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o Provides a suitable framework for describing systems in the hydrodynamic
regime with well defined thermodynamic parameters (e.q. T, 4, ).
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Where,
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pr(, x) = p(t, X) ub(t, x)
a,(t,x) = p(t,x) pu,(t, %)
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o The master formula for the whole of Llinear response theory comes from the
first-order time-dependent Fwar&urba&om theory in Quantum Mechanics,

® For a system with a time-independent Hamiltonian H and a Heisenberg-picture
operator O(, x) defined with respect to H.
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o Thermodynamical + fluid dynamical relations heeds to use:

o With o proper definition of the Temperature and chemical potential
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o Substituting these equations
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o The KMB tnner product must so&i;sffj the Onsager reciprocal relations.
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o Which leads to the expression for diffusion matrix as :
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o Each particle ('a”) carries multiple charges ('A'):

Ny = Z g4 N, such that Z//tA n, = Z,ua n,
a A 7)

o Accordingly, the diffusion current in the conserved charge basis :

A A A nA A
fﬁ=§qufZ=/Vﬁ—7Q’“‘

| A :
KAR ==& ?[d4xl (jﬁ(xa t)a jB,u <X19 tl)) E Z QoA 9B Kab
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o The computation of the dissipa&&ve diffusion coefficients boils down to the evaluation of
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X.Huang, ASedrakian, D.Rischike, Ann, ‘?’hvs« (NY) 326, 3075(2011)
o KMB for two Hermitian operator can be represented as :

ly
(@a(x, N, 0, (X, tl)> = — %j dt,Gga@b(x — %1, 1= 1)



o The computation of the dissipa&&ve diffusion coefficients boils down to the evaluation of

the KMB product :
X.Huang, ASedrakian, D.Rischike, Ann. Phys. (NY) 326, 3075(2011)
o KMB for two Hermitian operator can be represented as :

ly
(@a(x, N, 0, (X, tl)> = — %j dt,Gga@b(x — %1, 1= 1)

Where,

Gga@b(x — X, t—1t) = — if(t - t’)< [@a(x, D, 0, (x4, t)] >

[



o The computation of the dissipa&&ve diffusion coefficients boils down to the evaluation of
the KMB product :

o KMB for two Hermitian operator can be represented as :
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o Relation between response function and retarded Green's function :
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o The computation of the d&ssipa&ve diffusion coefficients boils down to the evaluation of
the KMB product :

o KMB for two Hermitian operator can be represented as :

ly
(@a(x, ), 0, (Xl,tl)> 3 —%J dt'G; @b(x—xl,t—t)

o For the diffusion current - current response function ;

T0
3860
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Im (G; ; )(0, o)
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R
gl 27 T
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o Some Useful connection bebween Green’s Functions :
M.Laine, AVuorinen

o Spe&rat ciemsiﬁj/ function : Le«?& Noges Phys, 9285
2016) pp.l-2¥1
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o Some Useful connection bebween Green’s Functions :
M.Laine, AVuorinen

o Spectral density/ function : Letz&. Noges Phys. 925
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| | - 4
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o Retarded Green’s function < » Spectral function :
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o Some Useful connection bebween Green’s Functions :
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o Retarded Green’s function +— Spectral function :

R Sid B3ae ,lwt—IK-XK 7 AT
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[
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o Some Useful connection between Green’s Functions :

o Spectral ciemsiﬁj/ function :

1 | A £
p@a@b(w, k) = 5 Jd4x elK'X< [@a(t, X), @Z(0,0)] >
® Response function < » Spectral function :

1[0,0,] = = Tlim lim9,Im(G% , (k. ®))

w—0 k—0
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o Some Useful connection between Green’s Functions :

o Spectral demsi%j/ function :

| . . A
p@a@b(w, K) = 5 Jd4x elK°X< [@a(t, ), @Z(0,0)] >
o Response function «— Spectral function :

1[0,0,] = = Tlim lim9,Im(G% , (k. ®))

w—0 k—0

Py o (0,0)
By ot

w—0 Q)

T . Pp D, 0)
K ;. =% b e
3 w—0 0,



o Some Useful connection between Green’s Functions :

o Spectral demsi%j/ function :
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o Response function «— Spectral function :
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o A toy model calculation with two interacting charged scalar fields :

o Lagrang&aw
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o Finike %empeva&ure and chemical pa&em&&at :

o Fields in Euclidean space :

G, (T, %) = iei(l’n“”a)f_ip'x and ¢ (r,x) = ie—i(pﬁiﬂa)f—ip-x

P P

o The two-point Eucledian correlation function can be written as :

G, X) = (X0 4)O)

J * dk®  pk°,K)
P éab B

For free propagator, s KD =R A
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o Finike %empeva&ure and chemical pa&em&at :

o Fields in Euclidean space :
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P P

o The two-point Eucledian correlation function can be written as :
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o Finike %empeva&ure and chemical pa&em&&at .
o Fields in Euclidean space :

G, (T, %) = iei(l’n“”a)f_ip'x and ¢ (r,x) = ie—i(pﬁiﬂa)f—ip-x

P P

o The two-point Eucledian correlation function can be written as :

G, X) = (X0 4)O)
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o Field theory with finite temperature and chemical potential :  ulLaine, AVuorinen

Leck. Notes ‘Phjs. o928
(o16) pp.1-2%1

o The two-point Eucledion correlation function can be written as :
GE , 00 = (0,00 6,0))
@a’@b E

* dk? p,(k°, k)
=5, .
T kY-—ik,

— Q0

1 . | . |
Pé o, ko, K) = [Ggw @b(lkn 0k - Ggw @b(lkn = R0 k)

21
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@ One needs ko F‘erform Wick rotakion (t = —i7) :

6 =T, =i ), (0408 + 0i0b) . VE, =~ i(0gpiu~ b109.)

o The two-point Euclidean correlation function can be written as :

GE 5X) = <@i(X) @j(0)>E , G, () = </AVZ-(X) ij(O)>

2



@ One needs bto F‘@.rform Wick rotakion (t = —i7) :

éfj = Tﬂ- — lz (af¢;ai¢a + ai¢;af¢a) ’ '//\Vgi g 0 i(ai¢;¢a ¥ ¢;ai¢a)

a

o The two-point Euclidean correlation function can be written as :

Gy 20 = <5@i(X) &j(0)>E , G’ 7B = <fVi(X) ij(0)>

2

G% , (X) = Al‘f‘<}‘a i<x>}bj<o>>, = - [</V XN, l-<0>>z ,j</V ,-<X>él-<0>>z

7. ; ny, . A
; <@i<waj<0>>l e <@i<X>@j<0>>z




@ One needs bto per%orm Wick rotakion (t = —i7) :

GE=T,=i) (9o, +09i00.), VEi=-i(0dit.—biog.)

a

o The two-point Euclidean correlation function can be written as :

Gy 20 = <é,.(X) &j(0)>E , G’ 7B = <fVi(X) ij(0)>
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o Spectral function of diffusion currents and transport coefficients:

n, n nn,
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o Spectral function of diffusion currents and transport coefficients:
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o Spectral function of diffusion currents and transport coefficients:
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o Quasiparticle approximation with finite thermal width :

Imm(Z (ky, K))

kK=
kT (k3 — K2 — m2 — Re(Z, (ko K)))2 + | Im(Z, (ko K)) |
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o Quasiparticle approximation with finite thermal width :
Imm(Z (ky, K))
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o After taking pinching pole approximation, dominating conbribution ~
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o After baking pinching pole approximation, dominating contribution ~—
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o After baking pinching pole approximation, dominating contribution ~—
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o Trawmslate the results for elements of the diffusion makrix into the charqge basis :

KAB Z 4aA4pB Kab
ab



- Translate the resulkts for elements of the diffusion makbrix inko the charge basis :
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o Trawmslate the results for elements of the diffusion makrix into the charqge basis :

KAB = 2 4aA9pB Kab
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o Relaxabion kime

L T A.Das, H.Mishra, Q‘Mo\ko\po&ra, ‘thsﬁe\/,‘b 106 (Ro22) 1, 014013



= M,& WQ Thes

o Such expressions are rather general and can be used for estimating the
diffusion coefficients using nonperturbative methods Like Lattice QCD or
using any effective models of skrong interactions Likke Nambu—-Jona-Lasinio
(NIL) model, quast particle models , or sigma models c:oupied to quariks.
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o Such expressions are rather general and can be used for estimating the
diffusion coefficients using nonperturbative methods Like Lattice QCD or
using any effective models of skrong interactions Likke Nambu—-Jona-Lasinio
(NIL) model, quast particle models , or sigma models c:oupied to quariks.

o In the context of neultron stars, it will be interesting to investiqate
the effects of diffusion on the oscillakion of neutron stars as a
result of an internal instability or an external perturbation,
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o Such expressions are rather general and can be used for estimating the
diffusion coefficients using nonperturbative methods Like Lattice QCD or
wsihg ahy eﬂe&t&iv& models c::wf strong interactions like Nambu--Jona-Lasinio
(NIL) model, quast particle models , or sigma models coupied to quariks.

o In the context of neultron stars, it will be interesting to investiqate
the effects of diffusion on the oscillation of neutron stars as a
result of an internal instability or an external perturbation,

o Further, in the context of off central heavy-ion collisions, where strong
electromagnetic fields can be produced \citejPanda:2024ccjl, the effect of
strong electromaquetic field in the diffusion of different charqges could
also be interesting and relevant
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o Such expressions are rather general and can be used for estimating the
diffusion coefficients using nonperturbative methods Like Lattice QCD or
wsihg ahy eﬂe&t&iv& models Oﬂf strong interactions like Nambu--Jona-Lasinio
(NIL) model, quast particle models , or sigma models aau[aied to quariks.

o In the context of neultron stars, it will be interesting to investiqate
the effects of diffusion on the oscillation of neutron stars as a
result of an internal instability or an external perturbation,

o Further, in the context of off central heavy-ion collisions, where strong
electromagnetic fields can be produced \citejPanda:2024ccjl, the effect of
strong electromaquetic field in the diffusion of different charqges could
also be interesting and relevant
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