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Last time

A high energy proton/nucleus is a dense system of gluons

MYV model:

Low Energy
large x partons as sources of color charge

]- Gluon
Density

small x gluons represented as a classical field 7 | Grows

High Energy

Multiple scatterings from this dense system

eikonal approximation
Wilson lines

DIS total cross section (structure functions)



quark anti-quark production in DIS at small x
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DIS total cross section
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probability of photon probability of the quark
total cross section = decaying into a quark X) anti-quark “dipole”
anti-quark pair scattering on the target

QED QCD



A model of nuclei at high energy

boost

sheet of color charge moving
along X+ and sitting at x - =0

(35069 = 0" 5(x ) palxe) |

color current color charge

current has only one large component




static color charges p
classical equations of motion D y FZV =g J Z

solution (in light cone gauge A+ =0) :

A, = 0
Af = 0(z7)af(z,) with O;af ()
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solution is a 2-d pure gauge P
it is (LC) time-independent

the only “physical” color field is
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color averaging
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One-loop corrections: soft gluon radiation (k << p)

consider a very energetic quark
emerging from a hard process My,

ptk p
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x| , z1 are coordinates of quark and gluon



One-loop corrections: energy (x) dependence

virtual corrections:
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real corrections:
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One-loop correction: Balitsky-Kovechegov (BK) equation

at large N, —_—
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linear (BFKL) non-linear

both T = 0 and T = 1 are fixed points

A
unstable/ stable



Solution of BFKL evolution equation
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dy 2 [T(aftv z¢) + T(ze,y) — T'(y, yt)]

expand T in terms of gluon field A and write in momentum space

unintegrated gluon distribution  ¢(x, k)

1. In*(zess)
6(x,Jc1) ~ ()Pt exp | i

BFKL predicts a fast rise of gluon distribution: unitarity?

diffusion of momenta into infrared?



Solution of BK evolution equation
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<Tr(1-UU)B>

Solution of BK evolution equation
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Structure functions at HERA

Fit with only light quarks Fit including heavy quarks
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PQCD: DGLAP-based approaches also “work” :
need more discriminatory observables



CGC at HERA? Extended scaling
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Collinear Fact.:
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CGC:
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Single inclusive hadrons at RHIC
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how about centrality dependence?:
Woods-Saxon, fluctuations

role of initial conditions in rcBK,
many CGC-based models also fit the data,
k-factors

J. Jalilian-Marian, A. Rezaeian
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disappearance of back to back hadrons in pA collisions

Recent STAR measurement (arXiv:1008.3989v1):
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The Saturation Scale Qg
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~ Freeze-out
(System falls apart)

-- Hadronic Gas

~ Thermalization Region
(Quark-Gluon Plasma)

Initial conditions

nucleus #1 ucleus #2




Heavy Ion Collisions at High Energy:
Colliding Sheets of Color Glass
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before the collision: after the collision:
AT =A"=0
Al = AL 1 AL solve for A

A} =0(x7)0(—x")ay
Ay = 0(—x7)0(x")ay

in the forward LC



Colliding Sheets of Color Glass at High Energies

solve the classical
eqs. of motion in the
forward light cone:
subject to initial
conditions given by
T~

one nucleus solution

GLASMA:strong color fields with

, 1
occupation number ~ —

S

initial energy and multiplicity of produced gluons depend on Qs
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Low x QCD:

many-body dynamics of universal gluonic matter (CGC)

. a®
See, .
: = x.':-;'.'.' How does this happen ?
o0 & : How do correlation functions of
. .
g ‘ 3 I _:,-‘.:; these evolve ?
5 L o
Are there scaling laws ?
k-'."-ﬁ-:‘\:. °® L ot I- .
: 0:. U A Can CGC explain aspects of HEC ?
: e Initial conditions for hydro?
Thermalization ?

In Q° number of partons Long range rapidity correlations ?
Azimuthal angular correlations ?
Nuclear modification factor ?



pQCD in pp Collisions

collinear factorization: separation of soft (long distance) and hard (short distance)

fragmentation
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