CHAL

UNIVERSITY OF TECHNOLOGY

Confirming the high pressure phase diagram of the Shastry-Sutherland
model

Downloaded from: https://research.chalmers.se, 2026-04-06 12:53 UTC

Citation for the original published paper (version of record):

Ge, Y., Andreica, D., Sassa, Y. et al (2023). Confirming the high pressure phase diagram of the
Shastry-Sutherland model. Journal of Physics: Conference Series, 2462(1).
http://dx.doi.org/10.1088/1742-6596/2462/1/012042

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

Confirming the high pressure phase diagram of the  tiiemic cecrosay desos

nanothermite: electrospray deposition of
reactive AI/CuO@NC onto semiconductor
S h astry_s uth e rl a n d m Od el bridge and its application for rapid ignition

Ji Dai, Chengai Wang, Yueting Wang et al.

. . . . - PROPERTIES OF SEQUENTIAL
To cite this article: Yuqing Ge et al 2023 J. Phys.: Conf. Ser. 2462 012042 CHROMOSPHERIC BRIGHTENINGS

AND ASSOCIATED FLARE RIBBONS
Michael S. Kirk, K. S. Balasubramaniam,
Jason Jackiewicz et al.

. . . - Double Self-Coated

View the article online for updates and enhancements. Benzimidazole—Conper Complex Structure
as Gate Insulator for Flexible Organic Thin
Eilm Transistors
Sheng-Wei Chen, Chao-Ying Hsieh,
Chung-Hwa Wang et al.

@The Electrochemical Society Learn More & Register

243rd Meeting with SOFC-XVIII

Boston, MA » May 28 - June 2, 2023

This content was downloaded from IP address 87.227.14.227 on 05/05/2023 at 09:38


https://doi.org/10.1088/1742-6596/2462/1/012042
https://iopscience.iop.org/article/10.1088/1361-6528/ab6fd8
https://iopscience.iop.org/article/10.1088/1361-6528/ab6fd8
https://iopscience.iop.org/article/10.1088/1361-6528/ab6fd8
https://iopscience.iop.org/article/10.1088/1361-6528/ab6fd8
https://iopscience.iop.org/article/10.1088/0004-637X/750/2/145
https://iopscience.iop.org/article/10.1088/0004-637X/750/2/145
https://iopscience.iop.org/article/10.1088/0004-637X/750/2/145
https://iopscience.iop.org/article/10.1149/1.3397546
https://iopscience.iop.org/article/10.1149/1.3397546
https://iopscience.iop.org/article/10.1149/1.3397546
https://iopscience.iop.org/article/10.1149/1.3397546
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsv19UsseCSvz4Jcw5CTHZYYwqECGK91jgAtTwjII3OW1JOr0D1cdEDlt8xWcyw3zfTiYPnxv69RpTHuHtK0BZSrAr1k85JnHM1VHSBRWeiyVXrxNFIrgIUczfCRQSiFWwgas5zoGUKM3QUqf8NZkj-zDkMXRm8of-6RTKZ81WSuX_4Nt5FgNWQxW5P_8PcqkVqByeXoD5Qw0J9fxKXKgpBBSRxWHitbD6HUP0eqgVA-SckMqdF43-QjXumbYwUkrUuUoZbHairobTrbvenvh2bS0DSAl3gskbStBQdrs2j6Uw&sai=AMfl-YS_gmTAJL6Mv2Jyy2uzF9nxVEkqYHM6_Xodk7w0VUkaTlFq1_2M7pCiZ8pmUKB1YDrzVfITSw_h4D5SfV8&sig=Cg0ArKJSzJO0Q285apKl&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/243/registration%3Futm_source%3DIOP%26utm_medium%3Dbanners%26utm_campaign%3D243REG

The 15th International Conference on Muon Spin Rotation, Relaxation and Resonance IOP Publishing
Journal of Physics: Conference Series 2462 (2023) 012042  doi:10.1088/1742-6596/2462/1/012042

Confirming the high pressure phase diagram of the
Shastry-Sutherland model

Yuqing Ge '*, Daniel Andreica 2, Yasmine Sassa !, Elisabetta
Nocerino 3, Ekaterina Pomjakushina 4, Rustem Khasanov °, Henrik
M. Rgnnow %, Martin Mansson %, and Ola Kenji Forslund '
'Department of Physics, Chalmers University of Technology, Géteborg 41296, Sweden
2Faculty of Physics, Babes-Bolyai University, 400084 Cluj-Napoca, Romania

3Department of Applied Physics, KTH Royal Institute of Technology, SE-106 91 Stockholm,
Sweden

4Laboratory for Multiscale Materials Experiments, Paul Scherrer Institut, PSI, Villigen,
Switzerland

SLaboratory for Muon Spin Spectroscopy, Paul Scherrer Institut, Villigen, Switzerland
Lab. for Quantum Magnetism (LQM), Ecole Polytechnique Fédérale de Lausanne,
Switzerland

E-mail: yuging.ge@chalmers.se *, ola.forslund@chalmers.se T

Abstract. A Muon Spin Rotation (u+SR) study was conducted to investigate the magnetic
properties of SrCuz(BO3)2 (SCBO) as a function of temperature/pressure. Measurements in
zero field and transverse field confirm the absence of long range magnetic order at high pressures
and low temperatures. These measurements suggest changes in the Cu spin fluctuations
characteristics above 21 kbar, consistent with the formation of a plaquette phase as previously
suggested by inelastic neutron scattering measurements. SCBO is the only known realisation of
the Shatry-Sutherland model, thus the ground state mediating the dimer and antiferromagnetic
phase is likekly to be a plaquette state.

1. Introduction

Low dimensional magnetism is a field of considerable interest as it offers opportunities to study
new and exciting physics. The study of 2-dimensional (2D) magnetism has developed rapidly
during the recent years. Compounds having a layered crystal structures with weak inter-
layer interaction enable the possibility of studying 2D magnetism in bulk materials [1]. One
famous model for a 2D magnetic system is the Shastry-Sutherland (SS) model, which forsees an
orthogonal dimer network of spin S = 1/2 [2] with exchange interactions between the nearest-
neighbours (J) and the next-nearest-neighbours (J'). Based on this frustrated spin system,
a variety of ground states is predicted depending on the ratio « = J'/J. For J'/J < 0.5, the
system is in a dimer phase where the nearest-neighbouring spins form spin-singlets. On the other
side for J'/J > 1, a 2D antiferromagnetic (AFM) phase with significant quantum fluctuations
is expected [3]. However, the ground state in the intermediate region (0.5 < J'/J < 1) has been
debated and various possibilities have been suggested theoretically: AFM order [4, 2], helical
order [5] or even columnar dimer [6].
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SrCus(BO3)2 (SCBO) is the only known realization of the SS model, as its 2D crystal
structure (figure 1) lends itself well to the kind of spin system described by the SS. The
structure consists of alternating layers of Sr atoms and a Cu(BOj3)e layer of Cu/triangular
BOj system. The physics in this compound is determined by the interactions between the Cu
ions. They are arranged in an orthogonal rectangular network where competing interactions
are established between nearest neighbour and next-nearest neighbour ions. The Cu ions are
dimerised below 8 K at ambient pressure, and the intra-dimer interaction is mediated by a super-
exchange interaction through the O atoms [7]. In order to investigate the intermediate state of
the SS model, it is necessary to be able to tune the ratio « = J'/J. Here, hydrostatic pressure
presents a clean way of controlling « [7]. Therefore, a series of hydrostatic pressure studies on
SCBO were initiated, including neutron scattering [8, 9], specific heat capacity [10], tunnel diode
oscillator [11] and electron spin resonance [12] experiments. Among these experiments, a recent
inelastic neutron scattering [8] determined the phase above 21.5 kbar to be a plaquette phase.
Then a heat capacity study [10] shows clear sign of a critical point around 20 kbar, and an Ising
transition into the plaquette phase at 1.8 K.

In this work, we studied the material by high-pressure p™SR up to 24 kbar. The absence
of long range magnetic order up to this pressure is confirmed by measurements in zero field
(ZF). Moreover, measurements in transverse field (TF) confirms the changes in the dynamical
character above 21 kbar. This is consistent with the formation of plaquette state, in which the
spin correlation is different from that of a dimerised spin system.
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Figure 1: Cross section in ab-plane(left panel) and be-plane(right panel). Left panel shows the
intra-dimer interaction .J, and the inter-dimer interaction .J’.

2. Experimental details

The experiment was performed at the Swiss Muon Source (SuS), Paul Scherrer Institut, using
the General Purpose Decay-Channel (GPD) Spectrometer [13]. The powder sample of SCBO
was filled in a piston-cylinder pressure cell made of MP35N and pressurized. Since the sample
has a response to muons comparable to that of the pressure cell, it is difficult to distinguish the
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Figure 2: (a) ZF time spectra collected at T' = 0.25 K for pressures 0, and 24 kbar. Solid
curves represent best fits using Eq. (1). The inset shows pressure cell subtracted polarization
function. The pressure cell parameters were assumed to be pressure independent, and the same
configurations were used in analyzing 0 and 24 kbar spectra. (b) Pressure cell subtracted ZF
muon time spectra collected at p = 24 kbar for T = 0.25, 0.9, 1.6, and 5.3 K. Solid curves
represent best fits using Eq. (1). (c) Relaxation rate (Agzr) as a function of temperature at
p = 24 kbar. (d) Stretched exponent (f) as a function of temperature for p = 24 kbar. The
green shadow underneath the experimental points is a guide to the eye.

two contributions when analysing the time spectrum. Thus, the muons were implanted at two
different momenta (100 MeV /c, and 107 MeV /c¢) where 100 MeV /c resulted in muons stopping
only at the pressure cell, while with 107 MeV /c the muons probed also the sample. Through
this measurement protocol, the sample and pressure cell contributions could be separated in a
global fit procedure. Temperature scans from 0.25 K up to 10 K was performed under ZF and
TF=50 G at pressures of 0, 21, and 24 kbar. The u*SR data was analysed using the software
musrfit [14].

3. Results and discussions

The collected ZF p TSR time spectra at T = 0.25 K for 0 and 24 kbar are shown in Fig. 2a. Small
but notable difference is observed in the initial part of the spectra. The absence of oscillations
confirms that no long range magnetic order is formed. Instead, Gaussian Kubo-Toyabe (GKT)
and exponential like polarisation is observed. Therefore, the time spectra were fitted using:

AoPzr(t) = Asexp(—()\&ZFt)ﬁ) + Apcexp(—)\pct)% + g(l — o*t?)exp(—c?t?/2)] (1)
where Ay is the total asymmetry, and Pzp(¢) is the muon depolarisation function under ZF. Ag
is the asymmetry, Ag zr is the relaxation rate and 3 is the power of the stretched exponential
for the sample, while Apc is the asymmetry, o is the static depolarization rate under ZF, and
Apc the dynamic (electronic) relaxation rate of the pressure cell [13].

The pressure cell subtracted ZF time spectra for selected temperatures are shown in Fig. 2(b).
As the system is cooled down from 5.3 K, the spectra changes from a weak to a strongly relaxing
exponential. The temperature dependencies of the ZF fit parameters obtained using Eq. (1) of
the sample are shown in Fig. 2(c¢,d). The relaxation rate exhibits low values at high temperature
but slowly increases as the transition temperature T = 1.8 K is approached. The peak observed
in Ag zr suggest the system is in a phase transition to the plaquette states at Tc. This is
consistent with the transition temperature reported from heat capacity measurements [10].

The stretched exponent (f3) clearly decreases from around 0.8 at T'=5.3 K to0.5at T = 0.9 K
(Fig. 2(d)). A value of § = 1 corresponds to a simple exponential function, which could be
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interpreted as a single Lorentzian field distribution or a dynamic system with other forms of
distributions such as a Gaussian, and a value smaller than 1 implies a broader distribution of
relaxation rates [15]. It is common for 5 to decrease from 1 at high temperature to around
1/3 at low temperature close to phase transitions [16, 17, 18, 19]. Here, below T¢, 5 gradually
decreases towards 0.5. Below 0.7 K however, J experience a sudden increase and deviates from
0.5. Most likely, this is a spurious effect due to the difficulty in fitting an exponential like
relaxation response in an MP35N cell, particularly at low temperatures because of the pressure
cell background [13]. Another scenario includes the formation of a different spin state of the
system at these temperatures. However, such kind of transition is not observed in heat capacity
measurements [10].

The sample was also measured under TF = 50 G. TF spectra were fitted with a single
exponentially relaxing cosine function:

AQPTF(t) :ATFeXp(—)\TFt)COS(QTrfTFt + ¢TF) (2)

where Ay is the total asymmetry, and Prp(t) is the muon depolarisation function under TF. Both
the sample and the pressure cell contributions are modelled together in a single exponentially
relaxing cosine function: A7 is the asymmetry, A\rp the relaxation rate, frp the precession
frequency under applied field, and ¢ the phase.
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Figure 3: TF relaxation rate (Ag7r) as a function of temperature at p = 0, 21 and 24 kbar,
obtained from Eq. (2). Shadow as a guide for the eye.

The obtained TF relaxation rate as a function of temperature, collected at p = 0, 21 and
24 kbar, is shown in Fig. 3. At high temperatures, the relaxation rates show no pressure or
temperature dependence and is settled at a value of App = 0.15 usfl. Below 4 K, Arp starts
to increase with decreasing temperature for all pressures. The dependency on temperature
at 0 kbar is consistent with previous utSR experiment at ambient pressure [20]. However,
the rate of increase at 21 and 24 kbar is different from the one at 0 kbar. This pressure
dependence is attributed to changes in the local field dynamics and/or the field distribution
widths in the sample. Since ApF' is essentially the integrated field correlation function, this
change is consistent with the formation of a new spin configuration with its own spin-spin
correlation function. Therefore, the qualitative difference in the dynamical nature above 20
kbar is consistent with the appearance of an extra magnon mode above this pressure seen with
inelastic neutron scattering [8], which was interpreted to be due to the formation of a plaquette
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state. Finally, the sharp increase below 0.7 K in Arp is a contribution from the pressure cell
[21].

4. Summary

In summary, we used high pressure ™SR to confirm the pressure/temperature phase diagram
of SCBO. The absence of oscillation in the ZF spectra under higher pressure confirms that no
long range magnetic order is formed. Moreover, measurements in TF suggest that the dynamical
character changes above 21 kbar. These results are consistent with the formation of a plaquette
state above 21 kbar, as suggested in previous studies.
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