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Non abelian Hydrodynamics:

The Dimensional Reduction and ET Approaches

(A progress report)

E. TORRENTE-LUJAN, (IFT MURCIA,SPAIN)/CERN

Based on, in collaboration: JJ. Fernandez-M. A. Ruiperez-Vicente:

—A new Approach to Non-Abelian Hidro., JJ, Rey,Surowka, ArXiv: 1605.06080
—Non-Abelian Hidrody.: the compactification road to Quark-Gluon Plasma.
JJ,AR,ET. Arxiv:1703.nnnn

—Non abelian Hidrody. and duality: the embedding tensor and tensor hierarchies.

JJ,AR,ET. Arxiv:1704.nnn



INTRO: where is MURCIA...?
MURCIA/KYOTO?



MURCIA/KYOTO Correspondence?




INTRO

® DEF hydrodynamics: effective theory describing real-time dynamics of
microscopic systems at large scales.

— ADS-hydrodinamic,— ADS/CFT: 7/s bounds,

— QCD transport coefficients: QGP, Neutron stars, Early Universe...
— like in effective QFT, is good strategy to explore all
possibilities compatible with symmetries

e CONTENT:

Introduction: Landau model. Stress tensor: "Landau Frame”.

(Cho/Freund 75— SS 79) D-gct— d-gct+ n-gauge group.
Non-abelian fluids: Dim reduc D-dim E. egs. in n-group manifold.
— Dim reduction of the fluid: Perfect/Dissipative
— EX: Abelian Fluids (n = 1,2). Non-abelian fluids: n >=3...

The embedding tensor road:ET /tensor hierachies and " gauged” fluids

A Conclusions (= summary).



INTRO: Hadronic Collisions/Landau Model
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EXP/ Landau Gaussian Approximation
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e |Landau 1955, Kalasnikov 19544.
® Rapidity distributions. LAUNDAU Gaus-
sian Approximation: (1 = logtan 6)

dN 2
o~ Cem/2L
dn € ’
2c0
L ~ Iog(\/sNN/2mp)
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® Global Particle Multiplicity

Nch ~ K(\/SNN)1/2.



(scalar) fields and hydro

o Free field §(x): £ =1/2(0,¢)* — mp?. STATE: p.

¢ = ot+ep = /dk(ake*"kx + afe™)at (k2 — m?),
(O4+m?)epE = 0.
® Green F: G(x1,x2) = trpTP1P = <TPrpa>
= Gt +0°G7, (6F =0(xx)),
O+ m2)G(x1,x2) = —i54(X1 —x2),
Gy = Gy =<@1pr >=<P; ;5 >

o WIGNER DIST.: CM, rel: xy0 =x=+r/2, p1o=p=+q/2.
GE(x,p) = /d4reiprGi(x +r/2,x —r/2),

DEF: f(x,p) = 0(po)G (x,p) = /d4xeipr < 12 > .



¢ FROM O+ m?)p*

0—s p"d,f(x,p) =0, (BE).
e DEFs:

p=mt = [ o)t =< 70,08 — 670,05 >

T = /d“pf(x,p)p“p”.

e COSERVATION: FROM BE:

9"

/d4 palif(xvp)pu = Oa

0, T = /d4p ouf(x,p)p*p” = 0.



Thermal properties

® Assume p = peg + pt + o> G = Geg + oo, £ = fog + ...
o Take pog = e P/ Z:

Geg(x,p) = 8(p> — m*)[0" npe(po) + 0~ (1 + nae(—po))],
fg(x,p) = 67(p° — m*)geq(x,p) = " (p* — m*)ne(Ep)
1
. 3 _
THEN 1/V<dN/dp>\/ = m,
< NG >=n(x) = = / ¢*pr

(x) = / PpEsne  p(x) = / 6*p(5% /365 g

& — TH = (e+ p)utu” — pgh”.
e ADD TERMS: A) non-eq p — f = foq + .... B) Interacting fields.
— Transport coeffs: Kubo relations: n ~ T3/\2



Landau Model: free pion gas: basic equations

® ASSUME: quantum scalar field ~ pion with thermal density matrix.
e BASIC HIDRO EQUATIONS: (w = e+ p)

™ = wutu” — pgh?.
0, T = 0.
(EULER) wu” 0, ut = TMHPop,

wo,u” = —u”0,(w — p)

e THERMO EQS: pion number: non conserved, 1 = 0.

e+p = Ts, dp=sdT, de= Tds,
e = k(p—B), k=¢ >
@ = dp/de = cte.

e OBJECTIVE: SOLVE THE EQUATIONS...



OBJECTIVE: SOLUTIONS
® A) Thermo eqs: (Vi =4/3m; 3 T, = m,, B = Bag cte.)

s = oT/Tx)’ = A1+ @)(T/ms)s VL,
¢ = a(T/Ta)® +c=NT/ma)% + B)me VL,
po= as(T/Te)? —cy = AR(T/ma) 0 )my Vit

]

a, 2 a,>A

® B) solve Hidrodinamics:
e(x, t), u(x,t)...
— N(Ecm),dN/d0, .....

® L andau/Kalasnitkov SOLUTION:
decouple Long/transversal modes.

Initial configuration



Landau model solution: Decoupling

e (u=(u° u',u?) = (coshy,sinhy, uOv,), tp = t+z,y+ = log(ts/A))

Too T01 Oe 8ee_2y

. _ € 4o = o,

ot oz 0, ot | ° ot

T T dee” e

. a_ = 07 2 ar )
ot T oz ot. ot 0
702 2 v P
L - = 0. 029Vx _op
9t + x 4/3¢(u”) En N

® Solutions (1st stage, 2nd stage):

st e(t,2) = e(ys,y-) = cge /I

y(t,z) = y(ys,y-) = -y
2snd e(t,y) = e(tr, y)tt/t*,
u(t,y) = u(te, y)t/tr.

e Finally — Get N,dN/dy = F(..),— Landau Gaussian
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INTRO: what is a fluid dinamical system?.
Ingredients..

® 1)stress tensor: T, = T+ T, T,(u,w,p,0,u,s, T..,0u; F,¢)).
From: A)Micro-theory (QFT Kin.,..), B)Symmetry/Pheon.qualitative
® 2) Equations (abelian charged fluid) (D + ...):

VT = 0 VIT), =F"J,
V' = cFu P,
VEFuw = 4

e 3) THERMO: Functional eqs (“state eqs”) + integrable Pfaffian egs.
(“thermodinamic relations”)

w=p+p = Ts+waq,
dp Tds + wdgqy,
dp = sdT + qidui.



® |SSUES: Stability?, causality?, hiperbolicity?, 2nd law 95 >= 07.
e What is the structure of T, J??

leu = Tu(...u,0u, F),
Ju = Ju(u,0u,F..).

° Tlfl,: general physical structure: Free/eq+ non-eq/interactions

Tve  — Tpf + Tdiss = wulut + pgl/;t 4 om

TV = Z T(")’”“(anu‘..)

n=1,00

® 1st order dissipative— A) inestabilities, B) Causality/infinite speed
propagation— 2nd order



INTRO FLUIDS: T,z general algebraic structure

® D(D +1)/2 terms. Fix: Time-like ua, ga: space like.
Mas = nag — UaUB:
® Theorem: General algebraic decomposition:

Tag = puaug+ gaug + uaqs + Tas,
Ja = qua+tva
where uAuA = o,
uag® = 0, wua*=0
Tagu® = 0,
a8 = w+(0+p)as

® (co: traceless shear tensor, 6 : dissipative pressure).
® 1, CHOICE: Arbitrary: Eckart(1940), "Landau Frame”,...



”Landau Frame” Model

(A) o u”: timelike eigenv. of Tag. — u,  energy flux density

TABuB x A

u
VAUA = 0.
— This implies: pu +qa o ut
ga = 0.
— Tap = puaug+7ag = wuaug + plag + (wag + 0Mag).
Ja = qua+Taprs.

(B) ® ASSUME only 1st order terms: 7 ~ f(V, uy, Fpuu, ...)



Landau Model: dissipative structure:

1
° Vuly, = Opy+ Wy —auty + m@ﬂw
where 0 = V', a,=u"Vyu,,
1
Opy = V(I»Lul’) + U(#al,) - mepuy
Wiy = Vil + Ujay).

® Physically (Landau): 7, : shear-, bulk- viscosities.

T;iizs = wu + OI'IW = —27]0';“/ - Cnuu07
e A) "KIN": 0,6, B) "DIN/EXP:" n,(:
— For A\¢*— 17 X700 1/)\2-
— QCD;: nox 1/g*log(1/g).
— ADS/CFT: /s ~ 1/4r.



® ENTROPY: from Ts + un = w, the entropy current relation

1
st = - (pg™” — T*)u, — %n“

@ |n addition, the Landau current terms:

J= q’uu—%vlw
i
G = sy
J
vo= ,%UPWV”'U?, VH:,%TPWV”%.

kM, k7 = K(ZL)? charge, thermal conductivities.



Entropy

e Use Equilibrium relations: w = Ts + un + p'q;.

Ous" ~ w+0*+n*>0
e LANDAU problems: instabilites...— Israel-stewart second order...
® ..BUT: ”off-the-shelf”’ choice.
® PROBLEMATIC for fluid dimensional reduction: Consistency??

T2Bug < i*,—>

T""u, o< u* 7.



FLUID DIMENSIONAL REDUCTION

e D-dim EOMs: o a 1 N g
Gag = Ras — EnABR =T,

Tas: (DISSIPATIVE)-FLUID (iia, €, p,$)+ Thermo eqgs.

o Mp— My + X,. (SS Metric+Fluid ansatz)

— D-gct — d-gct+gauge symmetry
— D— fields (g, &1) — (g, u, A, p, axions...)
— D- Einsteins Egs. — d-Einstein Eqs+ gauge-eqs+scalar egs.
— D-Bianchis — d-Bianchis+ gauge cons. laws
— D-thermo — fluid tensor, thermo relations.

® NOTATION: D-dim % = (x*,z™). Flat: A= (a,a), world
M = (u, m).
flag = (+—---—).



DIM reduction: Metric Ansatz

® D-dim: gun = En"Exfias,  Em™Ea" = 6m"
® Following Scherk-Schwarz (1978):

a ,&pd) ap - m
Argy _ [ Cu e ®m Au
EM (X) - ( 0 e,B(punm(z)Q)ma) 9
O P,P =0, detd,,*=1

e We have /g = \/g\/g; = det Efy = u(z) det(®2,)e"¢ det(e;}).



D-gct ANSATZ

® D-Egs. are invariant under D-gct transformations:

3M = —EM(%), = 0EM* = EMonEwm" + OmENEN?,
oy = EPOpBun + BrvOMER + BnrONER

® Subgroup PRESERVING reduction ansatz: %M = —¢M(x, z).
Clousure constraint: [&;,&1] = £0&1 — £10& = &5.
® — Standard possibility:

M (x,z) = €(x),

~

EM(x,z) = (v (2))a"E"(x) (+A72")
®Then [5,&4]=&,—¢& = fum"EP1(x)EN,(x),
fun® = (v v (0u — Ou) = cte.

® — 7™ coordinates of a Lie group manifold. ™ = u™,dz".



Interpretation of transformations?
e ASSUME: & = (x),
& = uH2)a"E(x) + A7 2"

e for 57* = ¢{HF— d-gct.
o for €™ = (u1(z)),mEM:

g = 0,
SAT = 0,E™ + fr,ME"AR,
Shmn = FrpTEP hgn + £5.EP himg.

— Non abelian gauge transf., n gauge vectors, fy,”.
o for £ = A"z":. A\ € Aut(f). — GL global scale symm.

0g = kguv,
SAT = ATAP,
o = k



Additional constraints on TWIST MATRIX u(z),”

® D-gct scalars ¢(X*) = ¢(x*)— d-gct scalars.
® D-gct scalar densities /g¢(%*)— are d-gct densities?. (S = [...)

5(vEe) = Om(vEdEM)
= 0u(VEVEHE") + Om(VE V(1) "E™)
= udu (Ve e"?PE") + /gt " Om(Vg(u™)a™).

® Two possibilities:

A) Om(v/gz(u™)n™) = 0, = Om(u(u™")a"™) -

— frn™ = 0 ~ tr(T29): unimod groups (compact or non-compact)
— action invariant.

B) — fmn" # 0: non-compact groups

— action not invariant (EOMS invariant).



Spin-connection

e 1st STEP:
Deab = Weab,
d\)’Yab = *%eBmeab(me,
Wacs = 1ePOF™ D,
Wrab = Pagy + 683@5137
a)caﬁ - @caﬂ,

eTVe*BQD finn® [q)_ynq)amq)pﬁ + cbamq)ﬁnq)p’y _ ¢Bm¢'yn¢pa] 7

Oyap =
where — the spin-connection only depends on the external coordinates.
Fmab - 8[aAmb] - ﬁIpmAnaApbq
Do = D 005, P,Q=..000...

e SECOND STEP (EFRAME): Redefine: g, — &, = €**g,.,

= -1 2____ n
where a = =558, o = 5@ E—y-




2ND STEP: The Einstein frame

—Z 1 1 K m n
e 2ap |:Rab+ 583¢8b¢+anabv2np+ Ee YE 2aF dbhmn +P§b:| s

R Leraegn {V, [ F Oma] + €29 F PP 04" D@y + 2Py fom” .

Q
S
Il

e 2 {—Qpppaﬁ + 005 V0 + %e"“’F"WF""%mmﬁ + Ze*”“"vaﬁ] ,

>
&
@
I

where D= ..., 9, =D, +Q....
In addition

A - 1 -
R = R+%(a@)2+%e2(6 a)wF2(¢)+P2—Ze 2(B a)“"V(d)).

with (h"™ = §98d,"dsM)

V(h) = funPfst A" h™ hpe + 260 £s"h™S. 0,V = 2V,5P25.



EOMs

e D-dim EOMs: IA?AB — %nABﬁ) = 7A—;f\B-
e Split: B Lo g il
p Rap — EnabR = T
'Feaﬁ = ?_;B’
. R T*
- f
Rap = T‘w+5a’6d+n—2

where T = T ag =T o — 07 T .



Matter EOMS, Einstein frame.

e Gauge Eq. where Q. = e"/2¢(x) = W7 F2—

D* [Qc_zhmn’:mup] = Qc_zf;mv
Q= %un 207"/, P®, TE, + 2P, 5 famP O™ ,P.

e Dilaton field:
V% = K(-Q7°F?— QXV +4e* Toy)
® Axion fields: with D, = ...

1 1
D,Pr s = _10;2 <F"‘paF”f"’¢ma¢nB - nF2(<D)) +

1 2 1 2 -f 1 B If
ZQC |:Vaﬁ — nV] — € a® <Tocﬁ — ;6a Tocﬂ .



d-Einstein Equations (Einstein Frame)

® R — %gﬂl’R =T
1 _ m n muy —n
Tw = T;fw - EQC 2hmn [F upF Py — ZgWF . F. }

1 1
> |:3M‘,08u90 - Eg/w(&ﬂ)z} - (]P)iu - EgMVP2) - gg;w QS V((D)'

® where T = €%, e T,



conservation laws
® From gauge Bianchi/Ricci: (DFH)Wp =0.
W = GEFD, (O]

D,j™ = 0.
® From Einstein Bianchis— LORENTZ FORCE EQUATION

VAT = 0=VHTI +.)—
1 ~ ~
veT, = EF"ijnu@aBP,aMaDay@
with D = D(T",¢), Das=Dup(F. 0, T").



Matter reduction: T}, Motivation

® Metric tensor, vielbein, reduction ansatz & = (x*,z™)

N - N A(x B(x, z
Eun(X) = Bmn(x,2z)  ~ (Bt(x)z) sz)

Bz ~ @B~ (D

® D-Einstein Tensor:

Gaotd) = huo—ganoh~ (30 200
GMN(X,Z) = EMA(x,z)Eﬁ(X7z)@AB(X)
= UMP(Z)UNS(Z)a,Ds(X)

where Gps ~ EPAESBGAB.



® A generic stress tensor:

Tag = Tun(x,2) = Em?(x,2)Ef(x,2) Tas(x, 2)

= UMP(Z) UNS(Z) 7_,1:-5(X7 Z).

® Einstein egs.: in flat indices: GAB = ?’AB, — In curved:

Un®(2)Un°(2)Gps(x) = Uu’(2)Un°(2) Tes,
implies
Gps(x) = Tps,— Tps = Tps(x)
@AB(X) = ?—AB-

e CONSEQUENCE: Any consistent ansatz: Tag(x").



Fluid compactification ansatz:

° 7A_AfB = ?-IZB(lAI, W, P, 0aug...). Ga: time like
e Constraint: fig = ({1, ) Ual” = o(= +1).
e FLUID ANSATZ:

A) TO KEEP normalization (— u,u* = 1):

?(x) = u?(x)cosh&(x),
0%(x) = n*(x)sinh&(x),

imply uaubnab =1, nanﬁéaﬁ =1,

B) Any other quantity, generically p; = f(x):
e DEF:

nm(x) = ®n%ng, Nmn™ = @, %P3 ng = ap Nang =1,

Un = ,%0, = ny,sinh§



Structure color currents/charges . Wong Equation

® Gauge equation:

pDeE™,, = 5,7 DM,7=0.

7 = hT(2e*°Qc ", Tap + Q2ALT o) — KEIFT,.

® Fluid Reduction ansatz+ Tag general structure:

A

eubd)na Tap = eubcbna(paaab + Qo lp + Gulla + 7ﬁocb)
= pcosh¢sinh& nyu, + cosh gauy, +sinh§ qunn + 7oy
= (Jup+ (g + ()1

where n, = ¢,%n,, n"=o",naq,

« «
G = P,%qa, 7'np,zcbn Tau

npn" = ©,%0"gn,ng = nangdaﬁ =1



® We redefine n? = 2Q.e**?tanh&h9ny,
q9 = 2Q.e**¥ cosh&hig,,
U — 2ch2°‘“’hq”7'nu,
A = QfAHg'hq”fnmp
e Then: j,9 = (n9pcosh®¢+ q9)u, +coshé n? g, + T

P _ .PaFq
+2A, KpTFl .

e COLOR CHARGE: long/transv.projections along vy, ( EJ = F,u")

QI=u", = n9pcosh’® & 4+ q + +utA, P — KPIE],

vl =M,Hj,9 = coshgn? g, + 7] +M,HRAP — kDTTLHE] L

e COLOR CURRENT:j, % = 9%u, +v?



WONG Equation

e Appliying a covariant derivative

D", 7 = DM(Q%u,)+ D”I/Z =0,
= DM(Q%u, + (Q7)D"u, + D"v)l.

e Wong Equation: (D*u, = 0)

u,D*(Q7) = —(Q96 — D .



CLASSIFICATION: D=d+n.
— CLASSIFICATION DIM REDUCTION (UNIMODULAR) FLUIDS:

e n=1: Unimodular: Abelian U(1). Matter: ¢.

e n =2: Unimodular: Only Abelian U(1)2. Matter: ¢,
® n = 3: — Bianchi classification: Unimodular:
Compact: Ab. U(1)3, +....s0(3)/su(2).. +

Non compact: SO(2,1).

Matter: @, @172751,273.

e n=38: SU(3)...

® others...

— NON UNIMODULAR FLUIDS?



d = 4,n = 1: abelian dilaton fluid.
L G,u,l/ = Ry — %guuR = TMV

1 1 1 1
T :Tlfl, + {20,000 — g (00)* | + Q72 Flfl, - >Fgu ).
2 4 2 4
(1)
Tl';, Eeza‘ﬁeﬂ"el,b tfb . (2)

e DEF: Q. = e3a¢(x),

Vo (Q7PF.) = Q72J5, IS =2e%,°T],.

A

® DILATON, (T = e2¢(T7 +3T/7)).

Vie = pS+pl,=-aQ?F +2aT.s,

N W



d = 4,n = 1: abelian dilaton fluid. Conservation
laws:

e CCL: VH = VHQ2)) = 0.
® STRESS TENSOR: VA Tfe = 0. F, = V,¢. On-shell

1 1 1
vH Tful/ = EFupjp + ZszVQe_z + §V2<p8,,g0 ......

1_ . .
5 upJp'i_./anw
1

. 3 _ -
= § upjp + Oé(—ZF2Qe 2 + Teff)al,cp.



Abelian perfect fluid: reduction Ansatz

® ASSUME Tap = W(x)iialig — ofjagp(x)
e ANSATZ: i, = uwycosho(x), nPusup=1.

sinh ¢(x),

<>

z

e d-Stress tensor, J:

Th, = eza“’euaeyb?’ab = g2 7A'W = 2% (4 cosh? Guu Uy, — oPguy)
= wu,ly, —op8uv,
Ju = 2Q7%eldtHade AT — Q=2e59% tanh(¢)wu, = qewu,,,
e THEN p = &p,
e = €% (pcosh’ ¢+ psinh’ ).
w = e cosh’p w.

e ¢ p: ADDitional EQS : V Tag = 0+ State equation.



summary abelian fluid

2 N
® where €2*¥ cosh® ¢ W = w. Also

Th, = (e+p)usu, —opgu,

Ju = Gewuy

® State equation: € = a(x)p + b(x),
® Dynamic equations :

1 . 1
V“Tfyu = E ypjp+§(—pfo+p;)f:,,
Dpr;zFup = ngjm

Vo = P+ p;.



Effective state equation. Speed of sound

® Equation of state:

e(x) = a(x)p(x)+ b(x)...

® From this, we find the speed of sound, ¢

1
2= =
09 cosh®p(&t—1)+1

)

— if & — 1then cs — 1
Limits: For &2 — 0, ¢2 — &2sinh®

(3)



Abelian perfect fluid:

e D-dim ASSUME (i

~

€

® d-dim: — d- charged fluid:

€e+p
3

S

® We identity: where

= 0)
+p = Ts.
Fa = 5ia VMPEM=0

p9 , associated to 9

= Ts+Qu
= su,.
= €*?5% cosh ¢, quadV"J*, =0,

1
coshg ’
p=tanhod— ¢ = f(u)..

T=T

thermodynamics, entropy



Comparison with standard Maxwell-Dllaton theory



n = 2: Abelian U(1)?

°
® two-dimensional SL(2,R)/SO(2) scalar coset.
parameterised by the dilaton ¢ and the axion y via the SO(2) invariant

scalar matrix
« e_‘p/2 Xesﬂ/2
q)m - 0 e“’/z )

2 —2¢
hmn = e (X te X> .
X 1



Comparison with standard
Maxwell-Dllaton-axiontheory



n = 3 : Bianchi classification
o for n=3, [T, Tp] = fma” T, fimnfo1” = 0.
fmnp = €manpq + 25[mpa,,] y quaq =0. (5)

— class A,B: vanishing (ag = 0, f»," = 0 )and non-vanishing trace.
o If T, = Ry" T, with R,," € GL(3,R). Then

fon® = fon® = R IR (R™))Pfe® © Q™ — Q' am —a . (6)

® two classes: a) R € Aut(f), fpnP = f1,,P. b) f # .
® Most general 3-Lie algebra:

Q™ = diag(q1, 92, 93) , am = (a,0,0).

e Unimodular,compact— BIANCHI IX, SO(3).

e OTHER FLUIDS TO EXPLORE?



n=3: SO(3)

e Vielbein ansatz:

A eﬂ”/ﬁeu"” e“"/3<bm“A”’“
Eu” = < 0 e3¢, uy," )7 (7)

e &, internal space SL(3,R)/SO(3) scalar coset of the internal
space. Global SL(3,R) ( left), local SO(3) (right).
® Explicit representative: two dilatons ¢, o and three axions x1, X2, X3-

e—o‘/\/§ e—¢/2+a/2\f3 e¢/2+0/2f3

X1 X2
o, — 0 e—9/2+0/2V3 eob/2+0/2\/5x3 , (8)
0 0 e?/24e/2V3

e DEF: SO(3) invariant scalar matrix

hmn = cDmacbnﬁcsozﬁ ) (9)



REY: su(2) case:Perfect colored fluid

® d-dimensional perfect colored fluid:

T (x) =[e(x) + p(x)]ua(x)up(x) + P(x)1ab,
where

plx) = e2lp(x),

e(x) = €? [cosh?® p(x)é(x) + sinh® p(x)p(x)] .

® speed of sound, c:

2 Op 1
S

== = , where &S =

de  cosh® p(x)(&2—1)+1
e Conserved color current.
Ia” (%) = Qe(x)Qum(x) ualx) -
® color charge density:

Qm(x) = 2wd,,*(x)n, tanh ¢(x)
=2wnp tanh¢.



Entropy current

® D dimensions fluid satisfies the thermodynamic relation

Il
-

s.

sta, VMFu=0

+

E+p
s

A

>

® d -conserved entropy current:

s = e**3§ cosh g,
~S _ _ 2ap 4
J, = suy, s=e"%5cosho,
V*3*, = 0
i .

® d: puSolor associated Q.
et+p=Ts+Q"uy". (17)

— It can be identified: T = 7’/ cosh ¢,

et = n, tanh ¢.



Su(3)

o 5 = = £ DA



CONCLUSIONS

® DIm Red Einstein Eqs+ Fluid Matter in a group manifold.
— A) perfect fluid.

— B) dissipative fluid : "Landau Frame” constraint condition.
...second order? — transport coefficients

® Non-abelian— Many Extra fields: Problem? Opportunity?
— scalar fields: Superfluid unbroken phase order

— In hadronic matter: plenty of chiral currents,..bosonic
fields(mesons,etc)

® Fluids are effective theories: good strategy is set all the possible terms
allowed by symmetries:

— new ways of coupling einstein-dilaton/axion theories to a fluid:
important for (early universe) cosmology (Dark Energy late behaviour).



MURCIA/KYOTO correspondence?

HANAMI/BANDO DE LA HUERTA correspondence..

HAPPY HANAMI!
WELCOME TO BANDO DE LA HUERTA??



