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scale In non-linear QCD
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Introduction (BK equation with running coupling)
evolution and saturation

rapidity dependence of saturation scale

nuclear size dependence of saturation scale

prospects
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[rapidity evolution of scattering probability:. #:Y) «of  dipole with hadronic

target]
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omogeneous target with radius much larger than any dipole size
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dependence
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® full analytic solution not known

® analytical approximations (saddle point, 2nd order kernel
expansion)

® numerical studigs ln(s/ s,)

® BKderived at LO in for fixed coupling

® NLL contributions known to play important role in BFKL
® NLL programme just started
® pragmatic approach

® first step: introduce rughing coupling

® second step: estimagte further corrections



ee distance scales in kernel

oy N, 12 ‘external’ scale: size of parent dipole
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Internal sizes as running scale

.. recast kernel in dipolar form as WW probability for gluon
emission ::

K{r.7y,7) =

; — — |12
Ne |go(m)r1 gu(a)i

2 2 2
4 r s

Sk Ro(F, 7, 73) =

o
®

* 1

i

[ 1] h‘]



check on sensitivity to Coulomb tails

Impose short range interactions :: suppress large size dipole

emission - weight gluon emission by Yukawa-like
terms
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functional form in configuration space given by Golec-Biernat—W¢usthoff model
fixed x

2 2
3 NG”"F{T) —1-—cxp [ d j’}"' ]

form given by McLerran-Venugopalan model
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a third I.c. [its usefulness will become
apparent]
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® f{.c. evolution much faster than r.c.

® essentially insensitive to specific implementation of
r.c. (small differences understood)

® further NLL ‘corrections’ (kinematical constraints)
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N(rY) — NE=rQ.,(
.- scaling ::
(2.(Y"): saturation moment

[transverse momentum
below which unintegrated
gluon distribution is
saturated]

N =1/QuY ) Y) = r,

® atf.c. scaling quantified in several numerical works and confirmed analytical

® inr.c. case, broken scale invariance of BFKL kernel

® unclear if scaling persists

® r.c. solutions tend to universal scaling forms with increasing rapidity



(1 — v) —— anomalous din

leading large momentum
behaviour of unintegrated
gluon distribution
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— W ® coefficients follow
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for T < Twudipole scattering probability should return to DLL form
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In the scaling region and for large  (whefk(Y') > Aocr ) the rapidity
dependence of the saturation scale is determined by

[lancu, Itakura and McLerran (2
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the numerical value of
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can only be found once the scaling solutidi{+) is known.

several analytical approaches will be compared with our numerical results
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for fixed coupling @+ — @ = coust.),* grows exponentially with rapidity

A = deovy

vy — N2 e 4
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for running coupling the momentum scale is expected to~ .

be d is dominated by ther ~ 1 region

numerical results also show that typical gluon transverse
momentum
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® faster rise for f.c.

® f.c.:excellent
agreement with
exponential for high
enough Y
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- QUY) = Qf cxp[dinY]

f.c. d =~ 4.57 [agreement with earlier

numerical results]
[ = 4.88 analytical]

fit

Q%(Y) = A% exp [&"\/V 1L x]
rc. A"~ 32 [A" = 3.6analyti

good fit over entire Y-
region
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olution modify/preserve initial dependence?

Invariance of f.c. BK allows for scaling-out of any nuclear dependence



® running coupling plays important role
® dominant NLL effect (?)

® good agreement between numerics and analytical
studies

® impact parameter dependence will be important
(running)

® heed NLL-BK



