PHY 745 Group Theory
11-11:50 AM  MWF Olin 102

Plan for Lecture 29:

Time reversal symmetry and
Magnetic groups
Chap. 16 in DDJ

1. Effects of magnetic configurations on
point groups and space groups
2. Examples of magnetic point groups

Note: These slides contain materials from an electronic version of the Dresselhaus textbook.
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Chap. 7.7 Jahn-Teller Effect

15 03242017

24 [Wed 0372272017 Chap 77 Jahn-Teller EMect
25 |Fri. 0324/2047 Spin 172 #16 awzT2017
26 [Mon: 0312712017 Dirac equation for H-like aloms: 17 0322017
27 Wed: 037292017 Chap. 14 Angular momenta #18 03312017

31/2017  Chap. 16 Time raversal symmetry [AF] 04/07/2017

17 Chap. 16 Magretic point groups

30 Wed: 04/108/2017
(31 [Fri; 04/0772017 Topic for presentation

32 Mon: 04/ VEDT
33 Wed: 04/12/2017
Fri; 04/14/2017 Gopd Friday Holiday — no class
134 |Mon: 0414712017
A5 Wed: 04/19/2017
36 Fri- Ga4/2/2017

Mon: 04/24/2017 Presentations |
Wed: 0426/2017 Presentations 1|
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Presentation ideas

1. Digest the content of a literature paper which involves
aspects of group theory and present the theory and
results.
2. Find a particular molecule or crystal and analyze its
group theoretic aspects
a. Band structure analysis; find at least 3 special k-
points or directions, analyzing their groups and
compatibility relationships

b. Point group analysis, finding selection rules for
various transitions between representations

c. Vibrational mode analysis
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Group theory describing magnetic configurations

223 Magnetic spin
toin Dy (Cy) for

rhombic ferrmmagnetic

an
EYEtem.
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When is magnetic ordering important?

H=H,+H,
Effective magnetic model (Heisenberg):
H,=-J)8,S,

i

What does time reversal symmetry have to do with
magnetic configurations?
+ Time reversal symmetry does not effect charge
density
+ Time reversal symmetry does effect internal spin
so that the effects of the T operator on the group
operations must be taken into account
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For the purpose of analyzing magnetic groups, it
is convenient to distinguish two kinds of elements:
{4} and {M,} where M,=T4,
Note that {M,} are "antioperators"
In general, we can describe the group as G = {{AI},{Mk }}
Note that:
AA =4,
MM, =A4.
AM, =M,
M, A =M,.

3/31/2017 PHY 745 Spring 2017 - Lecture 28




Properties of a point group G = {{A‘.},{Mk}}

Possibility #1:  {M, } is thenull set = 32 "ordinary" point groups

Possibility #2: {M}} = {TA,} = direct product of " with 32 original
point groups

Possibility #3:  {M,} #{T4} = 58 new magnetic point groups

Example #1:
{4}=E.i
T is not a symmetry element for
| this ferromagnetic configuration
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Properties of a point group G = {{A,.},{Mk}}

Possibility #1: {M, } is the null set => 32 "ordinary" point groups

Possibility #2: {M 1} = {TA‘} = direct product of " with 32 original
point groups

Possibility #3:  {M,} #{T4} = 58 new magnetic point groups

Example #2:
{4}=E.i
{M,}=T,Ti
(non-magnetic crystal)

Properties of a point group G = {{A,.},{Mk}}

Possibility #1:  {M,} is the null set => 32 "ordinary" point groups

Possibility #2: {M 1} = {TA‘} = direct product of " with 32 original
point groups

Possibility #3:  {M,} #{T4} = 58 new magnetic point groups

Example #2: {A,X}Z[E‘Z"“] {M”}:[T‘(2n+l)a}
(space group) n=0,1,2,3....
N N N N
RS A e




Properties of a point group G = {{AI},{Mk }}

Possibility #1: {M k} is the null set = 32 "ordinary" point groups

Possibility #2:  {M,}={T4} = direct product of T with 32 originall
point groups

Possibility #3:  {M,}#{T4} = 58 new magnetic point groups

Define G'={{4}.{4,}} where {4} and {4,} have distinct elements
Magnetic group can be formed from G = {{A,},{TAk}}
Additional properties:
H= {A,} forms an invariant subgroup of G
{T4,} is a coset of H and therefore has the
same order as A
A4} # E forn odd
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Example of possibility #3:

C,, with elements  {E,C,,0,,i}=G’
Choose H ={E,C

Bl L culc)
Then  {T4, }:{Tah,Tt}
or Choose H = C..(C
Then  {T4,}= Tcrh,TC } 24(C)

or Choose H ={E,o,}

Then  {T4,}={TC,.Ti} } Can(Cn)

3/31/2017 PHY 745 Spring 2017 - Lecture 28 11

b netcen

’? 4‘ {r4,}={rC,,.7C, .T0 0|

g 28 Magnetic  spin
| it an orthorhombic ferron
- G system

T T » Note that o =iC,_

My (Cag) symmetry
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Example of #3

The common an-

Figure
tiferromagnets MnoF,, FeFy and
CoFy crvstallize in the rutile
structure with |a;| = =
a;  jay| = # a. The
diagram shows the magnetic
point group Ly, (Dyy) which
deseribes the antiferromagnetic

spin alignment.
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D ,(D;y) -- continued

H TA,

{E|0} 9. {il0}

{Cy]0} 10. {o4|0} = {C,|0}{i]0}
{Cl0} 11. {040} = {Coe|0}H{i|0}
{Cs,|0} 12, {04,|0} = {Cs,|0}{i|0}
13. {8} = {Culm}{i|0}
14. {Silm} = {Ci'|m}{i|0}
15. {ow [T} = {Cor|m}{il0}
16. {ou|no} = {Cylo Hil0}

g = l;(”-i + g + az)

-1 -

oo

o

o =1
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Some character table analysis for magnetic groups

PHYSICAL REVIEW VOLUME 127, NUMBER 2 JULY 15, 1962

Symmetry Properties of Wave Functions in Magnetic Crystals*{

J. 0. Duvockf ANp R. G. Wikser
Sloane Physics Laboratory, Yale University, New Haven, Connecticus
(Received February 8, 1962)

The symmetry properties of wave functions in magnetic crystals are discussed in terms of the irreducible
representations of magnetic space groups. The specific effects of the magnetic ordering on the crystal cigen-
states are found to be of three types: (1) There is a lifting of some cigenfunction degeneracies because the
crystal symmetry is reduced in the magnetic state. (2) New Brillouin zone surfaces are introduced if there
is a reduction in translational symmetry. (3) The symmetry of the energy band in K space may be reduced.
‘The rutile structure is considered as a specific example, and the space groups of MnFs and MnO in their
magnetic and nonmagnetic states are obtained. A magnetic structure of MnO, where the Mn®* spins point
toward the nearest-neighbor oxygens is assumed. The space groups considered are Pds/mnm (D), Punm
(Dau'), 1324 (Dai), Pds/mnm V', P’ /mnn’, and 132d. The theory is applied to spin-wave states, and it
is found that the structure of the spin-wave energy bands throughout the Brillouin zone may be obtained.
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Fic. §. The Brillowin zones fo the simple tetragonal and body-
centered tetragonal lattices, with the points and lines of sym-
‘metry indicated. The tetragonal prism is the B nlluum zone for the
simple lattice defined by the primitive translations ti=ai, t:=aj,
and tr=ck. The figure enclosed within the prim is the Brilouir
zone for the body-centered tetragonal lattice defined by the
‘primitive lranalduuns tiHts, to— s, and ti—t,, provided a>Vle.
For the structures under P i requirement is satis-

. The rhombus-shaped plane of which V is the center is the
perpmdlcular bisector of the line 4. The point ¥ lies on this line.
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TasLe T. Character table for the point 1'(0,0,0) of the group Px/mnm.
by sl e s D Eolleilisslilizssiil zsmii sl
(E[0y e 1 FTEITTES 2 2 2 2
(E]0) M B 1 affinestmiet sl Aol s
{CoCi2e) il st e 1 VTSR Vo v VI
(G0 ) allifaty b S o 1 PSS oy e o HF
(G020} alfiE A ISt pH e 0 0 0 0
(ConlultCunlulm) 1 —1 1 -1 0 E T A COIERCMD RIS 0
{C20,C20},{Cas, O | 0} 1 -1 -1 1 0 1 -1 -1 1 0 0 0 0 0
()0 ettt ot et o RS RO R 2 o
(f10} 1 1 1 1 2 -1 -1 -1 -1 =2 -2 =2 2 2
5,827y ittt ot T Sl Al SHEN TR o (LA B S |
{8,812} ol A WA | 0 -1 -1 il 1 0 -z vz VI =2
{on,an0) 1 1 1 k2 i S0 s M W e 2 0 0 0 0
{ow,0z| %), (o0, Fuy | T) AT ¥ mifffierrl 0 -1 b § 1 0 0 0 0 0
{0uas3aa | 0),{oan7n|0) il e aiecalifi e ot Tl T ittt o il 0 0 0 0
i Gl s eh st A T et a a a a
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Tapws 1. Character table for the point 4(0,0,7)
of the group Pds/mnm.
AL Ar Ay Ad A Ae Az
1 1 1 1 2 2 2
1 1 1 1 2 -2 -2
w 0 —w —w 0 W2 —wVZ
@ o - - 0 —oVZ w2
1 1 1 1 -2 0 0
Cunur|hfomn|T) © —0 @ —w 0 0 0
Gan,daal O} foandal0) 1 -1 -1 1 0 0 0
Time inv. a a a a a a a
*w=exp(licy), 0<y<r/c.
Tanur IIL, Charncter table for the point 4{0,4,0) of
the Foups Psmum and Pro s
Ay Ay s
1 1 1 2
1 1 1 -2
“wlel - —w —w “ a
gn.a. 0y 1 1 -1 -1 0
(eaFea B} W —w a — 0
Pls/mwm time inv.  a a 2 @ a
[P Er—
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TasLe XIV. Compatibility tables for the group P4s/mnm.
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Tt It 5 ré Tt Ll Ty~ bl T Ty Tt it Ts Ll
A Az As Ag As Ay Ay Ay Az As As Az As Az
% Zz p>1 Z Z3+2 25 2 2 25 Z1+2, Zs Zs Zs Z5
Ay As A Az AstAs As As A Ay ArtAr As As As As
112017 PHY 745 Spring 2017 ture 28 19
Example: MnF, and NiF,
PHYSICAL REVIEW B VOLUME 48, NUMBER 17 1 NOVEMBER 1993-1
Electronic and magnetic structure of MnF, and NiF,
Philipp Dufek, Karlheinz Schwarz, and Peter Blaha
Institut fiir Technische Elektrochemie, Technische Universitdt Wien, A-1060 Vienna, Getreidemarkt 9/158, Austria
(Received 20 April 1993; revised manuscript received 6 July 1993)
We present an ab initio study of the electronic and magnetic structure of the antiferromagnetic state of
MnF, and NiF,. From the band structures of these two compounds we derive densities of states (DOS),
electron densities, spin densities, electric-field gradients, and total energies. We use a simple molecular-
orbital scheme to interpret the results. The internal coordinate u is determined by total-energy minimi-
zation for MnF, and agrees well with experiment as well as with the calculated electric-field gradients or
the electron densities. Recent spin-dependent x-ray-absorption spectra are interpreted in terms of par-
tial DOS of the unoccupied Mn 4p states.
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FIG. 1. Unit cell of (a) antifer ic MF,, (b)
spin alignment (spin up and spin down) of the metal atoms, and
(c) (010) plane indicating the internal coordinate u and the x and
y axes of the local coordinates.
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FIG. 4. Spin-projected and symmetry-
decomposed densities of states (DOS) of MnF,
(top panel) and NiF; (bottom panel), where the
F DOS is further broken up into the x, y, and z
components (inset).
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