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Magnetic to Fermi Liquid Transitions
at Low Temperatures
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# Temperature
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Ce RHLSQL , U ?{;3
Fermi Liquid * Particle
pairing

>

Control Parameter
(Pressure, Composition, Applied Field)
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3d ferromagnetic metals near critical lattice spacing or
composition ¥

heavy fermion compounds and low dimensional
conductors

Quantum Critical Phenomena (breakdown of
conventional view of elementary excitations).

Fluctuation frequency Iy > kT¢/# near the critical
pressure or composition.

Quantum Order (fermion condensations, novel
magnetism and superconductivity).

#  See also TCT? wetes Apeil &4 " Maguetxc Rhase
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Quasiparticle Description of

Coupled System of Conduction
Electrons and Localised f-electrons

doubly
Ef+U occupied
f- level .
el conduction electrons
Dy
localised electrons

singly
occupied -

f- level

Fermi surface includes
nearly localised f - electrons
(Luttinger's Theorem) and
quasiparticle mass 1is

enhanced
E
Ef+U
Ef
= g
k
Fermi surface is unchanged
but quasiparticle mass is
enhanced

Dilution Refrigerator-Magnet System
with Cu Nuclear Demagnetisation Stage

Toroidal transformers e SQUID sensor
Thermal | Mixing chamber
heat switch\ 1%
[
1 -— Nuclear crientation
sample
6.5 T demagnetisation | Cu nuclear stage
magnet ~ |
Main magnet
18.4 T 40 mm bore | High purity
{over 20 T 32 mm Ag heat links
bore) \

Split modulation Quartz or
coil 1.2 Ts'lat //_M;ilicon crystal
18 T (series or ™ il support rod

Hon) : i
opposition] i Rotation with coil foil
mechanism for
up to 6 samples
Tail clamp cge::iar
mechanism decoupled nlrng
from modulation coil wires




UPtg: Magnetoresistance in

Ultra-Pure Whiskers (B L ¢) UPtg: Study of Heavy Quasiparticles via

the Oscillatory Magnetoresistance
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Temperature Dependence of the
Oscillatory Magnetoresistance
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Magnetic Fluctuation Relaxation Spectrum Fq

Limits of the Landau Fermi Liquid Model *

A
e For a Fermi Liquid at low T and q

. . X
«  Long range current-current interaction r, = 2 Va2 51 oL+ cq?) .
R X
q
- _ ~t _ " %] _ “ t:_l-?_‘_‘ (9 1
» At very low temperatures and in ultra pure % Recclt %, = % O vl LRl s ) ~oah)
samples + The dynamical susceptibility and power spectrum at
ST (/T 'mass’  (for T<T7) low g and @ .
p/T2 - 1/T13 "cross-section” (be Eeri_ ?A:L; . B o .
tonsbeint) Xqo = Xq 1 -1 ?,: , (mqmm_q_m>::2h(1+nm)xqm

e Long range quasiparticle-quasiparticle
molecular field coupling near magnetic
phase transitions (T, — 0). e Dynamical exponent Fq

7z = 1 normal state

z =3 criticaly! - 0 (dyp =d+z > 4).
T >0 i A

o cf transverse current fluctuations in normal state of an
ideal conductor at low T and q j

L
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Spin Fluctuation Rat¢ in Nearly
Ferromagnetic Transition Metals

I'(meV)
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Exp: Bernhoeft and Lonzarich; Ishikawa et al. (MnSi)
Cale: McMullan and Lonzarich; Winter et al.

r,= 1q(x t+cg?) > q*2 for T T..

z = Dynamical Exponent; deff=d +z — 6.
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Model for the Dynamical Susceptibility
for UPt3 at Low q and ®

0 10.0 15.0
0.0 5 © ( meV )

%Q-f\a\ﬂoeg‘t t: E-L-

Be
Yaw = 3
@ l—laqmﬁm
-1
i ~1 =p(2-8) 1—-i£+ l__5
aqm=0-(1-10)/TIQ) . B, =B v e

Quasiparticle Scattering Rate

?
—,——{/ ~&\ * AtT — 0 near the Fermi level

-1 12 *
T2 E.‘ (mqwm—q—w>
~ Jqdqdew 9
Jadqde 5
z = 1 (FL) z = 3 (MFL)
E
m; E° In (E*/E)
. d =3 z = 1 (FL) z = 3 (MFL)
77! T2 T
C/T T In (T*T)
p T? T
N T TY
§ = 5/3 in the absence of drag corrections.
Y = 4/3 in self-consistent Hartree approximation for

coupling of magnetic fluctuations.
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Calculated Temperature and Pressure
Variations of the Entropy and Resistivity
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Pressure and Temperature Dependence
of the Resist
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Temperature Dependence of Ap(T)/T°
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Pressure Dependence of the
Transition Temperature
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Temperature and Pressure Dependence
of the Inverse Susceptibility
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CeRugSiy: Susceptibility vs Temperature
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CeRuySiy: Metamagnetic Transition
for B along the c-axis
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Metamagnetic Transition

B A
Pealk in StepinMor B
dM/dB vs B
— M > M
Mean Field Model (b < 0)

B = aM + bM3 + dM5

Fluctuation Corrections
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CeRugSis: High Frequency dHvA Spectrum above

the Metamagnetic Transition
(B along {001], 7 mK)
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Ferromagnet

Temperature

T
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|

- normal
Fermi Liquid
—

0 X =P-Pe

Conclusions

CeRu,Si, and UPt; may be described within a Fermi

Liquid Model in which the f moments and conduction
electrons form charged fermion quasiparticles that account
for the linear coefficient of the heat capacity.

MnSi and ZrZn, near their critical pressures exhibit

properties consistent with the predictions of a Marginal
Fermi Liquid arising from the exchange of highly
dispersive critical fluctuations in the spin density.



