Lectures 3-4

. Almost localized Fermi liquid (ALFL): a
paradigm for non-Landau Fermi liquid composed
of strongly correlated electrons:

— Spin-dependent masses
— Effective field driven by the correlations

. Cooper pair instability: from indistinguishable to
distinguishable particles

. H, —T phase diagram: BCS vs. FFLO phases
stability for 3D and 2D gas

. BCS vs FFLO phase for two-dimensional lattice



J. Singleton et al., J. P. CM 12, L641 (2000)
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FIG. 3: H-T phase diagrams at low temperatures and high
fields for H L ab (left) and for H || ab (right). The colored
portions display the FFLO (pink) and BCS (blue) regions.
The open circles are Hz determined by the NMR experi-
ments. The black and green lines represent the upper critical
fields which are in the first order and in the second order,
respectively. The red dashed and solid lines represent the
phase boundary separating the FFLO and BCS states.QFor
H | ab, precise determination of the phase boundary between

the FFLO and the BCS states 1s difficult by the present ex-

periments.

K. Kumagai et al., cond-mat/0605394



Spin dependent masses of
quasiparticles
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Spin-dependent masses quantitatively:
infinite U, narrow-band limit
Vg /Y (SE)
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® The masses depend on the field (weakly above the metamagnetic point)
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® Masses depend on temperature:
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Physical origin of heavy masses:

In the magnetically polarized state the majority electrons
(c=T) scatter less effectively on a fewer spin-minority
electrons. The opposite is true for the spin-minority
particles.

In effect, the particles in the spin — minority subband
(much) heavier than those in the majority subband

Reviews: (J. S.):

* Encyclopedia of Condensed Matter Physics, Elsevier,
vol.3,126 - 136 (2005);

* phys. stat. sol. (b), Editor's choice, 243, 78-88 (2006);

* Physica B (sces'05), 378-380, 1185-1190 (2006).



Spin-dependent masses from the de Haas-van Alphen effect
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Quasiparticle states 11
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Anderson-lattice Hamiltonian in the large U limit
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Effective quasiparticle Hamiltonian with effective pairing

(Gutzwiller approximation for quasiparticle states)
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Phase Diagram - SDM, 2D, d-wave  yiomentum (17A)
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Phase Diagram - SIM, 2D, d-wave Momentum (1/A)
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Narrow—-band systems (3d)
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Contents

. Concept of spin-dependent quasiparticle
mass (1990 —» 2005):

m /m =1/Z —> o

. Cooper pair with the spin-dependent
masses of quasiparticles:



Uklady skorelowanych fermionow:

1. Co oznacza "silnie skorelowane?"
Punkt startowy: en. oddziatywania >> en. pasmowa
U>W
Przyblizenie H-F nawet jakosciowo niepoprawne (LDA)
Przyblizenie Gutzwillera = MFA

(Gutzwiller projection)

2. Model t-J (sieci Andersona) punktem startowym, albo
model Hubbarda z U>>W

Dlaczego wazne? AF -> SC (ewolucja ze stanu 1zol. Motta)



3. Paired states:

* BCS state (condensate at rest)

* FFLO state (moving condensate of pairs)
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Fulde—Ferrell-Larkin-Ovchinnikov phase:

* Two-dimensional case (H || ¢)
* Tight-binding approximation: t'/t = -0.5

* Pauli term dominant (Zeeman term only)

Results: n = const,

i = const (quark-gluon plasma),
F. Wilczek, PRL (2003).



H = (exo — 1) CLUCk,a +gusH ) (CL,TCk,T - ClTkaai)
k

,O

e

== (A*Qck,TC—k—I-Q,i + HC)

~[]

o
Aq = Y (Cok+QiCkt)
k

Ek,o = —2t, (cos ky + cos k) + 4t. cos k, cos k,

Ag— Ly agf Fian) = f (Buao

N4<"%  Ewqi— Feas

1

Exqip = gusH + 5 (exr — € 1vqul)

1
i§\/(5k,¢ +exrql — 20)° +4/Aqf?




1 1
e = —
t NZEle_EkQQ

X [(Bx,Q,1 +e-x+qy — 1 — gusH) f (Exq,1)

— (Pxq2t+e-x+q —p—gusH) f (Ex.qz2)]

1 1
n =1-——
. N T Exq1 — Exqz

X [(Exq1—cxkr++ 1 —gusH) f (Exqa)

— (Bx,q2 — €kt + 10— gusH) f (Exq,2)]

2(Aq,Q) = —kBTZZm + exp (—Ex,q,o/ksT)]
k a=1
NIA?
+ Z (e—xtq. — 1 — gpsH) + ’V |
k

F(Aq, Q) = Q(Aq, Q) + unN



1
_I




Outlook:

1. Pair momentum Q nonzero, FFLO

1. H # 0: indistinguishable quasiparticles
transforming into distinguishable !!!

2. m #m : wide range of the FFLO appearance.

. u=const or n =const

1 r & YXTERXR X T N a 9 .1 l] ‘IT"\‘T[\‘)



1. Cooper pair for the case
with spin dependent masses:

* Q=0 versus Q=0

* Indistinguishable — distinguishable
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MAGNETIZATION, m

Sie¢ Kondo: U —» o
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(a) Magnetization curve (m=n,-n,) for n—2 and in the Kondo-lattice limit;
(b) spin-split masses for majority (c=1) and minority (c=1) spin subbands

R. Citro, A. Romano & J.S., Physica B 259-261, 213 (1999)



Fermi wavevector mismatch for H # 0:



_ T
Qg = Ugdg1Q21 — VkA_k4Q/2|

i T
Qg | = UkAg+Q/21 T UkA_k4Q/2|
Ay N
H =2, Ex o gy + 2 —E) + N=2 + —ih,,
ko VO n

Evo=Ex+ 08", E =V&+ AG

DN | —

fé (§k+Q/2T+§—k+Q/2l) ﬂ = (§k+Q/2T g—k+Q/2l)

Z =

Ag 2 (A yeqn 1Ak+Q21)
Kk



Phase Diagram — SDM Momentum (1/A)
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Conclusions

Transition to distinguishable quasiparticles in
Cooper pair in an applied field

FFLO phase is robust when the masses are
spin-dependent

Effective field driven by correlations
compensates partially the applied field

Generalization of the concept of the Landau
quasiparticle






























3. Struktura elektronowa? LDA + U, LDA + DMFT, Gutzwiller
LDA

Gutzwiller + wave function readj.: beyond the parametrized
models

4. Efektywna temperatura Kondo: temperatura koherencji

Lokalizacja zaindukowana ruchem termicznym dla rosnace;j
temperatury, korelacje typu Kondo (lub nie) dla T -> 0

5. Kwantowe zjawiska krytyczne czyli wyjscie poza paradygmat
prawie zlokalizowanej cieczy Fermiego;

Kwantowe punkty krytyczne na progu lokalizacji Motta, metalizacja
magnetytu (A. Koztowski, jutro)

6. Uwaga metodologiczna: wzajemne cytowanie
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Fulde-Ferrell-Larkin-Ovchinnikov
superconducting phase for paired
quasiparticles with spin-dependent
masses and their distinguishability

University of Silesia
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Unconventional superconductivity of
quasiparticles with spin-dependent
masses

Jan Kaczmarczyk and Jozef Spalek

Marian Smoluchowski Institute of Physics, Jagiellonian University, ul.
Reymonta 4, 30-059 Krakow, Poland
Faculty of Physics and Applied Computer Science, AGH University of
Science and Technology, ul. Reymonta 19, 30-059 Krakow, Poland
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