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A complex phase diagram
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Motivation: phenomenology as starting
point for microscopic theory
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Laser ARPES: unprecedented access to low
energy excitations
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Outline

Bi-2212
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First laser ARPES discovery: low energy
(®~10 meV) kink
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Consequence: doping dependent v

AE=20meV: AE=3meV:
Universal nodal v, doping dependent v,
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m/ m,

Diverging m*

ARPES: Bi2212
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Quantum Oscillations: YBCO
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Thermodynamics in cuprates

Thermodynamics at T=0, 120
determined by v and v,
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Recent Disputes about doping dependence

of near-noda
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Gap measurements, extracting v,
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Bi-2212, T=10K: three phase regions in
superconducting dome

p<0.076

0.076<p<0.19 p>0.19
: WOFTTT 40F :
Region A Region B Re%lgn c 1691,
@ UD22 (p=0.063) | |~ UD40 (p=0.076) il (<P:(;>-2 o rLaaSSeer?
. Spou) 30 g BB 30X OD80 (F; né:hro:cron) -
~@- UD65 (p=0.097) Y =
iy @ OD65 (p~0.22, Laser) »* &
m=Upss{p=0.12) o --- Avgv,inregionB .* EEE Dy
~B- UD92 (p=0.14) 2% G RSO - g L.
20 S
10
Laser data Laser data ’ ¢
l l ] 1 OHs l l I a0 |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 90 0.2 0.4 0.6 0.8 10

O.5*|cos(kx)—cos(ky)|

Fully gapped Fermi
surface

0.5%|cos(k,)-cos(k )|
Doping-
independent v,

Vishik et al. PNAS 109 18332-18337 (2012)

O.5*|cos(kx)—cos(ky)|

Vv AocTc



ARPES: three phase regions (10K)
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Trisected superconducting dome:

Interpretations
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Phase region A: summary of ARPES data
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Phase region A: summary of other
experiments
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Why?

*Expected behavior for d-wave
superconductor in region C
*ARPES data:
Superconductivity/pseudogap
coexistence

*Other experiments (London
penetration depth, STM)

Open question:
Why is v, doping-independent?



Different
positions

Phase region B: raw data
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Temperature (K)

19% critical point + PG/SC coexistence
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Ubiguitous trisected superconducting

> ARPES
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Conclusions

Laser ARPES provides unprecedented access to low
energy excitations in near-nodal region
* Low energy kink
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