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Fermi surface sensitive experiments on
quantum criticality
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Insitute of Solid State Physics, TU Vienna

e Fermi surface reconstructions across QQCPs
e Experimental evidence: A brief review
e Some news on YbRhsSis

e New field-induced QCP: Ce3zPdySig
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How does the Fermi surface evolve through a heavy-fermion QCP?

r

Continuously: SDW QCP

Discontinuously: Alternative scenarios for QQCPs
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The “large Fermi surface” picture

If the Kondo lattice is a Fermi liquid, the
localized spins contribute to the Fermi sea
volume as electrons.

(e.g., Martin, PRL 48 (1982) 362
Oshikawa, PRL 84 (2000) 3370)
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De Haas - Van Alphen vs LDA bandstructure: CeRuoSio
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QCP scenarios

SDW

heavy fermion state

Hertz, Millis, Moriya, Continentino,
Lonzarich, ...

Breakdown of Kondo
screening at QCP

normal AF state

Schroder, Coleman, Pépin, Si, ...

Local criticality: Si et al.
Spin-charge separation: Coleman, Pépin
Fractionalized FL: Senthil et al., ...
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CP scenarios
Q Breakdown of Kondo

SDW screening at QCP

heavy fermion state normal AF state

(Coleman et al., JPCM 13 (2001) R723)
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A brief review



Hall effect in BioSry 51Lag 49Cu0g. s

Hall resistivity vs field
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(Balakirev et al., Nature 424 (2003) 912)
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Hall effect at doping/pressure induced QCP of Crq_,V,:

Phase diagram Inverse Hall coefficient
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(Lee et al., PRL 92 (2004) 187201)
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Hall effect at field-induced induced QCP of YbRhoSi»:

Hall coefficient vs field Phase diagram
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| (Paschen et al., Nature 432 (2004) 881)
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Hall effect in YbAgGe:

Hall resistivity vs field

p,, (n2 cm)

(Bud’ko et al., PRB 71 (2005) 054408)

20

18

16

14

12

10

; > /
»p = Py
AP 1y

T T T T T T T T T T T
Ao+t 10K 4

41
++/++\+,+++’
T —
»>
+F +> .>>>'>>>’>>>)’>>'>> 7.5K
—— » ¥ 1
+_++/ )>>> \Y N
: > a
> b)>>> o PP popbnyis” > 5.0K
> B
++'+/>") D’DDDD
OV

AT

> P < h
A B a4t <
++ Pl AL <<«<<<««<‘<« d

(a)

40 60 80 100 120 140 160
H (kOe)

Phase diagram

: YbAgGe H||ab

i %
" /*’
| | LRMO "
*//
I I/‘ G\V f NFL
EREACTEN. £
| | |
0 20 40 60

100 120 140

Trieste06,12




-

Hall effect in YbAgGe:

Hall resistivity vs field

p,, (n2 cm)

(Bud’ko et al., PRB 71 (2005) 054408)
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... Hall effect in YbAgGe:
Hall resistivity vs field dM /dH vs field
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(Tokiwa et al., PRB 73 (2006) 094435)
(Bud’ko et al., PRB 72 (2005) 172413)
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... Hall effect in YbAgGe:
Hall resistivity vs field

1 i I ' i ' !

dM /dH vs field
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(Bud’ko et al., PRB 72 (2005) 172413)
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(Tokiwa et al., PRB 73 (2006) 094435)
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De Haas - van Alphen studies:

dHVA frequency vs field

Frequency(10°T)
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Hall effect measurements on CeRusSis

Pz and pgy, vs field

5

0.8

aoooo
XXRRAR
[T

W)

Pyx/HE2CM

|

Pxy/H€em

Pz and pg,, for model system

<>N

0.7

06 r

05 ————

04 r

0.3

p [a.u.]

02 r

0.1 r

Pxx ——- ]

Pry —

0.5

1 1.5

2

(Daou et al., PRL 96 (2006) 026401)
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Neutron diffraction
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(Kawarazaki et al., PRB 61 (2000) 4167) (Araki et al., JPCS 63 (2002) 1133)
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De Haas - van Alphen studies:
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Hall effect measurements on CeRhoSis

Hall coeflicient vs temperature
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(Boursier et al., Physica B 378-380
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Hall effect measurements on CeCug_Auy

Hall resistivity vs field
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Some news on YbRhsSiy
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YbRh,Sis
Phase diagram
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(Gegenwart et al., PRL 89 (2002) 056402)
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Hall effect in YbRh,Si»

Initial Hall coefficient vs T’
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[nitial Hall coefficient vs T' (Ry = dpp/dB|g—oT)

4+ )
3| .o.o
. 9r °
O |, af 5
™ - @
EZ_— %
© I »,
b'l:— \
N : [ ]
o oL *
R o
- %
B [
2oL | | |

R YbRh.Si,

Trieste06,24




-

[nitial Hall coefficient vs T' (Ry = dpp/dB|g—oT)
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Hall measurements vs field
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Single- and crossed-field experiments

Single-field: “transverse” tuning

R, (B,)5B,

W

By: tunes the state
0 By: probes the Hall response

1

Differential Hall coefficient:

Crossed-field: “longitudinal” tuning

Bsy: tunes the state
0 By: probes the Hall response

Hall coefficient (linear response):

- Opn(By)
Ry(Bi) = Ry(B
H< 1> H( 1> i aBl tuning
“orbital” “Yeeman”

(B2, By)
By

Ru(B) = Jom,”
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Single-field experiment: Hall resistivity pg vs field By

a

Py~ Py, (107° QM)

12

=
o

oo

o

D

0

OB _
| JB T N 1 - oo!
Bi | Ru(BJB, | o~
i | | e B, T

- £ / )
V. ) ]
Xt T e
[T (mK): 29, 75, 200, 300, 500!
7 YbRh ST . . -
0 1 2 3 4 5
B, (T)

Trieste06,28




-

Fitting function

R (B)dB

R(B)=RJ-(R R+ (BB

dR (B,)/dB,

(R, +RI2

ROO

H

FWHM ~ B /p (if p>>)
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Phase diagram
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Crossed-field experiment: Hall resistivity vs By at different Bo
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Phase diagram
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“Zeeman” term unimportant here
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Phase diagram
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CesPdopSig

cubic crystal structure
space group F'm3m

Ce in 2 different polyhedra:
1: 6 51, 12 Pd; 2: 16 Pd

(Gribanov et al., JAC 204 (1994) 1.9)

Magnetic susceptibility
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Similar to earlier findings of Kitagawa et al.,
PRB 53 (1996) 5101
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Specific heat Phase diagram
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Electrical resistivity vs T°
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Conclusion

Review:

e Large number of Hall effect and dHvA experiments
YbRhoSis:

e New crossed-field data confirm old ones

e Deviations of old single-field curves from new crossed-field curves

above 150 mK do not change the main conclusions

e Crossover of Ryr(Bs) sharpens with lowering T" and extrapolates
to step at 1I" = 0, in conflict with SDW QCP

CesPdopSig:

e New field-induced quantum critical compound

e Large single crystals available!
G
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