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S1. Determination of the lattice symmetry and lattice parameters from the splitting of sub-
peaks 

We use the measured radial reciprocal space separation of the sub-peaks (equivalent to the separation 

in the 2ߠ axis) to reconstruct the deviation of the lattice parameters / the elements of the metric tensor 

௜௝ܩ) = ௜௝ܩ ௝). The deviation of the elements of the metric tensor from the cubic oneࢇ௜ࢇ = ܽଶߜ௜௝) 

defines the pattern of splitting in that particular family of peaks. Therefore, initial assessment of the 

symmetry can be made by the evaluation of the number of split peaks in each family ሼℎ݈݇ሽ௠ଷഥ௠ (the 

subscript ݉3ത݉ denotes all the reflections, which are related to ℎ݈݇ by the ݉3ത݉ point symmetry 

group operations). Table S1 shows the number of split peak components, corresponding to cubic, 

tetragonal, rhombohedral and monoclinic (MA/MB and MC) lattice symmetries.  

Symmetry Lattice 

parameter 

(pseudo-

cubic cell 

setting) 

 

ሼℎ00ሽ௠ଷഥ௠ ሼℎℎ0ሽ௠ଷഥ௠ ሼℎ݇0ሽ௠ଷഥ௠ ሼℎℎℎሽ௠ଷഥ௠ ሼℎ݇݇ሽ௠ଷഥ௠ ሼℎ݈݇ሽ௠ଷഥ௠

Cubic ܽ = ܾ= ߙ ܿ = ߚ ߛ= = 90° 

 

1 1 1 1 1 1 

Tetragonal ܽ = ܾ≠ ߙ ܿ = ߚ ߛ= = 90° 

 

2 2 3 1 2 3 

Rhombohedral ܽ = ܾ= ߙ ܿ = ߚ ߛ= ≠ 90° 

 

1 2 2 2 3 4 
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Monoclinic 

(MA/MB) 

ܽ = ܾ≠ ߙ ܿ = ≠ߚ  ߛ

 

2 4 6 3 7 12 

Monoclinic 

(MC) 

ܽ ≠ ܾ≠ ߙ ܿ = ≠ߚ  ߛ

3 4 8 2 6 12 

 

Note that the actual number of separated sub-peaks around could be lower as the appearance of the 

peaks is subject to the presence of corresponding ferroelastic domains in the X-ray beam.   

Plausible models of the lattice symmetries are selected from the observed splitting pattern, and the 

procedure of the lattice parameters’ refinement follows the algorithm below. The algorithm resembles 

the Pawley / Le Bail methods (for the determination of lattice parameters from powder diffraction 

data) but is modified for the analysis of partially-complete data only with some sub-peaks / 

ferroelastic domains absent.     

 Three-dimensional Cartesian coordinates ܪ௫, ,௬ܪ  ௭ of the sub-peaks in each family ofܪ

reflections is marked according to the description in §6.1. The length of the reciprocal lattice 

vector, corresponding to reach sub-peak ܮ௢௕௦ =  ටܪ௫ଶ + ௬ଶܪ +   .௭ଶ is calculatedܪ

 For the given trial lattice parameters (restrained according to the tested model of the 

symmetry) the set of the reciprocal lattice vectors’ lengths is calculated: 

௖௔௟௖ଶܮ = ሺℎ ݇ ݈)௠ଷഥ௠ሾܩ∗ሿ ൭ℎ݈݇൱௠ଷഥ௠ 

Here ሾܩ∗ሿ = ሾܩሿିଵ and ܩ௜௝ =   .௝ࢇ௜ࢇ

 The observed sub-peaks are indexed in a way by which the smallest error sum is achieved: 

߯ଶ = ଶߪ1 ෍൫ܮ௖௔௟௖,௠ − ௢௕௦,௠൯ଶ௠ܮ  

The index ݉ runs over all the sub-peaks of the individual reciprocal space volume. ߪ is the nominal 

standard uncertainty of ܮ௢௕௦,௠ (defined by the resolution of the experiment). It is set globally to ߪ =0.2 ∙ 10ିଷ Å-1 for each sub-peak.   
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 The lattice parameters / the elements of the metric tensor are determined by global

optimization, providing the least value of the error sum (the sum runs over all the collected

reciprocal space maps) ߯ଶ = ෍ ߯௡ଶ௡  

Table S2 below summarizes the details of the lattice parameters’ refinement for seven split reflections 

of the PZT35 crystal  

Parameter Value 

Number of reflections measured  7 

Total number of sub-peaks 55 

Number of model parameters (R, M, R+M) 2, 4, 6 

Global error sums (R, M, R+M) 200,  26,  8 

S2. Figure 4 for all the measured reflections ૜ഥ૙૙, ૚ഥ૚૚, ૚ഥ૛૙, ૛ഥ૛૙, ૚ഥ૛૚, ૛ഥ૚૚, ૜ഥ૙૚. 

Attached as a separate seven-page PDF file, kc5109sup2.pdf. 

S3. Animation 1: electric field dependence of the diffraction intensity distribution 

Animation 1 shows how the distribution of X-ray diffraction intensities in the reciprocal space volumes 

around all the measured families of twinned peaks (ത300, ത111, ത120, ത220, ത121, ത211, ത301) 

depend on electric field. Files kc5109sup3.mp4 and kc5109sup4.mp4. 

S4. Animation 2: field-dependence of the diffraction intensity distribution 

Animation 2 shows the distribution of X-ray diffraction intensities in the reciprocal space volumes 

around all the measured families of twinned peaks as the function of electric field with the position of 

the mass centres shown by the larger circle. The cross follows the position of the mass centre 

reconstructed by using rotation tensor alone. File kc5109sup5.mp4. 

S5. Figure 7 for all the measured reflections.  

Attached as a separate seven-page PDF file, kc5109sup6.pdf. 


