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cuprate phase diagram and electronic structure

Temperature
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The nature of the pseudogap

« Different from SC?

Crossover or phase transition?
Electronic symmetry?

Interplay between PG and SC?
QCP?
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energy gaps — hodal-antnodal dichotomy

momentum temperature doping
dependence dependence dependence
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ARPES directly measures spectral function A(k,w)
» band dispersion and Fermi surface

» spectral energy gap

» correlation effect

. Iko) ~AK (0T — AK.o) ~ I(K,o)/f(@T)
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Beam Line 5-4 at SSRL

Normal Incident
Monochromator

(NIM)

»  NIM branch line

> 7-35eV

» polarization, LH, LV, CR, CL

» E/AE ~ 20,000
UHV < 3x10 " Torr
Scienta R4000 analyzer

» ~fewto 10 meV energy resolution
»  B-axis manipulator

> 6-400K

»  complementary to new branch line 5-2

Y VvV
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new Beam Line 5-2 at SSRL

> PGM branch line
> 20-200eV

small beam size: < 50 (H) x 20 (V) micron

5-2: ARPES/SRPES

PGM
20-200eV

5-4 MO

>
» polarization control (LH, LV, CR, CL)
> E/AE > 25000

» Scienta D80 analyzer
» 80 mm MCP detector
» 3D mini Mott spin detector
» < few meV energy resolution

» 6-axis manipulator
» <10K
» compatible with sample holders for thin films

» complementary to the existing NIM branch line
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5-4: HR-ARPES

EPU




new Beam Line 5-2 at SSRL
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outline

1. Introduction

cuprates

energy gap
ARPES

: ARPES Beam Lines at SSRL
2. Pseudogap as a distinct phase
3. Interplay between the pseudogap and superconductivity

4. Summary
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pseudogap phase transition
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symmetry breaking below pseudogap temperature

Experiment SC gap density wave gap

0.0

K
=
=

E- (V)
E-E(eV)
m?i"
m?'i"
- E(eV)

-] — ]

» back-bending momentum # k.
 different from SC gap

« consistent with density wave

* not perfect nesting

M. Hashimoto* and R. H. He* et al., Nat. Phys. 6, 414 (2010)
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coexistence of pseudogap and superconductivity
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PG

R. H. He* and M. Hashimoto* et al., Science 331, 1579 (2011)
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momentum dependent pseudogap suppression

| Bi2212

100

Intermediate momenta
e T<< T,
doping independent SC gap

e T>T,
doping dependent PG
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Bi2212 antinodal spectra
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Bi2212 antinodal spectra

. IIIIIIIIIIIIIII IIIIIIIIIIIII‘lI
optimally doped A . | overdoped
T.=98 K : T.=71K
N A LI, 30K
S el X \¥/// S
g o e g
L | L
> | Y/ 2
IS = IS
0.m) =
/ N )
~. ,, ook
_zg:z%ngdgfnza”d i T T 240 K T 111 Lo by v | 1
0.3 0.2 0.1 0 0.3 0.2 0.1 0
Binding Energy (eV) Binding Energy (eV)
BI A ﬁ M. Hashimoto et al., Nat. Mat. advance online publication
— — =
F b I\ 16

NATIONAL ACCELERATOR LABORATORY



Bi2212 antinodal spectra
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what happens to the spectral weight when sc gap opens?

Gap (meV)
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0.10 0

Binding Energy (eV)
18

1st Moment (eV)

Spectral Weight (arb. units)

0.01

0.02

0.03

0.04

0.05
1.0

o
©

o
o

o
N

0.01

0

[0.07, 0] eV
&

[0.25,0.20] eV
| F

Tc

50

100

Temperature (K)

Center of Mass

Spectral Intensity
near E¢

Spectral Intensity
away from Eg



phase competition in spectral weight

A 1st Moment
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« singularity at T, in the spectral
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 singularity not evident in the
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phase competition in spectral weight
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phase competition in spectral weight
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phase competition in cuprates
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phase competition in spectral weight
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comparison with simulation

experiment theory
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simulation: SC + PG (CDW)
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comparison with simulation

experiment Theory (CDW + SC + el-ph)
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Bi2212 antinodal spectra
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doping dependence of the phase competition
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pseudogap critical point (T ~ T)
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pseudogap critical point (T << Tc)
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phase diagram
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summary

— Broken symmetry at T < T" and (rounded) phase transition at T"
— Competition between the order parameters for SC and PG
— Experiment = Simulation: PG + SC + el-ph
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