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The separation of scales
in the relativistic heavy-1on collisions

Liouville ——) Boltzmann ——)> Fluid dyn.

Hamiltonian Navier-Stokes eq.

—

rdynamics (HZER0iHEH)

Slo

Early thermalization?
Entropy production mechanism?




Toward a theory of entropy production
in the little and big bang

B. Muller, A. Schaefer, A. Ohnishi and T.K.,
PTP 121(2008),555;arXiv:0809.4831(hep-ph)



Two ways of entropy production at the quantum level

1) “entanglement” with the environment

Srel = Tr [psIn jig] with g = Trg .
Loss of information due to coupling with environment.

2) Entropy production in an 1solated system,
such as in the early universe and the initial satge of H-I collisions

The time evolution eyp[-j # ] 18 a unitary transformation;
Difficult to produce entropy!
[yt ) =expl-i Ht]|y)
I U B S I (IN(1(3]
S=-Trplogp] —> XK



In classical level,
Kolmogorov-Sinai entropy A describes the rate of entropy production.

\ V. Latora and M.Baranger(’99)

Notice:
The essential role of the coarse graining (averaging of orbits)

How about in Quantum Mechanics?

How implement a coarse graining in Quantum Mechanics?



Distribution function in Quantum Mechanics

The Wigner function 21 = / du ¥z — 2| p(t) |z + =)
Eﬁ%p[f} = [H, j(t)]

It can be negative and pure quantum mechanical object, hence

no ability of describing entropy production.

The need of incorporation of coarse graining which
@ inevitably enters through the observation process.

Achoice;  Hugimi function K. Husimi (1940)

A L dp' dx’ 1 no A L
Ha(p,x:t) = / — exp (—H(p—p) - E(.I —2')* ) Wi(p', 2':t)

/DN EEEDZZITHERIESh =5 B

dp dx e dp dx
[ 57 " |_p..z.r}_/ T Halp,x:t) =1,



RERBERDIER

[dpd“"'l.mr[jﬁ. T;t) = [JMIHJ@-J::H =1.

2mwh 2mh
Coherent state; minimal uncertainty (coarse graining!)

c.f. A. Sugita (2001, 2002)

Positive(-semi) definite <——

H |:::| .]'.t]—{ﬂ- |h{f'||” } a-"':J}'::J':A:) ﬁj=.ﬂ.ﬂ'ﬁ—|—£ﬁ
I VoRA
dp dx ) -

Entropy may be defined as Sua(t) = _.[ 5 Ha(p,;0) In Ha(p, z;0)

(Elusimi—Wehrl entropy)

T >hv
IRILEF—ESEND

Husimi-Wehrl = von Neuman

B. Muller, A. Schaefer,
A. Ohnishi and T.K.,
PTP 121(2008),555




t=0 t=2/\

Husimi




A simple example with an instability;

N 1 1 )
-'\-\.g E AE w 1.."1 —wr? [9h
=gl =g aln) = () e
Ha(p.x:t) = 2 exp [— . (I{{p :r't)+i+j:ri)}
AL Alt) hA(t) o A

2
K(p,xz:t) = %(r:r cosh 2At 4 6) + Az?(o cosh 2Mt — &) — 20 p 2z sinh 2At.

. A2 4+ )2 IR L
A(t) =2 sh 2\t + 1 + 84’ — = 1. § =
(t) (op cosh ) p 5AN =1, 570
The Wehrl entropy;
Sualt) = %ln ? +1

The growth rate;

dt agp cosh 2At + 1 + &48°

dSy A B Aap sinh 2\t to0 )

, independent of A

The growth rate of the Husimi-Wehrl entropy is given by the
K-S entropy (positive Lyapunov exponent)
in the classical dynamics!



Extension to many-body systems:

dSy A Mg sinh 2\t L
| :Z ¢ S8 +—1 —1 t_)?z/\k
dt - cosh2A\ t + (1 + 06" )o'p -

Unstable modes 1n the classical dynamics plays the essential role for
entropy production at quantum level.

:> may account for entropy
production in quantum level in HI

collisions at RHIC,
as well as the reheating 1n the
early universe.

HHRDFREE—FNIOIAE—ERFEEZRDSD



Entropy growth rate of classical Yang-Mills fields

CYM:  Mueller, Ohnishi, Schaefer, Takahashi, Yamamoto, TK, PRD82 (2010)
1 9 1 a 2 .
H=3) Ei@+7 ) F5@’, At(a) = E2(z)
r.a.l ;T.O,.l._]
E.q ) — H- Fa abe 46
Fic‘;-(l’) — d,:—l?( C) 40. _+_Z fabc 4b t (l) Z J J’ + Z f

b,e.j

X a,

e \Jz{zEa o =Sl on - (S{Sryer - Sryer]

x ‘a,d,j a,i,j

logi Deg )
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FIG. 8 (color online). The SU(3) results of the Lyapunov
exponents, Ap, ALLE ALLE AILE “and AILE. The broken line .
is &'/ eq — 2-3fm/c

See ,Mueller, et al, PRD82 (2010)
Further development:

:H. lida et al, in progress

Initial condition: CGC with randomness
Back ground: Expanding back ground



Entropy production at each stage

B.Muller and A. Schaefer,
Int. J. Mod. Phys. E20, 2235 (2011)

______________________________________________________ g

1 thermal

initial lincar equilibrium phase

. DECDhF."FEr‘ICE ‘ | . Fr{‘.t’.?r!-outl R.J ] Fries et al ,
Equilibration |sentropic expansion .
: T arXiv 0906.5293
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From Boltzmann
to
Hydrodynamic equation

K. Tsumura, K. Ohnishi and T.K., Phys. Lett. B646 (2007) 134;
K. Tsumura and T.K., Phys. Lett. B668 (2008) 425;
K. Tsumura and T.K., Prog. Theor. Phys. 126 (2011), 761.



Introduction

The separation of scales
in the relativistic heavy-ion collisions

Liouville ——)> Boltzmann ——)> Fluid dyn.

Hamiltonian One-body dist. fn. Tn, u”
(BBGKY hierarchy)

| P———

Slower dynamics
Fewer d.o.f

Hydrodynamics is the effective dynamics with fewer
variables of the kinetic (Boltzmann) equation in the
infrared refime.




Basic notions for reduction of dynamics

Time-derivative in transport coeff. Is an average
Of microscopic derivatives.

Def of coarse-arained differentiation (H. Mori. 1956. 1858. 1959)

d | | T d
S FY(t) = S((F)(t + 1) — (F)()) = —f ds-L(F)(t + 9
ot T T Jo ds

T an intermidiate scale time

Set-up of Initial condition: <: invariant (or attractive) manifold

Eg: Boltzmann: mol. chaos — Take |.C. with no two-body correl..

Bogoliubov (1946), Kubo et al (lwanami, Springer)
J.L. Lebowitz, Physica A 194 (1993),1.
K. Kawasaki (Asakura, 2000), chap. 7.



Geometrical image of reduction

of dynamics
n dlmensmnal dynamical system: X
2 F(X) dim X =n
a’t l
'S [
—=G0) ( ) Invariany and attractive manifold
M—{X\X X(s)}
O M dimM =m < n

dims=m
eg.

In Field theory, X = (gpgza-"»gn) =g —>§= (SI,SZ,...,Sm)
renormalizable <———"> 3 Invariant manifold M dim M



Relativistic Boltzmann equation

P Ou fp( )=C[f]p(rv)
Collision integrakf), () 2,2 Z Z W, P11p2; P2) (F(2) fa (@) = So(@) Fi ),

Symm. property of the transition probability:
W(p, pilpa, p3) = w(pa, palp, pr) = w(pr, plps, pa) = w(ps, palp, ) — (1)
Energy-mom. conservation; «(r,pilpz, ;.w,-s]' xﬁ“uwm —p2 — P3) --(2)

Owing to (1), Z;Wp[)-f‘f 2.L L L %04{

p

w(p, pilps, p3) (a,ypm + 05, (@) — $pa(2) — ()
(fpo( jfps{i} fp(i}fp1(i})] (3)
Collision Invariant #»(+): %" T op(z) C[f]p(z) = 0.
P

Eq.’s (3) and (2) tell us that

the general form of a collision invariant; ¥»(Z) = a(z) + p* Bu(z),
which can be x-dependent!



Ambiguities of the definition of the flow and the LRF

In the kinetic approach, one needs conditions of fit or matching conditions.,
irrespective of Chapman-Enskog or Maxwell-Grad moment methods:

In the literature, the following plausible ansatz are taken;

e = u, " u, = €¢g = u, T u, de Groot et al (1980),
n=u-N=ng=u-Nj Cercignani and Kremer (2002)

Is this always correct, irrespective of the frames?

Particle frame is the same local equilibrium state as the energy frame?
Note that the distribution function in non-eq. state should be quite

different from that in eq. state. Eg. E'the bulk viscosity

Local equilibrium —— No dissipation!
D. H. Rischke, nucl-th/9809044



Previous attempts to derive the dissipative
hydrodynamics as a reduction of the dynamics

N.G. van Kampen, J. Stat. Phys. 46(1987), 709
unique but non-covariant form and hence not

| andau either Eckart! Cf. Chapman-Enskog method to
derive Landau and Eckart eq.’s;

Here, see, eg, de Groot et al (‘80)

In the covariant formalism,
in a unified way and systematically
derive dissipative rel. hydrodynamics at once!




Derivation of the relativistic hydrodynamic equation
from the rel. Boltzmann eq. --- an RG-reduction of the dynamics

K. Tsumura, T.K. K. Ohnishi; Phys. Lett. B646 (2007) 134-140

c.f. Non-rel. Y.Hatta and T.K., Ann. Phys. 298 (’02), 24; T.K. and K. Tsumura, J.Phys. A:39 (2006), 8089

Ansatz of the origin of the dissipation= the spatial inhomogeneity,
leading to Navier-Stokes in the non-rel. case .

ag would become a macro flow-velocity 4==s= Coarse graining of space-time
a; may not be 3, #

— oM aba’
T=% T okt = g - Zzp>‘”vEAﬁuwu rt =71 ot
% _ 1 LY =D + . .p . 0
9 a_% ap Ou =, time-like derivative A# p—_ AL 9, = V" space-like derivative
Rewrite the Boltzmann equation as,
0 1 1
— - C _ B v/
=D 55 0) = o Clf(r, 0) = e V(T )

L perturbation

Only spatial inhomogeneity leads to dissipation.

RG gives a resummed distribution function, from which 7#” and N* are obtained.
Chen-Goldenfeld-Oono(’95),T.K.('95), S.-l. Ei, K. Fujii and T.K. (2000)



Solution by the perturbation theory

0 = 1
— 0O __ -
m anp p'ap [f]p f_f(o)
¢ | » 0 (0) 1
SIOW P =0 =m—» — Clflp =
T p@p f=F()

(0:70)—p*uu(o; TO)] = fp%(o; 70)

=—> [, 0;70)=021" ep [u T(o: 7o)
=) %) = s i)

written in terms of the hydrodynamic variables.
Asymptotically, the solution can be written solely
in terms of the hydrodynamic variables.

® | Five conserved quantities T(o; 70), p(o; 70), uulo; 7o)

reduced degrees of freedom m=25 U”(U; To) U, (0; To) =1
. . . 0 e .
*| Oth invariant manifold /" (70, @) = f5%(a; 7o)
U — [Om) =

Local equilibrium




o - s
E 5 V=3 A iV + F,
q

Evolutonop.: 4, —_ L © Yo . .
"= pa, 0f, e e inhomogeneous -
Fy=— —p. Vg

p-ap

[ Collision operator ] Ly = 35 Apg f31

p- ap 21 Z Z Z U w(p, prlp2; ps) fi) (”pq + dprg — Opag — ﬂ'mq)

F‘lphp

Li”q

The lin. op. Lhas good properties:

1
Def. inner product: (gp, ¢) = Z Z? (p - ap) f;q ©p Yp

p

<<P,L¢>:<LSO,Z/J> Self-adjoint

definite

@ng_ocwgp{p “ =

m «o=4

L has 5 zero modes. other eigenvalues are negative.



1. Proof of self-adjointness

i l /
L, L) = ZFT':F‘EJJ]JF;{ Pp Lipg Vg

11 1 1
— _EE_Z []ZTZEZF”J F1|P2 Pa)
- pa

eq a T, — — 0 L g — —
.f 111 (‘rn + 1 +'pa fp:u) (Er;u LY Vg "'-.~p;|)

2. Semi-negativeness of the L

(¢, L) y‘ y‘ —}' y‘ ;)7 y‘ —yw(P pi1|p2, p3) (,q m (rp+ 1 — Ppa

< 0 for all 7

P

3.Zero modes

p“ a = i en-mom.

Yo . @y + @, =@, +@
’ m a=4 Particle # N P P P 3
Collision invariants!

or conserved quantities.

— ) B



Def. Projection operators:

[ } zvopnag o> ¥,

kQ—1—P.

Metriq oo — (oo o8

Tag 3 ) 1™ 1 = 03
Y

gfm:Aﬂn+F
-

o

c:>f@ﬁy:w~MA&ﬂmm+AﬂQF}+W_WQPF—A*QR
- e
fast motion - ’

N = eq eq-1
to be avoided | L= 9/ -

determined Jog = [0 0pq
1 D -1 A
=—> [fW(r)=(r—m)PF-A'QF E eliminated by the choice

| Modification of the manifold V() - _ 4155

The initial value yet not




Second order solutions

o - - 1 5
E]6(2):14Jf(2)+] with I, = p-V[A_lQF}

=) ];(2)(7') — e(7—T0)4 {f(z)(To) +A_1QI} +(r—10)PI—A1QI

/1

fast motion

The initial value not yet determined

= ) =@F-m)PI-A'QI
eliminated by the choice

® | Modification of the invariant il
manifold in the 2" order; @ () =-A1Q1,




Application of RG/E equation to derive slow dynamics

Collecting all the terms, we have;

® | Invariant manifold (hydro dynamical coordinates) as the initial value:
[(ro) = [ +2 (= AT QF) +&2 (= AT QI) +O(),
® | The perturbative solution with secular terms:
fr) = +e((r=m) PF— A" QF)
+ £ ((’T —10)PIT - A! QI) + O(g%).

d

RG/E equation pr(ﬂ 03 7o) =0,

TO=—T

The meaningof T = T ) found to be the coarse graining condition

The novel feature in the relativistic case;

ag eg. af =ut

Choice of the flow D



d Jhydro 0,

hydro—z P“‘Pop{f [A-IQF],,}=J{)‘°+AJ"°,

=2, ;6P"§03pf§q
AJHe = — Z ;Up"goop [A' QF] —> produce the dissipative terms!

The distribution function;

f(r0) = f4— A1QF — A2QH — A QI

Notice that the distribution function as the solution is represented
solely by the hydrodynamic quantities!



A generic form of the flow vector

1
a, = o ((pu) cos +m sin@) u" =0

ALY = gh” — ¥ = A AR AP 2 AR
0

0 . a parameter

D=u"d,=D, V*=A"j,=V*
1 N
(¢, )= 0 ((p-u) cos(9+msm@) fo'p¥p = (9, %)

p

Projection op. onto space-like traceless second-rank tensor;

Puvpa — %(AﬂpAWj + AuaAva _%AMVApO')

PWO!/J’ P PO — ppo
of



'Examples

0 =0
<> a) =u"
0 Jhydro =0 p = nl
AgHe _ ~CATX X a=v > satisfies the Landau constraints
~TAzh™ X¥ a=4. ) )
X = U b u u,oT" =0,u A, oT" =0
= Vel «_y u, 0N" =0
X, = V,InT — k' V,In(nT),
1 2 .
T™ =eu'u” — (p+CX) A" + 2n X Landau frame
N e nd Landau eq.

€E+Dp



with the microscopic expressions for the transport coefficients;

Bulk viscosity = —— Z — [y, £, T
. l l
Heat conductivity A= ~373 —Df;‘q Q5 £Fq i
g
Shear viscosit 11 | e ——
y 1= "7 2l M Lopglluve
By

JE}.‘.-q = LT-? tp) L pq <:t9p -independent
cf. Ly 'y a, a1 Z Z Z '1:?: pilp2 , pa) fo) (‘qu + 0p1g — dpag — 5:33@)

In a Kubo-type form; (a,"=06,%)
¢ = 7 [ as(100), 1))
A= g [ 4(@400), Qo)
1= o7 [ PO, Tu(s))y,

C.f. Bulk viscosity may play a role in determining the acceleration
of the expansion of the universe, and hence the dark energy!



] and eﬂuation:
Eckart (particle-flow) frame: a&a

T
p— U

Setting af, = P_%u”

TH =(e+3(X)u"u" — (p+(X) A" + AT w" X¥ + AT u X¥ + 27 X"

(= —{1/3(4/3- )"V -u

NF = mnu" with
l.e., 6N* = 0

Ly, u, 6T* =0, 5.

Eckart’s constraints : 2. u, ON* =0, <:> 2.

3. A, 6NY =0,

Grad-Marle-Stewart
onstraints

c.f. Grad-Marle-Stewart equation;

T = 33T Cr+ 1)1 ¢u u’' V- u+u T (% VT — Du") +u'TA (% VAT — Du“)

1 2 ]
+215 (?“u"+?”u“—§&“"?-u) L BT Cr 1) A Y
SNH = 0.



Conditions of fit v.s. orthogonality condition

Preliminaries:

1 0

‘ol — req-1 eq A = 0
Collision operaton) L, =/, Apq [, "= aqu[f]p .
L has 5 zero modes:
Loy =0
%0 ) P oa=yp,
SOOp —
m oa=24
The dissipative part; | [_4-1',:-‘9 F]';Iz _f:l @p

with  ¢p=—[LQ ' F]

@ due to the Q operator.
r
(eg,o)=01fra=201,2 3,4

h 1
T oL ) =) E(p-ap)fﬁqsop%

p



AJHe = —Z —o-P“»OOp [A' QF] (¢, ¥) =X, 5 (P-ap) [ ep ¥y

The orthogonality condition due to the projection operator exactly corresponds to the
constraints for the dissipative part of the energy-momentum tensor and the patrticle
current!

(A) ab = u*, i.e., Landau frame,

(p8,6)=0 | => Y p-ufaes,=0  P=PU,

R

Matching condition!
{ uy 6J% =0 = wuuu, 8J* =0, Ay, u, §JM =0,

u, 8J4 =0,
(B) af = :1—“1#“ i.e., the Eckart frame, » (p-ay) = const.,
Lk
(g ,0)=0 —> Z m fp' ¢y dp =0
/ r P’
a=0,1,23, |sm=0 = u,dJ L. u, u, 6T* =0,
= 4, FI5 =0 ‘ m2 — Eckart’s constraints : 2. u, ON¥ =0,
JE, =
3. A, 6NV =

(C) there exists no ab meeting the Eckart’s constraa..., «, « cue -

Constraints 2, 3 =—> (p- a,) = const., @ Contradiction!
Constraint1 ~ =—> (p-a,) = const. x (p-u)*. See next page.



(C) there exists no at meeting the Eckart’s constraints, 1, 2 and 3
(1. u, u, 6T* =0,

2. u, SN* = 0,
| 3. A NV =0,

Eckart’s constraints :

-

Constraints 2, 3 =—> [P ' "1;-] = const., Contradiction!

Constraint1 = I:p* -rl.j._-,.]l = const. X I:jl? H]Ig.



Which equation is better, Stewart et al's or ours?

The linear stability analysis around the thermal equilibrium state.

c.f. Ladau equation is stable. (Hiscock and Lindblom (’85))
The stability of the equations in the “Eckart(particle)” frame

K. Tsumura and T.K. ;
Phys. Lett. B 668, 425 (2008).;
arXiv:1107.1519

See also, Y. Minami and T.K.,
Prog. Theor. Phys.122, 881 (2010)



The stability of the solutions in the particle frame:
K.Tsumura and T.K. (2008)

(i) The Eckart and Grad-Marle-Stewart equations gives an instability, which has been
known, and is now found to be attributed to the fluctuation-induced dissipation,
proportional to Dy

(i) Our equation (TKO equation) seems to be stable, being dependent on the values of

the transport coefficients and the EOS.

The numerical analysis shows that, the solution to our equation is stable
at least for rarefied gasses.

A comment:

The stability of our equations derived with the RG method is

proved to be stable without recourse to any numerical calculations;
this is a consequence of the positive-definiteness of the inner product.
(K. Tsumura and T.K., (2011))



Summary of second-half part

Eckart equation, which and a causal extension of which are widely used, is
not compatible with the underlying Relativistic Boltsmann equation.

The RG method gives a consistent fluid dynamical equation for the particle
(Eckart) frame as well as other frames, which is new and has no time-like
derivative for thermal forces.

The linear analysis shows that the new equation in the Eckart (particle)
frame can be stable in contrast to the Eckart and (Grad)-Marle-Stewart
equations which involve dissipative terms proportional to pu~ .

The RG method is a mechanical way for the construction of the invariant
manifold of the dynamics and can be applied to derive a causal fluid
dynamics, a la Grad 14-moment method. (K. Tsumura and T.K. , in prep.)

According to the present analysis, even the causal (Israel-Stewart) equation
which is an extension of Eckart equation should be modified.

There are still many fundamental isseus to clarify for establishing the
relativistic fluid dynamics for a viscous fluid.




Brief Summary

1. MEAEFRICBFTAIMAE—4pZREdR T A EL T, KRB
ZRAWAIEEIREL,

2. FREEFRICELTIEL, Husimi-Wehrl T AAOE—DEXEIHHR
D' T— /7358 (Kolmogorov-SinaiL hOE—)IZk>TEZ BN,

3.5 8Yang-MillsR(IHhARXZRTHY . U5 LGHERENSHELTE,
)y T —/EHIIBEXRLEFT 5,

4. THS—EfE+ElEPLE 1T HMEARENOHFELTE.

EARELTOMERITEDL S #HRHEERBICE L THRMER DL

Biib,

5. EHMFHARKXNOHEL THEZ ST HEMRNAALERZELL-,

1R, 2ROAENX —>FHLOE—AVNE
(K. Tsumura and T.K., in preparation)



Back Ups



Generic example with zero modes

S.Ei, K. Fuijii & T.K. Ann. Phys.('00)
ELB. YMEFELE2010F698 5

8111 = Au + EF(U)

el <1 u(t; to) = uo(t; to) + eus(t; to) + e ua(t; to) + - - -
| W (to) = Wo(to) + eW1(to) + € Wa(to) +
= Wo(to) + p(to),
(0 — A)ug =0
(0; — A)u; = F(uy),
(0 — A)ug = F'(ug)uy



When A has semi-simple zero eigenvalues.
AU; =0, (i=1,2,...,m).
We suppose that other eigenvalues have negative real parts;
AU, =AU,, (a=m+1m+2,---,n),

where Re)A, < 0. One may assume without loss of generality
that U,’s and U, ’s are linearly independent.

The adjoint operator A’ has the same eigenvalues as A
has:;

AU; =0, (i=1,2,...,m),
A"Ua:)\;ﬁa, (a=m+1,m+2,---,n).

Def. [/ the projection onto the kernel ker A

P+0=1



Since we are interested in the asymptotic state as t — oo,
we may assume that the lowest-order initial value belongs to

kerA:
Ci(to)U; = Wy[C|. <z M,
uO(t; to) = e(t_t")AWo(to) = Z?;ICg(to)Ui.

|[V]3

W(tp) =

Parameterized with 72 variables, C = {Cy,Cy,---,Cp)
Instead of 71!
ui(t; to) = e [Wy(to) + A™'QF(Wo(to))]
+(t — to) PF(Wo(tg)) — A~ QF(W(to))-
The would-be rapidly changing terms can be eliminated by the
choice; Wi (tg) = —A~'QF(Wo(to)), PW(t) =0

Then, the secular term appears only the P space,;

. — (f _ A1 a deformation of
ui(t;to) = (t —to) PF — A QF%themanifold,O



Deformed (invariant) slow manifold:M; = {uju = Wy — eA"'QF (W)}
u(t; tg) = Wy + €{(t — to) PF — A~'QF}
A set of locally divergent functions parameterized by

Z !
The RG/E equation

.., =0 gives the envelope, which is

globally valid: Wo(t) = ePF(Wo(t)).

which is reduced to an m-dimensional coupled equation,

Ci(t) = € F(Wy[C])), (i=1,2,---,m).

-

The global soluti he | lant manifod):

Wy |C)
w dynamics

u(t) =u(t;to =1t) = ZC' (t)U; — €A

We have derived the mvanant manifold and the
on the manifold by the RG method. o
Extension; (@) A s not semi- simple. (2) Higher orders. (Ei,Fujiiand T.K.
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The RG/E equation du/dz,|, , =0

t

gives the envelope, which is globally valid:
W(t) = ePF(Wo(t)),

which is reduced to an m-dimensional coupled equation,
Ci(t) = (Ui, F(Wy[C])), (i=1,2,---,m).
The global solution (the invariant manifod):
() = u(t: to = t) = i Ci(t)U; — A QF(Wo[C)),

Y
W,[C] p(C)

c.f. Polchinski theorem
In renormalization theory
In QFT.



