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Main Plenary Lecture

USEFULNESS AND UNUSEFULNESS OF THE SUPERSPACE APPROACH TO
APERIODIC CRYSTALS

Ted Janssen
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The superspace ap proach to the anal y sis of aperiodic crys -
tals has been quite suc cess ful. An over view will be given of 
its de vel op ment for var i ous classes of aperiodic crys tals,
such as mod u lated phases, mag netic phases, com pos ite
sys tems and quasicrystals. There re main, how ever, sev eral
open ques tions.

The ap proach has mainly been suc cess ful in struc ture
de ter mi na tion. For the study of phys i cal prop er ties one

meets se vere prob lems. These prob lems will be dis cussed,
as well as some tech niques used to cir cum vent them.

Also there are lim i ta tions to the types of struc tures that
may be de scribed. What can one do if one wants to go fur -
ther?
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Al though the ar ti cles of A. Janner and T. Janssen, which
started the de vel op ment of the superspace sym me try for -
mal ism, al ready stressed its pos si ble ap pli ca tion to mag net -
i cally or dered sys tems, the com mu nity in ves ti gat ing
in com men su rate mag netic struc tures has re mained dur ing
de cades rather alien to this meth od ol ogy. The draw backs of 
this sit u a tion be came par tic u larly pat ent when deal ing with
mag neto-struc tural prop er ties, like multiferroicity, where
sym me try ar gu ments are es pe cially pow er ful. Only in the
last years the de vel op ment of spe cially adapted com puter
tools, and in par tic u lar, the ex ten sion of JANA op tions to
mag netic struc tures is chang ing this sit u a tion. Steadily,

through the use of these tools, the ad van tages of ap ply ing
superspace sym me try are be com ing known in the realm of
mod u lated mag netic struc tures re search [1]. In this same
di rec tion, we have started in the Bilbao Crys tal lo graphic
Server a small da ta base (www.cryst.ehu.es/magndata),
where the mag netic superspace groups of some of these
struc tures have been iden ti fied and the struc tures are de -
scribed ac cord ingly (see Fig ures 1, 2)

In this talk I will re view the con cepts of mag netic
superspace sym me try and its ap pli ca tion, with spe cial em -
pha sis on its pe cu liar i ties.  The re la tion with the tra di tional
rep re sen ta tion method will be dis cussed, stress ing the dif -
fer ences.  Some ex am ples will help to show how rep re sen -
ta tion anal y sis and superspace sym me try can be com bined
to achieve an op ti mal ap proach to the char ac ter iza tion of
mag net i cally mod u lated struc tures and the ex plo ra tion of
pos si ble in com men su rate magnetic orderings.

Fig ure 1. He li cal ar range ment of Ce at oms in CeRhIn5.
Mag netic superspace group: P4221’(1/2,1/2,g)q00s
(MAGNDATA en try #1.1.16 ).

Fig ure 2. Cy cloi dal ar range ment of Mn at oms in TbMnO3. 
Mag netic superspace group: Pbn211’(0,b,0)s00s

     (MAGNDATA en try #1.1.8)
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I am es pe cially in debted to Rob ert Hanson for his rapid
“im mer sion in superspace” and his ad ap ta tion of Jmol to
mag netic superspace sym me try, mak ing this vi su al iza tion
tool (used here and in our Bilbao server) unique. I should
also ex press my deep rec og ni tion to Vaclav Petricek,

Branton Camp bell, Har old Stokes and Juan Ro dri -
guez-Carvajal, plus the whole team of the Bilbao Server for 
their con stant ef forts to achieve, through new or im proved
com puter tools, an ef fi cient ap pli ca tion of mag netic
superHspace sym me try. This work has been sup ported by
the Span ish Min is try of Sci ence and In no va tion (pro ject
MAT2012-34740) and by the Gov ern ment of Baskland
(pro ject IT779-13).
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The dis cov ery of the bi nary icosahedral (i) quasicrystal
(QC) YbCd5.7 brought a break through in the field of QCs
[1]. An es tab lished atomic model for this Tsai type i-QC
based on its char ac ter is tic atomic clus ter is now avail able
[2] and is be ing used as the ba sis of de scrib ing its re lated
i-QCs, such as i-YbCdMg [3] and i-RCd (R=rare earths)
[4]. The Tsai type i-QCs are de scribed by the three build ing 
units: rhombic triacontahedron (RTH, lo cated on the 12
fold ver ti ces of a 3D Penrose til ing), acute rhombohedron
and ob tuse rhombohedron.  A RTH unit cor re sponds to
icosahedral atomic clus ter, and other two units with atomic
dec o ra tions fill the gap in be tween the clus ters. No es tab -
lished mod els for Al-tran si tion metal type and
Frank-Kasper type i-QCs have been ob tained yet. How -
ever, a sim i lar struc tural de scrip tion with the three build ing 
units is also ap pli ca ble to these types of i-QCs. A key is to
choose a suit able length scale for the build ing units. The re -

main ing ques tion is to give an ap pro pri ate atomic dec o ra -
tion to each build ing unit for these types of i-QCs. Note that 
the model of Tsai type i-QCs has no am bi gu ity in terms of
the atomic dec o ra tions. Some fea tures for the struc ture
mod els of i-QCs which be long to the dif fer ent struc ture
types and the dif fer ence be tween them will be dis cussed.
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GENERAL MEYER SETS AND THEIR DIFFRACTION SPECTRUM

Nicolae Strungaru

De part ment of Math e mat ics and Sta tis tics, MacEwan Uni ver sity, 5-107 K, 10700 - 104 Av e nue, 
Ed mon ton, Can ada

We start by re view ing the def i ni tion and prop er ties of
Meyer sets.  Next we look at the dif frac tion pat tern of an ar -
bi trary Meyer set: we see that ev ery Meyer set has a rel a -

tively dense set of Bragg peaks, which are highly or dered.
We com plete the talk by ob serv ing that Meyer sets have
many sim i lar prop er ties to sub sets of lat tices.
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