase, N = 0.21 (fit parameter) at kg = 0.3 GeV.
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Numerical Calculation

NLO BFKL kernel with 2-loop running coupling, and resummation of
higher order poles at y=0,1 (Salam)
IR phase, N = 0.21 (fit parameter) at kg = 0.3 GeV.
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Leads to an un-integrated gluon density:
g K) = 3 T (R [ At (K) 25
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®p(K) is the unknown impact factor of the proton.
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g; are free parameters which once fitted tell us how the discrete
Pomeron couples to the proton (in forward direction) - can be used
for other Pomeron dominated processes, e.g diffraction.
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Leads to an un-integrated gluon density:
90K) = 3 fu (X [ dK15 (€)@ (K)
I

®p(K) is the unknown impact factor of the proton.
Using orthonormality of f (K):

Pp(k) = ¥ aifes (K)

g; are free parameters which once fitted tell us how the discrete
Pomeron couples to the proton (in forward direction) - can be used
for other Pomeron dominated processes, e.g diffraction.

9K = 3 fua (KX

For x < 1072 it is sufficient to use only first three terms in this series.
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The unintegrated gluon density is used directly to determine F; via
the perturbatively calculable DIS impact factor.

Fa(x @) = [ d“Pois(QKg(xK)
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> Attempt to extract an effective (BFKL improved) splitting
function to describe the Q? evolution.

: :
A Complementary Approach to D.I.S. at low-x CERN, May 27, 2008
e —




The unintegrated gluon density is used directly to determine F; via
the perturbatively calculable DIS impact factor.

Fa(x @) = [ d“Pois(QKg(xK)

We do NOT

» Construct an integrated gluon density to be used inside standard
QCD factorization equations.

> Attempt to extract an effective (BFKL improved) splitting
function to describe the Q? evolution.

P9 = 3 (@) (i)”

: :
A Complementary Approach to D.I.S. at low-x CERN, May 27, 2008
e —




The unintegrated gluon density is used directly to determine F; via
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» Construct an integrated gluon density to be used inside standard
QCD factorization equations.

» Attempt to extract an effective (BFKL improved) splitting
function to describe the Q? evolution.
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This is qualitatively different from the continuum approach (where
the sum is replaced by an integral)
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The unintegrated gluon density is used directly to determine F; via
the perturbatively calculable DIS impact factor.

R0 Q) = [ d@ois(QKIg0xK

We do NOT

» Construct an integrated gluon density to be used inside standard
QCD factorization equations.

» Attempt to extract an effective (BFKL improved) splitting
function to describe the Q? evolution.

0= 3 b@) ()

This is qualitatively different from the continuum approach (where
the sum is replaced by an integral)
Nevertheless we are able to fit HERA data for x < 1072
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Uncertainties in Gluon distribution at low-X

Tevatron:
Lowest value of x:

min
x~ P S 1072
VS
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Uncertainties in Gluon distribution at low-X

Tevatron:
Lowest value of x:

min
x~ P S 1072
VS

HERA F,:

Fn = Qn + asCnGN

Fn only depends weakly on Gy

e.g. in LO Cy =0 for N=0.32

Adding (1/%)%32 to gluon density only affects F, through the Q?
evolution of Qy

Large uncertainties in low-X gluon distribution, although consistent
with a given parametrization at some input Qg
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Although we do not use the integrated gluon density this can be
constructed and we find remarkable agreement with MRST gluon
distribution for 10 < Q* < 10° (GeV?)
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Although we do not use the integrated gluon density this can be
constructed and we find remarkable agreement with MRST gluon
distribution for 10 < Q* < 10° (GeV?)

EKR and MRST 2006
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Preliminary: (Factorization scheme to be sorted out)
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Can both approaches be correct?
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HERA data at low-X could well be the overlap region, well

described by both the continuum and discrete BFKL
dynamics.
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Continuum approach allows transition to larger X via
DGLAP evolution.

If Regge theory is correct the discrete approach should
dominate at very low-X.
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Can both approaches be correct?

YES !

HERA data at low-X could well be the overlap region, well
described by both the continuum and discrete BFKL
dynamics.

Continuum approach allows transition to larger X via
DGLAP evolution.

If Regge theory is correct the discrete approach should
dominate at very low-X.

LHC is expected to probe low-X gluon distribution directly,
and should distinguish between these two approaches.
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