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Cronin Effect in p+A Reactions

Scales: Q=1p;, 2Q,~1-2 GeV > AQCD Good description at mid rapidity
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Gluon Saturation Models

* Nonlinear gluon evolution 2 to 1 processes
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 Particle production via 2 to 1 processes (monojets)
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Nuclear Shadowing
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Cross section scaling: o, =

1:1

Evidence for Energy Loss

M.Leitch et al. PHENIX,EA866 and NA3 data
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Nuclear Effects at Forward Rapidity

* Original incoherent result: S.S.Adler et al., nucl-ex/0603017
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* Note the to an overall suppression effect
* The most detailed calculation do far at forward rapidity
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Particle Production Mechanism
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* Excludes: all the monojet color glass phenomenology, large final state energy loss

* Compatible with: Dynamical shadowing, initial state energy loss, leading twist
shadowing parameterizations
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The QCD Phase Transition

Asymptotic freedom:
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* Deviation from Stefan-Boltzman: the log

running of a, * Hard thermal loop calculations: improved

resummation of the perturbation series

Note: recent results Tc~ 190 MeV vs Tc~ 175 MeV ° Agreement between HTL and Lattice for

T >3T,

Note on LHC versus RHIC: strongly versus weakly
coupled plasmas, beware of logarithmic running 8
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Relativistic Hydrodynamics
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Elliptic flow
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* Favors: EoS with QCD phase transition,
low viscosity, early thermalization 7, <1 fm

high energy density . 15 GeV / fm®



Plasma Instabilities
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Energy Loss in the QGP

* The most important effect in dense nuclear matter: QGP but also cold nuclei
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System Size Dependence of Jet Quenching

Identifying nuclear effects:
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Hard Processes

* Au+Au at RHIC
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What Happens to Medium-Induced Radiation

In A+A
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large angle soft gluons and
correspondingly more soft hadrons

S.Pal, S.Pratt, Phys.Lett.B574 (2003)

* Itis broad but is it dipped?

Note: strong theoretical arguments against
Strong “dip”
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Mach Cones and Sound Velocity
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* Hydro simulations do not confirm such
mechanism

* There is no realistic simulation of the di-jet
distributions yet!



Heavy Quark Production and Modification

* Single electron measurements (presumably from heavy quarks) may be problematic
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Diffusion and Dissociation of Heavy Mesons

H.van Hees, |.V., in preparation
* Langevin simulation of heavy
quark diffusion
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* B is significantly less quenched than D
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* Collisional dissociation of heavy

mesons
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Conclusions

Cold nuclear matter effects:

e Particle production consistent with hard parton scattering, no monojets
e Nuclear effects arise dynamically from elastic, inelastic and coherent

multiple parton scattering
e “Leading twist” versus “high twist” shadowing theory from final state

interactions. Test at EIC. Bring a broader community to EIC
e Theoretical advances in understanding energy loss in cold nuclear matter.

It appears to be a dominant effect at forward rapidity p+A reactions
e p+A program at RHIC ll, vary C.M. energy. Advance theoretical models

Quark-gluon plasma effects:

e LQCD predicts T,=175-190 MeV, no colored bound states. EoS consistent
between LQCD and HTL. Deviations from SB, log running of alpha

e Hydro simulations of v, suggest early thermalization, e, = 15 GeV/fm3

e Non-Abelian plasma instabilities: path to isotropisation, time still too long

e Final state non-Abelian energy loss in the QGP is the dominant jet quenching
mechanism. Tested against p+A and direct photons

e Jet tomography: e, = 15 GeV/fm?3 based on successful PQCD predictions

e Energy redistributed in soft particles. Mach cones? Strong theoretical

arguments against. Lack of accurate simulations.
e Heavy flavor still problematic, highlights collisional E-loss. New mechanisms

should be explored. Collisional dissociation of mesons, promising.
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