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The Shastry-Sutherland model and SrCuy(BO3)»

H=JY S-Sj+J » 85 SrCu2(BOs)2

— A Spin-gap system (~35K
| <7’7.]> /<<7'7]>>dimer P g P y ( )
D O0—0—0—0 6
d ) O
-O—O—OF—O—F
| O--O
O—0O—0O0—0O0—0O <=
-—O—O—O—C- 9
B N ~ N ~ ) - O--0O
KK

previously found in:

Koga and Kawakami, PRL 84 (2000)
Takushima et al., JPSJ 70 (2001)
0-675(2) O~765(15) Chung et al, PRB 64 (2001)

Corboz and Mila, PRB 87 (2013) Lauchli et al, PRB 66 (2002)




SrCuz(BO3)2 under pressure
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Drive system across the phase transitions!
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Specific heat data (group of H. M. Rgnnow)
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Specific heat data (group of H. M. Rgnnow)
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Inspiration: fully frustrated Heisenberg bilayer model

Stapmanns, PC, Mila, Honecker, Normand, and Wessel, PRL 121 (2018)
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Tensor network ansatz for a wave function

_— 2 basis states per site: | 7)1 1)}
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exp(N) many numbers VS poly(D),N) numbers representation!



MPS & PEPS

1D 2D PEPS (TPS)

. projected entangled-pair state
Matrix-product state (tensor product state)

Bond dimension ) Bond dimension D
| 2 3 4 5 6 7 8
Physical indices (lattices sites)
S. R. White, PRL 69, 2863 (1992) ; ;
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Infinite PEPS (iPEPS)

0 iIMPS 20 iIPEPS

infinite matrix-product state infinite projected entangled-pair state

rrrere > FEISAS

Jordan, Orus, Vidal, Verstraete, Cirac, PRL (2008)

* Work directly in the thermodynamic limit:
No finite size and boundary effects!



Infinite PEPS (iPEPS)

0 iIMPS 20 iIPEPS

infinite matrix-product state infinite projected entangled-pair state
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Jordan, Orus, Vidal, Verstraete, Cirac, PRL (2008)

* Work directly in the thermodynamic limit:
No finite size and boundary effects!



infinite PEPS (iPEPS)

0 IMPS 20 iIPEPS

infinite matrix-product state with arbitrary unit cell of tensors
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here: 4x2 unit cell

Jordan, Orus, Vidal, Verstraete, Cirac, PRL (2008)
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2/15 plateau in the Shastry-Sutherland model

Unit cell with 30
tensors (60 sites)

% Crystal of triplet
bound states

PC, F. Mila, PRL 112 (2014)




Finite temperature simulations with iPEPS

» Methodological developments (2D):

Li et al. PRL 106 (2011); Czarnik et al. PRB 86 (2012); Czarnik & Dziarmaga PRB 90 (2014);
Czarnik & Dziarmaga PRB 92 (2015); Czarnik et al. PRB 94 (2016); Dai et al PRB 95 (2017);
Kshetrimayum, Rizzi, Eisert, Orus, PRL 122 (2019), P. Czarnik, J. Dziarmaga, PC, PRB 99 (2019), ...
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Imaginary time evolution

e Start at infinite temperature: p(8 =0) =1

e |nitial state: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ exact!

Trotter-Suzuki A A o\ N\
decomposition: exp(—BH) = eXP(‘ﬁZHb) = (eXP(—T;Hb)> ~ (geXP(—THb)>

* Truncate after each step using e.g. simple / full update

* Evolve up to target (3/2



Finite temperature simulations examples
Wietek, PC,Wessel, Normand, Mila, and Honecker, PRR | (2019)
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» Benchmarks in the dimer phase of the Shastry-Sutherland model

» Comparison between ED, TPQ, QMC, iPEPS
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Miyahara and Ueda, arxiv.cond-mat/0004260



Specific heat: experiments vs iPEPS

Location of max
0.7 r - : . .
e R o
0.69 -
= 0.68 .-
s ] " 0679
g il 0.66 |
3 o= 5
: S 0.05 0"
= 0.045 _er” :
S o0l -- [ T.=306)K
0.035 -
0.03 b
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 0025 005 0075 01
Pressure [kbar]
1/D
0.14 012
0.12 IPEPS, D=20 with DM interaction C/T
D=10
0.1
0.08
~ 0.08
~
~
§ 0.06 y
0.04
0.04
0.02
a
0+ T T T T T T T T T O 1 I I 1
0.63 064 0.65 066 0.67 0.68 0.69 0.7 0.71 0.72 066 068 07 072
J//J J//J

Larrea Jiménez et al., arxiv:2009:14492



Correlation length

IPEPS, D=20
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T/J

Jump in <S-S§8> on dimer

0.12-

0.08

0.04

0!

C

iPEPS D=10 (with DM)

plaquette

0.66

0.68 0.7 0.72

J')J

I 0
.02

1-04

-0.6

Clear evidence of a first order line

with a critical point compatible with

the 2D Ising universality class

2D classical Ising model in a field
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Effect of a finite magnetic field
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Open challenges

too low T to obtain

reliable data with
iPEPS (currently)
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» Inelastic neutron scattering:
full plaquette phase (FPP), not
empty plaquette phase (EPP)
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SFCUz(BO3)2 under PreSSUr€ Boos, Crone, Niesen, PC, Schmide & Mila, PRB 100 (2019)

» Distorted Shastry-Sutherland model: competition between EPP and FPP phase
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» Small deformation leads to FPP phase! But precise model still unclear...



Finite T study of the m=1/2 plateau in SrCuz(BO3)

P. Czarnik, M. M. Rams, PC, and J. Dziarmaga, PRB 103, 075113 (2021)
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Conclusion

v iPEPS has become a useful tool to study systems at finite T

v Confirmed the presence of a finite temperature Ising critical point in

SrCuz(BOs3)2, analogous to the critical point of water

v Similar physics expected in related models / materials

* Open challenges:

» Improving finite-T iPEPS at low T to study transition into plaquette phase

» For a quantitative comparison with experiments at low T modified

Shastry-Sutherland model may be required

Thank you for your attention!



