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Transverse momentum broadening (TMB) in QCD matter: Normal diffusion at tree level
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Q: What are the effects of quantum corrections on transverse momentum broadening?

e Potentially in transverse momentum broadening at NLO [Liou, Mueller, Wu (2013)]
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e DL’s in the single scattering regime with multiple-scattering
boundary QS2 = ¢(0Q,, )t (screening of mass singularity) g g2
A N v J‘ o /
e All orders DL resummed and absorbed in a redefinition of ¢ T4k = GJ — 4k
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Universality, geometric scaling and super-diffusion

» For TMB tends to a universal distribution that obeys geometric scaling (self-similarity)
due to non-linear dynamics

Asymptotically non-Gaussian: Lévy distribution in
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Brownian motion Lévy random walk



Analytic solutions (asymptotic analyzis)

» The typical transverse momentum squared » Universal pre-asymptotic solution provides a
expansion at late times good description of numerical simulations
» Nonlocal quantum corrections: anomalous > due to heavy Lévy talil
system size dependence (super diffusion)
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p(Y) =log Qsz(Y) = cY+blogY + const.

Blue: asymptotic limit.
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Departure from Rutherford: Heavy Lévy tail

e Modified scaling variable for running coupling

e Extended geometric scaling window: O(L) < k, < Q?/u log &
2 — 2
(in small-x: Mueller, Triantafyllopoulos (2002) lancu, x = log kiz L x=—2 o \/Wlogk—l2
Itakura, McLerran (2002) ’ VY ’

e Modified Rutherford scattering: Asymptotic behavior

— 2 _ 1/6
after resummation (heavy tail) p(Y) =10g QX(Y) = Y + 4/bY + 3¢,(4bY)6 + O(In Y)

eelevel e TMB is a super-diffusive process due to logarithmically

resummee, £, =02 enhanced quantum corrections

e TMB exhibits geometric scaling and heavy tails akin to Lévy
random walks

e Exploiting an analogy with saturation physics we find exact
universal asymptotic and pre-asymptotic solutions for the
transverse momentum distribution

e QOutlook: investigate anomalous diffusion in QCD matter in
experiment (HIC), compute NLL ...

§o = 0.5GeV?/fm, L = 6 fm
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