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The Pseudogap and the Phase Diagram

Motivations:
= Determine the phase diagram
= Understanding PG formation

Mottness?? Long range orders??
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=>» Key role of Non-Equilibrium Approach

0.2
hole doping

Lee, Nature 450, 81 (2007) Damascelli, RMP 75, 473 (2003)



The Pseudogap

Is the Pseudogap related to the onset of long-range-orders?
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= Dependence on the details of structure
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Is it a phenomenon due to the short-range-correlations (Mottness)?
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* Qutcome from Hubbard Model solved by COMFT

(Columbia, Rutgers, Ecole Polytechnique, Sissa)

e T* delimits different dynamical regimes, indicating

thermodynamic anomalies — Widom line

* No broken symmetries are invoked

* Indication for Mottness in the PG

= No experimental evidences exists that confirm this indication
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The departure from the T-linear behavior
occurs at the same temperature, T*, for 4
different compounds.



Non-Equilibrium Approach & Time-Resolved Optical Spectroscopy

Detector
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Isosbestic points and Reflectivity:

How to measure the electronic scattering rate at high photon energies

R(w), Drude Model OR/R(w)

—_— 1~5fs
— 1~4 fs (-20%)
— 1~6 fs (+20%)

— 1~5fs-->1~4 fs
— 1~5fs-->1~6fs

Non-equilibrium optics with spectral resolution can provide access to both energy&momentum conserving scattering processes and electronic scattering rate.
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Equilibrium and Non-Equilibrium optical spectroscopic data

Optimally Doped Bi,Sr,Ca; 4,Y( 0sCU,04,5 (T.=96 K)
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Modeling non-equilibrium optical properties

Y-Bi2212 OP
T=100 K

® SRR

m— it
— Gap Filling

Y-Bi2212 OP
T=100 K

transient decrease of scattering rate
(impulsive effect)

» t>3ps: O0y>0
transient increase of scattering rate
(thermal effect)




ARPES at Equilibrium and Out-of-Equilibrium

ARPES at Equilibrium ARPES Out-of-Equilibrium
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Onset of the Pseudogap: T*=T*(p) from T-Scan

Y-Bi2212 Crystals with different doping level

Temperature scan at 1.55 eV probe photon energy



Universal Phase Diagram

Y-Bi2212:T___.=96 K, 2 CuO planes per U.C.
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Hubbard Hamiltonian and CDMFT
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The N-AN Dichotomy in the Pseudogap

Nodal (N) and Antinodal (AN) scatering rate for UD and OD compounds
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The electronic scattering rate as a measure of the degree of electronic correlations

=>» The absorption of the pump pulse renders the AN quasiparticles more metallic, less localized



The Phase Diagram
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* Non equilibrium measurements reveal the Mottness associated to AN quasiparticles.

* Broken symmetries seem not to be related to the PG: are a consequence and not its cause.



Pseudogap and Ordering Tendencies
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Qco~0.256 r.l.u. (REXS/STM) €= Q,,s~0.255 r.L.u. (ARPES)



Conclusions

We revealed the fingerprint of Mottness for AN quasiparticles.

The onset of the Mottness follows the T*(p) line.

CDMFT simulations account for experimental results.

The pseudogap phase is due to strong and short-ranged electronic correlations.

Long-range orders are an effect of the Pseudogap, not its cause.
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