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Overview
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Strange metal
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Temperature

 Fermi-Hubbard model — t-J model close to half-filling. Holes
In AF-background
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Pseudogap

Antiferromagnet

* Motion of hole gives magnetic
frustration = magnetic polaron
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* Dyson like eqn. for magnetization around hole for strong coupling
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Doped anti-ferromagnets

Fermi-Hubbard model Hppy = —t Z {éiaéj,a h-C-} UZ’fLi,Tfli,¢
(i,j),o i

Canonical model for guantum materials. But very hard to analyse in general

Anti—ferromagnet at half-filling for U»t: What happens with hole doping?
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t-J model

Close to half-filling and U>t

H=—-tY" [wcm—l—hc}—l—JZ_g-

(i,j),0

Hole hopping H Magnetic order

Formation of

magnetic
polaron
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Probe microscopic structure with atoms in optical lattice
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Self-consistent Born approximation

H=—t Z Niaéi,(, -+ h.c -+ JZ S*f Ajz | §(§r§j—+§;§j+) nilt;

. (i.j),0 (i,j) -
Holstein-Primakoftf

in presence of holes
(Slave fermion) Hole hopping = emmission of spin waves

hlyoacha |9(a, k)b, + gla+ K, ~k)bic +Zwkb* RN YT

N AF spin
. waves
Wk X J




Self-consistent Born Approx.
(SCBA) for hole Green’s function :

Spectral fn

Small for strong_
coupling

0.9
7/t

Magnetic
polaron

S. Schmitt-Rink et al., PRL 60, 2793 (1988)
C. L. Kane et al., PRB 39, 6880 (1989)
G. Martinez and P. Horsch, PRB 44, 317 (1991) paf;




Microscopic structure of magnetic polaron

Magnetic |
dressing cloud We need polaron wave function
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“Diagrammatic” rules for wave f" construction

G. F. Reiter, PRB 49, 1536 (1994) CCQ



Magnetlsatlon aro ~ (Up|hThbTH| W) gives structure
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Describe strong coupling regime

e Hubbard — t-d model assumes t>J=412/U
« SCBA most accurate for t>J

K. Knakkergaard arXiv:2106.14510



J=08b6r p=(n/2,n/2)

Numerical results 1) =
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1« Magnetic dressing cloud grows in

magnitude and extend with t/J

+ Magnetisation flipped for strong coupling




Look closer at shape of dressing cloud:
» MBZ |px|+|py|=Tt

* [ime-reversal symmetry =

Inversion symmetry

* AF translational symmetry = mirror

symmetries along diagonals for |px|+|py|=T

Full C4y symmetry of
AF lattice!




Non-equilibrium dynamics of holes

Formation of the magnetic polaron Slower long time

. | dynamics
Experiments release hole and observes how it evolves:
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Time-dependent version of SCBA 00000000
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Create hole at r=0 and see what happens: (U(7)| Al he |0 (7))
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Quantum walk on

Quantum walk Bethe lattice

Catches short [ 2

SCBA
time behaviour o'f #\%\ **°| o
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Formation of magnetic polaron

rms distance

J/t = 0.233

full solution
quantum walk = - - -
asymptotic ----

Initial
free walk
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Conclusions

» SCBA to describe polarons e = ——+ 55—, e, N
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* Include spin waves to infinite orderto g 5o "~ o
calculate magnetic dressing cloud 2 ,Zﬂ.\d oo
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Extend SCBA to non-equil. dynamics

arXiv:2106.14510 0

quantum walk = - - -

M. Bastarrachea-

Magnani
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Outlook

 Non-zero temperature effects (T=0.5J)

C(r, 1.4)
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