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“How dc

Hadronic observables played a crucial role in understanding properties of the
medium created at RHIC/LHC.
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— 3+1D Viscous Hydrodynamics
Israel-Stewart viscoushydrodynamics equations:
d,TE — T =7 nld Y 606 O3
. 1 . TSy
t|30T1 ° 5“ (To)] (* e L e >
“ 0 0 p :
C ‘[ C 83‘ O ] C

Lattice QCD EoS [P. Huovinen and P. Petreczky, Nucl. Phys. A 837, 26
(2010).] (s95pPCE160)

Out-of-equilibrium part of TM" pm7 s less constrained by hadronic
observables and is thus less known.
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— 3+1D Viscous Hydrodynamics

.1..

Israel-Stewart viscoushydrodynamics equations:
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1. To study the effects of initial conditions (init. ) rel. to Bjorken flow
Navier-Stoke value.

2. To explore the effects ofa transport coefficient (t , ).
3. To explore the consequences introducingh/s(T) in the QGP phase.

Keep all other initial and freeze-out conditions set by MC-Glauber
model [seeSchenke Jeon and Gale,Phys. RevC 85, 024901 (20)}R
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~—Limited sens

0.25

itivity of hadronic observables

Hadronic observables at RHICmodest sensitivity to non-eg. init. cond.
[p™T $] and to departuresfrom equilibrium in the evolution [tp, h/s(T)]
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Reason:Hadrons are emitted at
late times => sensitiveto freeze-

out conditions, where p™"is small
and flow, on the freezeout
surface,is comparable



/Motivation to study dilepton flow

Dileptons are sensitiveto non-equilibrium initial conditions [p™{ #] and

v/ (e+P)

n/s

to departures from equmbrlum In the evolution [t
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= Viscous corrections: HM rates

The rate involves:

QY | 00)a o) g :

= = 5}8 (4 )

SelfEnergy|[Eletsky, et al., Phys. Rev. C, 64, 035202 (2001)]

(e ame e
" < TQQ(I)S oty

Viscous extension to thermal distribution function
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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
QY Q0 Q0 :
Qn 9 (9

Need to go beyond Israel Stewart form: General form of dist. function
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= Anisotropic Flow

Flow coefficients

- 1 - To describe the flow of dileptons we
use the usual Fourier decomposition,
:// l.e. flow coefficients v, (per event):
4—‘ ’——V
‘ N Q0 0 Q0 e
“ . Q0 Oy Q%Q o Q0N Oy Q@° S 8 W el
X

Two important notes:

1. Withinan event: v,6 O yidl©weighed averageof the different
Ol OOAAO j AsCc8 (-h 1'o0h 8Qs

2. Averaging over eventsthe flow coefficients (v,) are computed

L {00 é
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“~ Effects of a noszero initialp™
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Effects of relaxatlon tlme

V,Y (M) (HM+QGP)
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Effects ofn/s(T) |nt € GP
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| Higher flow harmonics
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Higher flow
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Bottom line
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> Conclusions & Outlook
Conclusion:
1 Dileptons provide us with a new handle on :
. mMAAEOI 60 AAPAOOOOA A)darlyANOE
2. OEA T AAEOI 60 AADAAEOStokedt,) OAl
3. the temperature dependenth/s not only in the QGP phase,
but also around T..

} Hadronic observables are insensitive to these 3 parameters.

1 Experimental measurements ofA E | A BhigHei flowCharmonics
present a new opportunity to tightly constrain these parameters.

y 311 Al U OOET ¢ EAAOITEA T AOAOOAAI
parameters is not enough. Electromagnetic probes must also be
used.

Outlook:

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

} Predictions are being made for LHC. -
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%ﬂepton hlgher flow harmonlcs Effectpﬁ‘”
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