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What can be observed?
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Hadrons & Leptons/Photons
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Leptons, Photons — interact only weakly (e.m.)
thus,

Hadrons —— strong interaction
thus,
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Comparison of Hadrons and Leptons

1 Most of K*K™ from in-medium decay of ¢
lose their initial momentum information
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STAR ¢ — K"K~
AuAu @ 200 GeV

Even experts do not
recognize this...
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Then, what photons/leptons are interesting?

1 Examples

72-0 —> 27/ Important in jet physics, but not directly related to QGP

J /W —> @@~ negligible contribution from hot phase

K i — K]/ maybe, non-negligible contribution from hot phase,
but K is subject to rescattering

P —> e'e” much in-medium contribution is expected
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Vacuum vs. In-medium Contributions
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more recent data by NAGO
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Photon Production in QGP: Bremsstrahlung
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Photon and Dilepton production rates

m Photon production rate
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where pr and p, are given by

(for massless leptons)

P (@, P) = pr (@, )R ), + p (@, P)R ),

Pu - QCD EM current spectral function

So far, onfy pQCD speciral function has been used
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Photon spectrum calculation

Direct y spectra: hydro+pQCD prediction (LHC)

Photon spectra: hydro + (quenched) NLO pQCD:

Pb-Pb 0-10% central (<b> ~ 3 fm) Pb-Pb 70-90% periph. (<b> ~ 14 fm)
i

Pb+Pb — y+X, 5.5 TeV [0-10% central] Pb+Pb — y+X, 5.5 TeV [70-90% periph]

—
T

w Total y: Prompt + Thermal
Prompt: NLOx T,,, E‘Dss w, =50 GeV

Totaly: Prompt + Thermal
Prompt: NLO pQCD x T,,[70-90%]
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Last Call HI-LHC, May 29th, 2007 David d'Enterria {(CERBN

D’Enterria, LHC workshop @CERN 2007

1 Photon®[Z: HadronfEdDdilepton& b R THEEH F1B
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findings @RHIC
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ewly created state of quark-gluon matter is more
remarkable than predicted and raises many new guestion
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Possible Formation of

Strongly Interacting Mafter

“The beginning of the universe is a drop?”

“The quark is liquid”

Asahi Shinbun, April 2005
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Strong coupling: not necessarily perfect lig.

1 L_ow viscosity = Little momentum transport

Long range and many body correlation: leads to farge viscosity

What is generally experienced in condensed matter physics

M. Asakawa (Osaka University)



QCD Phase Diagram
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Spectral Functions above T,

Mg << ms~Tc <<m.<my

ss-channel at T/T= 1.4

peak structure

Lattice Artifact

spectral functions

Asakawa, Nakahara & Hatsuda [hep-lat/0208059]

M. Asakawa (Osaka University)



Another calculation

log scale!

dilepton production rate

massless quarks

smaller lattice

LGT T=1.5T,
T=3.0T, =m—mememe
Born

Karsch et al., 2003

How about for heavy quarks?

M. Asakawa (Osaka University)



	�フォトンの光と陰
	 フォトンの光と陰
	 What can be observed?
	 Hadrons & Leptons/Photons
	 Comparison of Hadrons and Leptons
	Then, what photons/leptons are interesting?
	 Vacuum vs. In-medium Contributions
	 Photon Production in QGP: Bremsstrahlung
	 Photon and Dilepton production rates
	 Photon spectrum calculation
	 One of the most striking findings @RHIC
	 Strong coupling: not necessarily perfect liq.
	 QCD Phase Diagram 
	 Spectral Functions above Tc
	 Another calculation

