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Florida beach style
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Diane Lancon, LQMPSI
Mohamed Zayed, LQMCarnegie Mellon
Julio L. Larrea, LQMU. São Paulo
Ellen Fogh LQM
Gaetan Giriat LQM
Christian Ruegg, PSIPSI*
Katja Pomjakushina PSI
Andreas Laeuchli U. Innsbruck
Frederic Mila EPFL
Kazu Kakurai J-PARC

+ many more:
Crystal growers, 
beamline 
scientists, 
colleagues, …

The Stars of the Show 

http://upload.wikimedia.org/wikipedia/commons/9/9e/Milky_Way_IR_Spitzer.jpg
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Shastry-Sutherland – a special decoration of the square lattice

• Diagonal J > square J’  frustrated orthogonal dimers

• J’/J=0.5 “Shastry-Sutherland point”: 

Ground state is product state of singlets on J-bonds

• Dimer singlet phase stable for range of J’ & inter-layer J”

?

“geometrically broken symmetry”

Dimer-covering dictated by model
SrCu2(BO3)2 is physical 

realizaiton of this model
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“Correlated hopping”

Triplets almost localised

only hop at 6th order in perturbation



Rønnow – Jacksonville 2019 Slide 8



Rønnow – Jacksonville 2019 Slide 9

Higher energies: a series of bound states

• Need theory for bound 

states and their S(q,)

Diane 

Lancon

PhD thesis
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Need theory

for dynamics

structure factor
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Dzyaloshinskii-Moriya coupling

splitting and dispersion of triplet
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ESR
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Triplet wave theory
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Triplet Wave theory: Romhanyi, Penc et al
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Predict field-tuned Dirac dispersion
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Predicts protected edge states & thermal Hall effect
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2-triplet bound states complicate matter
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Summary: Dirac physics in SrCu2(BO3)2

• Predicted Dirac dispersion in SCBO

• Confirmed with neutron scattering (us + Coldea et al)

• Predicted thermal Hall effect

• Experiments ongoing, has been observed in other 

materials

• Predicted topological surface states – how measure

Considerations:

• Triplet are quasi-localized, how interesting is Dirac?

• Dirac is only 2 of 5 modes around 3meV, hard to control 

population thermal or pumped
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Unusual temperature damping



Rønnow – Jacksonville 2019 Slide 21

Two-component line-shape
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Unusual temperature damping

• Probability of decaying with an existing singlet:
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Correlated decay

• Localized triplet radius

• If neutron-triplet touches

thermal triplet => decay

• Probability of decaying 

with an existing singlet:
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Spin-dependent 

correlated decay
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Summary: Correlated decay

• Localized triplets at 3meV=35K

• Strong damping already at 6K

• We propose “correlated decay model”

– Fits temperature and field dependence

• Spin-dependent correlated decay

– T- pushed up in energy by hardcore repulsion

– T+ decay faster because interact with T- population

• Our model is unfounded – need theoretical work

• Probably need to take multi-triplets into account
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What happens in high magnetic fields?

• Both triplet and 2-triplet gap closes

• Plateaus in magnetization
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Magnetization plateaus

• Many new phases in high magnetic field

• Condensing triplets into ground state
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NMR and magnetization 

in very high fields
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Results from the 1/8 phase:

Probably no 1/8

Bragg peaks, but

we are still digging

in the data
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Spectroscopy to 26T @ 100mK (P=0)

• Triplets fade: temperature or “tower of states”?

• Evidence of new ground state?

• Analysis and theory underway
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Summary high magnetic fields:

• Neutrons at 25T is challenging, and no longer 

available !

• I have project for neutron diffraction to 60 T and 

spectroscopy to 40T 

(pulsed magnet with dedicated neutron source)

• Just need 25M$ and about 10 years…

• Meanwhile, what about just pressure?
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Intermediate phase ?

J’>>J  Square lattice AFM

SCBO close

Miyahara et Ueda, J. Phys.: Condens. Matter 15 (2003) R327–R366
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Pressure tuning of interactions?

• Predict how pressure tunes balance of J’s ?

• Need to be very lucky !
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Many other works on SCBO under pressure

• Haravifard: X-ray (using structure as proxy for singlet population)

• Waki: NMR (disadvantage need symmetry breaking field)

• Sakurai: ESR (also needs finite magnetic field)

• Guo: Specific heat (integrates over excitation spectrum)

• Zheludev: Raman
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Susceptibility to 10 kbar

• Fit to ED-calculations + RPA for inter-layer

Extract and extrapolate pressure dependence of J and J’

It seems =J’/J is increasing !
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Inelastic Neutron Scattering: gap decrease with pressure !

• New Steel-Aluminum for inelastic neutron scattering

• P max ~17kbar, sample volume 1.5cm3 (cell by Ravil Sadykov)

• Gap decreases with pressure ☺
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Linear softening up to 16kbar

http://isbn-links.info/com/0967674794
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Even higher McWhan cell 

(one year and many broken 

alumina cylinders later)

21.5kbar, but no change anymore 
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However, there is a new lower-E excitation ☺
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Are we in a new phase?

2-triplet bound state almost catches up with 1-triplet

2-Eb = 

Indeed, Eb seems almost pressure independent
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Energy match theoretical phase diagram

Koga et al. PRL 84,4461 (2000) Takushimaet al. JPSJ (2001)

‘RVB-type’
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How to identify a new singlet ground state ? 

Look at Field-splitting     or     structure factor of excitations

triplets

singlet

Structure factor along dimers:

S(q) ~ cos(d||·q) + cos(d⊥·q)

Ba2Cu(BO3)2

Rüegg, HMR, Demmel et al.

E

H
Hc1

|1,0>

|1,1>

|1,-1>

|0,0>


High-pressure, magnetic field and 

inelastic neutron scattering = not yet
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Zero pressure structure factor

• Not simple sum of orthogonal cosines

• Until we have good

model for P=0

S(q) cannot hope 

for P>Pc

• So lets compare

expt P=0 to P>Pc

structure factors
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•  excitation same S(q) as triplet at P=0

• LE excitation peaked near (1,0,0)
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Simple 4-spin calculation: Singlet GS
• Full plaquette: T1 triplet and T2 quartet excitations

• S(q): T1 peaks near (1,0,0), T2 identical P=0 S→T

• Void plaquette: T1 triplet and T2 heptet

• S(q): T1 as full plaquette, T2 different from P=0 S→T

• Data confirm 4-spin plaquette singlet ground state

• Data most consistent with singlets residing on full plaquettes
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Empty of full plaquettes?

Peierls-like distortion
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What about AFM order at higher  ?
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PE cell – new (100) peak

• Consitent with AFM order above 40 kbar
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However, structural transition around 5GPa

• Monoclinic above 4.7GPa at room temperature

So, still Shastry-Sutherland

Above 40kbar and T<100K ? 
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Structural transition comes close 

but never below 4.0 GPa

Hence appear to be

above AFM transition
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Phase diagram:

• New state above 18kbar

– Two excitations 

– consistent with 4-spin plaquette singlet

– Plaquette singlet state breaks symmetry 

– AFM state above 40kbar, 

seemingly before structural transition

• Need more data  Need better instrument
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CAMEA Concept

• Data on single scattering plane  Ideal for extreme environments

• But, CAMEA competitive for “all” experiments on small samples, 

parametric studies, fast mapping etc.

 Factor 10 - 100 better – if (q,E) covered useful

Cover several final energies by a series

of vertically scattering analyzers

Cover large range of

scattering angles by

analyzer arcs

F. Groitl et al., Review of Scientific Instruments, 87, 035109 (2016)

(Continuous Angle Multiple Energy Analysis)
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CAMEA at PSI
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MnF2
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SrCu2(BO3)2
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Extreme sample environments

• Data focused on single scattering plane (3-135° coverage)

• Ideal for extreme environments

• But, CAMEA competitive for “all” experiments on small samples, 

parametric studies, time resolved etc.

• High-pressure anvil cells • Split-coil high field magnets
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Summary:
✓ Dirac dispersions in SCBO

✓ Correlated decay: unusual thermal lineshapes

 High field 1/8 plateau state

✓ QPT to Plaquette singlet state & Neel state

✓ CAMEA spectrometer & crazy idea for 40T

Thank you !

Come work with us! (Henrik.Ronnow@epfl.ch)

CAMEA neutron postdoc

New project HERO on composite order and excitations: 

2 PDOC positions

2 PhD students

Physicist/engineer on innovation project (ski-mountaineering & olympics)

mailto:Henrik.Ronnow@epfl.ch

