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Polyakov loop in QCD

Semi-QGP in QCD, smooth rise of the loop
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Effective matrix model

1T
Polyakov loop () = % tr P exp (/ dr Ag(7, ’r})
N Jo

LV

Non-perturbative

can be modeled by classical background field Ap = (Q,—Q.0)/g ~1/g

Dumitru, Guo, Hidaka,

1 Q
(= 3 (1 + 2 cos (T)) Korthals Altes, Pisakrski, PRD
' 2011, 2012

high Tlimit Q =0

Q as imaginary chemical potential, reduces quark number density by the loop
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Similar reduction for gluon number density



Reduction of d.o.f. & transports

QGP Semi-QGP
O quark
@ gluon
probe
quark
less d.o.f to scatter with Suppression of energy loss & viscosity

Hidaka,Pisarski, PRD, 2008
SL, Pisarski, Skokov, PLB 2014



Puzzle of photon v2
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v2 of photons comparable with v2 of pions at p; < 4GeV

Many photons produced at early stage, high T QGP phase, expect less v2

Can semi-QGP help us understand the puzzle?



Enhanced dilepton production
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Suppression of dilepton rate due to reduced of quark number density? NO!

Boltzmann approximation
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Effect of Q cancel out!

The effect of imaginary chemical potential cancels for a color singlet initial state.

Moreover, the rate is even enhanced beyond Boltzmann approximation!



Suppressed photon production: 22
processes

Pair annihilation Compton scattering
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No cancellation! Partial cancellation

Effect of imaginary chemical potential does not cancel out completely in the initial
states.
Suppression of photon rate from 2 - 2 processes.



Modification factors of dilepton &
photon rate
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Suppression of collinear photon rate

bremsstrhalung pair annihilation
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Aurenche, Gelis, Zaraket, PRD 2000
Arnold, Moore, Yaffe, JHEP 2001/2002

Scattering with arbitrary number of soft gluons contributes at the same order
Soft gluons in QGP give additional Bose-Einstein enhancement
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E’VgT, —eE/T—l’VE

Insemi-QGP g , F — (0, — Q) ~0(1)

e (E-iQq+iQp)/T-1

Q ~ T hard, gluons soft only when a=b. Soft gluon density suppressed by 1/N
———> Collinear photon rate has additional 1/N suppression!



Dilepton (RHIC): no significant change
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Modest enhancement in semi-QGP, no significant change to v2




[9%]

[l D:
=

"

1/(27) dN/ptdptdy [GeV ]

—
)
—

'
N

S

'
=}

—
—
(-

S
4

-8
10

Photon (RHIC): strong suppression
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Strong suppression in semi-QGP.
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semi-QGP increases the weight of photons at

high T (less suppression).

Photon produced at high T experience less v2.




Dilepton (RHIC): QGP + hadronic matter
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Semi-QGP enhances Ny, lowering the overall v2
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Photon (RHIC): QGP + hadronic matter
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Semi-QGP suppresses significantly Nqgp, enhancing the overallv2  v2,5p < v2gy

0 = V2o6p * Nogp + V2uy * Nupm
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Model of semi-QGP suggests different behavior in photon and dilepton v2

A more complete study will need constant under the log plus collinear rate



Thank you!



Scaling of thermodynamics in pure
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For N=3, T, ~ 180 MeV
QGP at RHIC: 350 MeV ™ 180 MeV
LHC: 450 MeV™\y 180 MeV

semi-QGP



