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QUANTUM CRITICAL BEHAVIOR
IN HEAVY FERMION METALS
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Outline: tce Univ.
e Brief overview

— Sta,ndard plcture

— Questions raised by recent expenments

° Dyna,mlcal competition between Kondo and
RKKY

e T'wo types of quantum critical behavior
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Heavy fermions close to a QCP

e Schematic phase diagram:

®cg. C'ePdQSIQ, CengGeg, CeCu5 XAuX,

e Non-Fermi liguid behawor in the QC regime:

— Specific heat coefficient C, /T singular
— Temperature dependence of resistivity anomalous

e Cf. Other routes toward NFL behavior

{



Standard picture:

e Lattice of local moments
+ conduction electrons

¢ Doniach phase diagram

—Kondo:  energy scale Ty ~ We™W//k
- = paramagnetic metal
- RKKY: enérgy scale I ~- J2, |44
AN o i/
= magnetic metal
L W WP o S
- A drusitionds oL DM type; Stoner instability

assoclated with a “large” Fermi surface.

e = Same QC behavior as for ordinary itiner-
ant electron systems |

D3 2 d-imensional GL.theory (Hertz, Millis,.- )

~ Ex ected 1n the QC regime:

‘X(q’ +bq Q —faw I




Neutron scattering in CeCug_,Auy at x =
(Schroder et al '98; *99; Stockert et al, '98)

e Frequency & temperature dependence:

fit with - SN

Pt

X‘(q’u-)) - f(@) + A (w+icT)AE
for all momentum q

e Momentum dependence:
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Neutron scattering in CeCug_yAuyx at x = X,
(Schroder et al '98; ’99; Stockert et al, '98)
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Neutron scattering in CeCug_yAux at x =X .

(Schroder et al '98; '99; Stockert

et al, '98)
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Neutron scattering in CeCug_,Au, at x = x.
(Schroder et al '98; '99; Stockert et al, '98)
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e The question we address: Is there more ;;
|than one type of QCPs in Kondo lattices? |}
(Also P. Coleman et al.)

¢ Main finding: two types of quantum critical
behavior can occur

— first type: SDW transition

- —second type: loc-al.(Kendo) physics also critical



Extended DMFET* of the Kondo lattice:
Qualitative picture

(* Smith & QS; Chitra & Kotliar)
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Extended DMFET of the Kondo lattice:
(Cont’d)

e Conserving resummation of 1/ expansion:

DM (Gteorfles,-\(o«-%m ex o) RMT ‘qi)

L PRB 6L, 5154 (o) ]

e Implemented by‘ taking the large D limit with

!



Effective impurity problem

e The RKKY interactions lead to an additional
retarded interaction:

ASimp = — [ d7 [ dT' x5 (7 — 7) S(r) - S()
OO,

e Bifective impurity Hamiltonian:

Himp = iK S-sc+ kZU‘E& c}la Cho

where Hlorc e ring w“ama».
g° 30w — wp) = Imyg '(w) e s
< Y o AAAAAA-

e Self-consistently,
-g and Wy determined by Iy and x

— I;. determined by ¢y and G

Rkk Y



|

Self-consistency condition

"'i:‘ﬂ % Gk ,w) = Gloc(w)

i‘:.n% X(q, w) = Xoc(w)

e Lattice Green function

Gk,w) = L

Wt — e, — D(w)

e Lattice spin susceptibility

X(q> LU):_ M(UJ) . Iq‘l |

| M !w) is_“spin self—energx”, which satisfies
M(w) = xp (W) +

Xloc(w)
Cf. RPA

T Mgt Q ‘



Step I: Characterizing two types of QCPs
— 1

The form X.(q, w) = M-I, = QCP can

be characterized in terms of the behavior of the

“SBin Self—energf’ M (Wl
e first type:

ImM Hw) = - 7 W
B

y * - » ‘ - . .
k" s the effective Fermi energy

e second type:

W

ImM_l(u)) ~  |w|® sgnw |
| with0 < v < 1
']1;* =0: a QCP with agomalous

local dynamics
S i S




Step II: Origin of the anomalous
local dynamics

e Effective impurity problem once again:

%imp: JK S-SC_-I- > By CLU Clo
[ o a4 o k,O' .

+93S- (Bt oly) +rwngl 6
o B M
o If we just put in a subvohmic spectrum for
the fluctuating magnetic field ¢:

S0 (w —wg) ~ |w|T sgnw

/ with v <1

then H;pp, does indeed have a QCP of its own
(Smith & QS '97; Sengupta '97)

— x'luaq)‘ Eld, FO
! “ S




“RKKY- density of states”

Cf. conduction electron d.o.s.

ple) = 25(6 — €x)

- @ The self-consistency condition can be rewrit-

ten as
!
e g g
1 —
/dep()uH—,u S(w ) :Gloc(w)

e Extended DMFT as an approximation for fi-
mte D systems:
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Step III: Self-consistent solution
— two types of QCPs

o If X(Quw=0)= M(wzé)—fmax

at dc < e |
} » 6C

— OO

' C
t.;hen | | 8‘ | S}“_ |
~ at 6., the local problem is not critical,
— = the QCP is'of SDW (or Hertz) type

-g

e This occurs for a sgmi-cirgular “_RKKYnd.o.S.” |




Step I1I: Self-consistent solution
— two types of QCPs (Cont’d)

o If X(Q,w = 0) = gz Tom — ©
exactly at d¢c = Oy

- then
— at d, thg lgca] problem i3 also.cutical;
vestiges of local moments remain.

— = ggn-sggw (Qr non-Hertz) Q{EP .
e This occurs whenever the “RKKY-d.o.s.” has
a jump at the upper edge:
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Dynamical spin susceptibility

at the non-Hertz QCP

e Local susceptibility
| 1. A 7
Xioc(w) = 2/\ ——(In I"(;l" + 7’_ 5N W)

e “spin self-energy”

Mw) =~ fma’x_ﬂLAwa_ﬂ |
where o = j[?;/OI(IrnaX)A]_l

o g—dependent susceptibility

1
| (Imax Iq) + A W™

x(d,w) = -

rYes CGCUQ—ESAUX at x = XQ

= qu381—2D ‘

PN g™



Summary

e Extended DMFT of the Kondo lattice:

— conserving resummation of 1/D expansion

— captures the dynamical competition between Kondo
and RKKY interactions

e T'wo types of QCPs:

~ SDW (Hertz) type

—non-SDW (non-Hertz) type local Kondo physics is
- also critical

2D ﬂuctuation_s facilitate the realization of
non-Hertz QCPs

e Cf. neutron scattering in CeCug_,Aux
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