
Lectur 13Jesusso far
① Block states w/ crystal mometer E transform in

representations of the little grang
PG-U
PE) - eteid

② Schu's Lemma : all states transformy... The savered
of

G -> These states must be degenerate
-> theses degeneracies can't be split by any perturbation



that respects the space group synmatives

③ Schu's hemmai of bands cross
,
and of the bands

carry different weps of Gr - these

· [ 1H12 = 0

! H =(
- these crossings can be moved

, but not removed

# Nonsymmoghit grougs - compatibility relations force grongs
of bands to be connected



I↳
T

Two last ingredients :

① sign abot cougly and symmetry

② timereversal symmetry
so far : GRX01) Spacegroups asa subran,



of theEuclidean ground

Zut rotation about 1 identity E

This is a groblem for spint particles

This is OK as long as theres no soci

Helections -He ZeldenSee↑

indepenthe

for every space grang symmeting Ug = Woodsger



No sou : [H, ug]:- [He, Ugand :0
Gesurenhanced symmetry- >
or

Ch, Idesu

If we have spin-orbit coupling (I depends on soin
we have to use half-integer soun representations ofSur

Reminder: (i,e)-ge sure i a Untreater re 3d

Yon the lightne 52]
l= representation of surze A -Er,2)

-inth
&(e) = e ↓ : rot, ,o part

↑ moti cas



defig regrestation &(i) Ti, zu
=- Go

&(e) = eno we call (iii = Ensure

- costoisinte I
va lit rotation

-2- Ensure) the
rautity

To encoder this , we need take #P3) and extend it
With

erE) : [15f
for be Tagules elections

- Id for Let (5 . 0. 2 . Haulterans



For
groups wh only rotations : Sor Suryes
G that only contains rotations

6XSora) : Meso
we can ' define 6%R* SOC)

% :G so double Space grang

Example of how this works DSOB) :So,d,Get



~ sotiGe GedGeGo

constructing Do : look of tes representation of sur

&(i) =e

& fir--P
&GedPay- fiefin = ie : PetGal
&espelay: fiedfie : tidePe

in the double groupDud



&Getter ECEC) :O
G
Garde EGyde- Ge

& Bees
HW 9: 0+B

Kery : [E,S

= Becau
sof Susse



to construct double groups take a port er space great
6 view it as a subgreg of SUR add whatever

factors ofI are needed

SUR-Syn(s) -
transformation of spinouson 30

# we also have reflections :

< &r3) ser
Two possibilities ?o

Inversion Ji f) e0B



Pine(3)
PursI Fin ,(3)

Physical infuntioni Sen-s carries angular momenta and magnetic
moment -> son's transforms the [stp
=> ge on synes = Pin

,13) is the

"ghigsical" choice

Pin
.

(3) = Subse,i

When we have soc : It
see

is symatic under



⑪ double space group

Topi -230 double
Space groups

Herman-Margin notation for double grongs
fordinary pornt/space group symbols
D222
a = 2225

How is symetric under ad s its egustates transformin

inreps of Gd 7 : 6- UIU adouble ground



representati

y())+ Id - we get back admaryergs of
G "saybe

Valuedrepresents
- Id -> "double-valued representations

Example & : 227d double
gray of A2

&Getter ECEC) :O
G
Garde EGyde- Ge



-> & ranjogadly classes I E =S
E =[

& GiEli,Git is
A +I

B1 +4 - 4I

B* 8 = 1 + ( + ( + 1 + 42I 12
By + --* St
---

-12000
-2 P

Sect states must transform Pite
in doubte valued representations Ple : G Pi-do



It symective under -222d
-> all states I degenerate
and transformy in is

Note : sof example

time [


