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Lay ered min er als and ma te ri als are ubiq ui tous and char ac -
ter ized by the fre quent oc cur rence of stack ing de fects. In
par tic u lar, interstratification (or mixed lay er ing), or in ti -
mate inter growth of lay ers dif fer ing by their layer thick -
ness and/or in ter nal struc ture, and stack ing faults, both
ran dom and well-de fined, are es pe cially com mon. These
de fects strongly im pact the re ac tiv ity of lamellar ma te ri als.
In ad di tion, they may re cord the con di tions of min eral
(trans)for ma tion.

De ter min ing their na ture, abun dance, and pos si bly their 
dis tri bu tion is thus an es sen tial step of their struc tural char -

ac ter iza tion in the scope of un der stand ing their re ac tiv ity.
Over the last de cades, mod el ling of X-ray dif frac tion pro -
files has proved to be a unique and pre cious tool al low ing
such a de tailed struc tural iden ti fi ca tion of de fec tive
lamellar struc tures. This pre sen ta tion will out line how our
un der stand ing of de fec tive struc tures and mixed lay ers has
im proved over the last de cade or so and de scribe some of
the new per spec tives opened by this im prove ment.
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We de fine twin as be ing an ex ter nal op er a tion be tween two
iden ti cal crys tals that share a frac tion of the atomic struc -
ture with no dis con ti nu ity from one crys tal to the other.
This in cludes merohedral twins, twin by reticular
merohedry as well as co her ent twin by con tact  where only
the habit plan is shared by the two ad ja cent crys tals (ep i -
taxy). In ter est ing and orig i nal cases ap pear when the in -
vari ant sub struc ture is built with po si tions be long ing to a

same Z-mod ule (ir ra tio nal pro jec tion in d-dim space of a
N-dim lat tice, with N > d) as, for ex am ple, the quinary twin
struc ture (C5-mod ule) first drawn by Albrecht Dürer (De
Symmetria... Humanorum Corporum 1525).

We will show that the Dürer twins, once de fined in
5-dim space, is a pure merohedral twin, in the sense of
Geor ges Friedel, leav ing the 5-dim lat tice in vari ant. This
analysis will be gen er al ized to the Cn-mod ules.
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Orig i nal draw ings of pen tag o nal struc tures cre ated by A. Dürer (De Symmetria...
Humanorum Corporum 1525).
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High-en tropy al loys (HEAs) [1,2] are a mod ern al loy de -
sign strat egy that uti lizes the dis or der of solid so lu tion
phases to sta bi lize new and unique struc tures. They are
based on the ob ser va tion that in a ran dom mix ture con sist -
ing of four or more prin ci pal el e ments (el e ments in sim i lar
con cen tra tions, from 5% to 35% each) the entropic term in
the Gibbs free en ergy G = H - TS can be suf fi ciently large
to sta bi lize sim ple struc tures (bcc, fcc, sim ple hex ag o nal)
with ran domly filled sites rather than more com plex
intermetallics. While stud ies have found tech no log i cally
fa vour able struc tural and me chan i cal prop er ties [1], the
phys i cal prop er ties have not been par tic u larly in ter est ing –
low elec tri cal and ther mal con duc tiv ity (due to large scat -
ter ing on dis or der) and stan dard para- or fer ro mag ne tism
[3].

The phys i cal prop er ties of Ta34Nb33Hf8Zr14Ti11 have,
how ever, turned out to be much more in trigu ing [4] as this
al loy is the first HEA known to ex hibit a tran si tion to a
super con duct ing (SC) state. Our sam ple had com po si tion
Ta34Nb33Hf8Zr14Ti11 (EDS spec tros copy) and its struc ture
was av er age body-cen tered cu bic with lat tice pa ram e ter a = 
3.36 C (de ter mined by pow der XRD). Since the lat tice
prop er ties – namely, the lat tice pa ram e ter and Debye tem -
per a ture – con form to Vegard’s rule of mix tures, we have
in ter preted the mix ing to be com pletely ran dom. The mea -
sured elec tri cal re sis tiv ity, heat ca pac ity and mag netic
mea sure ments in di cate that Ta34Nb33Hf8Zr14Ti11 is a type II 

su per con duc tor with a crit i cal tem per a ture of Tc » 7.3 K, a

lower crit i cal field m0 Hc1 » 32 mT and an up per crit i cal

field of m0 Hc2 » 8.2 T. Fur ther anal y sis of the spe cific heat
gives us an en ergy gap in the elec tronic den sity of states

(DOS) at the Fermi level of 2D » 2.2 meV and an in di ca tion 
that Ta34Nb33Hf8Zr14Ti11 is close to a BCS-type
phonon-me di ated su per con duc tor in the weak elec -
tron-phonon cou pling limit. More over, due to the large
amount of dis or der we are tack ling with a “dirty” su per con -
duc tor. While the tran si tion from nor mal to super con duct -
ing state is as so ci ated with a de crease in en ergy, this
de crease is not suf fi cient to com pen sate the weak en ing of
the entropic sta bi li za tion mech a nism at low tem per a ture
and sta bi lize Ta34Nb33Hf8Zr14Ti11. There fore we pre dict
that Ta34Nb33Hf8Zr14Ti11 is metastable at room tem per a ture 
and be low (al beit ex tremely long-lived).

To con clude, let me state two open ques tions re gard ing
su per con duc tiv ity in HEAs. Firstly, how wide (or nar row)
is the com po si tion range for HEA su per con duc tors and
does it en able us to op ti mize their prop er ties? Sec ondly, the 
mech a nism be hind this su per con duc tiv ity is not yet
understood - what is it?
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We are gen er ally taught that a crys tal is dis or dered if its dif -
frac tion pat tern con sists in Bragg re flec tions and dif fuse
scat ter ing. How ever, more in sight in dif frac tion the ory
shows that the dif frac tion pat tern of a crys tal can ex hibit
dif fuse scat ter ing while the crys tal is per fectly or dered.
This is the case of the Rudin-Shapiro se quence, whose pair
cor re la tion func tion is sim i lar to a ran dom se quence one.

In this pa per, we show that this prop erty is true only for
in fi nite sys tems. In deed, fi nite and thus real crys tals ex hibit 

speck les pat terns, which can be mea sured by co her ent dif -
frac tion. With the help of the Rudin-Shapiro se quence, we
dem on strate that the in ten sity dis tri bu tion of such pat terns
con tains in for ma tion on high-or der cor re la tion func tions,
which are ir rel e vant in in fi nite crys tal dif fuse scat ter ing
pat tern. The effect of dimensionality is also explored.

This sur pris ing re sult in di cates that the con cept of or der 
should be re vis ited in the light of co her ent beams.
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Re cently, in ter est ing low-tem per a ture prop er ties have been 
ob served in the quasicrystal Au51Al34Yb15 and its ap proxi -
mant Au51Al34Yb14. In the for mer com pound, the spe cific
heat and sus cep ti bil ity ex hibit power-law be hav iour with a
nontrivial ex po nent at low tem per a tures. In con trast, the
ap proxi mant with the pe ri odic struc ture shows con ven -
tional heavy fermion be hav iour. These find ings sug gest
that elec tron cor re la tions and the quasiperiodic struc ture
play a cru cial role in sta bi liz ing quan tum crit i cal be hav iour
at low tem per a tures. There fore, it is de sir able to clar ify
how elec tron cor re la tions af fect low tem per a ture prop er ties 
in quasiperiodic sys tems.

To clar ify how elec tron cor re la tions af fect low tem per -
a ture prop er ties in strongly cor re lated quasi-pe ri odic sys -
tems, we study the re pul sive Hub bard model on two- 
di men sional Penrose lat tice. The model Hamiltonian is
given as 

H t c c h c U n ni j i i
ii j

= + ++
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where  i j,   de notes near est neigh bour site, c ci is s
+ ( ) is the

cre ation (an ni hi la tion) op er a tor of a fermion at the ith site

with spin s(=, ¯) , n c c ti i is s s= ×+   is the hop ping in te gral,

and U is the Cou lomb in ter ac tion. First, we study Mott
tran si tions in this model [2] by means of the real-space dy -
nam i cal mean field the ory (RDMFT) [3] which in cor po -
rates lo cal elec tron cor re la tions. We find that geo met ri cal
struc ture in the sys tem in duces nontrivial renormalization
in the me tal lic state close to the Mott tran si tion point. As
the tem per a ture de creases, intersite cor re la tions as well as

lo cal cor re la tions should be im por tant, and the the o ret i cal
ap proach be yond DMFT is nec es sary to dis cuss low tem -
per a ture prop er ties. Here, we make use of the real-space
dual fermion ap proach [4], which en able us to in ves ti gate
intersite cor re la tions in quasi-pe ri odic sys tem. We then
study how magnetic correlations develop at low
temperatures. 
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Fig ure 1. Den sity plot of dou ble oc cu pancy as a func tion of in ter -
ac tion strength U/t in the half-filled Penrose-Hub bard model with
4481 sites when T/t = 0.05. 


