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Tens etwokmehodsumany lody phynes

I.lu oduchou

1 cmmany body systemsRGHiem.de

Quantum
many body OMB systems

many elementary particles constituents interacting

Eg
Nudeit electrons which interact

basisof all the normal matter around us

molecules solids liquidsgases

Foes of Le Sole
Electrons nuclei form crystal lattice

Electrons in filled orbitals in chemical bonds

not relevant at low energies e
g room

temperaturewhere crystal stake

Note typ bindingenergy 1Hartree 13.6 eV

room temperature 300K a 25mV

Chapter I, pg 1
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Remaining electrons in not fully filled orbitals

or holes missing electrons eg 9d

experience a periodic potentialfrom crystallattice

electron orbitals

am

a

large orbitals small orbitals

big overlap little overlap
typ s p orbitals since those typ d f orbitals while have small

have largeprincipal quantum principal quantum number

number transition group elements

d

Lattice of fermionicmodes electrons localized do not

where fermions can move
more fermionic nature

irrelevant but they have

a spin
often metallicbehavior

d

for now not ourfocus effective spins
will return to it later

typ insulators

Chapter I, pg 2
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effective model for partof such a system

spin
1
2 degrees of freedom on a regularlattice

A priori a 3D lattice but e
g layeredmaterials

can have indepent 2D layers or we can be

interested in effects at surfaces ledges

2D ID also relevant

Note There is also other mechanisms which can

create such effective spin models e.g fermions

in a half filled band and they can be

created in quantum simulators e g in optical

lattices

Chapter I, pg 3
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2 Quai spin Syrians

ar space of guard Smythe

What Hitter space i.e wavefaucha do we need

to defense a quantum spin system

A single spin can be n two states

It or Ids

We will often use Ree rotation

107 147 and 117 113

We can also use a lanceolata

10 o a s

Ajewel rate of one quantum rpm is then

14 Colo call E Q

Chapter I, pg 4
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For twospy we then have fans totes
lexicographic

107 107 107107 too
ordeny
1007
1087

102 117 107117 100 in

1170107 a 117107 110

117 117 117117 111

A generalMete of two gust is then of the form

147 Coo 007 C 10177 401107 4 117

E de E a q

note Thus contain notes not of kn fore 14 0 427

1,19s une si on ti

10 0 0 07

10 0 0 1

2 orthogonal sane vectors
10 0 1 07

Note If written as rector
i

order components as here
I in 117

Chapter I, pg 5



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Rost general state

1472 I es so Ise se Sn

Sito I
9

Tight e ace

Indimensionaliect
State of a spin system with N sprees lives

in an exponentially
that space of

dimension 2n

Rose generally if we have a d level system daz

at each lattice site e.g opticallattices effective

degrees offreedom with tans 107 d 17

the state is

147 Fi cnn.sn Isn isn e d
M

N

i e it lives in a d done Fillet space

Chapter I, pg 6
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bInteractions
To study

the physicsof a quack system we

need to know its Hamiltonian here

low thespresntract

First consider two pins

also used m

opticallattices

Onepossible mechanism not most common

but easiest to explain Beg

orbitals 4 and y overlap

possibility for electron to tunnelfrom 1 2

with tunneligratt
Consider a process

where electra 1 tunnels to 2

Can only happen if the two electrons form

a singlet Pauli exclusion principle

147 1917 1195 102 1103

Chapter I, pg 7
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If both electrons are at the same site they

experience stray Coulomb repulsion re

U at ground space leas exactly one

electron per the but there is an energy

corrector from 2nd order perturbation theory

IN Vtr tent
a

correction from 2nd order perturbation theory

DE If
be Racesfind energy of singlet state

147 Ellon nos lover by E

ask.ph utergmtrach
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The same or similar interactions including

ferromagnetic ones can be obtained from a

range of other mechanisms e.g

intermediate orbitals which Fffffinduce an effective coupling

coupling through intermediate coupling to a

band of electrons the RKKYinteraction

Ruderman Kittel Kasuga Gosida

Furtherreading
WNolting A Ramakanth

Quantum Theory of Magnetism Springer200

What is the generalstructurefinteractions

in a quantum spin system

locality interactions only couples wearty

spon or strength decaysrapidly with

distance

fewbody interactions only couple a

small recenter typ 2 spins
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by

syley interactions generally have the

symmetriesof the setup lattice

How does a general 2 Jody interaction look like

h do
2

Hamiltonian 4 4 matrix

We can express h using spin operators

s s 08

St

and 1

The spin operator S acting on site 2

Is given by

Chapter I, pg 10
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SEE a e s

i ans G
shorthand

rotation

It
and similarly

SY She 1 54 Az

s I
We can also act with S on 1 SDon 2

s s she s

i si sign itshorthand

rotator
data

e.g
S S
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