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Tnthe finf talk we discussed cisperaion relations Demify o State (DDA")/
Fevmn energy and Ferm surfaes ancl we saw one calculafion involying band
qaps i semi—conductoa fo 1/ lustrale the proceos of model-making in golid
stale physics Thiswan a simple illuatration of #he following para c//(‘7mr

Micwshuctune ————> Demm‘y d;ﬂﬂ%{}m —> Bulk e/ecﬁ*ca/)wopefﬁew

Tnthe conlext o fwisled bilayer jmpheﬂe we discussed how S11g0 lavites in he
olisPem{an velahion cause d vergenten in the DOS and +hese divergentes manifesl

Themselves an }m’remo#ﬂj mocwicopic physics. Mis isan eye —catehing example
but this Paﬁem s Lommon #da{/ we will divcuss such clfl/@rgemw Jn detail for
carbor. ngnotubes ﬁ//ow/@ [/4) Ch- }g]_

'. //Zﬂﬁ’_ C{VDQ/OE‘{/'Q) 71-0 SLT

* e dispersion velafion E(R) o €r is [ike Kiw), singulanire
n both defermmethe divergences in the DOS and hence morny

elechical propertien regp- learning behaviour ( in the Bayegiangerre,
e anympific free enemy, jenem/fmﬁkm enor)

‘ WQJ/DUWQFU}O “eany math” on Top of The base fheavy ofjo//’c/ stalke
/obyﬂcs (e.g K/#e/) o describe o wide range O‘ip optieal & electrical
pwopevhen of solids might be viewed as an encouraging sign for LT
qpp/[caﬁam (a({a the felcl of SCT needs ((/J)’?Uffc_r thinking Y o wred
% pmaq%) |

- Sinqulawhen aren'f weird You can make fwissed bl’/%GV\ijh@WQW/ﬂ\
73 Pey\c[f and scofch ﬂ—ape. /_efgo d’/f That /amp,ow#




However hese analogies should not be overclated, there ave diffevences:

e Elechrcal pwp@/ﬁg} y;ZJD//‘c/J Jnvo lve elechons (d)ﬂocé)/ whrch ave feymions

anclare jzpvemec/ by 7he Fermi-Dirac distnbutione (clue o 7he exclusion

Pm\r\c{}))e ). SLT s about the Bayesnan }oodenbr or Bo Tzmann dism'b WH\DV)/

and doean't dmea"fj involve fermions /a/ﬁwmgh the vole o/ noite in JLT
makes i} natual Fo [nheduc them fsllowing fars;-Sourlas ).

We saw lant Talk (ﬁ//ow/flg [K/ Ch. o°]) how in Some cones M- € RaT
ancl we're eff%c%f'me/y dealing wiTh the same s bjech (see [E, p- 13 7).

In general, be careful about 7tmmla7’-7‘ng SP— LT !

The alno\[ogue ol bands is subtle - the elechonsin a cVUme( are
awanged (n eneqy bands, and whether o matenal is an insulafor,
wnductor or sem|-anduchor depends on ﬂujaps befween these
bands and how “filled” they are . The reapo e of the matenal
o elechomagnefic radiation also (ar we will ree ) clependn on
fhis band shucture .

Are there bands in SLT? Sttty speaking a band is a f/hVC//e branch
of e €n v A surfate [K, p 2247 and in coystals 7he gaps
between bands eccur becaure #he band elechons are nof ree - they

araperﬁt/bed bj W&Pembd&/)or(etﬂﬁa/ of the ion cored. There is no
cmalogue af%ﬂ‘,v/neﬂbdfc /OO/LEM\QJL in SLT.

The fovt obvervation s That +he d/‘s/oenlbn relofion €R s ﬁrmu/aﬁec/
n momentum space with R me_ammy e /o/ane wawe Solufron

07814/)& Jc['\ rb’cﬁ’ngere%maﬁbn }”(x) = e,x/D( i_/z_ 'i) (ﬁr{veze[edwm)




In SLT we ave )ovoloalo)j n‘j)ﬂfﬁ hink O‘Z K/W) an be/'ng n ]DDJ/}%)’) Jbcice Lo -

Tn SSP the maltenal rs /‘n%'n/'zlc ancdl /Dem‘oc{/\c) me n SLT thewreis no
similar shucture in W, and wmec{uem"/j no c/ewmpoﬂ%bn AL L (W)

Nevertheless in a mode/ wifh Jm%‘c/ewﬂy W]&my Fb&we/) [(rﬂ he Ba&wi&m

Poﬁevjor) creahng “dense enough” nfervals of free energien, some of
the same infuitions maw ap/ay_ Move on fhis some ofhev Hme .

2 . SPe C“'YDSC o ppY lﬁ’fS)'V\G](AIﬂ V)”’%

Tn scanning Fun melmﬂ microscope (STM) an inshument with a sharp
metal ip (~ one atom ) s Mmghfﬁ) within a nammeler s the wnc/ucﬁhj

gamP}e. A vo H'age bian \ /s alolo)/'edh /%eJam/o/e/ ancl aﬁmne/mﬂ cument T
%/owmg between the fip andl sample is measurecl. The cume nt is /Dyupor/fona/
fo B he ﬁmne//hg/ow/oa/m'//\/y U

P & €XP(—2JZM¢/ "‘z) [’t‘”

~T77TTT

which is expomewﬁm\ly JE’//H[?L('V@‘J‘D‘f’I’)eJuvmeIMg distance (A% =0.Jnm, P— 10 P)_

The STM %Amnel(nj cament T a0 afunction of bion \/ j}'m J/:C(J'?k(/ and
sPecMJcopic /‘nﬁ/maﬁbn abom"ﬁ)e 7(/15/}’)}'100’) &fulfw a'/g a VlanOLS/‘md‘uV\e. 4/’ =0

Why o PN Ser +ev-¢))
J

THis PwPov#omal 1o e DOS af the %Wmeh'nﬁ elechon eneigy €5 * e\/J wefghko(
by the elechon Pmbé{b[/@ Cjem/,}y afthe STM fip L.



Divergences inthe DOS may he defected by meanuvem ontt of the c/iHerentral
corductance as V vanes  (goncan “ee the J/hgu/aw%?w") To give a woncre fe
exariple consider ananoscale wire. e energies ancl eigen Fates are

£= & + hR? Jom Flxy,z) = YJ (%9) ei/d

N B

\\( J
where C,J' are GI(AWH'WYI numbevs in Tl J(,ﬂ oh'recj'[ons) k the wave vector in Hlue 2 C[I'V‘é’cﬁoh,
((-e-do pa%‘c'e ina bhoxin J/,y direchons )

The clispension relation consish of a seviercf 1D subbands, ench wm/mpomal/'ﬂj
o adifferent hransvewse eneryy state Euy') So

7

dINL, (<) n 2
e\ = W 2h _
_— O aLgiyq

e
Nolethat fhe DOS divergen an (£=&i) ~ateach subband thveshold Thore

divergenaes are examples of var Hove sinqulanties

These singulantier affect the elechical and opﬁm/ properdien of 1D syslers . To s haate
we ondider a }emfwr\cluéﬁnj cavbon nanctube, whose band shucture is shown
below . VHS ave reen in scanning ﬁmnelf\nj sPechoJcoFLﬂ, o (L) Peaksin

the differential onductance ave cbsevved at bian \/ohtagyj wwerponcling 7o

the energies o there J/n?m/aw'ﬁ%-
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The oPHca/ ab}ozfpﬁ‘on and emission of Jemiconclucﬁry nanotubea are alro

chonmnafed by thejse J/hyulaw'ﬁ@/ nne ﬁneﬂ ( epemcl w the mital and fnal DOS,
bj Fermi’s Golden Rule

Wi, = %Kjleéﬁlﬁ]Zé(EJ'GC‘M’)

L—%J

anc similaly for emnission . The absorp#on ()ﬁ |'nc{alemHl"3hf‘ i enhonced
when fhe {w{memy [%memevqy) malches fhe gap between fuo VAS,

and Ja'mf\a\/lﬁ ”FD( e missidin

When gou lvoR af a carbon nanctube qou see sinqulanhen

VHS are a meayure zevo subrel of the enevg Y ’ewels/ hut mostof the stoden ave
theve, 50 most of 4he thst‘c; (s there .



Sltaz

3. H?vm/aro{ loo|qiv1q shfelmel/\%

We cn now undlewtand some comments in the Fu sk bl'/ayeramphem life atove 1

T the Fermi Jevel Jies in the vicinity of a Van Hove /Dom/f the sinqular DOS
defermiine /’he/DhyJ/Za/ behaviour due 4o 1he /Grye numberagg ava//ab/e

low-energy S/%Zw\'[cj.

-((Dwﬁv the faowetf"aw diwevgemce inthe DOS, the hl"jh—orc{er
saddle /DOM%I are nore CIOVVH‘V]GVI’- o Hhe otHhner }DCM]'I A+

the Fermi-surface at Jow energy . We thus wwnshuct the
Jow energy ﬁveowj Joy alopmxiwLaHng the Fevmi Jufﬁzfe
Wl,m SIxX Fa]'ol’w/) in flre \//‘cflm/(lgj 0¢ 7%%@/90/'/174,‘_ ) [/D]

In [P] Fhey do an RG analysis o uncover the fow energy eechvre /’hecﬂ_vy
(in TBG but also mov&@@memﬂy) when mulfiple hfg})er—orc(fr VHS are
mside the Fiwt Brillouin zone

Solid State Physics

De\) {LPA
b} (e-g- SPQCMICO‘\“J\:])
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We hawe discussed gpen math ﬁmb)emf i ST But while i fundpmental imporan e,
szrﬂ: alone will nof gef un heve . We need :

+ Toy models  Smalk fanh, smoll Transformess, .. with publicly avarlakle
nolebosks that ref(fcafe ealmations of heovefical f/mamz%'% - Here wre
should Fake our cues from fhe mechanishc /nkrpvtfab('//'@ (/Dmmun/}d_

© Theovg of ((lacmda” or Fl’m/)e/) ﬁﬂaf /‘13004 emoug/\{a maJ-oL\ f'o Memmmmenﬁ

withthe aimfo explain obrewed phenomena in the 7Loy models . where the

measurements come fiom

- Spectwscopes or learning machies Jhepe e many /)hemomma In
leavning mawchines sensihve fo DOS, for the same veorson differential

capa04+amce s. Find the oney that ave eay b emgi'meeramumd)

and develop a large and reliuble Jibmvy of there “devicen .

° DQV@{OP R methods ﬁ//ow/rg he solicl sfale le’lyrl"CfJ/tr._.
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