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Hidden magnetism at the pseudogap critical point of a high
temperature superconductor
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Random t- model
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Why random and all-to-all couplings ?

Randomness is present in the real system.

Randomness self-averages (except for certain correlators in
spin-glass phase) — Green’s functions are the same on every site.
Introducing randomness removes the “distractions” of
multiple competing orders
Averaging over many samples allows smoother and faster approach
to the thermodynamic limit from finite size studies.
¢ We will show that the random t-/ model retains the key features of
the phase diagram: the Fermi liquid and the pseudogap metal, and
Planckian behavior between them.



Numerical results
Exact diagonalization and DMFT+Monte Carlo

2. Parton representations
The pseudogap metal and the Fermi liquid

3. SYK criticality of partons
T'he Planckian metal



Random t-]| model: phase diagram
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One particle energy distribution function
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where |\) are one-particle eigenstates of the ¢;;. In a Fermi liquid, the Luttinger
identity implies that AN (€) has a discontinuity at the free particle Fermi energy ep.
(D(€) is the Wigner semi-circle density of states.)



Phase diagram (doping driven QCP)
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Critical scaling : spin dynamics
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Fermi liquid collapse

® Characteristic energy scale Er. vanishes at the QCP.

® |owlT, low frequency Fermi liquid expansion
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Fermi surface reconstruction at the QCP
See also Otzuki,Vollhardt,

® | uttinger theorem : volume of Fermi surface independent of interaction
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Single particle lifetime

® Quasiparticle lifetime in the Fermi liquid
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Parton theorx II
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[SU(Q\ 1) theory]
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Random t-| model: large M limit

Both the ¢ and the J terms involve four single-particle operators.
Consequently, in a large M limit (where the spin symmetry SU(2)—SU(M)),
the saddle-point equations are very similar to the ¢ = 4 SYK equations.
These equations realize a critical phase with SYK criticality, provided none of
the bosons condense.

1

Gy (iwn) = iwn + py — Sp(iwn)
(1) = —t'Gy(1)Gp(—T)Go(7)
| 1
Gf(w)n) — W, + W — Zf(iwn)
Sp(r) = —J*GHT)Gp(—7) + kPG (1)Gy(T)Gy(—T)

Here pr and pp are chemical potentials chosen to satisty

<fo>:; k6, {(bTby=34.




Random t-| model: large M limit

Both the ¢ and the J terms involve four single-particle operators.
Consequently, in a large M limit (where the spin symmetry SU(2)—SU(M)),
the saddle-point equations are very similar to the ¢ = 4 SYK equations.
These equations realize a critical phase with SYK criticality, provided none of
the bosons condense.

This leads to solutions with

and so



Time reparameterization soft mode
and linear-1’ resistivity

S Y K-type models have a time reparameterization soft-mode, which is the
boundary graviton in the JT gravity low energy theory. This now leads to
corrections to the Green’s functions ot the partons

Gp(7) ~ \/‘17‘ (1 : O‘i"b : )

We can compute the resistivity from this in a large-d model, and find

o0y =o0) (14520 T5..)

The o term arises from the contribution of the boundary graviton!

D. Joshi, Chenyuan Li, G.Tarnopolsky, A. Georges, S. Sachdev, PRX 10, 021033 (2020)

Haoyu Guo,Yingfei Guo, S. Sachdev, Annals of Physics 418, 168202 (2020)
Maria Tikhanovskaya, Haoyu Guo, S. Sachdeyv, G. Tarnopolsky, arXiv: 2010.09742,2012.14449



Corrections to the dynamic spin susceptibility of SYK model

7 37
16( 48(
Numerical solution of SYK equations (SY, PRL 1993), compared with

conformal perturbation theory. C is a known number, and 7 is the
co-efficient of the action for the ‘boundary graviton’ in holographic dual.
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Maria Tikhanovskaya, Haoyu Guo, S. Sachdev, G. Tarnopolsky, arXiv: 2010.09742, 2012.14449
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Corrections to the dynamic spin susceptibility of SYK model

— Numerics |
--- Theory
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Maria Tikhanovskaya, Haoyu Guo, S. Sachdev, G. Tarnopolsky, arXiv: 2010.09742, 2012.14449



Corrections to the dynamic spin susceptibility of SYK model

Conformally (SL(2,R))

invariant form with
‘Planckian’ dissipative
time ~ h/(kBT),
independent ot J.

— Numerics |

__— Theory
A. Georges and O. Parcollet

PRB 59, 5341 (1999)

w/T

Maria Tikhanovskaya, Haoyu Guo, S. Sachdev, G. Tarnopolsky, arXiv: 2010.09742, 2012.14449
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— SYK criticality.

e SYK criticality: thermalization and many-body chaos in a time of
order h/(kpT), independent of microscopic energy scales.
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Summary

e SYK criticality: Low energy theory of time reparameterizations is the
theory of the boundary graviton in 2D quantum gravity on AdS,.

e Boundary graviton leads to:
— Dynamic spin susceptibility ~ sgn(w) |1 — clw| + ...| (observed
in random ¢-J model).

— Linear-in-1" resistivity in the random ¢-J model.

— Correction to Bekenstein-Hawking entropy of low 7' charged
black holes in Einstein gravity: A/(4G) —3/21In(1/T) .



