Anomalous electrical transport in frustrated
intermetallic YbCuAs,
the role of spin
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The competition between the Kondo effect and Ruderman—Kittel-Kasuya—Yosida (RKKY) interaction characterize heavy Fermion systems. The Kondo effect is the screening of the localized
magnetic moments by the spin of conduction electrons and leads to the formation of the spin-singlet. A characteristic low-temperature electrical resistivity minimum can happen in metals
containing magnetic impurities due to the Kondo effect. The RKKY interaction is a long-range interaction between localized moments that is mediated by conduction electrons.

The ternary intermetallic compounds of RCuAs,, with rare earth (R) ions like Sm, Gd, Tb, and Dy exhibit resistivity minima well above their respective Neel temperature. The Kondo effect is not
anticipated in these ions as they have strictly localized 4f electrons. In contrast, for rare earth ions like Yb, where the Kondo effect is expected, the resistivity minimum is suppressed. Muon Spin
Relaxation (USR) measurements, as a probe of local magnetism, can help to shed light on the origin of this unanticipated phenomenon.
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Sampathkumaran et. al. [1] investigated
electrical resistivity in RCuAs2 intermetallic
compounds. Some rare earths showed a
distinct resistivity minimum above their
Neel temperature, but others with strong 4f
electron hybridization and Kondo effect did
not exhibit this behavior.
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[6] Resistivity (p) measurements for single crystal
YbCuAs,):
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Magnetic contribution to the specific

maximum at T~125 K followed by -log(T) depen-
dence in lower temperatures due to Kondo
scattering in the presence of CEF splitting

Broad hump at T~20 K due to Kondo scattering
within the ground state

Rapid drop below T ,~3.7 K due to Antiferro-
magnetic ordering

Note the dramatically reduced resistivity compared
with powder samples of [1]
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YbCuAs2 :

e Crystallise in the HfCuSi,-type

layered tetragonal form.

e 4f electrons are mostly localized.
e Magnetic properties influenced

YbCuAs, Inverse bulk magnetic suscepii

e A large magnetic
differences in
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by Kondo and RKKY interactions,
and CEF effect.

8] (a) Electronic band structure showing
hybridization between the f-electron states and
the conduction electrons results in the formation
of an upper and lower Fermi band. These bands
are separated by an indirect hybridization. (b)
Renormalized density of states showing
hybridization gap: A, = E,(+) — E,(—) ~ Tx{Kondo temp)
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Muon Spin Relaxation
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Left: Asymmetry in positron emission spectra for various experimental setups (ZF, LF).
Middle : Early times of the spectra below transition temperature: We can see spog
muon precession indicating magnetic ordering below 3.7 K. Surprisingly, Neutrg
scattering did not detect magnetic ordering down to 1.5 K for this compound
Right : Asymmetric emission of positrons associated with weak beta de

0.1 —

2 4 6
Time (ps)

8

=
o

0.09

Relaxation rate (ps?)

o© o ©

o o o

[#)] ~l [e4]
IIIIIIIII|IIII|IIII|IIII|IIII|II[I

o
o
G

©
(=]
<

0.03 '

T 1 1T T 1 1T 1T 1

1T T 1 | 1T T 1

HH

} [ [ [

P

i

IIII| | IIIII|

160 K

|

[ I

e Rapid relaxation rate grg

1,200

10
T (K)

in specific heat datg

Broad maxima ig
maxima in

1,000

800

600

Field (G)

400

200

III|||I|||II|I|IIII||||I

-
RN T T T T T N T M M A O M A A A

* fieldlV
= fieldlll
+ fieldll
s fieldl

LnIII|IIII|III||IIII||I|||IIII

=

2 2.5 3
T (K)

3.5

S N T T T A MO A

0-1IIIII|IIIII|IIIII

L & T=2K ZF NSR
a T=2K LFz=35G NSR

0.05

Tea] 1 Lol

[ E <

IIIIIIIIIIIIII_LIII
Pusnue

_0-15|III|IIII|IIII|IIII|IIII

IIIII|IIIII|IIII’

0 0.2 0.4 0.6
Time (ps)

Relaxation rate
spin depolarj
VS. tempe

0

{0

Kexp (%)
o
w

3

e ¢%te * +*

~——
68

OSc— T T 1 T T T T 1 T T T T [ T T T T [ T T T T[]
.
* oo * + *

s | | w0 Kexpl TF, = 1KG |

" | e Kexp2 TF, = 1KG |
s Kexpl TF, = 5KG T
* Kexp2 TF, = 5KGT|

o

50 100
T (K)

150

€6.5 87 575
_3.51|||||||||||||||||

200

250

(0.125,0.625,0.86449)

Ky (%)

8

| I I
I N | = | o o
w (9] 9] w = ()] o ()]

© |||||||||||||||||||||||||||||||||||||||

|
ty
U

[

1-5IIIIIIIIIIIIIIIIIIII|IIIII

= NSR Slow
+ NSR Rapid

=

Relaxation Rate (pus™)
o
[0}

1T T T 1 | 1T T T T | T 1T T 1
——

i
P b b b b

] = *
ol (™., d & s § I, I,
10 100
T (K)

(0.125,0.625,0.46618) (0.125,0.875,0.32322)

||||||||||||||||||4|||||||||1|||||

«»
T 50K
T=25K
T=10K
l
= K,1 TF, = 1kG

* K2 TF, = 1kG
+ K,1 TF, = 5kG
+ Ky2 TF, = 5kG

||||I|||||||||I|||||||||I|||[I||||
0.01 0.02 0.03 0.04 0.05 0.06 0.07

Xv

||||||||||||||I|||||I||

Acknowledgments: Dr. Sarah Dunsiger, Dr. Jeff Sonier, Dr. Shayan Gheidi, Dr. Shyam Sundar, Nasrin Azari, Mariah Goeks, Michael Yakovlev, Katherine Curvelo, Isabelle St.-Martin, Dr. Eundeok Mun, David Evans, Dr. Gerald Morris, Dr Bassam Hitti, Dr Donald Arseneau, Rahim Abasalti,
Deepak Vyas, Dr. Leandro Liborio.

&2 TRIUMF

S F SIMON FRASER
UNIVERSITY




