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We reporl MMR shift AX and 7 data of YT 1aken from 77 to 300 K in YBaaCuiOyy. lor
035 = x =< | from the insulating 1o the metallic state, A Korrings law and therefore a Fermi-higuid pic-
ture is found to apply for the spin part X, of AK. The spin contribution y.(x, ) to x5 singled vud, as
the T vaciation of aK scales linearly with the macroscapic susceptibility pm. This implies that Cu(dd)
and CH{2p) holes do not bave independent degrees of freedam. Their hybridization, which has a o char-
acter, hardly varies with doping. These resulis put severe constrainds on theorelical models of high-T:
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We reporl MMR shift AX and 7 data of YT 1aken from 77 to 300 K in YBaaCuiOyy. lor

0.35 < x << | froon the insulating o the metallic state, A

Korrings law and therzfores a Fermi-liguid pic-

ture is found to apply for the spin part X, of AK. The spin contribution y.(x, ) to x5 singled vud, as
the T vaciation of aK scales linearly with the macroscapic susceptibility pm. This implies that Cu(dd)
and CH{2p) holes do not bave independent degrees of freedam. Their hybridization, which has a o char-
acter, hardly varies with doping. These resulis put severe constrainds on theorelical models of high-T:
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Doiron-Leyraud et al. (2007)
Sebastian et al. (2011)
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Doiron-Leyraud et al. (2007)
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Emergent symmetries for the pseudo-gap

%" SU(2)-rotations
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Degenerescence of levels:

accidental ?
symmetry related ?

Sachdev et al (2013)
Efetov, Meier, CP (2013)
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SO(5)-group . SU(2) symmetry related to the SU(2)

AW symmetry of the superexchange hamiltonian
AE % L and gauge SU(2) symmetry
'i e . | szn 1.5“ :
- }f \, > QoOru .
. / Jypo2 . | Xij Aij
"Uniform AF/SC § Uij= AF
| ij o Xij

Fine-tuning condition - XiiOup = 2<flT Jigh Xif = Xjio

AijGa,B: 2<flaf],3>’ Al]: Ajl

T o

Mo T.ﬂa e :
Unifarm AF/SC Sachdev et al (2013)
: Kotliar and Liu (1988)

Lee, Wen, Nagaosa, RMP (2006)
Demler, Zhang, Hanke (2005)

lundi 30 mars 15




Picture of the relation between the SC and Charge sector
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Picture of the relation between the SC and Charge sector
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Picture of the relation between the SC and Charge sector
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Picture of the relation between the SC and Charge sector
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Picture of the relation between the SC and Charge sector
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Picture of the relation between the SC and Charge sector
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Picture of the relation between the SC and Charge sector
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Exact realization : neglecting Coulomb interactions
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Exact realization of SU(2) symmetry
AFM QCP In d=2

K.B.Efetov, H.Meier, C.P. Nat. Phys. 9, (2013)
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Composite order parameter
2P { (102) g Weu,p V8, ) + B (s Wep¥h )

SU(2) symmetry and fluctuations
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- «Cooper»

. «Peierls»

-

Composite order parameter
2P { (102) g Weu,p V8, ) + B (s Wep¥h )
SU(2) symmetry and fluctuations
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b(e)

Gap equations around the QCP are universal

e—€)b(e)

N 4Nv Z\/fz )+ b2 (e)

d-wave symmetry

~ _ . A Ay
bu with u = ( A* Ai)

Non abelian superconductor

lundi 30 mars 15




Wu et al. (2015)

Cyr-Choign
—

ieres et al. (2015)

Tonset

200 - Tnem

T

T T T

YBCO

T*

—4VY

Ortho-lI

Q

OVmagn (KH2)
ol
I

N (arb. units) O
H
T T
——
—{0—

0 100 200 300
T (K)

Pseudo-Gap = SU(2)
composite order parameter
= "non abelian™
superconductor

lundi 30 mars 15



o——o ¢ YBCO
o — -6 AYBCO
—o y Bi2201
G- — -0 A Bi2201
m—=a ¥ Bi2212
&= — -8 A Bi2212
A—noun v Hg1201
A= — —A A Hg1201

bls A

S0

SU(2) symmetry is
optimal when
AF correlations
are maximum

< Zu,k¢j—w,—k> X

Curvature breaks the SU(2) symmetry : SC dome
How much is it broken ?

T. Kloss , X. Montiel & C.P. (2015)

L =x"(8; +e(—ihV) + \pF) X

5@'
(w/vs)? + (k= Q)* +m

——o x, m=0.001
o= — =0 A, m=0.001
e—o %, m=0.01
G- —=-0 A, m=0.01
B—=a 1y, m=0.1
E=—=-0A m=01
s—ahy,m=1
be — = A, mM=1

120 160

lundi 30 mars 15




[LL}]
ull}
(}
{h

10D
L1 |

LY
1l

10D
A0

]
(b

A
100 100 100 100
St TS50 30 T 50 T
t:'} t:} ‘:} L
ky 0
| 0.2
i().l
0, - of )
Bi2201 Bi2212 Hgl1201 NdCeCuly4

A=44, m =103

10.050

N 160 1 0.02< AE<0.3

0.025

()
0 T

lundi 30 mars 15



xi(1)

Confirmation by other techniques ?
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In search for the collective mode...

Collective mode
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Controversy with the CDW wave vector

Damascelli : (2013)
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TCDW

Y. Wang, A. Chubukov (2014)

Pre-emptive order breaking TR
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Re-examination of the SF model

\

SC/QDW
pure CDW v Q
co-existence ?
Small nematic term needed to get the CDW below T* upQ,P-q, (PQ,P-q,)

pure CDW
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Free energy for the three cases

Ll ]
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C.P, V. s. de Carvalho, T. Kloss and X. Montiel (2014)
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Conclusions

e Charge orders are a key players in cuprate physics: natural
competitor of superconductivity.

e SU(2) symmetry present in the under-doped region of the
phase diagram

e Pseudo-gap with SU(2) symmetry and charge orders are
precursors of the AFM order

e One can stabilize axial-CDW in co-existence with
composite Peierls-SC phase

e SU(2) rotation of axial CDW=PWD
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