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approximation has important consequences [8, 9]. Recently, theoretical physicists have joined the discussion 

[10], and their theories are waiting for experimental verification [11, 12]. Through their ongoing ERC grant, 

very promising research is coming out of Mikhail Lemeshko’s group [4] dealing with ME coupling using a 

novel approach of the angulon quasiparticle. See the Detailed proposal section for details. Surprisingly, 

experimental data for the verification of mentioned theories are missing and adopting a precise approach with 

cutting-edge techniques is needed to face the challenge.  

The ordinary compound 

I was the driving force of our novel research on an intermetallic material, CeAuAl3 [13]. The most special 

property of this compound is that it is fully ordinary. It started purely by chance as a part of regular student 

Labcourse. We put sample to the beam just for training and next day we were extremely excited with our 

results – PANDA spectrometer revealed a new unexpected mode!  

It is an archetypal Kondo lattice compound with a transition temperature TN = 1.32 K [14]. It was studied 

before in detail by Adroja et al.; its magnetic structure was determined, and they claimed: “This study also 

indicates the absence of any CEF-phonon coupling unlike that observed in isostructural CeCuAl3” [15]. Until 

2015, it was one of many heavy fermion compounds. Our findings were surprisingly contradictory, and we 

were able to detect an abundance of magnetoelastic effects in the material [13]. The reason is the technique 

used for measurement. Unlike other researchers, we used three axis spectrometers [16] on high-quality single 

crystals of CeAuAl3 [17]. This method is much more time-consuming and challenging, but it is worth doing it 

because it can reveal detailed changes in the spectra of lattice vibrations (phonons) as well as in the spectra of 

electronic excitations (crystalline electric field [CEF], in our case). Our outcomes pointed to two important 

conclusions. First, magnetoelastic coupling is much more generic than hitherto assumed; and second, even 

weak coupling can lead to the creation of new states in the matter.  

Magnetoelastic zoo 

Our research was done on one intermetallic heavy fermion compound, but we believe that magnetoelastic 

coupling is key and a general property in condensed matter physics. There is a diverse portfolio of materials 

that have exhibited unique properties with different potential applications in which magnetoelastic effects have 

turned out to be crucial systems properties, like cerium Kondo systems [2, 18, 19], pyrochlores [20, 21, 22], 

neptunium oxides [23] or multiferroics [24, 25]. Also Aksenov’s prediction about coupled quadrupole-phonon 

excitation should also be mentioned, since he theoretically described the existence of crosstalk between 

electrons and acoustic lattice vibrations in the year 1983 [26]. He was unable to observe the effect directly, 

and the theory waited 35 years before we calculated [27] and observed same effect in CeAuAl3 [13]. 

However, unifying theories are still missing, and scientists from different fields of research have very often 

been unaware of each other. In general, the creation of new ME hybridized modes is still considered an 

exceptional case, and no one is treating it from a broader perspective. There is a general need for advanced 

theories and complex computational approach to simulate magnetoelastic effects, and more compounds need 

to be investigated in detail to verify the theoretical predictions. 

Detailed proposal 
We have opened up a new field in condensed matter physics where the Born–Oppenheimer approximation is 

no longer valid. The goal of the MaMBA project is to show that magnetoelastic coupling is a general property 

of matter, and even if it is weak, it can have immense consequences. We have identified three areas of research 

where magnetoelastic coupling will shed new light on the problematics: 

1) Coexistence of magnetism and superconductivity in correlated systems 

Unconventional superconductivity was first observed in heavy fermion material CeCu2Si2 [28] in 1979 

and is still an unresolved topic [29]. Although many groups of unconventional superconductors exist with 

high critical temperatures [30], a proper understanding of the mechanism of the creation of 

superconducting condensate in heavy fermions is a key step in understanding all other materials. Heavy 

fermion compounds belong to the group of strongly correlated systems, where dominant driving force is 

the enhanced electron-electron interaction. We have revealed that new concepts should be applied, 

while even in the presence of strong interelectron interactions, weak electron-phonon coupling can lead 

to significant changes in the density of electronic and phononic states [13]. In addition, a common 

property of heavy fermions is the existence of f-electron magnetism, which is always accompanied by a 

crystalline electric field (CEF). We already know that CEF hybridization with phonons can lead to the 

creation of new states in materials [31], but complex magnetoelastic studies on heavy fermion 

superconductors are missing. 
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2) Hidden order in URu2Si2 

Heavy-fermion superconductor URu2Si2 exhibits a second-order phase transition at 𝑇0 = 17.5 K 

manifested as a large anomaly in specific heat. The nature of the transition and the whole ordered phase 

below it remains unclear and is referenced as a hidden order (HO) phase. Currently there are two different 

possible theories: either the compound is an itinerant band metal or Uranium electrons are localized in 

5𝑓2 configuration and HO phase is originating from its crystal-field ground state (or dual nature scenario) 

[32]. Localized option was often neglected, because no CEF levels were detected by inelastic neutron 

scattering on powder [33]. This was changed with recent quantum oscillation measurements 

supporting localized scenario [34] or novel anisotropic itinerant system [35]. The CEF excitations were 

recently observed by X-Rays [36] and not yet confirmed by neutrons. 

Despite an incredible amount of published research, comprehensive study of phonon spectra in the 

material is still missing [32]. We have already learned, that even a weak coupling can lead to the creation 

of emerging states in matter. These states can be undetectable on the powder measurement [13] and 

detailed inelastic neutron study on single crystal is needed. In addition a recent study by Wartenbe et al. 

has revealed the importance of coupling [37], making URu2Si2 an ideal candidate for our investigation. 

3) Mechanisms behind structural distortion in iron pnictides 

Unlike other unconventional superconductors, superconducting transition in pnictides is accompanied by 

a structural transition connected with symmetry breaking. We have learned [13] that symmetry is a key 

point for the creation of hybridized states in matter. Despite iron pnictides being a very hot topic, their 

magnetoelastic effects are rarely studied. There are emerging new theories based on angulon 

quasiparticles, bringing a new approaches for calculation of electron-phonon hybridized spectra in oxides 

and d-electron metals [4]. We have discussed a lot with author of the manuscript J. Mentink about adapting 

his theories to static crystal field models and also d-electron systems.  

Project strategy 

Magnetoelastic effects are often overlooked and scientists still live in a world 

in which Born–Oppenheimer approximations are valid mainly because of the 

enormous demands placed on the experimental techniques used. There exist 

several direct or indirect ways of detecting the lattice vibration spectra of the 

material (phonons). There also exist a number of methods for detecting 

electronic levels in the material (CEF). But the only technique that can detect 

both together is inelastic neutron scattering. In addition, one needs to focus 

on specific positions in reciprocal space and study excitations on single crystal 

of the material. Such experiments are time-consuming, and it is only possible 

to realize them in large neutron facilities. The method also places demands 

on the size of the sample: mass of about 1 g is needed. 

The requirement for the size of a single crystal is a tough proposition. More than a half of the single crystals 

we are going to investigate are incongruently growing (majority of correlated systems and all iron pnictides, 

see part B2 for details), so that the size of one crystal is in the order of milligrams. We need to co-align several 

hundred pieces to create a sample suitable for an inelastic neutron experiment (see Fig. 2, for example). 

Previously the preparation of one sample took several months of work and required a lot of manpower. 

MaMBA project is going to change it. We will fully automatize the co-alignment process by using a state-of-

the-art X-ray Laue diffractometer, robotized manipulators, real-time camera recognition and AI for software 

analysis. The device ALSA (Automatic Laue Sample Aligner) will be truly revolutionary in the field of 

inelastic neutron scattering because it will drastically speed up the sample preparation process. 

ALSA: A gamechanger in inelastic neutron scattering 

The purpose of the ALSA device is to take several small single crystals with a known crystal structure but an 

unknown orientation, orient them and glue them together on an aluminium plate. Most of the single crystals 

grown using a flux growth technique are plate-shaped samples with a high symmetry crystallographic axis 

perpendicular to the surface of the sample. With this constraint, orientation and especially the gluing of the 

samples becomes a much easier task (since there is only one degree of freedom). The oriented crystals need to 

be glued very close to each other in order to keep the final sample as small as possible. The basis of the device 

will be a conventional Laue X-ray diffractometer. In addition, there will be a robotic arm with a tiny plastic 

straw. The arm will use suction to grab the sample, and a conventional industry camera will determine its 

detailed shape. Then the arm will take the sample to the X-ray beam, and specially developed software will 

automatically determine its crystallographic orientation from the Laue image. Software will match both micro- 

Fig. 2: Hundreds of tiny samples of 

CeCoIn5 ready for neutron 

experimentation [44].  
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Section c:  Early achievements track-record 

 

The course of my scientific career was clear early on from the time when I performed my first neutron 

experiment alone at the large-scale facility Helmholtz Zentrum Berlin as a master’s student. During my 

doctoral studies at Charles University in Prague, my interest in neutron scattering grew. I was selected for a 

one-year PhD fellowship at the world’s largest neutron source, ILL, in France (https://www.ill.eu), as a 

representative of the Central European Neutron Initiative (CENI). There, I become an expert on neutron 

scattering, and already during my PhD, I moved to Heinz Meier-Leibnitz Zentrum (MLZ) in Garching as a 

second instrument responsible for the PANDA spectrometer. My task was to operate, maintain and develop 

the state-of-the-art neutron spectrometer.  

I worked for five years on PANDA, employed by Forschungszentrum Julich, which is a member of the 

German Helmholtz Association. Employees of the Helmholtz Association are not normally allowed to ask 

for external funding, so I have none of my own grant applications from this period. Our work was evaluated 

as part of the program-oriented funding and was always rated as excellent. My duty was to support MLZ users 

from various fields of condensed matter physics and develop the instrument. I was part of the German 

Federal Ministry of Education and Research (BMBF)-supported €1.4M project BAMBUS, where we 

developed a state-of-the-art multianalyser for the PANDA spectrometer. I gained a tremendous amount of 

experience and started collaborating with several world-leading neutron scattering groups (the Inosov 

group at TU Dresden, the Janoschek group at the Paul Scherrer Institute, the Pfleiderer group at TU Munich 

and the Jinsheng Wen group at Nanjing University).  

▪ I have substantial knowledge of advanced crystal field treatment, phonon–crystal field coupling, data 

visualization, magnetic structures refinement, Laue neutron diffraction and data evaluation — see my list 

of publications. 

▪ I am an expert in neutron triple-axis spectroscopy, resolution calculations and advanced data reduction 

and fitting and organized several workshops on it — see my CV. 

▪ I actively participated in development of the ThALES spectrometer at ILL and the PANDA spectrometer 

at MLZ — see my instrument development publications below. 

▪ I am a programmer, and I contribute to several open source Python and Fortran projects — see my CV. 

▪ I know solutions. I lead the development of computer vision solutions for a private company in past. 

Now I have decided to fully engage in science and ended private sector activities. 

 

Total publications in peer-reviewed journals: 25 

10x first author, 2x Nature Comm., 1x PNAS, 2x PRL, 6x PRB, h-index = 7 (ISI)/9 (Google Scholar). 

Full list: 

https://publons.com/researcher/S-6152-2016/ or https://scholar.google.cz/citations?user=TJRuzI4AAAAJ 

 

Five most important publications:  

 

1) P. Čermák, A. Schneidewind, B. Liu, M. M. Koza, C. Franz, R. Schönmann, 

O. Sobolev, C. Pfleiderer, Magnetoelastic hybrid excitations in CeAuAl3, 

Proceedings of the National Academy of Sciences 116 (14) (2019) 6695-

6700.  

2) B. Liu, P. Čermák, C. Franz, C. Pfleiderer, and A. Schneidewind, Lattice 

dynamics and coupled quadrupole-phonon excitations in CeAuAl3, 

Phys. Rev. B 98 (2018) 174306.  

These two publications deal with magnetoelastic coupling, and the published 

results motivated MaMBA. We have revealed new excitations and started to 

deal with them in more detail. It took three years of measurement and 

discussions with theoreticians to explain the measured data. I formed a team 

with my colleagues B. Liu and A. Schneidewind (first instrument responsible 

for PANDA). B. Liu developed the theory (paper 2), and I did all the measurements and supervised the 

project. A. Schneidewind supported the whole team with her instrumentation knowledge. We heavily 

conferred with “the owner” of the sample, Prof. Pfleiderer, and our efforts finally resulted in the PNAS 

publication (paper 1). Our work was mentioned in the press: [1], [2], [3 German], [4 German] 

IF 2017: 9.504, Altmetrics: 30 

The coupling of phonons to 

the crystal electric field are 

much more generic than 

hitherto thought. 
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3) Y. Song, J. Van Dyke, I. K. Lum, B. D. White, S. Jang, D. Yazici, L. Shu, A. 

Schneidewind, P. Čermák, Y. Qiu, M. B. Maple, Dirk. K Morr, P. Dai, Robust 

upward dispersion of the neutron spin resonance in the heavy fermion 

superconductor Ce1-xYbxCoIn5, Nat. Commun. 7 (2016) 12774. 

As an instrument scientist, I am the co-author of several high-ranked papers, 

but this one is special because we invested a lot of effort and I was not only 

“the local contact”. CeCoIn5 is a prototypical unconventional superconductor 

that has been known for decades, but we have revealed details about it that 

had not been observed before. We faced several challenges during the 

measurements, the most difficult of which was to get enough of the sample. I 

learned how to manually co-align small crystals. The MaMBA will deal with 

this issue by developing ALSA. Press coverage here: phys.org, IF 2017: 12.353, Altmetrics: 19 

4) J. Wang, K. Ran, S. Li, Z. Ma, S. Bao, Z. Cai, Y. Zhang, K. Nakajima, S. O. 

Kawamura, P. Čermák, A. Schneidewind, S. Savrasov, X. Wan, J. Wen, 

Evidence for singular-phonon-induced nematic superconductivity in a topo-

logical superconductor candidate Sr0 1Bi2Se3, Nat. Commun. 10 (2019) 2802. 

Cooperation with Prof. Wen’s group deals with unconventional 

superconductors. By performing inelastic neutron measurements on a prime 

candidate for realizing topological superconductivity, we revealed highly 

anisotropic phonons with increasing linewidths at long wavelengths. Such 

observation indicates a large ME coupling, which we propose gives rise to 

the exotic p-wave nematic superconducting pairing. It creates an open 

question which should be answered by MaMBA. IF 2017: 12.353 

5) P. Čermák, P. Javorský, M. Kratochvílová, K. Pajskr, M. Klicpera, B. 

Ouladdiaf, M.-H. Lemée-Cailleau, J. Rodriguez-Carvajal, M. Boehm, 

Magnetic structures of non-cerium analogues of heavy-fermion Ce2RhIn8: The 

case of Nd2RhIn8, Dy2RhIn8, and Er2RhIn8, Phys. Rev. B 89 (2014) 184409. 

The fifth highlighted paper is the last paper published together with my PhD 

supervisor and the last paper coming from my doctoral thesis. It summarizes 

the results that I obtained during my stay at the ILL neutron source. It helped 

me to start my career in the field of neutron scattering. 

Instrument development publications:  
 

1) P. Čermák, M. Boehm, J. Kulda, S. Roux, A. Hiess, P. Steffens, J. Saroun, Optimizing monochromatic 

focusing on ThALES, J. Phys. Soc. Jpn. 82 (2013) SA026. 

I performed Monte Carlo simulations of the elliptical focusing guide with a novel “inner lamella” 

approach. The guide is in use for ThALES at ILL – the world most intense cold triple-axis spectrometer. 

2) J. A. Lim, K. Siemensmeyer, P. Čermák, B. Lake, A. Schneidewind, D. S. Inosov, BAMBUS: A new 

inelastic multiplexed neutron spectrometer for PANDA, J. Phys. Conf. Ser. 592 (2015) 012145. 

I was part of the BAMBUS team to develop a unique neutron multi-analyser. I am the author of a concept 

of rotated detectors in order to save space. A prototype will be commissioned in 2020.  

Invited lectures: 

1. LNS seminar, Paul Scherrer Institute, Villigen, Switzerland, 2019, https://www.psi.ch/  

2. SwedNess course in neutron spectroscopy, Chalmers, Göteborg, 2018, https://swedness.se/  

Total presentations at international conferences: Seven oral and more than 30 posters. 

Selected invited speaking engagements and contributing talks made to international conferences: 

1. “Hybridized excitations in CeAuAl3” (invited, https://indico.frm2.tum.de/event/171/) 

@ Frontiers in Quantum Condensed Matter Research with Neutrons 2019, Garching  

2. “Neutrons as a key method for accessing magnetoelastic effects”  

@ ECNS 2019, St. Petersburg, http://ecns2019.com/  

3. “Analysis of magneto-elastic hybridized effects due to the CEF”  

@ ICM 2018, San Francisco, http://www.icm2018sf.org/  

4. “Magnetoelastic hybrid excitations in non-centrosymmetric tetragonal CeTAl3”  

@ SCES 2017, Prague, http://sces2017.org/  

5. “A novel hybridized crystal field–phonon excitations”  

@ JEMS 2016, Glasgow, http://jems2016.iopconfs.org/  

Hundreds of tiny samples co-

aligned and glued onto 

aluminium plates.  

Measured phonon dispersion 

along [001] direction. 

Determined magnetic 

structures. 




