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Angle resolved photoemission spectroscopy
(ARPES) to measure p (k,w)
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Luttinger liquid (Tomonaga-Luttinger model)
spectral function much different from FL
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Early Experimental Motivations

Cuprate ARPES NFL lineshapes - Signal of LL?
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Low-D Metals and Fermi Surfaces
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TiTe, Fermi liquid lineshape fits near k.
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Temperature dependence in Liy jM040,, PES
no Fermi edge, no E- gap opening
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compared to TL theory for non-zero T (Orgad)
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a Dependence of Finite T TL Line Shape
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(K, Na) purple bronzes (quasi 2d, CDW)
Fermi surface shows “hidden” one dimensionality

KMo,0,, hv=22eV, AE=100meV, T=150K (T py=80K)

QCDW

3 weakly interacting /‘-P"

quasi 1d chains
120 degrees apart

=Sl
7 7§ <

-10.0- K’
T M Kk T
University of Michigan FESP02--Groningen

Dr. Jim Allen, Univ of Michigan (KITP Correlated Electrons Program 9/17/02)



Ubiquitous generalized ARPES signatures of electron fractionalization in quasi-low
dimensional metals

NaMo,O,, ARPES Lineshapes Strange
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BB oY) Couldn' t interpret data
before taking FS map!
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Generalized ARPES signatures of
electron fractionalization into density waves

LL a paradigm theory for electron fractionalization.
But seldom find materials
which map neatly onto any non-FL model

Example: Can' t describe NFUineshapes of spin-gapped blue
bronze with ANY model

Need to break free from "toy model straightjacket!"
Look for generalized signatures of fractionalization

* Vanishing Weight at E (No QP)
e.g. Power Law (Anomalous Dimension a) of LL
* Anderson-Ren Power Law Tail Line Shape (Anom. Dim.)
* Two (or More) Objects Moving At Different Speeds:
e.g. Holon (Peak) and Spinon (Peak or Edge) of LL
* Sharp MDC, Broad EDC (Orgad et al '01)
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Progressive angle integration for FL (TiTe,)
and LL (Li purple bronze)
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Anderson-Ren lineshape visualization
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AR lineshape for quasi 1-d systems
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Narrow MDC and Wide EDC

Orgad et al, EDC

PRL 86, 4362 (2001) (k E )
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T=0, LL
Kinematic Constraint of
Decomposition of e- into Spinons and Holons

Holds for finite T and LE as well.
Generalized to other Density Waves?
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Sharp MDC and Broad EDC ?
For quasi-1d systems
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All Four Fractionalization Signatures in
Quasi-2 d (hidden 1-d) NaMo,O,,
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Early statements that the cuprate
"background" is intrinsic

Fig. Sb MFLAK> 0 x= 0875
s Vo= 0

Can fit Olson et al

Bi2212 data with MFL (FL)
only if remove "background"
15 (60) times larger than
implied by entire VB.

Liu, Anderson, Allen
J Phys Chem Sol 1991

-
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Vibronic analogy /

G.A. Sawatzky, Nature, 1989;
Also, further arguments

in LANL workshop proceedings,
(Addison-Wesley, 1990).
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T- linear resistivities in purple bronzes!

Quasi-1d Li purple
Schlenker et al (' 93)

L @ .

\

@4T) (arb.un)
P
s
k%
".
Y
3
|
| <1

0 S0 100 150 200 250
T(K)

Quasi-1d K blue
Brutting, ' 95

KosoMoO,
Te
iy

A@fb”’f%@

1 P

175 200 225 250 275 300
TIK

Quasi 2-d
Hidden-1d
Na,K purple

N
P(10° R.cm)

0
300

R. Buder et al
J. Phys. Lett. 43, L59 (1982)

University of Michigan

FESP02--Groningen

Dr. Jim Allen, Univ of Michigan (KITP Correlated Electrons Program 9/17/02)

13



Ubiquitous generalized ARPES signatures of electron fractionalization in quasi-low
dimensional metals

Summary

Scorecard of generalized fractionalization signatures

* TiTe, no signatures FL example
e quasi 1-d Li purple bronze (1, 2, 3, 4) LL example
e quasi 1-d K blue bronze (1, 2,--, 4) spin-gapped

no lineshape works
* quasi 2-d (hidden 1-d)
Na purple bronze (1, 2, 3, 4) melted holon
o< ¥

« quasi 2-d Bi2212 SC cuprate (-, 2, 3,4)  SPinon peaky

note: no microscopic derivation of AR lineshape
HINTS OF A BIGGER PICTURE !
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