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Exercise	  1:	  What	  is	  a	  propagation	  vector?	  
	  
A-‐	  Give	  the	  propagation	  vector	  of	  the	  two	  magnetic	  structures	  depicted	  below.	  
	  

	  

	  
	  
	  
B-‐	   Indicate	   in	   all	   the	   cases	   below,	   (i)	   the	   propagation	   vectors	   (sometimes	   there	   are	  
several),	  (ii)	  the	  type	  of	  magnetic	  structure	  (ex.	  ferromagnetic,	  antiferromagnetic...),	  and	  
(iii)	  draw	   in	   the	   reciprocal	   space	   the	  magnetic	  Bragg	  peaks.	  Note	   that	   in	  all	   cases,	   the	  
coupling	  along	  the	  3rd	  direction	  (c-‐axis)	  is	  ferromagnetic.	  
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I- Indiquer dans les deux cas ci-dessous le vecteur de propagation de la structure 
magnétique
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II- Indiquer dans les huit figures ci-dessous le vecteur de propagation et le type de 
structure magnétique dont il s’agit, sachant que dans tous les cas, le couplage selon 
l’axe c est ferromagnétique. Placer dans le réseau réciproque les taches de 
diffraction magnétique.

Attention, la structure de la figure 4 est décrite par 2 vecteurs de propagation.
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Note:	  What	  can	  you	  say	  about	  the	  propagation	  vectors	  of	  magnetic	  structures	  6	  and	  7?	  
How	  can	  we	  discriminate	  between	  the	  two?	  
	  
C-‐	  Possible	  magnetic	  structures	  in	  a	  simple	  cubic	  lattice.	  	  Give	  the	  propagation	  vector(s)	  
for	  each	  of	  these	  structures.	  
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III- Structures magnétiques dans un réseau cubique simple. Déterminer le ou les 
vecteurs de propagation décrivant chacune de ces structures. Commenter
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Exercise	  2:	  magnetic	  symmetry	  
	  
A	  magnetic	  moment	  originates	  from	  a	  current	  loop	  and	  can	  therefore	  be	  represented	  by	  
an	   axial	   or	   pseudo	   vector.	   The	   direction	   of	   the	   moment	   vector	   is	   determined	   by	   the	  
direction	  of	  the	  current;	  for	  a	  counter-‐clockwise	  current	  (a),	  the	  moment	  vector	  points	  
up,	   whereas	   for	   a	   clockwise	   current	   (b)	   the	   moment	   points	   down.	   Time	   reversal	  
symmetry	  (1’)	  inverses	  the	  magnetic	  moment	  direction.	  

	  
	  
A.	   Magnetic	   symmetry	   operations	   can	   be	   described	   as	   «	  usual	  »	   crystallographic	  
operations	   (rotation,	   mirror,	   inversion)	   plus	   time	   reversal	   symmetry	   (1’).	   Draw	   the	  
magnetic	  moment	  on	   the	   figure	  below.	   	  Which	   component	  of	   the	  magnetic	  moment	   is	  
conserved/inverted	  by	  2	  and	  m	  symmetry	  operation,	  combines	  or	  not	  to	  time	  reversal?	  
	  

	  
B.	   Magnetic	   moments	   on	   special	   Wyckoff	   positions	   have	   less	   degree	   of	   freedom.	  
Examine	  the	  possible	  orientation	  of	  the	  moment	  of	  an	  atom	  on	  a	  2	  and	  2’	  fold-‐axis.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

1’	  



Exercise	  3:	  simple	  antiferromagnetic	  arrangement	  
	  
Antiferromagnetic	  compound,	  with	  one	  atom	  per	  unit	  cell	  (orthorhombic)	  located	  at	  the	  
origin.	  The	  magnetic	  moments	  are	  along	  the	  c	  axis.	  The	  magnetic	  Bragg	  peaks	  appear	  at	  
the	  position	  Q=(H,	  K,	  L+1/2)	  with	  H,	  K,	  L	  integers.	  
	  
A-‐What	  is	  the	  periodicity	  of	  the	  magnetic	  structure	  compared	  to	  the	  nuclear	  one	  along	  
the	  a,	  b,	  and	  c	  directions?	  
	  
B-‐What	  is	  the	  spin	  arrangement?	  Complete	  the	  figure	  below.	  
	  
C-‐What	  is	  the	  intensity	  of	  the	  0	  0	  1/2	  reflection?	  
	  

	  
	  
Exercise	  4:	  historical	  example	  MnO	  	  
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Tutorial 
 
 
 
Exercise 1 – Neutron beam 
 
At ILL, the incident neutron flux is Φ = 1.5 1015 n.cm-2.s-1.  
 
1- For thermal neutrons (𝑣 = 2200 m.s-1), to what neutron density 𝜌 (number of neutrons per m3) does it 
correspond? 
 
2- Using the Boltzmann constant 𝑘𝐵 = 1.38 10−23 J.K-1 and considering the air as a perfect gas, to what 
air pressure (in mbar) does it correspond? 
 
 
Exercise 2 – Absorption 
 
A sample is placed in an aluminum cryostat of thickness 5 mm for a neutron scattering experiment. The 
absorption cross section for aluminum is 𝜎𝑎 = 0.231 barn (reminder: 1 barn = 10-24 cm2) at the used 
wavelength, 𝜆 = 1.8 Å.  
The density of aluminum is 𝜌 = 2700 kg/m3 and its atomic mass is 𝑀 = 44.8 10−27 kg. 
What is the percentage of transmitted beam through the cryostat? 
 
 
Exercise 3 – Neutron and X-ray diffraction 
 
1- We want to determine the structure of uranium hydride UH3. The atomic masses and Fermi lengths of 
hydrogen and uranium are:  
𝑀𝐻 ≃ 1 g.mol-1 and 𝑀𝑈 ≃ 238  g.mol-1, 𝑏𝐻 = −3.739 fm and 𝑏𝑈 = 8.417 fm. 
 

What radiation is more adapted: X-rays or neutrons? Justify your answer. 
 
2- We want to determine the structure of a compound containing fluorine (F) and caesium (Cs). Their 
atomic masses and Fermi lengths are:  
𝑀𝐹 ≃ 19 g.mol-1 and 𝑀𝐶𝑠 ≃ 132.9  g.mol-1, 𝑏𝐹 = 5.65 fm and 𝑏𝐶𝑠 = 5.42 fm. 
 

What radiation is more adapted: X-rays or neutrons? Justify your answer. 
 
 
Exercise 4 – Magnetic neutron diffraction 
 
An antiferromagnetic compound, containing one magnetic atom per unit cell located at the origin, is studied 
by neutron diffraction. The magnetic moments are pointing along the 𝑐 axis of its orthorhombic unit cell 
and the magnetic peaks appear at positions �⃗� = (𝐻,𝐾, 𝐿 + 1

2), with 𝐻,𝐾, 𝐿 integers.  
 
1- What is the periodicity of the magnetic structure, 
compared to that of the nuclear one, along the 𝑎, 𝑏, and 
𝑐 axes? 
 
2- Deduce the spin arrangement inside the unit cell 
(complete the figure opposite). 
 

3- What will be the intensity of the 0 0 1
2 reflection? 

Justify. 
a 

c 
b 
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I- Diffraction nucléaire 
 
MnO cristallise dans le système cubique (paramètre de maille a0 = 4.43 Å). 
On s’intéresse ici au diagramme de poudre de MnO mesuré à l’ambiante.  
 
a/ D’après ce diagramme, sachant que la première raie observée correspond à la 
première raie de la série, dites s’il s’agit d’un système cubique primitif (P), centré (I) 
ou faces centrées (F) et indexer les raies mesurées (* voir aide au verso).  
On remarquera que certaines raies sont absentes ou d’intensité très faible. 

 
b/ A quelle longueur d’onde ce spectre a-t-il été mesuré ?  
 
c/ Sachant que le Mn occupe la position (0, 0, 0) et que l’O occupe la position 
(½, 0, 0), calculer le facteur de structure nucléaire FN ( h k l ). Justifier alors que 
certaines raies (lesquelles ?) ont une intensité très faible ou nulle. On donne les 
longueurs de Fermi cohérentes de l’ 16O et du 55Mn : bO = 5.8 fm et bMn = -3.73 fm. 
On négligera les facteurs de Debye-Waller. 

2θθθθ 

C.#G.#Shull#and#J.#Samuel#Smart,##
Phys.#Rev.#76#(1949)#1256!
C.G.#Shull,#W.A.#Strauser#&#
E.O.#Wollan,#Phys.Rev.#83#(1951)#333!



A-‐Nuclear	  diffraction	  
	  
MnO	  crystallizes	  in	  a	  cubic	  system	  (cell	  parameter	  a=4.43	  Å).	  First	  look	  at	  the	  room	  
temperature	  diffractogram.	  	  
	  
a-‐Knowing	  that	  the	  first	  measured	  reflection	  is	  the	  first	  reflection	  of	  the	  series,	  is	  the	  
system	  primitive,	  centred	  or	  face	  centred?	  Index	  the	  observed	  reflections.	  Note	  that	  
some	  reflections	  are	  very	  weak.	  
	  
Help:	  	  
-‐Recall	   the	   extinction	   conditions	   of	   the	   3	   types	   of	   lattice	   (primitive	   P,	   centred	   C,	   face	  
centred	   F)	   using	   the	   expression	   of	   the	   nuclear	   structure	   factor:	  
𝐹!(ℎ𝑘𝑙) = 𝑒!!!(!!!!!!!!!!!)!

!!! 	  
-‐Show	   that	   for	   any	   h	   k	   l	   reflection	   of	   a	   cubic	   lattice,	   at	   the	   Bragg	   angle	   2θ:	   h2+k2+l2	  
=Asin2θ.	  Use	  the	  Bragg	  law	  𝜆 = 2𝑑!!" sin𝜗	  and	  𝑑!!" = 𝑎/ ℎ! + 𝑘! + 𝑙!	  
-‐The	  proportionality	  coefficient	  A	  depends	  on	  the	  wavelength,	  not	  known	  at	  this	  stage.	  A	  
way	  to	  proceed	  then	  is	  to	  compare	  the	  ratio	  of	  the	  (h2+k2+l2)/(	  h12+k12+l12)	  compared	  to	  
the	  ratio	  of	  (sin2θ)/(	  sin2θ1),	  the	  index	  1	  standing	  for	  the	  first	  observed	  reflection.	  They	  
must	   be	   equal!	   which	   should	   give	   you	   the	   lattice	   type	   and	   allow	   you	   to	   index	   the	  
diffractogram.	  	  
	  
b-‐	  What	  was	  the	  neutron	  wavelength	  used	  in	  the	  measurements?	  
	  
c-‐	  Mn	  occupies	  the	  (0,	  0,	  0)	  position	  and	  the	  O	  atoms	  the	  (1/2,	  0,	  0)	  position.	  Calculate	  
the	  nuclear	  structure	  factor	  FN(h,	  k,	  l)	  with	  the	  Fermi	  lengths	  bO=5.8	  and	  bMn=-‐3.73	  fm.	  
(note	  Debye-‐Waller	  neglected).	  Comment	  on	  the	  results.	  
	  
B-‐Magnetic	  diffraction	  
A	  transition	  from	  a	  paramagnetic	  state	  to	  a	  magnetic	  ordered	  state	  occurs	  at	  120	  K.	  We	  
then	  look	  at	  the	  neutron	  diffractogram	  measured	  below	  the	  transition	  temperature.	  	  
	  
a-‐Is	  the	  ordered	  phase	  ferromagnetic	  or	  antiferromagnetic?	  
	  
b-‐Index	   the	  magnetic	   Bragg	   reflections	   and	   give	   the	   propagation	   vector	   k=(h0,	   k0,	   l0)	  
with	  h0,	  k0,	  l0=	  0	  or	  1/2	  
	  
c-‐Draw	  in	  the	  cube	  of	  2aX2ax2a	  size	  the	  magnetic	  moments	  of	  the	  Mn	  for	  an	  arbitrary	  
direction	  of	  the	  magnetic	  moments.	  	  
	  
d-‐Why	   do	   the	   intensities	   of	   the	   magnetic	   Bragg	   reflection	   decrease	   so	   fast	   when	   2θ	  
increases?	  
	  
e-‐Are	   the	   (-‐h0,	   k0,	   l0),	   (h0,	   -‐k0,	   l0),	   (h0,	   k0,	   -‐l0)	   vectors	   also	   propagation	   vectors	   of	   the	  
observed	  magnetic	  arrangement?	  
	  



	  
	  
	  
Note	   :	   In	   October	   1949,	   Clifford	   Shull	   and	   Samuel	   Smart	   published	   the	   first	   magnetic	  
neutron	   diffraction	   pattern	   (1949).	   Their	   experimental	   observation	   that	   the	   magnetic	  
structure	   of	   MnO	   had	   a	   unit	   cell	   that	   was	   twice	   that	   of	   the	   nuclear	   along	   each	   of	   the	  
crystallographic	  axis	  was	  conclusive	  proof	   that	   the	  predictions	  of	  antiferromagnetism	  by	  
Louis	  Néel	  were	  correct.	  	  
	  
	  
Exercise	  5:	  	  Rietveld	  analysis	  using	  FullProf	  on	  a	  powder	  sample	  of	  Fe	  langasite	  
Ba3NbFe3Si2O14	  
	  
Fullprof	  software	  developed	  by	  Juan	  Rodriguez-‐Carvajal	  (ILL)	  
	  
Step	  1:	   	  Refine	  the	  crystal	  structure	  of	  the	  sample	  in	  its	  paramagnetic	  state,	  and	  get	  all	  
the	   relevant	   structural	   and	   profile	   parameters,	   including	   the	   scale	   factor	   (FULLPROF	  
and	  WINPLOTR)	  	  
	  
Step	   2:	   Refine	   the	   crystal	   structure	   of	   the	   sample	   in	   its	   magnetically	   ordered	   state,	  
without	  a	  magnetic	  model.	  	  This	  is	  important	  to	  see	  clearly	  the	  magnetic	  contribution	  to	  
the	  diffraction	  data	  (such	  as	  additional	  peaks,	  etc.).	  	  	  
	  
Step	   3:	  Determine	   the	  propagation	  vector(s)	  k	   of	   the	  magnetic	   structure	  using	   the	  k-‐
SEARCH	  program	  within	  WINPLOTR2006.	  
	  
Step	   4:	   Once	   the	   propagation	   vector	   is	   known,	   perform	   a	   symmetry	   analysis	  
(BASIREPS)	   in	  order	   to	  get	   the	  basis	  vectors	  of	   the	   irreducible	   representations	  of	   the	  
little	  group	  Gk.	  	  
	  
Step	   5:	   Solve	   the	  magnetic	   structure	   by	   using	   the	   symmetry	   information	   obtained	   in	  
step	  4	  using	  trial	  and	  error	  methods	  (FULLPROF).	   
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Determination	  of	  the	  magnetic	  structure	  of	  Ba3NbFe3Si2O14	  
 
We	   provide	   two	   powder	   diffraction	   patterns	   of	   Ba3NbFe3Si2O14	   (diffractometer	  
D1B@ILL),	   recorded	   with	   λ	   =	   2.52	   Å.	   	   The	   space	   group	   is	   trigonal	   P321,	   the	   cell	  
parameters	   are	   a	   =	   b=	  8.505	   Å,	   and	   c	   =	  5.213	   Å,	   γ	   =	   120°.	   	   A	   magnetic	   transition	   is	  
observed	   at	   TN	   =28	  K.	   	   A	   1.5	  K	   pattern	   (in	   the	  magnetically	   ordered	   phase)	   has	   been	  
recorded	  in	  the	  same	  conditions	  as	  that	  of	  the	  paramagnetic	  phase	  at	  30	  K.	  	  	  
	  
atomic	  positions:	  
Ba	  	  	  	  	  0.42806	  	  0.00000	  	  0.00000	  	  	  
Nb	  	  	  	  0.00000	  	  0.00000	  	  0.00000	  	  	  
Si	  	  	  	  	  	  0.33330	  	  0.66670	  	  0.39020	  	  	  
Fe	  	  	  	  	  0.75632	  	  0.00000	  	  0.50000	  	  	  
O	  	  	  	  	  	  	  0.33330	  	  0.66670	  	  0.75491	  	  	  
O	  	  	  	  	  	  	  0.48242	  	  0.30599	  	  0.66076	  	  	  
O	  	  	  	  	  	  	  0.21774	  	  0.08759	  	  0.22922	  	  	  
What	  are	  their	  Wyckoff	  letter	  and	  
site	  multiplicity?	  
	  

	  
	  
	  
The	  format	  of	  the	  data	  corresponds	  to	  Ins	  =	  3	  	  (high	  temperature,	  lang30K.dat	  file)	  and	  
Ins	   =	   10	   (low	   temperature,	   norm1p5K.dat	   file)	   in	   FULLPROF.	   	   A	   complete	   .pcr	   file,	  
adapted	  for	  the	  refinement	  of	  the	  crystal	  structure	  of	  Ba3NbFe3Si2O14	  at	  30K	  is	  provided	  
for	  easy	  start.	  The	  two	  diffraction	  patterns	  can	  be	  opened	  with	  WINPLOTR/WINPLOTR-‐
2006	  for	  easy	  visualisation.	  	  	  
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Fig. 5. The structure, projected in the (a, b) plane and viewed as stacked along the c axis, of
the two Ba3NbFe3Si2O14 enantiomorphs with negative (left) and positive (right) structural
chiralities. The 5 exchange paths J1 to J5 mediated by oxygens are shown as dashed lines.

non-magnetic sites and exhibit rather similar properties [69,71]. The remarkable mag-
netic behavior of these compounds have attracted a lot of interest recently [72–76].
We report below our investigation of the magnetic ground state and the excitations of
this material by neutron scattering, using polarized neutrons and polarization analysis
[25,58].

4.1 Static chirality

As a first step, we performed a powder neutron diffraction experiment on the D1B
(CRG-CNRS-ILL) diffractometer that showed the rise of extra Bragg peaks below
TN , which could be indexed with the propagation vector k = (0, 0,≈ 1/7). The
symmetry analysis of the little group associated to this propagation vector provided
three possible arrangements of the 3 Bravais lattices of spins, all associated to irre-
ducible representations of order 1. The character table and basis vectors are reported
in table 1. The second representation corresponds to a ferromagnetic alignment in
the (a,b) plane of the three basis vectors. The first and third representations yield a
positive and negative triangular chirality respectively: the three magnetic moments
of a trimer are orientated at 120◦ from each other in the (a,b) plane, rotating an-
ticlockwise (τ1) and clockwise (τ3). A component along the c-axis is allowed in all
cases. Refinement of the magnetic intensities obtained from powder and single-crystal
neutron diffraction (D1B and D15, ILL) agree with representations 1 or 3. The 120◦

spin arrangement in the (a,b) plane is helically modulated in the perpendicular di-
rection with a helix period of 7 within the measurements accuracy (see Fig. 6). A
small out-of-plane component could also be present as suggested by magnetization
measurements [25]. This magnetic structure is thus characterized by two kinds of
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Step	  1	  :	  	  
Refine	   the	   crystal	   structure	   of	   Ba3NbFe3Si2O14	   by	   completing	   the	   provided	   .pcr	   file	  
(Nucd1b.pcr)	  with	  input	  file	  lang30K.dat.	  	  	  
	  
Step	  2	  :	  	  
Once	   the	   refinement	   is	   satisfactory,	   copy	   the	   .pcr	   into	   a	   new	   one	   (nuc_LT.pcr	   for	  
example)	  that	  you	  will	  use	  with	  the	  1.5	  K	  data.	  Make	  sure	  all	   the	  parameters	  are	  fixed	  
before	   you	   start	   running	   Fullprof.	   	   You	   will	   have	   to	   change	   the	   background.	   	   Which	  
parameters	  do	  you	  think	  you	  could	  refine?	  
Visualise	  the	  .prf	  with	  Winplotr	  to	  better	  observe	  the	  magnetic	  peaks.	  
	  
Step	  3	  :	  	  
Some	   magnetic	   peaks	   seem	   to	   appear	   on	   top	   of	   Bragg	   peaks:	   do	   you	   know	   what	   it	  
means?	  
We	  will	  use	  the	  k-‐search	  program	  to	  identify	  the	  propagation	  vector.	  
On	  the	  .prf	  file,	  select	  a	  few	  magnetic	  peaks	  at	  low	  angles	  (nb	  :	  it	  is	  better	  to	  use	  a	  refined	  
plot	   because	   the	   selection	   of	  magnetic	   peaks	   gives	   automatically	   corrected	  positions).	  	  
Save	  the	  peak	  positions	  with	  the	  format	  needed	  by	  the	  program	  k-‐search	  (k-‐search.sat).	  	  	  
Then	  run	  the	  k-‐search	  program:	  what	  is	  the	  best	  solution?	  
What	   can	   you	   say	   about	   the	   magnetic	   structure	   corresponding	   to	   this	   propagation	  
vector?	  
	  
Step	  4:	  	  
The	  whole	  symmetry	  analysis	  can	  be	  performed	  by	  hand	  or	  by	  using	  one	  of	  the	  available	  
computing	  programs	  (Basireps,	  Sarah,	  Isodistort,	  etc..).	  	  The	  program	  BASIREPS	  will	  be	  
used	   here,	   as	   it	   can	   be	   used	   efficiently	   with	   a	   minimal	   knowledge	   of	   group	   theory.	  	  
Perform	   the	   symmetry	   analysis	   with	   Basireps:	   you	   only	   need	   the	   space	   group,	   the	  
propagation	  vector,	  and	  the	  position(s)	  of	  the	  magnetic	  atom(s)	  (input	  file	  felang.smb	  to	  
be	   completed).	   This	   is	   a	   complicated	   case	   with	   complex	   irreducible	   representations.	  
Discuss	  what	  you	  can	  learn	  with	  it	  about	  the	  possible	  magnetic	  structures.	  
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Step	  5	  :	  	  
Try	   now	   to	   refine	   the	   low	   temperature	   pattern	   with	   the	   nuclear	   and	   magnetic	  
structures.	  We	  recall	  :	  

	  	  
	  
You	  can	  refine	  the	  magnetic	  pattern	  in	  P1	  symmetry	  with	  the	  three	  Fe	  magnetic	  atoms	  of	  
the	  cell.	  	  
Important	  points	   for	  constructing	  a	  PCR	  file	  with	  a	  magnetic	  contribution	  to	  a	  powder	  
diffraction	  pattern.	  	  

-‐	  A	  magnetic	  structure	  phase	  requires	  describing	  only	  the	  magnetic	  atoms	  in	  the	  
unit	  cell.	  	  
	   -‐	  On	  the	  magnetic	  atoms	  lines,	  the	  magnetic	  form	  factor	  symbol	  follows	  the	  label	  
of	   the	   atom.	   	   The	   real	   and	   imaginary	   parts	   of	   the	   Fourier	   coefficients	   of	   magnetic	  
moments	  are	  provided	  after	  the	  coordinates	  in	  polar	  coordinates,	  isotropic	  temperature	  
factor	  and	  occupation	  factor.	  	  
	  
Comment	   on	   the	   magnetic	   structure	   of	   the	   Fe	   langasite:	   magnetic	   helices	   propagating	  
along	   the	   c	   axis	   and	   magnetic	   triangular	   arrangement	   within	   the	   (a,	   b)	   plane.	   Very	  
original	   magnetic	   structure	   with	   chiral	   properties.	   cf.	   Marty	   et	   al.	   Phys.	   rev.	   lett.	   101	  
(2008)	  247201.	  
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Figure 7. Helical structure with k = (kx , 0, 0).

temperature, one often observes the apparition of harmonics (e.g. k/3, k/5. . . ) characteristics of a
squaring of the structure, or a transition to a commensurate phase.

• Helical structures

In this kind of ordering, the magnetic moments rotate in a plane (û, v̂) when propagating along the k
direction (Fig. 7) according to:

!!!nν = !1ν · û cos(k · Rn + !ν) + !2ν · v̂ sin(k · Rn + !ν). (3.6)

When !1ν = !2ν the helix is circular, but examples of elliptic helixes !1ν ̸= !2ν can also be found. One
should notice that the sine-wave modulated structures defined in the previous section are just particular
cases of helical structures for which !2ν = 0. The distribution is described by two complex conjugate
Fourier components mν,k and mν,−k associated to k and −k:

mν,k = [
!1ν · û + i !2ν · v̂

2
] e−i!ν (3.7)

mν,−k = [
!1ν · û − i !2ν · v̂

2
] ei!ν (3.8)

and the magnetic structure factor can be written as:

FM (Q = H + k) = p
∑

ν

fν(Q)
[
!1ν · û + j !2ν · v̂

2

]
e−i!ν eiQ·rν . (3.9)

Helical structures, as opposed to sine-wave modulated structures, can remain stable down to very low
temperature because on each magnetic atom, the moment can reach its saturated value. The combination
of an helical spiral and a ferromagnetic or an antiferromagnetic component can give rise to conical
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Fig. 6. Top: magnetic structure of Ba3NbFe3Si2O14 with different colors for the three
Bravais lattices. Below: representation of the magnetic structures associated with the 4 pos-
sible chiral ground states (helical chirality=±1, triangular chirality=±1). The light colored
moments lie in one layer and the darker colored ones in the next layer along the c axis, a
black curved arrow defines the helical chirality. The red arrowed circle materializes the trian-
gular chirality. The structural chirality is related to the strongest diagonal exchange between
the two layers, which is shown as a purple/orange dashed arrow path for negative/positive
structural chirality.

A simple picture, considering the 120◦ spin arrangement on a trimer (J1) and the
strongest out-of-plane interaction (J5 or J3) that connect it to the superposed trimer,
allows to understand the relation between the structural and the magnetic chiralities.
Due to the out-of-plane interaction, one magnetic moment of a given trimer will be
anti-aligned with the magnetic moment of the upper trimer in the diagonal direction
(e.g., atoms 1 and 3’ in Fig. 6). This will result in a 60◦ rotation of the spins around
the c axis (e.g., from atom 1 to atom 1′ in Fig. 6) leading to a propagation vector
(0, 0, 1/6), and in the conservation of the triangular chirality on the upper trimer. If
the diagonal interaction is twisted in the other sense, i.e. for the opposite structural
chirality, the sense of rotation of the spins around the c axis will be opposite. The he-
lical chirality is thus related to the triangular chirality via the clockwise/anticlockwise
torsion of the exchange paths along the c axis resulting from the structural chirality.


