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Conventional picture of QCP ; Landau’s lineage
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Standard non-Fermi liguid around QCP
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Quantum Critical Phenomena
beyond Standard Picture

4f | 5f
YbRh,SI,, CeRu,Ge,, UGe,, URuU,SI,,
Celn,, Celn,, Ce(Cu,Au), ....

3d,4d
ZrZn,, MnsSi, NiIS,, Sr;Ru,0-, YCo5,




YDbRh,SI,; weak antiferromagnet
Heavy fermion compound QCP by

Y~2JK?/mole magnetic field or pressure
“Ferromagnetic” fluctuation around QCP
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g Moriya, Ueda
PUZZ“ng exponents RG study; Hertz, Millis
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Hint: Near First-Order Transition

YbRh,Si, ArAL
first order transition first order above 1.I65(3Pa

under pressure at H =0 '

30

0)

p(H/plH

Knebel, Flouquet et al. °5 5 %

p (kbar)
JPSJ 75 (2006) 14709 Uhlarz, Pfleiderer, Hayden (2004)




Unconventional QCP
found In various compounds

proximity of 1st order magnetic transition

4f,5f YDbRh,SI,,
CeRu,Ge, ,Fontes et al,
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3d,4d ZrZn,, MnSi, NiIS,, Sr;Ru,O,



common tendency Vv,0,, ., a
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Tricriticality does not solve puzzle Yamaji

tricriticality? Metamagnetic transition in ZrZn,
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MI transition of x-(ET),Cu[N(CN),]CI
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ISsue
Origin of deviation from standard QCP

Key:
Proximity of first-order transition

Novel concept beyond
conventional GLW framework of QCP



Two categories of quantum phase transitions

—Two major sources of our interest
In condensed matter

Interaction

Quantum mechanics Landau
 Interaction effect — symmetry-breaking
< transition

Quantum effect —» topological transition

. ex. LIifshitz tr. In momentum space
Lifshitz




Lineage of Lifshitz: topological transition
“quantum order”: Wen

gapless phase gapful phase

topology change of ' topological order
Fermi surface,

Lifshitz transition,
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Quantum
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continuous transitionat T =0



Link between Landau type £ critical line;

and Lifshitz type GLW symmetry
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proximity of first-order transition

Physics of

Marginal Quantum Critical Phenomena




Metal-Insulator Transitions




Hartree-Fock Phase Diagram
Metal-Insulator Transition for 2D Hubbard Moplel
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non-Ginzburg-Landau-Wilson scheme
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topological nature

B, >0 ;continuous ; A>0 - metal, A<0 - insulator
B, <O0;firstorder A=B_,=0; MQCP
L=1L0=2,7=1 newuniversality class

experimental confirmation: x-(ET),Cu[N(CN),]CI



scaling laws at MQCP In 2D

d = 2 density
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Does MQCP really exist beyond Hartree Fock?

Exact approach beyond mean-field e . U
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Electron differentiation in momentum space
topological character < differentiation in Y. Z. Zhang

of transition momentum space & Imada
Phys.Rev.B
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Coherent peak? Georges et al,
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Unconventional
Lifshitz transition
In ZrZn,

Another proximity of first-order transition

Yamayji:
Poster PS28




Llfshltz transition of ZrZn,

de Haas
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Comparison with experiment
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Quantum Tricritical Phenomena

Proximity of 1st order transition
within GLW scheme

Case of YbRh,SI,

Misawa:
poster PS27




Physics of tricritical point ’“ Lanbda i

1y

1 2 1 4 1
p”\/ﬁ):—’.l“]\/[Jr + —uMT —!——fuMT6-!—-

B 2 4 6

First-order transition line

classical tricritical point: r=0, u=0

concomitant divergence of

S(Q) at ordering wavenumber Q (AF)
and

S(g=0) at uniform mode g=0 (F)
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Spin Fluctuation Theory of Quantum Tricriticality
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Quantum tricriticality vs. experiments
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Summary
Unconventional quantum critical phenomena

arising from proximity of 1st order transitions
Interaction drives topological transition to
1st order & symmetry breaking

Internal structure of MIT: QCL, MQCP, Z, line
MQCP
new universality class : diverging k =0 mode
electron differentiation
Mott transitions K-ET, V,0O,, ...
Lifshitz transitions ZrZn,
Quantum tricriticality
unconventional non-Fermi liquid
Diverging fluctuationsatk =0  YbRh;51;,



Outlook

Low-energy excitation around MQCP
Quasiparticle survives or fractionalization?
Detalled structure of electron differentiation

MQCP structure for nontrivial topological order

QH QSH

Effects of MQCP on superconductivity



