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> |srael-Stewart equations for 1-Dim boost-invariant
systems

> Third-order theory
> Higher-orders (1-Dim only)

> Comparison with kinetic transport

2 (13)



ISTiaElESIEWAINIIEGNY,

3(13)
Lines: IS

Symbols: BAMPS

pL=p_7T 0.8 t
pr=p+1/2
0.6 |
|_
04
O
P.Huovinen, D.Molnar, 0.2 |
PRC 79 (2009) 014906.
M.Martinez, M.Strickland, 07
PRC 79 (2009) 044903. 05
0
Troubles:
pL=§—Tr<O = m>el3
. - T w1
..andsince T'=— — + ——



IIrd=erd eRtHECR N ENLGRN A CUITERL

u u

s”=sou”—[321THV7T”V21/£—T—I—0(B§1TO(B1Tg1TB(’u7
g VAN J
Y Y
Israel-Stewart Higher-order correction
approach to Israel-Stewart.

Negative! (i.e. less entropy)
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0t >1 = strong dissipation, 1t increasing
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0t.<1 = mdecreases, relaxation

This term is thus always positive!
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Ihind orderstheonyawhatianerotand 55

Third order ansatz: Kinetic theory:

B, B,

3
(1) S=So—ﬁnwrr“v—|—a7naﬁrrgﬂﬁa (2) S=fuup“f(lnf—1)d P

Po

Taking Grad’s approximation for f

1 2
flx,p)=Fol1+d]  with ¢(x,p)=Cym,, p'p'=Cym

2
EpT_pz

and expanding the log in (2) up to third order in ® we obtain:
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Multiplying both sides with T _/e:

: 2 2

w_ o 4nT, 8 Tp 1w Tp ,Tp. T
T, —=———— + —3——-3—1—

e e 3e T 27T T T o

0O(2) O(1) 0(2) O(1) 5(3) O(4) —» neglect!
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T 47 8 e - Third order equation for 1-Dim system

mT=—————+
T, 3T 27T eT

Way to estimate all higher-order corrections:

We make the ansatz
T 411 8 e > X contains all corrections

1'T=—T—n—§ — »71 " .7 (third order and higher)

If all corrections are included, -
it should be possible to solvethe /-0  limit!

|.e., free streaming: é=—§ and n=p=§ (j.e.pL=0):>fr=_§

* x=§ 9(13)
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T.(4n—nind)
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|sotropic elastic cross section, thermal initial conditions, ideal EoS
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Soelllions
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, = n/s=0.
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'\\\ Kn(l)~1
Oscillating behavior of higher- 0.2 § -\_\: ---------------
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Third order: deviations at early O r s @ — .
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— higher orders still important -0.2
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Inaitume

m 417 8 e -

0.8 j

0.6 1

0.4

—I|n third (and higher) order theory
1T cannot grow larger than p, 0.2
no matter what n/s or 1, chosen !

In second-order theory (x=0) itis e
possible O 1 2 3 4 5 6 7 8 9 10




12 (13)
IhirdEerderftiecR e mperaulle

0.55

0.5

0.45 1

0.4

T (GeV)

0.35 |

0.3 1

0.25 |

0.2



>

13 (13)

We extended Israel and Stewarts approach to derive a third-order
dissipative hydrodynamic equation

Comparisons with kinetic transport (BAMPS) in 1D demonstrate the
importance of third and higher order corrections

10% corrections for n/s=0.2, 30% for 0.4. Almost 200% for n/s=3
Remarkably good agreement with kin. transport even for large n/s (Kn)

Longitudinal pressure cannot become negative in third-order equation!
No reheating.

Corrections of all orders can be estimated from the n — < limit
Heat and bulk have been neglected...

Third-order equation formulated for a general case. “All-orders” is
difficult to generalize.



Hydro is a matter of belief

Church of the Third Order in Bahia, Brazil
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IIEEeEERHEGRA =D EXPANSION
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" =(e+p)uu’'—g" p+2W"Wu" + " —IT A"
N'=nu"+hV"*

St=s,u"+P"

H:—EAuvTuv_p

qIJ:WIJ_hVH

uv <pv>
w =71

Conservation laws:

0,T""=0 » Dynamical equation for energy density
0,N"=0 » Dynamical equation for particle density
0,8">0 » Dynamical equation for shear pressure
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for 1-Dim boost-invariant expansion :

e 0 0 0 | —— energy density
TH = THY 4 HY = 0 p+1T/2 0 0 —p fransverse pressure
“ 0 0 p+m/2 0
0 0 0 p—m| —» |ongitudinal pressure
Tl'=—l—£ﬂ--|— S £ é=—£—+— n:-ﬁ
T 3 T 27 T 3 T T
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Israel-Stewart equation

2
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T, 3T 27T et &
Third order equation S
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“All orders” equation
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