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Materials Problems in QPT Systems:
Their Non-Negligible Effect and the Struggle to
Avoid/Minimize Them

Kavli Institute, April 12, 2005
I. Need low temperature data

A. Because a broad temperature range is
necessary to determine behavior

B. Theories typically (but not always) only
predict the limiting, T—0, response

Caveat: Beware data that are only down to 1.4 K,
and demand data at least down to 0.3 K.
0.05 K or lower is best.

II. “Single” crystals vs polycrystalline samples —
mosaic spread, inclusions, solubility of flux, . ..

ITII. Metamagnetic transitions as a pathway to
nFl behavior/Quantum Criticality —
A. importance of pg in Sr3Ru;07 - Perry et al.
found one metamagnetic transition in
po = 2.8 uQ-cm material while Ohmichi et al.
1 ' years later found fwo metamagnetic
transitions in py = 0.8 — 2.0 nC2-cm material

B. Consider Celrlns

IV. Caution — Field Driven QCP can be different
than using x or P.

V. There exist materials issues (homogeneity,
second phase) that are often important

VI. Low temperature properties (see 1. above) are
widely known to be sample dependent

* e. g., presence of bulk superconductivity in
CeCu;,Sij

* Using C/T as an example, consider the low T
limiting behavior in Y gUp2Pd3, CeNiyGes,
and YbRh;Si;

VIl. UCuy4Pd - Disordered systems require even
more care

VIII. Suggestion for a “better” disordered system
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High-field magnetization of Celrlns measured at 1.3 K.

FIELD DRIVEN QCP'S

Overall question: Do such systems show the full range
of behavior found via doping or pressure?

Outline

L) Metamagnetism can be one route to QCP's.

e. g. UPt;, SryRu,0; (ref. talk of A. Schoficld)

IL) Can use ficld in some cases to reach QCP at
I'«(B)—0 (Reminder: doping and pressure also
only work in some cases.)

« Comparison of behavior (p, ¥, C/T) for B vs x,P
in selected antiferromagnets

A.) CeCug Ag, - some differences B vs x,”
B.) CeCug,Au, - also some differences, but also
between x and P
C.) Ythzsiz - difference in femperature range of
p=po+aTl betweenxand B
D.) YbCus Al - the reverse of CeCuq M,
D.) Usage of B20 to tune near a general QCFP
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Comparison of p, %, C/T for B..i, V8 Xcrita Perit

p=po+al® X' =T Uy Yi-xPdg (€a EPWL\{ :.z' R ‘oc )
(B /X P CIT(B [XP) BB [xc,Po) PR
CeCueM, 1.5/1.3,<1"  yaVT/logT 1/0.8

YbRh,Si, 17/1  logl "+'/logT "+"  -/0.75

<>

YbCus, Al, 1.5/1.3 log T/y-aNT 0.59/0.74 o S i 50 im

i!restricted, T<0.2 K, temperature range
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