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Z u,b arev’s NESO mebthod

D.N.Zubarev et al,Theoritical and Mathematical ‘?hvsits 40(1979) ¥1-%¥31; AHosoya ek
al,Annals of Physics 164(19%4-)

o Provides a suitable framework for describing systems in the hydrodynamic
regime with well defined thermodynamic parameters (e.q9. T, 4, ).

o NESQ, which characterizes the mam-equ£ubrmm state of system,

@(t) == % exXp [— Jd3x %(X, 1)

(0 = T’f‘( exp - Jd&f?f(t, x): )
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Where, g1 x) = B(1, %) ub(t,x),

a,(t, %) = pt, %) p,(t, %) .
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Where, pH(t, %) = p(t, X) u'(t,X),
a,(t, %) = p(t,X) pu,(t,%).
Gﬁwequiubrm‘fm conbribution in c{ev\si&j operator :
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en-Kubo relakions
P.Kovtun, IPhys.A 4§ (2012) 473001

o The master formula for the whole of linear response theory comes from the
first-order time-dependent Per&u,rba&iom theory in Quantum Mechanics,
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® For a system with a time-independent Hamiltonian H ond a Heisembergmpiﬁﬁure
aperaéor O(t,x) defined with respea‘% to H.

o Adding a %Emamc&epend@\% SH(?) leads to a change: @(t, %) + 5@(t, X )

S(0(t. %)) = iJ dr (161, %), A, %))
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o The master formula for the whole of Linear response theory comes from the
first-order time-dependent Per&urba&om theory in Quantum Mechanics,

® For a system with a time-independent Hamiltonian H ond a Heisenberg-picture
operator O(, x) defined with respect to H.

o Adding a %Ememc&epamd@\% SH(?) leads to a change: @(t, %) + 5@(t, )
f
5(O(t, %)) = J dt, e\~ (@(x, ), 50 (1) )
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Kubo-Mori-Bogoliubov
(KMB) thner product
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® Casting ?A?(t, x) / 5ﬁ(t) in terms of Linear source/force term:

/ 4
5(6(z,x)>=—ij di([0(t,x), H({,x)]) +—> (O, %)) =J dt, e*(1 =) (@(X, ), 00 (tl))
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Grreen-Kubo relations

® Casting G(t,%x) | H(t) i kerms of Linear source/force term:
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® Casting ?A?(t, x) / 5ﬁ(t) in terms of Linear source/force term:

/ 4
5(6(z,x)>=—ij di([0(t,%x), H({,x)]) +—> (O, %)) =J dt, e*(1 =) <@(X, ), 00 (tl))
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o The KMB tnner product must satisfy the
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o Which leads to the expression for diffusion matrix as :
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K = EAMV‘%ZZ = — EJd4X1 (jg(x, 1), F by (Xl, tl))
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o Diffusion in particle/charge basis : L.Gavassino,M.Shokri,P.R.D 10% (2023)

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
a,b



o A toy model calculation with two interacting charged scalar fields :

o Lagrang&aw

L(x) = 0p"0¢p + 0E"9& — V(¢h, &)

AP P) i A (ETE)
4 4

Where, V(@, &) = mi qugb -+ m{? chf + %Wﬁb 5?5 Ap
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@ The Lagrangian is nvariant under gi@b&i U(1)¢ X U(1) : svmm&rv having
corresponding chemical potential p, with (a = ¢,¢) .
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8 We also take the chemical potentials for conserved charqges as p, with (A = 1,2).
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o Spectral function of diffusion currents and transport coefficients:

p}'afb(w’ V)= I (27)3 J Z P <[ p0cq
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o Spectral function of diffusion currents and transport coefficients:

dw’ v :
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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))
(kg — K2 — m2 — Re(Z,(ky, K)))? + | Im(Z, (k. K)) |

pa(k09 k) =
Re(S, (k. K)) ~ 4 In(Z, (ko k) ~ 2°

1 1 1 :
pwp | et 17 ()
’ (a)—irpa)z—EI%a (a)+ina)2—El%a

Where, - IM(Za(k09 K))
ak — 2Eak




o After taking pinching pole approximation, dominating conbribution ~
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o Trawmslate the results for elements of the diffusion makrix into the charqge basis :

Kb = Z 4aA4pB Kab
ab



o Trawmslate the results for elements of the diffusion makrix into the charqge basis :
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o Trawmslate the results for elements of the diffusion makrix into the charqge basis :

KA = Z 4aA49pB Kab
ab

= o B g | (-2 (=22 e 1455)

| ZF;EC%I, [(%A , nAfap > < g4 anaP ) fa(Eap)<1 i fa(Eap)ﬂ )

o Relaxabion kime

ADas, H.Mishra, R.Mahapatra, Phys.Rev.D 106 (o22) 1, 014013,



o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
for bosonic/fermionic system:
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o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
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o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
for fermionic system:
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o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
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o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
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o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
for bosonic/fermionic system:
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Plot of the scaled thermal &m«dw&&&vi&v measure C as a function of g ¢

for N=2.



Plot of the scaled diffusion coefficients as a function of .

for N=12.
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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.
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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, the effect of strong
eleckromaqgnetic field in the diffusion of different charqes could also be
interesting and relevant
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arXivie4-04.0¥4 31 [nucl-th]
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o Such expressions are rather general and can be used for estimating the
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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.
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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, the effect of strong
eleckromaqgnetic field in the diffusion of different charqes could also be
interesting and relevant,
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® Casting cc%(t, x) in terms of Linear gqradient force term:

E(x, 1) = T (x,1,) 0,8, (%, 1) ZJ” x, 1) 0,0, (X, 1)



® Casting cc%(t, x) in terms of Linear gqradient force term:

E(x, 1) = T (x,1,) 0,8, (%, 1) ZJ” X, 1) 0,a, (X, 1)

IR L U
=R u" "+ N

QS‘Q



® Casting cc%(t, x) in terms of Linear gqradient force term:

E(x, 1) = T (x,1,) 0,8, (%, 1) ZJ” X, 1) 0,a, (X, 1)

IR L U
=R u" "+ N

QS‘Q

(e(t, %)) = e(t, %)
(n,(t, %)) = n,(t, %)



® Casting G(t,x) | SH(t) in terms of Linear sourcefforce term:

SH(f) = — Jd& O(t, x) F (1, %)

5(O(t, %)) = — i J df &>} {([0(t, %), O, )Y F (£, %)



® Casting G(t,x) | SH(t) in terms of Linear sourcefforce term:

SH(f) = — Jd& O(t, x) F (1, %)

5(O(t, %)) = — i J df &>} {([0(t, %), O, )Y F (£, %)

!
Rt —t,% —X)



® Casting 5ﬂ(t) in terms of Linear source/force kterm:
A t A
S{O(t, %)) = — i J dt >} Rt —t,%x —X) F(t,%)

[
5(0 (1, %)) = — i[ dt A} R, (t —1,% —X) F,(f, %)



® Casting 5ﬂ(t) in terms of Linear source/force kterm:
A t A
S{O(t, %)) = — i J dt >} Rt —t,%x —X) F(t,%)

[
5(0 (1, %)) = — i[ dt A} R, (t —1,% —X) F,(f, %)

) <@ﬂ1ﬂ2---ﬂn(x, t)> — J'd4x1 (@/’tlﬂzml’ln(x’ t), Q% <X19 tl) )



o The master formula for the whole of Linear response theory comes fyrom the
first-order tinme-dependent Foar%urbaﬁam theory in Quantum Mechanics,

2 For a svsﬁem wikth a &Emeﬂimd@.pemdem& Hamilkonian H and a He&senb@.\'g*wt‘:&ure
operator O(1, x) defined with respect to H.

o Adding a Eimemciepemdemﬁ SH(?) leads ko a change: @(t, %) + 5@(& )

5L ) — iJ' dr([6(1,%), S0, %))



o Thermodynamical + fluid dynamical relations heeds to use:

o With o proper definition of the Temperature and chemical potential

SEt)= J d’x s(t,x) = — In(o(1))

o Extensivity + First law of thermodynamics

1(t,x)s(t,x) = e(t,x) + P(t,x) — 2 1 (%) 8 (0 x)

T(t,x)Ds(t,x) = De(t,x) = Y p,(t,x) Dn,(t,x) Where, D = u"9,



o Thermodynamical + fluid dynamical relations heeds to use:

o With o proper definition of the Temperature and chemical potential

SEt)= J d’x s(t,x) = — In(o(1))

o Extensivity + First law of thermodynamics

1(t,x)s(t,x) = e(t,x) + P(t,x) — 2 1 (%) 8 (0 x)

1(t,%x)Ds(t,x) = De(t,x) — Z U (t,x) Dn (t,x) Where, D = u”ﬁﬂ
o Cownservation Equ&&o% ak zerobkh order

1
TD€=—(€+P)H, Du, = N B Dn =+—n.0
@ebial?

Where,V = AJd, , A" = g —u'u”,0 = d u”




o The master formula for the whole of Linear response theory comes fyrom the
first-order tinme-dependent Faermrbaﬁcw\ theory in Quantum Mechanics,

® For a system with a time-independent Hamiltonian H and a Heisenberg-picture
operator O(f,x) defined with respect to H.

o Adding a Eimemci@.pesr\c&emﬁ SH(?) leads ko a change: @(t, %) + 5@@, X)

5L ) — iJ' dr([6(1,%), S0, %))

KMbO“MOI‘E‘“BOSOLEt&bOV

/' (KMB) tnner product
4
S <@M1ﬂ2---ﬂn(x, t)> — er3X1 J dtl eg<t1 = t) (@ﬂlﬂz---ﬂn(x, t), Q% (X19 tl) )



o Substituting these equations
d (e caln write ‘c%(t, x) ok first order in gradient

%:-ﬁ@ﬁ*+ﬁ9~””0ﬂy—2ﬁﬂévﬂ%

B

- b A 1T :
Pr=P_ye— 3 6,1, i ASAP + ASAS — (2/3)A%PA




o Substituting these equations
d (e caln write ‘%(t, x) ok first order in gradient
C(%: _ﬁ@ﬁ*+ﬁ9ﬂv0ﬂy_ Z}ZVﬂaa
. 2 el
Fa= N —

AHarubyunyan, A.Sedrakian, D. Rischike, Annals Phys.
43%(R022) 16¥758



o Substituting these equations
d (e caln write ‘c%(t, x) ok first order in gradient

%:-ﬁ@ﬁ*+ﬁ9~””0ﬂy—2ﬁﬂévﬂ%

o Mssapog&ve correction ko kvdrc; variables:

[
) <@ﬂ1ﬂz..-ﬂn(x, t)> — stxl J dtl eg(ﬁ i t) (@ﬂlﬂz...ﬂn(x, t), C% (Xl’ t1> )



o Substituting these equations
d (e caln write ‘c%(t, x) ok first order in gradient

‘%:-ﬁ@ﬁ*+ﬁ9~””(fw—2ﬁﬂévﬂ%

o ‘Dissipa&&ve correction ko kfjdro variables:

< FH(X, t)> &= Jd4x1 ( Fhx,0,€ (x1,14) )



o Substituting these equations
d (e caln write ‘c%(t, x) ok first order in gradient

€ =—-pOP*+BI"0,,— ) 74V 0,
o Dissipative correction to kfjc:&.ro variables:

< FH(X, t)> - Jd“xl ( Fhx,0,€ (x1,14) )

<}Z(X, t)> — Z Jd4x1 (}Z(X, 1), f’g (Xl, tl) ) V. a,

b



o Dissipative correction to hydro variables at first order :

<}’Z(X, t)> = Jd“xl (}Z(X, 1), & (Xl, tl))

<}'Z(X, t)> — Z [d4x1 (}'ﬁ(x, 1), }"; (Xl, tl)) V. a,

b

&

U
K



o Dissipative correction to hydro variables at first order :

<}’Z(X, t)> = Jd“xl (}Z(X, 1), & (Xl, tl))

<}'Z(X, t)> — Z Jd4x1 (}'ﬁ(x, 1), }"Z (Xl, tl)) V. a,

b

T P}-ayb(a),o)
K, = — e
3 w—() Q)



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

A

Im (G; ; )(0, o)

w—0

R
gl 27 T

0
I <G6ﬁ»5’u3)(0’ ) = Zb 9,495 K



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

the KMB product :
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 :

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

o Relation between response function and retarded Green's function :

e—()

[
110,05 = lim Jd3xl J e (éa(x’ 1), 0p (%,.7) )

= —TImlimo Im(G b o7 60))
w—0 k—0 O



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

1

Pé o, (@, K) = 3 Jd“x i < I:@a(ta x), @Z(O,O)] >



o Some Useful connection bebween Green’s Functions :
M.Laine, AVuorinen

o Spectral density/ function : Letz&. Noges Phys. 925
2016) pp.l-2¥1

| | - 4
p@a@b(a), K) = 5 Jd4x ezK-X< [@a(t, ), @Z(0,0)] >

o Retarded Green’s function < » Spectral function :

G% . (0,k) = — iro dtJd3x T <6(r) [@(x 1), O] (0,0)] >

0 l

J * dp® P,5,P)

r p—w—i0t



o Some Useful connection bebween Green’s Functions :
M.Laine, AVuorinen

o Spectral density/ function : LQ?&‘. Noies Phys. 925
2016) pp.l-2¥1

| | - 4
p@a@b(w, K) = 5 Jd4x ezK-X< [@a(t, ), @Z(0,0)] >

o Retarded Green’s function +— Spectral function :

R Sid B3ae ,lwt—IK-XK 7 AT
G} 5 (@, k) = zL dtJd TR <9(z) [@a(x,t), o) (0,0)] >

[

J * dp® P,5,P)
' T PY¥— o —i0t
Sokhotski-Plemei} theorem

R e ' oo Lo
Im(GE, @.1)) =po@k) = P() ()



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

Py o (0,0)
By ot

w—0 Q)




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 :

| . - 2
p@a@b(w, K) = 5 Jd4x elK°X< [@a(t, X ), @Z(0,0)] >
o Response function «— Spectral function :

A S : : R
10,6,] = 7 lim lim 0,Im(G; . (k. ))
Py 6, (@,0)
Sy
w—0 ),
s 'ijb—(a)’o) KAB = Z 4aA9bB Kab

K, =— l1im
ey 3 w—=0 Q) ab




o Finike %empera%ure and chemical Pa&em&iat :

o Fields in Euclidean space :

G, (T, %) = iei(pn+i”a)7_ip'x and ¢ (r,x) = ie—i(pﬁiﬂa)f—ip-x

P P



o Finike %empera%ure and chemical Paﬁem&at :

o Fields in Euclidean space :

G, (T, %) = iei(pn“”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)

l(pn-l-l//ta)’[—lp K
E j‘(pn + iug)? + p? + m3



o Finike %empera%ure and chemical Pa&em&iat .
o Fields in Euclidean space :

G, (T, %) = iei(pn+i”a)7_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)

i r" dk® (k0. k)
e r kO =ik, =% ]

— OO0



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

ko

f i
pa(k 9k) e
; | ko |

xS(k; — E=))




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

o Fields in Euclidean space :

G, (T, %) = iei(l’n“”a”_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)

Sdeon
o0 0 0 )
it J dk”  pk7 k) Phys.Rev. DS
= Ogp . . e
With interaction, RSF : B0 & kOl WTERERIT5) S591-3642
Im(Z (ky, K))

ko, K) =
e (kg — K2 — m3 — Re(Z, (ko K)))? + | Im(Z,(ko, k) |



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)

i r" dk® (kO K)
. z kO — ik, —iu ]

— OO

1
p.(ko, K) = ¥ [Gga(i(kn — ip) = k° +i0%, k) — GZ (i(k, — ip) — k° — i0%, k)
l



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



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

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

a



@ 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)>

2

fajb h

g ; ny, . A
; <@i<X>/Vbj<0>>l e <@,-<X>@j<0>>z

1
LA el E . 0 N+ o E . 0 v +
Py 7 (koK) = 5 [G 2, }b(lkn = Kk #u0". Kk) = 6r 7 }b(lkn o 4% oo 1§ B k)]

Gl} 5 (X) — Alj<}az(X)}b](O)>l —eha |:<‘//’\/ai(X)'//’\/bi(O)>l & <‘//’\/al(X)él(O)>l




o Spectral function of diffusion currents and transport coefficients:

n, n nn,

pjafb(a)’ l) T 5abpﬂfaﬂ/a(a)9 l) T 710,/1/61@(0)9 l) s fpﬂ/b@(a)a l) 5 h

Poo(®,1),

n,n,

2
p}a}b(a), 0) = J 2 J Z p ([45 e Z(n 0.+ nbéca)(Za)’ + w) A (2a) + w)?

X pl@', p) pl@’ + @, p) f(w r) _f"(a)/): )

Where,
J/(@) =

elb)(a)_//ta) —_ 1




o Spectral function of diffusion currents and transport coefficients:

n, n nn,

pjafb(a)’ l) T 5abpﬂfaﬂ/a(a)9 l) T 710,/1/61@(0)9 l) s fpﬂ/b@(a)a l) 5 h

Poo(®,1),

n,n,

(20) + W)’

2
Py 7(0,0) = J 2 J Z P ([45 e Z(n 0.+ nbéca)(Za)’ + w)

X pl@’,p) p@’ + @, p) f(w r) _f"(w/): )

0 ijb(a) 0) 4J' d’p Jd&o @' @'
o= — I 0 0. 0., +Mmo.. )+n, (—)2
BT Rs E 27)3 Zp Bea =y ey + MiBea) + M\ =

X p(@', PP f(@)|1 + /@) )



o Trawmslate the results for elements of the diffusion matlrix into the charqe basis
for bosonic/fermionic system:

3| o | () (22 e 15505
T [(qu P P Y i ifa<Eap>)] )

Kt m°T
7 = ™ qu T27z2 Z//tl (ZN v 1) for small 4

k222 %, Ui o Kk mE
— or Large u o 2
" z u e 180, p

SJaln,JHETY 1003:101,2010; A.jaiswai.,‘?htjs.LeE&.B 761 (2018) §4-%-682



