V. Renormalization
of EPlI by Strong
Correlations In

HTSC

l
- Crystal structure of HTSC oxides

l

- Electronic structure

l

- Madelung (ionic) and covalent EPI

l

- Strong correlations in HTSC

l
- Self-energy due to EPI

l

- Forward scattering peak in EPI

l
- Resistivity of HTSC due to EPI



onic and Covalent EPI Coupling in
HTSC Oxides

- Crystal structure (see Fig.Struc)

l

- Layered materials with CuO» conducting
planes

l

- Tight binding model of conduction and
valence bands

|

- There are 2(0O-ions) x 3(p-orbitals) = 6
p-orbitals + 5 Cu d-orbitals

=11 orbitals per CuO3 "unit” cell in the
plane

J
p-orbitals (see Fig. p-orbit)

|
LIIIOX = XR1, LFloy = yR|=11 \sz = ZR-
(1)



l
d-orbitals (see Fig.d-orbit)

l
\dez_yz - (XZ - yz)R|=2a ‘szz - (222 - X%~ yZ)R|=2

Yoo = XYR=2, Y4, = XR=2, Y4, = (YOR=
(2)
U

7/ r-bands and 4 o-bands =11 bands (see
Fig. Orbit.)

lBas.ic Hamiltonian
|
H = Ho + Hint (3)

l

Ho = Y (€3 - md,dic + D (€% — 1Pl Piao

.0 j,a,0.
+ ) tedl b + D P pl, Py + heC
1,],0,0 ji'a.B.o

(4)



l

a,f = XY,z

l

- Bands for t? ;<< tff
l

Ho = HE=P? + Hy™

d d,2 2d2pxpy
+H xypxpy_l_ HOG

!
7 — BONDS

l

2r-bonds from Wq,, and Wy, (tap,
along x-axis

|

(5)

= 11)

H&eP: — ¢ Z[piTa(di"‘X’G — di_xo) + C.C.]

— _2it, Zsm@x [Pro ke — iy Pk

(6)



Spectrum (2 # —bandg (a = 1)

0 0
Eq ok = epged + 1 (€0 — €92 + 163 sin’k,

(7)

l

- Next two bands from ¥q, and ¥y, bonds
(O along y-axis)

Ezax = E12k(kx = ky) (8)
!

Three = — bandsfrom bonding ¥g,, with ¥y,
(O along the x-axis) and ¥q,, with ¥, (O
along the y-axis) ; t1 < 1eV

!
E5,k = 68 (9)
!
€9+ ¢!
E6,7,k _ P 5 d

+ 2 (€9 €)2 + 162[sin?Ky + SinPky ]

(10)



o — BONDS

l
- Made from Ya, . Y, and ¥, (O along

the x-axis) and ¥, (O along the y-axis)

U
4 o — bands
Esok = €D, €3 (11)
|
0, 0
B €p + €d
Ei011k = 5
t L (€3~ €9)? + 4t2, [sinPky + sink, ]
5 P d pdo X 4
(12)
tgz)da = tngZ_yZ + tgdzza
|
- Band width W

W=4/2 | tow |*9eV  (13)

- Top (antibonding) band E;1x = Eax =
conduction band (see Fig. AB)



HALF-FILLING CASE

- One hole on Cu-site (9 electrons in
d-state)

- No holes on O-site (6 electrons in p-state)

U

- One hole per unit cell = system
(La2CuQ,) should be metallic!

- Experiment: La,CuOy is AF isolator !

U

Strong correlations are important

U
INTERACTION

l

(14)
Ug ~ 10eV, Ug ~ 5eV
l

- What happens when one hole is added =
it goes to O into—=p-state =makes
(Zhang-Rice) singlet with d-hole



U

- The p-d singlet behaves as a hole in the
singlet Hubbard model

l
- Effective single-band Hubbard model
l
Hine = =t 3 CloCio —t' D ClyCio
1j,a,0 ii'a,0
i
UZR ~ 68 — Eg
l
For €8 — €3 >> t = large U limit
l
Hy = —Ztinf’OXjOG + ZJij (SieSj— %ninj )
1,j,0 ],
l
l



EPI INTERACTION

l
l
- lonic EPI
l
HigN = D ®i(X77 = (Xe)  (17)
l,o
l
®; - nonlinear lattice distortion operator
l
Due to Eq.(17) = < ®; >=0
l

O = — Y €7, [Va(R? - R +0; — QL)
Lx

—VeI(RiO - REK)]’ (18)
l

- Electron-lattixe potential Ve

l



- Covalent EPI

l
ot N
COV _Z J _uj)XiGOxj()G +
~ O(R? - )
8Jij A ~
+ Ui —Uj)SjeS
Za(RP—RjO)( -~ U)S
)y
(19)
l
- In HTSC for a number of phonons holds
l
Nion o Ot O
R ~~ R 7~ R (20)
l

IONIC EPI - DETAILS
- How to derive X¢p?
- To remain

9(1,2) = G(1,2Q71(2) (21)

10



r2:9 - -2502. (@

l
- Migdal theorem

3(1,2) = To(1,2) + =¥ (1,2) + ..

(23)
l
20(1, 2) picks up correlation effects
>$8(1,2) is linear w.r.t. Vep
l
Dyson equation
l
(Go—%)eg=1 (24)
l
- go Includes correlation effects
l
(906 — Z0) * o = 1 (25)
J
(9o —Zep) e g = 1. (26)
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l
g =go +6g7
5g_1 — —ZQp

l
Fromgegtl=1andég? << g
J

09~ = —gp * 69+ o'
J

68 = o+ 69+ 9o
l
From EqQ.(21)
l

69 =0G+ Q' —go*Q*edQ

l
l
2-nd order perturbation
J

O(1/N) terms in EPI

(27)

(28)

(29)

(30)
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5G(1,2) =
_ 1 (TSXe (DX P(DP(2)8n(1)sn(2))
2! (o)
(31)
on(l) = X°°(1) — (X°°(1))
U
1 T 3 5°G(1,2)
oL = Vel T S Dour )
(32)
|
5 =" + 28 +28  (33)
|
- For SC is =" important
|

SV (1-2) = Vep(1-2)y¢(1,3 1)
x go(3-Dyc(4,2;2) (34)
Vep(L—2) = g52(1 - DYV (1 - 2)e5t (2 - 2).
(35)
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Ve(1-2) = <TO(D)D(2))  (36)
|
- Harmonic EPl = ®(1) ~ VVqu
J
Vep(1,2) = £51(1, DYVVei(1)D(1, 2)VVei(2)ec (2, 2)
(37)

l
SELF-ENERGY Sep(k, o)

!
2P Kk,0) = | : da2F(k, k', Q) R(w, Q)

(38)
l

(...k - Fermi-surface average

l

R(w,Q) = —27i(Ng(Q) + %)

1 (@) 1 Q+a)
+l//( + 27rT) l//( 27rT)

(39)
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Ng(QQ) = eﬁﬂl_ :

l

v - di-gamma function

|
SPECTRAL FUNCTION «2F(k, k', )

l
a?F (K, k', 0) = Nso(0) D | Geri(k, k —k',v) |2

x 0(w — o, (K —k))yék, k - k', 0,).

(40)
|
gei(K, p,v) - EPI coupling in the v-the mode
|
_ 9k,p,v)
gef‘f(k, p,V) 8e(p, a)v) (41)
|
ce(P, ®y) - electronic dielectric function
|

t —t' model (J = 0)
— Nsc(O) — NO(O)/qO q() — 5/2

15



l

t — J model
= Nsc(0)(~ 1/Jp) > No(0) (band density of
states No(0))

|
CHARGE VERTEX y. IN O(1) ORDER

|

Integral equation in O(1) order

l
095 (1,2

rolli2id = 5053

(42)

Ye(1,2;3 = 6(1-2)6(1-3)
+10(1 - 2)go(1, Dy (L, 2;3)go(2, 17)
+8(1 - 2)to(1 - 1)go(L, 2)y0(2,3;3)go(3, 1) —

—Jo(1-2)go(1 - 1)7(:0(1, 2, 3)90(2 2) .
(43)

l

- In (k, ) space
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6 6
yeK, @) = 1= Y Fa(K)[1+ 2(D]hxpe(0),

a=1 p=1
(44)
l
2ap(@) = D Ga(p,Fp(P),  (45)
l
F.(K) = [t(k), 1, 2]gcosk, 2Jo Sinky,
2Jo cosKy, 2Jo sinky], (46)
l
G.(p,q) = [1,t1(p + q), COPx, SINPx,
cospy, sinpy]I1(p, ), (47)
1k, @) = —g(k)g(k+ q) (48)
|

g = (9,iqn), gn = 2zZnT
p=(P,iPm), Pm = 7 T(2M+ 1)

Zn(p, q) = NE(Sa+p) — nF_(fp) |
Pm

Sp — Gq+p — I0n
(49)
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J

FORWARD SCATTERING PEAK IN
7/c(k|:,CI)

— see Fig.FSP

U
CONCLUSION

l

- Backward scattering q ~ kg is strongly
suppressed |

|
RESISTIVITY
l
Transport spectral function
l
(a?F(k, k', o) [V (k) = v(K)]®i)x
2|: ' — .
(@) 2000
(50)

l

v(k) = 0&(k)/k - quasiparticle velocity
Boltzmann equation = p(T) (Fig.Res)

l
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p() = 2T (T) (51)
P

2 ® 2

(52)

l
- Transport EPI coupling Ay"

- 2[do 5 @F@) (5

l
- Pairing EPI coupling
2(w)F
pep = 2 [ do @@L (54
l
- For T > ®p/5 (Debye spectrum)
l
p(T) = 8r2acPKel (55)
ha)m
l

- Plasma frequency oy,

U
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- Due to forward scattering peak
U

Ay << ASP I

l

- HTSC experiments :

U
Ay ~05 AP ~1-2

(FSP)

20



