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SCope

Stperselid phases; i lattice hesenic medels
Eremi guanttm magnets infa field ter 19esens
Vagnetization' plateatx inF Sreu,(5©%)5

— Beson Mott imsulater
Breken translation anoeve 1/8 plateau

> Superselia?

Conclusions/Perspectives



Hubbard hosen moedels

Hard-core bosons

H = —IZ(a;raj + a}rai-) — ,U,Zfz + VZ!I uy
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Soft-core bosons
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Insulating and supersolid phases

Hard-core bosons
on triangular lattice

Wessel and Troyer, '05
Heidarian et al, '05
Melko et al, ‘O5

NB: Not really generic!
No supersolid for same model on square or kagome



Erom quantum magnets to
Rard-core Posons

H = JS1-So — gugH(S + S3)

(111 = 11)/v2)

|solated dimer



Eromi quantum: dimers to
Rard-core hesens

Coupled dimers

Modulation of S,<-= CDW
Ordering of S, , <-> BEC

H,u

Triplets = Hard-core bosons



Program

IHOW, te! reducer Kinetic energy. (t/\V/<0:.2)7?
= Erustiaien

Superselid with ' sguare geometny?

= Correlated neppIng (Second eraer)
ExXpermental signature?

= 2 pliase tiransitions

Expermental realizatien?

- SrCu,(BO;),

> Actual story slightly: more cemplicated



Frustrated Coupled Dimers

Triplet Hopping Triplet Repulsion

Kinetic _ <t
energy Metal-insulator transition

Frustration ——> —>
Repulsion f Magnetization plateau



Erustration = plateaux

Magnetization plateau

\

D. Cabra et al, PRL '97
K. Totsuka, PRB '98
T. Tonegawa et al, PRB ‘99
F. Mila, EPJB ‘98




Erustrated ladder

Translation
symmetry
L=52 —— g
- p— outside plateau

3,=0.55 J,=0.7

but can be broken
by DM interaction

(Penc, Fouet, Miyanara,
ehermyshayev; Mila; PRL0Y)

DMRG results: Fouet, Mila, Clarke, Youk,
Tchenyshyov, Fendley, Noack, PRB ‘05



Supersolid from correlated nepping

SrCu,(BO,),

t / 36/3,5
v/ 32/3,

”rf" b, — Z n;
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+V Z Z Ni+6M; 09

v d=+z,+y
Z .: > supersolid

Square lattice T

’ superfluid

K. Schmidt, A. Lauchli, F. Mila,

: : 0.6 0.
unpublished Correlated hopping t'

Alternative: n.n.n. hopping, see Chen, Melkoe, Wessel, Kao, preprint



EXpermentall signature

2 phase transitions

Inter-dimer coupling

JA b
ol
: s 1
‘3 Reduced kinetic
2 energy
ﬁ I -
7.2 7.4 7.6 _ SUperSOhd at T=0

Magnetic Fiel.d B/J |

Ng and Lee, PRL 2006
N. Laflorencie, F. Mila, PRL 2007



SrCu,(BOS),

Kageyama et al, PRL ‘99

Cuzt -> Spin 1/2
J'85K

J/J " 0.63




Magnetization of SrCu,(BO3),

Kageyama et al
PRL ‘99

Plateatix
)Y/ =10,

s VI=1/8
a M=1/4
s M=1/3




NMR at 1/8-plateau
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At least 11 different sites!

K. Kodama, M. Takigawa, M. Horvatic, C. Berthier, H. Kageyama,
Y. Ueda, S. Miyahara, F. Becca, F. Mila, Science ‘02



Magnetization profile at 1/8

@ Magnetization opposite to field

@ Magnetization in field direction

Symmetry breaking
16 sites/unit cell

8-fold degenerate GS

Lattice distortion

Sound-velocity
(Wolf et al, PRL '01)

!

Selection of one GS
with Friedel-like oscillations



Interpretation

Intensity
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Shastry-Sutherand model

J/J' .63

Ground-state product of singlets on J-bonds (Shastry, Sutherland, ’81)

Triplets Almost immobile and repulsive (Miyahara et al, '99)

== DPlateaux (Miyahara et al, '00)



Selid = Superfiuid transition

Landaul theony: tWe: pessinIlities

Fareuglhra
Slipersolid

h

™~ First order

0.4 0.6 08 /Lol
Correlated hopping t'




Between the plateaux

V2 ReuZauo
JUmps
No jump
UnRiferm
Stelte (INIVIRY

Broken translational symmetry above 1/87?



Aboeve 1/8 plateau

Specific heat: Tsujii et al, ‘03

Translation
symmetry still
fully broken

Supersolid?
NMR: Takigawa et al, 2006



Open ISsues

m Only. one phase transition
= Dzyaleshinskii-Vorya interaction

n Viagnetization: profile anove: 1/8 plateau?
= Interpretation off NMR Under way/

| Quantitativer thheony off SHeU.(B0%)5 2
(plateaux at 1/8, 1/4; 1/3), supersolid;...)

> Highi erder effective hesonic medel
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