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@ The Pseudogap State

E Razzoli et al, New Jour of Phys, 12 (2010)
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@ The Pseudogap State @

E Razzoli et al, New Jour of Phys, 12 (2010)
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Discrete Symmetry Breaking at T* @
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Hidden g=0 Magnetism in the Pseudogap Phase Seen by Polarized Neutron Diffraction @

Polarized neutron diffraction
Hole concentration Hg1201 (p)

31 — T 1 T 1 T T T r 1
30l , SFx Q=(011) ] 0.05 0.15 0.2 0.25
2 29 Ki g YBa,Cu304 1 | == Y8CO — Hg1201 | 400
5 T IH& i T PND @ o
2 2-5 | L 3 | 300 L Torque . D
> | %! T* | SHe @
z o7l L - = D 0)
£ ap -_FNSFXEE b § 250 Rus A 4 200 g
i Z i
25 [ R TR ﬂf@ - Q 3
;_14_- I | T N | z 200 = g
0 50 100 150 EDD ESD BDD 3 200 ;
Température (K) g 150 9—
' = |AF S
B. Fauqué et al., Phys. Rev. Lett. 96, 197001 (2006) £ =
2100 | =
100
50
g=0 or intra-unit cell magnetism |
0 0.05 0.1 0.15 0.2 0.25 0.3

Hole concentration YBCO (p)
P.Bourges et al., C.R. Phys 22,1, (2022)

Dalila Bounoua Congeéres Général de la SFP 07/07/2023 6



Hidden g=0 Magnetism in the Pseudogap Phase Seen by Polarized Neutron Diffraction

Polarized neuvutron diffraction
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Hidden g=0 Magnetism in the Pseudogap Phase Seen by Polarized Neutron Diffraction @

Polarized neutron diffraction
Hole concentration Hg1201 (p)

N1

S
i — 1 . 1 0.
30| , SFx Q=(011) ] 0. ?5 | .0.] 0 | 5 | 0;2 l25
o 'Igﬂiti YBa,Cu3066 1 *\ | i i = | YBCO s Hg1201 - 400
§ 2ty fyﬁ ] T R | . PO @ ®
= 281 ! ; . 300 | T I et @ O
> B * i i P i @
(IE) 27 L %!I& T — p— §€I i i HSr i ’ 6‘
E 2 '-FNSF):% i % 250 | Ul i R | A {300 3
25 [ S TR i - 9 L | 5 3
;_14_- T S N N N S ] : 200 e [ i g
0 50 100 15[]2(][)25{}300 _::_7 i 500 ;
Température (K) g 150 i %
B. Fauqué et al., Phys. Rev. Lett. 96, 197001 (2006) % AF i e
2 100 | : =
: 100
Characteristics s ;
3 2 T :
’ Tmag: T* ¢ 1.5 i
« Weak magnetic moment ~0.1 pp  _» !
- Tilted out of plane S0 '
. 1 0 0.05 0.1 0.15 0.2 0.25 0.3
« 3D and 2D correlations 05
« Peculiar structure factor : 0 Hole concentration YBCO (p)
SRS T P.Bourges et al., C.R. Phys 22,1, (2022)

Dalila Bounoua Congeéres Général de la SFP 07/07/2023 8



Hidden g=0 Magnetism in the Pseudogap Phase Seen by Polarized Neutron Diffraction

q=0 magnetism in 2D High-Tc cuprates Characteristics
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Hidden g=0 Magnetism in the Pseudogap Phase Seen by Polarized Neutron Diffraction

Magnetoelectric Loop Currents and Anapoles
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@ The Pseudogap State @

E Razzoli et al, New Jour of Phys, 12 (2010)
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Translation Symmetry Breaking in the Pseudogap Phase of YBa,Cu;0- 5
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Translation Symmetry Breaking in the Pseudogap Phase of YBa,Cu;0- 5

Temperature dependence
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Hidden Magnetic Texture in the Pseudogap Phase of High-Tc YBa,Cu;0- 5
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Hidden Magnetic Texture in the Pseudogap Phase of High-Tc YBa,Cu;0- 5 @
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Translation Symmetry Breaking in the Pseudogap Phase of YBa,Cu;0- 5
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Translation Symmetry Breaking in the Pseudogap Phase of YBa,Cu;0- 5
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Translation Symmetry Breaking in the Pseudogap Phase of YBa,Cu;0- 5 @
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Translation Symmetry Breaking in the Pseudogap Phase of YBa,Cu;0- 5 @
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Conclusion

Intra Unit Cell magnetism observed in the pseudogap state of high-Tc
cuprates in 4 different families: YBCO, Hg1201,Bi2212, LSCO = Large
ferro-anapolar domains

P.Bourges et al., C.R. Phys 22,1, (2022)

Hidden short range magnetism (r,0) = (0,%) in YBCO =>» Anapolar vortex
pattern

D. Bounoua et al., Nat. Comm. Phys 5, 268 (2022).
D. Bounoua et al., arXiv:2302.01870 (under review in Phys. Rev. B)

Probe the existence of the q=1/2 phase in other cuprates compounds

Search for incommensurate magnetic response at the shoulders of the
Bragg peak
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Hidden Magnetic Texture in the Pseudogap Phase of High-Tc YBa,Cu;0- 5

Magnetic texture seen by Lorentz Transmission Electron Microscopy in YBa,Cu;Oq ¢
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