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Introduction

* Progress in recent years

We have started to discuss

correlation btw initial conditions and final data.
typically, fluctuations of data (higher harmonics) are
attributed to fluctuations in the initial conditions

* Obviously need to deepen our understanding of initial
conditions and early time stages of heavy-ion collisions.

* This talk
-> overview of recent progress on initial condition and
early-time evolution and possible new physics with
strong magnetic fields



Initial Condition for QGP to particle
be determined from final . detectors
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Initial condition of HIC event



Color Glass Condensate
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CGC : the framework to describe nuclei colliding at high energies,
dense gluonic states with saturation

< multiple gluon emission & merging
slower quantum evolution, coherent effects



Going up higher energies: evolution eqs.

Evolution of gluon dstr. wrt X (or rapidity v = In 1/x)
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rcBK phenomenology

* DIS
fit of small x data AAMQS2011

° pA
forward hadron production MC-DHJ/rcBK

heavy-quarkonium production



Albacete-Armesto-Milhano

Fit to HERA data: aamas,,,

ﬂ Initial Conditions : modified GBW/MV models
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[Fujii,Kl,Nara, 2011]
M C' D HJ/rC B K for forward production

State-of-the-art calculation of hadron production at forward rapidities
- construct a nucleus by randomly placing nucleons
- use AAMQS parameters for proton IC optimized for DIS at small-x
- qguantum evolution is performed “locally” in b space
- NO ADDITIONAL PARAMETERS
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Large x partons
fi(x,k;) : CTEQ6M NLO

>
—> Fragment
into hadrons

(DSS NLO)

local rcB
evolution



IVIC DHJ/rcBK : results
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RpA

Heavy Quarkonium prod. with rcBK

Blaizot,Gelis,Venugopalan, 2004
Watanabe,Fujii 2013
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rcBK calculation (without param.) works well in RHIC data, but not in LHC

In LHC with larger collision energy, stronger suppression is naturally expected
and CGC should become a better framework
< Exp. results suggest something extraordinary??



Glasma

Preequilibrium dynamics towards QGP



CGC turns into Glasma

Glasma : non-equilibrium matter between Color Glass Condensate (CGC)
and Quark Gluon Plasma (QGP). Created in heavy-ion collisions.

solve Yang Mills eq. [D,,, F#']=0

in expanding geometry with the
- CGC initial condition

-

o
S
o

0(12 pure gauge

CGC: p

1.2 Typical configuration of a single
event just after the collision



Unstable Glasma

Color electric flux tube Tanji, Iwazaki
Quark-antiquark production N

[E— O

Color magnetic flux tube Fujii-Itakura, Iwazaki 2008
Enhancement of the lowest Landau level

Color EM flux tube Tanji-ltakura2012
Production of gluons that are enhanced by

S

* Nonlinear time evolution of Glasma = Turbulent spectrum (# thermal)
- We definitely need more input from strong field physics



Glasma in Classical Statistical Simulation

Gelis, Epelbaum 2013
Time evolution of P, /e and P, /e (64 x 64 x 128 lattice)
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Strong Fields



Strong magnetic fields in HICs

* Non-central HICs at RHIC and LHC provide STRONGEST

magnetic fields.

Strong '
B field
i\’;L)

b



Strong magnetic fields in HICs

Non-central HICs at RHIC and LHC provide STRONGEST
magnetic fields.

Kharzeev, McLerran, Warringa (2008) Event-by-event analysis, Deng, Huang (2012)
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Strong magnetic fields in HICs

Non-central HICs at RHIC and LHC provide STRONGEST
magnetic fields.

At RHIC 2012)

BJ'

:VeB, ., ~1-10m_>>m, '

) 140MeV  0.5MeV
2 1
m eB/m.2 ~ O(10°) =0, O(10°3) t~0.6fm -
eB/m 2 ~ O(10%) =0, O(10°!) 7~0.6fm
for u quark m,~ 2MeV To

Even larger at LHC

* Decay very fast:

Strong field physics will be most prominent in very early time!
(though the fields are still strong enough even at QGP formation time)



Very strong fields exist
at very early time in HIC

¥

“Strong field physics”
can be a good probe of
early time dynamics in HICs

¥

Can provide new insights
into unsolved problem of
“early thermalization”




Examples of strong field physics

* Synchrotron radiation of photons and gluons

 Photon’s vacuum birefringence and decay
 Anomaly induced conversion
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Towards more realistic evolution of B
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Inclusion of finite electric conductivity greatly affects
time evolution of the fields.

Need to better understand the time evolution of B



Summary

Considerable Progress in understanding initial

conditions and early time stages of heavy-ion collisions.

CG C: rcBK provides good description. Something new and
interesting in LHC?

Glasma: stili far from, but hopefully few steps towards
thermalization. Need to understand physics behind numerics.

Stro ng Fields: useful to probe pre-equilibrium stages



