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The physics of complex solid state materials
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Prominent electronic toy model: Hubbard model
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Hubbard models in optical lattices
A crystal made by interference of light ‘
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A specialized quantum gas microscope
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Imaging spins and "charges’

Boll, Science 2016



Imaging spins and "charges’
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Full local information: Density and Spin

hristian Access to spin-spin and spin-density correlations
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Doping the 1d Hubbard model

Charge sector: Delocalization Spin sector: Antiferromagnetism
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Doping the 1d Hubbard model
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Doping the 1d Hubbard model

Charge sector: Delocalization Spin sector: Antiferromagnetism
I:I — _t2<z’,j>,a ég,aéj,d + Uzz ﬁi,Tﬁi,¢ ﬁHeis — JZZ Sz ’ Si—i—l

0000000 00000000
O000000O0

What is the spin alignment around holes?

) =|00000+00000+00000 +++)

Ty =
ristian J J
rofR



Spin alignment across holes
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Spin alignment across holes

Csu,ny, (d) = 4< i z—|—d>© {@}n, Oita

0.1
5 00
S
5 -0.1
©
o
:‘3 0.2 ¢

'
0.3l
1 5 3 4 5 5

Distance d (sites)

Hilker, Science 2017



Hidden correlations
AFM parity flips suppress the standard 2-point correlator
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Hidden correlations

AFM parity flips suppress the standard 2-point correlator
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Reveal hidden spin correlations in "squeezed space’

————————————

____________

ALY )y A B - discard sites with holes

hristian
GroR Kruis, PRB 2004 | Kruis, EPL 2004




Correlations in squeezed space

Standard 2-point correlator
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Correlations in squeezed space

Standard 2-point correlator Squeezed space 2-point correlator
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Incommensurate magnetism - charge

Holes / Doublons dilute (stretch) the spin correlations
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Incommensurate magnetism - charge

Holes / Doublons dilute (stretch) the spin correlations
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Incommensurate magnetism - charge

Holes / Doublons dilute (stretch) the spin correlations
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(as expected by Luttinger theory)
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Thank you!

Summary
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