i the

g abdus salam
orpaon international centre for theoretical physics

SMR 1232 - 33

Xil WORKSHOP ON
STRONGLY CORRELATED ELECTRON SYSTEMS

17 - 28 July 2000

CROSSOVER FROM
COHERENT TO INCOHERENT PAIRING
IN THE SPIN FERMION MODEL FOR CUPRATES

j. SCHMALIAN
Department of Physics and Astronomy

Iowa State University and Ames Laboratory
Ames, U.S.A.

These are preliminary lecture notes, intended only for distribution to participants.






JAPOUT GOTHE iy )

(HONIPDTA A4, ) >0x5n350 Asipuy + AcUeQYy WSy

'S401R1I0 80D

NLOIDLOGI ] SNy
NSO H ) PIS PO
NHOHOLS Y PUD SHNNY (o paotigavdog g

uelewyoss p

sajeadnod o) |apow uoiudy uids ayy ut burned
JUSIBYOIU 0] JUSIDYOD W) 1I9A0SSOI)



e e T

Samme/ OF THiS IRLK

9 F ~ QuantuwCrhcal
?aiw+

f

Slﬁe.o\‘i('c NonN Ferm? LicwD

2‘7-?-” w'z l‘?zl—
“ G L)~ WY
Y:‘Q;hg leouu«
NOM F.l. usdable
v }-(—(—H—)—)—)—e—)
r* rslhjlb‘l"

v

Tiwst, ~ “ﬂ"" ot QJ{L
4 = S;W aqi) A

meam tlg«lﬂ of/ﬁ«.zorz
N, €% faupbs,
aA He QCP !‘
o A~ cuf 9/ (Trpm-‘ou.l G(Ytafr.-d /
A i il e
exctadpun] abore A
fff- malss ¥ o
C‘W CQ‘W‘MCY fuak, no S. C‘-)

L



meau Lipsl Husor
e
: fw.a( staf sT«muaw%c

- jaffeﬁ/buom @t Het QCp

—_—
¥
; oo e /Luoleﬁp,

ex o o ouw 040&%4 :
ot £ 7
| o (;@:3),_4
=
( fs ~ cobumeey peak ~ 2o )
= /TC-"’{—-/ZMJ ?)

Sféw'h Lx cid.

Qe ra Seun hre - ’
* T c 6‘/&4‘



spin fermion model

- g, - - - = -
i spin modes
(generated by E',
the fermions)
T

AF CQZCP
-"x
_ close to an _
Fermi liquid for antiferromagnetic
g,=0 transition, i.e.
E>>v A"
"hot spots" of
the Fermi surface
(Hiubina+Rice) CJ /r
Fwo f)cz rQ (e eS¢ < ,
—= t Vg oy %’
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perturbation theory (% - ezc;{aau ma;

spins acquire yy/;.n) — _ |
dynamics: I(iw) = - ©‘ = |ofo,

x'= &24+(4-0)" -TI(iw) ®, o< v/g &

/ N
\

fermions become 5 (i) = [
"quantum critical™: =

5. (i) = — 0 UD) 46 1oe() (ke Q)
1+VN1+|o/o, RN\

. number of
hot spots

at the hot spot o) =1

dimensionless o
coupling constant A o< g/ve G

» < w,, : Fermi liquid

® > & : quantum critical ¥, (iw) < Vgo



Quantum Critical

Fermi Liquid o
Non-Fermi Liquid
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Fermions: QC NFL
Spin excitations: relaxational
. . v'(g,m) ~ I+iw/w
X (Qw)~q+§ G o) Te

Fermions: FL
Spin excitations: static



quantum critical behavior:
arbitrary dimensions

d> 3 X(iw)=-Z, A)io; A, = 8/vikp)
d<3: (iw)= - Z,\, io [ log(E)+€ log (E)2 +... ]

— ¢ = 3-d expansion, if A, small

= renormalized 7= Z,
quasiparticle weight T IO Rin
dZ 2 -elog & £/7
dlog&-—-—SZ— A"OZ — 7 o< ¢ o< (D

d=2 7=2 =Y < ®"

d=2: &I =« 9Z/ok =< log(E)/N

— expansion in the inverse # of hot spots, N
(Abanov+Chubukov, PRL vol 84 (2000). )
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What is the size of a hot spot?

at the hot spot

s (i) = —d@ gk
1+V1+ofo,

f

away from the hot spot
()= -Aiw, A<<A 6](\,\\
172 r

it 8k >> &' (I+w/o,,)

= @=0: dke<&' -0
hot spots are isolated, singular points

= dc - transport cannot be
due to h.s. anomalies

= o, #0: Sk=Vo, 8/,

a large part of the BZ behaves like h.s.
= ARPES, optical cond. w>A
pairing instability ...



pairing problem
d ; . pairing due to A.F. spin fluct.

X =)
(in high T, context: Moriya et al., Scalapino et al.
Pines et al.)

Fermiliquid regime: 7<w, (A=géh, <)
|

1
D(w")= O+ A*J.d(n D(w) 6] N T+]o oo
- y

nT, \

F.L. quasi-particles

T.~o, exp(- L") ; A=A (I+A)" (BCS +McMillian)

Q.C.regime: 7T >0, (A=gbh, > 1)

__]___9_..{_.

@ Vo ~=—Q.C. fermions

= no perturbative solution of the gap equation

= nonpert. solution exists with Tms o< g

(Abanov, Chubukov +Finkel’stein, 2000)
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¢ — expansion for Q.C. pairing (&= 3-d)

1
O(0)= P+ a, jdw D(w) — —
o o™ oo
| I
flow of the pairing vertex I=log(g/T ) Z * f , (l
)
dl’ £
"B-l'- = - Z I' +a dI::
suppresses pairing favors pairing
for small T’
= new fixed point: I=¢ (4a d)'j
r ‘sup?rc. ?l 0
inglets?
ggiring HE———> R é;&aersi:;%

=0 I'=e«  phase?

instability temperature: Tim o< g
* always flows to
d=2: T{l=0)>T strong coupling
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1. Opening of the pairng gap

2. Proximity to an A.F. State

Resonance in the spin response at:

Q S wsz)Uz Néf]

res

(Abanov + Chulbukov, PRL 1999)
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Resonance peak in neutron scattering

dynamical susceptibility, %"(Q,®)

~photoemission intensity

025 | . _ -1
frequency (in units of ® )
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dynamical susceptibility, x"(Q.®)

0

%Aﬁ

T, <T<T*

0.25
frequency (in units of ® )
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Crossover temperatures below
the pairing instability:

temperature (in units of® )
St

-

Quantum critical
metal

Superconductor
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