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rcBK evolution:rcBK evolution:
basic “degrees of freedom”: dipole scattering amplitude in fund. rep. (2-point fct)(2-point fct)

BK equation (incl. non-linear terms → saturation of scattering amplitude!)

running-coupling kernel (Balitsky prescription)

dipole scattering amplitude in adj. rep. 



  

uGD at x = 3x10uGD at x = 3x10-4-4    (e.g. pt=2GeV, y=0, (e.g. pt=2GeV, y=0, √√s=7TeV)s=7TeV)

proton center of A~200 nucleus

~1/k~1/k22

~1/k~1/k22γγ



  

what is the initial condition for rcBK evolution ?what is the initial condition for rcBK evolution ?
● don't really know, small-x doesn't tell

● needs to be set at “sufficiently” small x0 so that
    rcBK can take it from there; in practice, x0=0.01 ? 

● for large A, MV model may provide a decent ini. 
cond. :

● alternative I.C. (AAMQS 2011), also denoted 

by MVγ or Set 2 (γ>1 !):



  

AAMQS:
EPJ C71 (2011)

γγ* p* p



  

J. Albacete et al (“AAMQS”): arXiv:1012.4408



  

● in what follows, this I.C. is used even for a nucleon, with

● for nucleus, at transv. position b:
            Q2s0(b) = (# nucleons at b)  X  Q2s0,N

McLerran &
Venugopalan

side viewside view

MV: MVγ:



  

fluctuations of valence partons in fluctuations of valence partons in ┴┴  planeplane



  

thickness fluctuations:thickness fluctuations:
(average of 1 / 9 nucleon target compared to 5-nucl. target)



  

kk
┴┴

-factorization, multiplicity in A+B --> g+X-factorization, multiplicity in A+B --> g+X

unintegrated gluon distribution:

multiplicity:

Notes:

● finite as pt → 0 if UGD does not blow up
● x1,2 = (pt/√s) exp (±y);   Y1,2=log(x0/x1,2)
   where x0=0.01 is assumed onset of rcBK evol.
● K = 1.5 – 2, appears reasonable



  

high-pt hadron production in pp @ LHC requires steeper I.C.high-pt hadron production in pp @ LHC requires steeper I.C.

● no g → h multiplication factor κ here!      
         (normalization set by Fragm. Func.)
● rcBK in dilute regime
● LHC constrains initial condition



  



  



  

pt distributions in pp → ch at TEVATRON / LHC energies



  

Collinear pQCD fact.
Sassot, Zurita, Stratmann
PRD 82 (2010)



  

for nuclei:
● do we use same γ as for a proton ?
● do we assume                   or 

→ → w/o a better idea of where the AAMQS parameterw/o a better idea of where the AAMQS parameter
comes from, we need to factor this into uncertainties...comes from, we need to factor this into uncertainties...



  

A1/3 dependence of initial conditions for 
BK/JIMWLK beyond MV action

● μ2 ~ g2A1/3;   κ3 ~ g3A2/3;   κ4 ~ g4A

+ soft YM fields  +  coupling of soft ↔ hard

Elena Petreska et al: 
PRD 2011



  

E. Petreska + A.D., NPA 2012

(in log (1/rΛ) » 1 limit)



  

Let's start with AA :  centrality and energy Let's start with AA :  centrality and energy 
dependence of multiplicities;  (confirms KLN idea)dependence of multiplicities;  (confirms KLN idea)

Albacete & Dumitru: arXiv:1011.5161Albacete & Dumitru: arXiv:1011.5161

● assumes Nhadr = κ ∙ Nglue with κ ≅ 5

WS “core”WS “core”

~ 1/~ 1/ααss(k)(k)  
in UGDin UGD

Qs(x,A1/3)



  

Back to AA :  centrality and energy Back to AA :  centrality and energy 
dependence of Edependence of E┴┴

● (again, no g → h multiplication factor κ here)
● 1d ideal hydro:
● interesting: (dE⊥/dη) / (A √s) ≈ 0.5% at LHC2760, centrl Pb+Pb !

-p-pΔΔVV



  

RpA for p+Pb at 5 TeV :

● RpA < 1 at pT(hadron) ~ 1-2 GeV
● RpA decreases (slightly) with rapidity
● generically RpA(central) < RpA(mb)
● Cronin peak washed out by evolution

MV (γ=1) + DSS-NLO

γ=1.119 + Qs~TA + 
KKP-LO



  

RRp+Pbp+Pb at 5 TeV at 5 TeV

● clearly, no “initial state
quenching” above ~ 3 GeV



  

forward rapidity :forward rapidity :

● more suppression due to small-x evolution
● RpA goes down by some 0.1 – 0.2



  

More detailed view of the “medium” in AA ?More detailed view of the “medium” in AA ?

initial Ez, Bz fields
(Fries, Kapusta, Li;
Lappi, McLerran 2006)



  

Analyze classical field configurations 
at midrapidity: η=0,  2D

what is structure of Bwhat is structure of Bzz field ? field ?

magnetic flux loop in x-y plane:

zzRR



  

Magnetic field domains (BMagnetic field domains (Bzz
33 at  at ττ=0=0))



  

area
(Qs ~ g2 μ)

● area law for loops with area A ≥ 1.5 – 2
● σM ~ 0.12 Qs

2;  thermal SU(N): 
● small loops ∉ Z(2) but roughly ok for large ones!
● structure of Bz ~ uncorrelated vortices ?!
● Rvtx ~ 1/Qs from onset of area law

SU(2) SU(2) 
solution :solution :

time = 0+

A.D., Y. Nara, E. Petreska:A.D., Y. Nara, E. Petreska:
arXiv:1302.2064arXiv:1302.2064



  

Propagation of hard particles in background Propagation of hard particles in background 
of magnetic Z(N) vorticesof magnetic Z(N) vortices

yy

xx

cl.

qu.
areaarea

classical trajectory ?
● only if paths within one
de Broglie length (1/pT) have 
same Aharonov-Bohm phase

● destructive interference leads to
Anderson localization



  

SummarySummary

● p+Pb @ LHC control shows no “initial state jet quench”;
    (wasn't expected by more recent/realistic CGC predictions)
    suppression was predicted and seen at semi-hard pt ~ a few GeV

● forward rapidity data from LHC very important

● the “medium” appears much more interesting than featureless
    homogenous soup:  density fluctuations, long. fields, vortices, ...


