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Selid state F\nysfcs s o branch of- condensed matrer thjﬂ(f/ which studien
phages of matter w ith many shongly inferacting Lompoenents - for example
gg.s_Jm_U (orcvnsﬁzllimwl,'ds) - The precise natue of The }Dew‘oc/fc[/y n

a Cvgﬁu) offech ifs elechical, magnedic, o ptical and mecham‘ca//awperﬁ%)
and an Mndemy%mclmj of #his relationship (beﬁueen micioscopic sy mmeHj
arcl macvoscopic bm//z}oyppe;/hkw i a mafew‘al) is offen. woed ~or

en 3J'nee rmg purposes .

The apph‘caﬁbns fo eﬂgr"neem'ng somefimen involve exgloiﬁnﬂ an exfﬁ’iﬂg
material found n Nature, but (ncmea/ai'njltj also deaigning materals with
desirable propevtien by undentanding the link befween the micvoscopic
symmety and macrscopic behaviour ancl engineering The former [N].

Example 1 The standavd classiticahon £ madenals info conductors ( low resistonu )
insulcifors (highmisf'amco) and semi-conductors (/nfwmec/mﬁe

ristance ). The veristance of a semr-conduchor can be dem*gnecl
by iVl)FVOdlAC{\Vlg /'mpmn'ﬁe/) in o procwss called doping ; even a few
])’VI/JMVJ%(’/) (on +he order 0',9 one in a VVW'/}I\OV\) can S:‘gniﬂcanﬂj
change 1he eleccal Pmpeﬁ'lm i
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Here we see how

Cv‘\jsh*,«\ shuctlire — shucture d‘e ——— bulk elechieal
enemy ands properfien

E xample 2 (Twiskd bila&)er 3m)nlr\ewe) Ciraphene is o %exagona/ lathce
made o Carbon atoms. In 2018 Fwans discovered that fwe

(one odom ) |ayem of 3mp%ewe stacked with their lofhies et
oy 11° s amlpemndud-or at up fo TR, e so called “magic anglq\).
Normm\\j 6mpl/\eme is an msulador. This waw aub/‘g deal

The abshachs of [Cl [\/] contain Terms like

° /47L [1° 1he @/ecfwm\c bamc/ stucture (7% 7B e/&%/%ﬁ%
Flof band's near zevo fermi energy . 7 uarfum
osc illations in he /onjz’ﬁtd/na/ vesistante indicate

%&Pmame of small Fevmn) surfuces near the cowelateol

nsu laﬁng stare

¢ One such feature is the von Hove Smgmlawﬂ (VH 3) in
Moire bands . Qemem\lg Jpeahmj VHS with divergent-
density of stafen (P0s) 1w 2D syslems are assoctated
with sadclle Pair)fr of energy d?stpmon in B Spoce .
When o VHS s dose fo Fermi energy, the increned
BION amplifies elechon corelafon, rexuwfing in ..
S t/tyen/emmm@m}iy atlow [.

The aim of 1hisTalk. ancl the sequel are o explain these Terms, and fhe analogy
between SLT and solid sfate physics.



[ Toserthere ST of SLT ll]

The d/‘{pem‘on relodion s the funchon £ = E(R) giving The eremqy of a
po Hicle (here anelechon ) in Terms of ifs momentum. The density o stales
we have explamed. The Fesmi energy s the energy o the fopmost Llled Jevel
in the 3mmnd stafe . The Fermi-Diac dishibufion [ K, p-137] qives the pwbabz‘//ff

Mat an orbital afemergy £ will be 0ccup/'ec/ n an ideal g/e(ﬁ/onym /n
thevmal e7w'l brum
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That s, al 2ew J-emﬁemh\re Phe staikes be|ouu/u/ (the Fermi eweﬂ{/) are ﬁ'//eC/.

In womentum gpacszj/hwe staten { k | E(k) g/{,\} Gl up o boll, 7he
surfate of which iscalled the Fevmi surface - 7he linear response of a cwystut
to an electic, magnedic or ﬁ)e/mafjmdl‘ehf is defermined by the ‘shope” of

£l6) — {

the Fermi surface  (Hopology and 790mej'vy) becavse cunents ave due 43 changes
in the occupancy of stafes near the fermi energy.

Thot is, The Fermi surface is alevel set of the energy funchon =

T_(-?ecau in SCT

N\~ (im log ( \/(af)/\//f)) V(#) =f ¥ (w)dw
+->0 lojq Kw) <t
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