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Outline

Initial state models based on CGC —> ab-initio framework
for correlated multi-particle production in small systems

How to propagate the correlations generated in initial
state to the final state particles ?

Approach | : Hydrodynamic evolution

Approach Il : Scheme of fragmentation

This is the very first attempt to combine solutions of CYM
equation with Lund string fragmentation

Work in progress in collaboration with : B. Schenke, S. Schlichting & R. Venugopalan
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Outline

Goal : Study the role of initial state dynamics on bulk
observables that are attributed to collectivity

Focus : High multiplicity events in the collisions of small
systems : p+p and p/d+A

We need :

 An ab-initio framework of particle production

* Full treatment of different sources of fluctuations
e State-of-the art treatment of fragmentation




Detalls of the framework

e Full solutions of CYM on
2+ 1D lattice : IP-Glasma
Monte-Carlo model of initial
conditions : constrained by
HIC data

* Lund model of fragmentation
iIn PYTHIA to produce
particles from gluons: default
parameters to avoid tuning

n = constant

AIJ= pure gauge 1
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Initial state of the IP-Glasma model

e |P-Sat model —> color charge density of colliding " %/\
hadrons : constrained by HERA DIS e-p data
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 Non-perturbative sources of fluctuations introduced U
by fluctuating the average saturation scale
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Step-| : sample gluons from IP-Glasma

Pertorm e-by-e classical Yang-

Mills evolution till time 7~ 1/Q 6
dN 2 1 )
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Sample gluons in momentum
space in the range : -4
-6
0 < |Ymax| < log(v/s/2my) 6 4 2 0 2 4 6

Glasma distribution is boost invariant :
Distribution of Gluons —> uniform in rapidity



Step-Il : Implementing PYTHIA Strings
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Minimize :

A = Zlog (2/\%’@)

Connect the gluons close in phase space to color neutral strings

with ~ Ny = N,/(Q%S,) of gluons per strings
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Multiplicity distribution
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NBD fluctuation is a
natural consequence
of multi-particle
production in CGC

 Promising results on multiplicity distributions
* Observables are to be studied in bins of multiplicity
e Some uncertainties in the estimation of Ny, /(Ne)
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Single Inclusive distributions

Minimum bias spectra --> well reproduced
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Multiplicity dependence of (p,) —> high multiplicity events in
CGC —> driven by rare large Qs events

Running Olseffect —> high p_
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|[dentified particle distributions
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Reasonable agreement
without any tuning



(p1) [GeV]

Mass ordering of average transverse
momentum
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Mass ordering of average transverse momentum—> naturally
reproduced in this framework (even at very low multiplicity)
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(p1) [GeV]

Mass ordering of average transverse
momentum
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Effect of running coupling —> increase in (pr)
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Azimuthal Correlations in CGC

&

e [ntrinsic momentum space
correlation from initial state

* QOriginate from partons (probe)
scattering off a color domain

(target)
° Suppressed by number Of Dumitru, Dusling, Gelis, Jalilian-Marian,
color sources / domains Lappi, Venugopalan 1009.5295

Kovner, Lublinsky 1012.3398
Dusling, Venugopalan 1201.2658

Kovchegov, Wertepny 1212.1195

Dumitru, Giannini 1406.5781
Lappi, Schenke, Schlichting, Venugopalan 1509.03499

Very distinct from Hydrodynamic flow (driven by geometry )
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Azimuthal correlations in CGC (gluons
only)
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Azimuthal correlations (after fragmentation)
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Azimuthal correlations for chargead

hadrons
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Dilution of correlations after the fragmentation

16



Azimuthal correlations identified particles
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Azimuthal correlations identified particles
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Some hints of mass dependence
—> Need to study even higher
multiplicity events & p+p @13 TeV
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summary

Very first attempt to combine CGC 2 [ CMSALE
based IP-Glasma with Lund < 15|
model of fragmentation in PYTHIA &
Quantitative description for a o2
number on of bulk observables in ) S s s |
p+p collisions looks promising N,/ { N )

0.1 — . . . .
Observed mass ordering of (p.) | ke PGmarPYTHAGR 7T
is very well reproduced T o AW

S
Hints of mass dependence of v, - o
observed —> need to study 002 fA;';'cho/si pNa§?<l<Ge7wC
higher multiplicity bins 0 b
pt (GeV/c)

Next step : higher multiplicity p+p and p+Pb in this framework
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Detalls of CGC the framework

 Fundamental objects are Color
Charge density matrices pa(x, Y)
Local Gaussian distribution W[p]
(MV-Model)

(P(xL)p"(y,)) = 07°0%(xL—y, )g°n*(xL)

» Color field before collisions : solving
Yang Mills equations [D,,F,.] = J, for
each configuration of source p(x,)

Y D, =0 N
/ before collisions (T<0) \\M after collisions (1>0)
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r Domains of < AT Glasma flux tubes —>
AN /\l‘;\ chromo-electric /\r:& /| free streaming gluons
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(1) Intrinsic fluctuations of saturation scale

Input to CGC framework —> dipole cross section e+p/A

Color dipole picture : distribution of partons —> dist. of color dipoles

Y * q Z [\ T ]“';
1
q ISL A

dipole-probe '*

With evolution of rapidity each dipole split with probability ~ asdY
—> dipole splitting i1s however stochastic

farget

log( roz )

Stochastic dipole splitting —> not present in BK/JIMWLK —>beyond CGC
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Momentum flow in Glasma graph (origin of ridge-like
correlation)
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