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-> led us to Introduce double
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6/ Pin
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Pin(3) Sure) + 58, is
↑ seatralrotations

Double group irregs gsatisfy
inversion

P(E) = = p(e) -- Forspmless particles



-> ordinary space/point
gugrepresentations

- for spint w/soc

② TRS represented as anAntmitoryegerator
T =Br

-Id for spinless
T2= E = b(yB+( =2- Id for Spin-

&

Recall as group elements

Tg = gT for all ge G for spacegroup



9 : G + US be an repor 6

↑ I can be represented on the Hilbert space V

Bikers) = erg)Br

*g) for all greena

Itsney always possible to satisfy A and&

Example: point group
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But for E

Be* e(ge)BitsT

B()(+y = (i) B(t)X No solution

F
To make a time-reversalinvariant representation, we&

need to add to and its conjugate *
--

T
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=Sli
T is arepresentati

↓ representations"
w/ both unitary &

· V :31)
antimitory elements emerepresentations
Fot is a reducible representation,

but w/TRS

irreducible correpresenits a tatres
T

on Bilbao cryst, Server JBC



"physically irreducible representate
Hermann Margin TRS denoted by I'

P+32 vs 99321/
eg

Last pant : How does the act a crystal momentum
AbstractiE labels reps of Bravarslattice

↓ ik .
Puff -e

· Tes maps reps to their conjugates
Lit

·p = ei =Pu
=

- Ths Maps states at to states of -h



Concretely : Wilt - et14mm

=Tueltux-Tet
- gikfli]

of -k = k med F then PPk
=> TRS is in the little group of I

this occurs when

E-Etnib =,1) bi
↑ latterrectors



↑

Time-reversal invertent momenta
STRIMs

&

Two stories :

① a Hamltaion w/ space goo symneties 6 -

Block's theoret a set of delocatebegenstates

② "Chemistry" approach : solids are buil from
atans which donates" some localmedelections
to for bands -> band structure



&- & is "easy) : Write Down Schrodinger
egn for all the atons & all

theelectral

-> turn the crok-> energies &engenstates
- Say we have

# Jempty Enk
,
I

-k

&I"yfilled
M- i

Can we find localized Orbitals" made
of the occupied 3/4tSe



~ Where do the elections live?

We can start by looking at the position operator
<hul*Y] = SayT You

Problem. Tuff are delocated - they are
not normalizable

Continuum normalization convention

=SuS keBZ



u= /E: (Ex5)) - primitive unit call volume

Sik= - : It for Get
37

i(k) ·E
[e =S
Get

-Sky
= SurS

&Six Tur
↓ Block's theorem Yet Un

Unk+E) =Unk



Seikit Um#Hd 1 11

II Y = y +E - &

Est
· Sh
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Now : M= X
,y,7
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SixtUm
-Size Kun

- i [Su
= iSee
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=ESS) + S(k - 1) A()
=is dyum

all

berryconnection

to get intuition, consider awavepacketNoc

If= d[Fur/Tunix
1 = 1

<If a /Tues



-Salis
- i Fun inter
T

M= 1 ↑ Ducorrectiv
what youget
for position

due to "covariat

materi elements
the Berry derivative"
connection

f were Medi/You2
vical momente


