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Part Il - Details ...

1. Structure of the density and heat-density correlation functions
2. Static parts of the correlation functions

3. Dynamical parts of the correlation functions

4. Heat density in the Coulomb problem

5. Correlation function in the subthermal regime 35
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S[Q] ~ /dr tr[D(VQ)? + 4i2éQ] — Q(Ly + 1 — I'2)Q

SselQ] ~ / tr[(v4e + 75 90)Q] + / (P80 + @ 7 e)

static part + dynamical part static part

I

Py P
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dynamical part (no loops) Coulomb excluded

4 Fp 'Y<1 Fp L'y ’Yg

X DDA D

I10' /Y<] F0' FJ 7<]

Y2 (q,w) = —2v7P — 21/(75,)21) QM, Particle number conservation
q° — 121w
— R
Dq® —iw (zl — J—(’Yppp) Xnn (q =0,w — O) =0
= —2vv¥ , T
Dq? —izjw
P\2

(’Y<1)

21 — 0

21:Z—2F1—|—F2:Z—FP Ve
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dynamical part (no loops) Coulomb excluded

dyn +N<[ O T * T b
ve Ak L, 28 1 /[]—"(s+%)—]—"(s—%)]ocw
Yol Do LD~ D -
g Ty 79 e ™ To A4
YE (q,w) = —2u4F — QV(ng)QDq2 iw@‘z » Particle number conservation
- <1

DqZ_iw(Zl_%p)i) Xgn(q:()ﬂd%o):o

— _2 P Ve
“le Dq? — izjw o
(74)
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S[Q] ~ /dr tr[D(VQ)? + 4i2éQ] — Q(Ly + 1 — I'2)Q

Sue ~ / tr [2{e, 5A}6Q] — / QAT + Ty — T2)0 + (Teo) / min

static part + dynamical part

{

I

A

static part
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dynamical part (no loops)

dyn | & &
Xkk -

Particle number conservation

W

X (@ =0,w0 —0) =0

R z z\2
w) = —coTvZ — coT
pACHR) coTvg — coT(73) DQ? — izw

Dq? —iw (z — —(7,5;)2)
Dq? —izw z =

z
([ ]

(’74)2
Ve

= —coly
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dynamical part (no loops)
dyn E E
G

no rescattering: /55 [J—‘ (s + E) —F (s — f)] =0

Particle number conservation

z z Zw R  — —_
XkRk(q,w) = —coTye — CoT(’Yq)2Dq2 o Xkk (q = O; w — O) =0
Dq? —iw (z — —(72)2)
= —coT, * (74)”
* Dq? — izw P
Ve
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dynamical part (no loops)

dyn | & &
Xkk -

Particle number conservation

W

X (@ =0,w0 —0) =0

R z z\2
w) = —coTvZ — coT
pACHR) coTvg — coT(73) DQ? — izw

Dq? —iw (z — —(7,5;)2)
Dq? —izw z =

z
([ ]

(’74)2
Ve

= —coly
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dynamical part (no loops)
dyn E E
G

no interaction vertex leads to additional loops

Particle number conservation

W

X (@, w) = —coT — COT(7§)2Dq2  iw XkRk (q =0,w — O) =0

Dq2 — W (z — —(72)2)

Dq? —izw z =
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Density-density correlation function:

n on W

= —— -2
Xnn a’u V(7<1) Dq2 _ ’L(Z o Fp)w

Heat density-heat density correlation
function:

)

R zZ\2
Xk:k C CO ( <|) D 2 ZZ

Castellani et al. (1987)

Dynamical part:

w( D

L'y ’Vg

Dynamical part:
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S[Q] ~ /dlt‘tr[D(VQ)2 —22{&,1-n+7*}Ql+ Q1 —n+7*)(T1 +I'2)Q

Heat density




S[Q] ~ / drer[D(VQ)? — 206, 1 — 1+ 723Q] + Q(1 — 1+ 7%)(T1 +T2)Q

1
5 / B D (lelpl + 322D2D2 — 4ZDD)

Diffusion with rescattering in singlet and triplet channel

1 1 z1 =z — 211 + 1
Dio= 75— D=—5—
Dq? — iz pw Dqg? —izw 2o =2+ 1

Specific heat

1 _ __ __
oc = 8T]€77 —0 — 5 / aTBw Dq2(Z1D1D1 —+ 3D2D2 — 4ZDD)(,U = ZCFJ,
qw T

Castellani, Di Castro (1986)



S[Q] ~ / drt[D(VQ)? — 22{e,1 — 1+ 12} Q) + Q(L — 7+ 1) (T1 + T2)Q

st 1 522

=-—— = —Tc C = zC
Xkk 2 612 ¢ FL

Castellani, Di Castro (1986)




S[Q]w/drtr[D(VQ) ~22{&,1 =1+ n2}Q] + Q(1 — n+ 12)(Ty + T2)Q

—

o 1 0°Z 1
- = -3 wB,,Dq? (wdyy + 2)[21D1D1 + 329D Dy — 42DD)
q,w

1. wWwd, +2)f(w) = 0, (w? f(w))

2. Partial integration in

3. wi,B,=-TorB,

T _ __ _
Xip = D) / OrB., Dq?(21D1D1 + 320DyDy — 42DD)w = —TOrk® = —Tc
q,w
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For the renormalization of the parameters D, z,1'1, 1o, fyg use

Parameterization: Q=u USQst_l T Q=1
Qf = UfAUf_1 Qs = U, AU U
fast\A slow slowest: distribution function
Us = exp(—P/2) (PP) x 5o 1_ —
Us Us




/sz‘Q

4 slow modes Ug ==——"

one loop - first order in p

all orders in

(rescattering) —TT—_|

Coulomb interaction amplitude
[0is unrenormalized
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S [I]=1e1+ + + [T
3
3 3
+ e |+
Major complication :
- + HEHEREER R
U€1<}:2<i(52 o 53)U5364#C7:(81 T 84) — = g =
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Bare diagram
- Renormalization of the interaction amplitudes

53



54



For the long-range Coulomb interaction the definition of the energy density and
associated current requires some care.

Our approach:

1. Find the energy momentum tensor and read off the energy density.

T =T (2,y, 2,1

2. “Project” the density to the plane by integrating in the perpendicular direction.

k(x,y,t) = /dz T (x,y, 2, 1)

3. Introduce the source term

S, = /dt d*r n(r,t)k(r, 1)
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Construction of the canonical energy momentum tensor

Schrodinger field:

Ls = 51600 — 0 y] - 50V — gAY (~i¥ — gAY — 4"

Electromagnetic field, free part:

Lo = —ﬁF MY FHY — OF AY — HY AH AH — (¢7 A)

Noether construction for invariance under translation of coordinates gives

oL oL oL
or = P+ 5 DY oA — gL
00,0 ¥ T 90 T aan
O pn0 00 1 2
0 =0 O =u¢+qq§p—8—7TE + ...

Conservation law Energy density?
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Belinfante Energy Momentum Tensor

1
= O + —0,(F17A”) 0,T" =0
1 .
00 __ 2 same form obtained
1™ =y + 87TE T in Catelani, Aleiner (2005)

Coulomb Gauge and non-relativistic limit

TOO —

2m

VY + —

o (]

2d energy density:

Screening
e

El = v / v 2T

|r—r’|

k(x,y,t) = /dz T (x,y,2,t)

‘Coulomb interaction in the presence of n

VO(V2 Wo

1
—{1 Ve _—
2{ —|_777 O}+8

mTe?

Ve (V2n)Vs + O(n°)
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Belinfante Energy Momentum Tensor

1
= O + —0,(F17A”) 0,T" =0
1 .
00 __ 2 same form obtained
1™ =y + 87TE T in Catelani, Aleiner (2005)

Coulomb Gauge and non-relativistic limit

|r—r’|

1 1 2
2m 8
2d energy density: k(z,y,t) = /dz T (x,y,2,t)
‘Coulomb interaction in the presence of n
—{1+n,Vo}+ Vo(V2 Vo
Screening
 —

1
V= g+ V5)+ Mv +00P)
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Perturbative calculation of the heat-density correlation function

 Calculate leading quantum corrections in the parameter 1/EFfr.
« Coulomb interaction only - FL corrections later
* Reproduce RG-type corrections from energies T<E<1/t

 ldentify additional corrections from sub-temperature energies E<T.

Relevant vertices

She Snv
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dyn W

Wn(q,w) = —2u9(F4)? —

'ﬁ/g Dg Fp Dﬁ Fp Dg Df ﬁg

Xnn (q7w) = _21/0

(Do +0D)q? —iw(1 + 8z — 6T'))

iw(1 + 6E% + 267%)
(Do + 0D)q2 — iw(1 + 62)

d
Xk%n (q7 (,U) = _COT

~

K zD

IR r
oT 3D

RG: 2=2 D=2D
WFL
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horizontal diagrams vertical diagrams

regular vertex corrections

) g

URY
P

anomalous vertex corrections

Og—

<5 e,




vertical diagrams drag diagrams
regular vertex corrections anomalous vertex corrections

(C)=§§

why vertical?
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ik < wDQD(@.w) [ VD FuFes + FomJReD ()il " (k1)

e
1 v
ImV, ~ —
/(Fs—kv + Jrg—l/) ~ £ i Hkw 210 D0k2
2
- - id < k< M
Dk D
%a
2.2 2 D/ﬁ;?
OXkk X wDq“D*(q,w) x [ €“0-F: X log T
. 1 Dr? T Dk?
oD" = Zplo - ok = — lo s
2P 06 12 87T
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So far:

 RG corrections from the interval T<E<1/t
 calculation for E<T without RG corrections or FL renormalization

EF We checked that

-all Fermi-liquid renormalizations
the parameter z and all RG
renormalizations

1
-
RG regime

CD Link

e sub-T regime We thereby expect that the
T2 . answer obtained for 3k is final.

drop out when calculating oK.
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