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Outline

Introduction & Motivation
· Hydrodynamics and hadronic observables

Our model: Thermal Sources of Dileptons
· QGP Rate (w/ viscous corrections)

· Hadronic Medium Rates (w/viscous corrections)

Dileptons & Out -of -Equilibrium Evolution 
· Effects of initial condition for the shear-stress tensor on vn
· Effects of the relaxation time of the shear-stress tensor on vn
· Effects of temperature dependent shear viscosity in the early phase on vn

Conclusion and outlook
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How do we know that URHIC are creating  a medium? 
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·Hadronic observables played a crucial role in understanding properties of the 
medium created at RHIC/LHC. 

·MUSIC+MC Glauber:                RHIC                                                              LHC

Schenke, Jeon, and Gale, Phys. Rev. C 85, 
024901 (2012)

Schenke, Jeon, and Gale, Phys. Lett. B 702, 
59 (2011)



3+1D Viscous Hydrodynamics 
·Israel-Stewart viscous hydrodynamics equations: 

·Lattice QCD EoS [P. Huovinen and P. Petreczky, Nucl. Phys. A 837, 26 
(2010).] (s95p-PCE160)

·Out-of-equilibrium part of Tmn, pmn, is less constrained by hadronic 
observables and is thus less known.
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·Israel-Stewart viscous hydrodynamics equations:

·Goal: 

1. To study the effects of initial conditions (init. pmn) rel. to Bjorken flow 
Navier-Stoke value.  

2. To explore the effects ofa transport coefficient (tp).

3. To explore the consequences introducing h/s(T) in the QGP phase.

·Keep all other initial and freeze-out conditions set by MC-Glauber 
model [see Schenke, Jeon, and Gale, Phys. Rev. C 85, 024901 (2012)].

3+1D Viscous Hydrodynamics 
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Limited sensitivity of hadronic observables

·Reason: Hadrons are emitted at 
late times => sensitive to freeze-

out conditions, where pmnis small
and flow, on the freeze-out 
surface, is comparable.

·Hadronic observables at RHIC:modestsensitivity to non-eq. init. cond. 
[pmn(t0)] and to departures from equilibrium in the evolution [tp,h/s(T)].
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·Dileptons are sensitive to non-equilibrium initial conditions [pmn(t0)] and 
to departures from equilibrium in the evolution [tp,h/s(T)].

Motivation to study dilepton flow
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x=y=2.625fm, z=0;
in fluid rest frame

20-40%
x=y=2.625fm, z=0;
in fluid rest frame 

·Question: how much are dileptons
sensitive to pmn(t0),tp, & h/s(T)?
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Viscous corrections: HM rates
·The rate involves:       

·Self-Energy [Eletsky, et al., Phys. Rev. C, 64, 035202 (2001)]

·Viscous extension to thermal distribution function

·Therefore, the self-energy is

·B2 was computed: G. Vujanovic et al., Phys. Rev. C 89, 034904 (2014)
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Viscous Corrections: QGP rates
·Viscous correction to the Born rate in kinetic theory rate

· Need to go beyond Israel- Stewart form: General form of dist. function
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HM sector QGP sector

· G is computed using Boltzmann 
equation for a gas of massless particles 
with constant cross-section. 
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·Flow coefficients

·Two important notes: 

1. Within an event :  vnȭÓ  ÁÒÅ Á yield weighted average of the different 
ÓÏÕÒÃÅÓ ɉÅȢÇȢ (-ȟ 1'0ȟ ȣɊȢ

2. Averaging over events: the flow coefficients (vn) are computed 

Anisotropic Flow
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- To describe the flow of dileptons we 
use the usual Fourier decomposition, 
i.e. f low coefficients vn (per event):
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Effects of a non-zero initial pmn
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Effects of relaxation time tp
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Effects of h/s(T) in the QGP 

·ὒὥὸὸὭὧὩὗὅὈὉὕὛᵼὺὨὩὺὩὰέὴί
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·Ὕ πȢςυὋὩὠȡᴻ ὗὋὖᵼ ὧȢέέὰὶὥὸὩ

ᵼ ὥȢὲὭίέὸὶέὴὭὧὪὰέύὦόὭὰὨόὴ

·ὝὬὩὶὩὪέὶὩὗὋὖὺίὬέόὰὨᴽ

P. Huovinen and P. Petreczky, Nucl. Phys. A 837, 26 (2010).
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Effects of h/s(T) in the QGP 
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Higher flow harmonics
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·Higher flow harmonics are affected 
by pmn(t0),tp, & h/s(T). 

·Photon-like behaviour 

·For more info about photons see 
poster G21by Jean-François Paquet
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Higher flow harmonics

·Higher flow harmonics are affected 
by pmn(t0),tp, & h/s(T). 

·Photon-like behaviour 

·For more info about photons see 
poster G21by Jean-François Paquet
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20-40%
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·Dileptons provide a unique 
ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÅØÐȭÔ ÃÏÎÓÔÒÁÉÎ 
pmn(t0), tp, & h/s(T) .
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Higher flow harmonics
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Bottom line 
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·Dileptons & hadronic observables 
together can pin-point 
hydrodynamic parameters. 
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Conclusions & Outlook
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Conclusion:

} Dileptons provide us with a new handle on : 

1. mÅÄÉÕÍȭÓ ÄÅÐÁÒÔÕÒÅ ÆÒÏÍ ÅÑÕÉÌÉÂÒÉÕÍ ɉÉÎÉÔÉÁÌ pmn) early on 

2. ÔÈÅ ÍÅÄÉÕÍȭÓ ÃÁÐÁÃÉÔÙ ÔÏ ÒÅÌÁØ ÔÏ×ÁÒÄÓ .ÁÖÉÅÒ-Stokes (tp)

3. the temperature dependent h/s not only in the QGP phase, 
but also around Tc.

} Hadronic observables are insensitive to these 3 parameters.  

} Experimental measurements of ÄÉÌÅÐÔÏÎȭÓhigher flow harmonics  
present a new opportunity to tightly constrain these parameters.

} 3ÏÌÅÌÙ ÕÓÉÎÇ ÈÁÄÒÏÎÉÃ ÏÂÓÅÒÖÁÂÌÅÓ ÔÏ ÃÏÎÓÔÒÁÉÎ ÔÈÅ ÈÙÄÒÏÄÙÎÁÍÉÃȭÓ 
parameters is not enough. Electromagnetic probes must also be 
used. 

Outlook:

} The inclusion of open charm hadrons is currently in progress.

} Predictions are being made for LHC. 



Thank you
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Dilepton higher flow harmonics: Effect of pmn
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·Higher sensitivity of higher flow 
harmonics to pmn(t0),tp, & h/s(T).

Expected as any viscous effect 
will mostly affect smaller
anisotropies.  

·Only v2(M) and possibly v3(M) 
could be measured in the near 
future.



Dilepton higher flow harmonics: Effect of tp
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·Higher sensitivity of higher flow 
harmonics to pmn(t0),tp, & h/s(T).

Expected as any viscous effect 
will mostly affect smaller
anisotropies.  

·Only v2(M) and possibly v3(M) 
could be measured in the near 
future.



Dilepton higher flow harmonics: Effect of h/s(T)
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·Higher sensitivity of higher flow 
harmonics to pmn(t0),tp, & h/s(T).

Expected as any viscous effect 
will mostly affect smaller
anisotropies.  

·Only v2(M) and possibly v3(M) 
could be measured in the near 
future.
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Effects on pion yield
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Photon higher flow harmonics: tpand init. pmn
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Jean-François PaquetposterG21
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More on yield and v2 vs pT
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Hadrons: Effects of quadratic h/s(T) in the QGP 
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Effects of quadratic h/s(T) in the QGP 
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vn(pT) for quadratic h/s(T) in the QGP
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