Fractional Quantum Hall Sffect
Yia Chern Simons Theonl

Spenser Talk-‘m«yl:on ® |4 December 202



Outline

) Experiments
Postulates and Poss&b\e terms in L
L) Chern’g:)W\OﬂS term ics

3) When 85 Lcs Jame intaniadt]

H) Conseb\kenaes of Ics
G %o\??ed spectyum

L) %MﬂtﬁyeA resistance



I Q. “ E Magnetic field (T)



\,\/M You Should (Care

o Fractio nal ize& Charge
)

L Puasiparticles with conductane o % haoe charge %

e Fractional Statistics
)

k>aoums%far£i cles with conductana ™ % hate $ractom|
&change statistics : 6 = 1:-\

® &cku\ge .
>)




CMrrent P\es ponse
+ Real gauge Lield Couples tothe carvent J
SA= So\’co\"x J N
¢ The c,orresfoncliv\g conseryed eurrent 45 Q,J":o

. Ext\rem’\’zl actiom, Then
OSA _ ~*
A9
* Hall CoV\}s\Ad:’\’Vi‘l;la, —> Hall resistonce

x _ XY



F;ehﬂ’heon&: Coarse G—rovin—ina,

+ T mpose symmetries and 9eneral considerations
k) wz\khou\t o\-\;ten{-,ion Y0 miCrosce P‘\C deta“lls

C T QXFM"W\ the FRUE, we need On\\ﬁ assuwme
Q

&4 AL fow energy there are no D.0.Fs that c"mn}e
the perturbative response

=> There is & 9ap!
\>

For convenience, alsy assume rotation,| ngmet\‘g,

. St“\t\\z the Low ev\e\ra\a and 'OVl% "M\ge behawior



Per’(w\oat—’nfve Read Gauoe F-’nelcl

o AL 1S ostensab\} lavge O (10 Tesla)

e But we are not intevested in electronic motion
L) abuas-‘nfmticle motion

L) sntroduce an emergev\k %a\ugg 5—1elo\ Apn

e Add al St}mmetruk-al\owed terms

* The coupling between Aw and . 38 Perturbitive



Actions

. Ko{at%ovml 5‘9"\Met"'ﬂ'
= OV\"J. an evewn nu\mber 0'} 3au,e 'S’\Qlls

. LObQ QV\QTQ\Q,/LOV\Q r‘my\ae

=) Onll.z lowest ord er terms/ d ery vatires

* The allowed terms up to second order

= +
1 I L3 eAr + lmmuell I'Ckerms‘mmons

onegeld/  Ewe $ields/  one Sield and
o\erv’\’nl:’wc two &ermtms One de rivative



R,emav‘m”m9 Terms

- Chern- Simons actioy
S LARI £ (s I,

ic; -""C'M’ARBVA# + Epp At af - ‘?5»4’/ a"§"of

'lcs breaks Parity and TRS

. Bwt 19 1cs gange ‘in’mﬁantz
L AL Sirst 9lance, yes -
A =2 A.ﬁé ng

iﬁs > L2 W g, )

S



Quant‘o%at"ton of Mm (1/3)

e
‘ Thwghk exver'smeuk . what 36 Scs On & sphere S
(4
Surroumhna a Dirac monopole L"the;e
S
' F =k
. We have fd o F""& 5
. The CS action ig
<
Scs = 'gh‘ L“iﬁgdto\zz AFag+ Ay Fyot Ay Fog
= € ma (dhd™ 2AFay
h 2

= -€* ma A, TH
h e

<

- QW\A AOT



,Qu.amt‘a%ation oy Mm (9/3)

o I-\ow AOCS Sc,g Chanse, under 30(&93 transﬁormatiw?.

* Genevally, Aubd Ap+dQuw =5 D> i
() L) need not be single ralued
L on 1-3 e eW needs tobe
L So called "Large’ 9ande transSormation
‘With time-periodicity T, this meang T
2T +

W= -é—-‘—": t med T

. A, transforms as

|
AO‘-D A°+}€—‘?



Q u.unt‘n%ation oy Mm (3/3)
° We ha’Vﬁ
L Scea= €My AT
L Ag - Ao"’ [T
e T
. So under gauge trans§ormation

SCS 2 SCS —€Mp = Al _"_T

=Ocs ~ z‘leA

. O\Dser’\mb\es come §\rom the partitiom Sunchion
2. 61 S S 1S¢s e—‘l yaly MA

. Observables o\n\s& nYariant 1§ mp e 22



L nteger QHE

. We have the Chern- Simons Action

S
31: 553‘5 :‘%‘%1?—0’\3}\0
« Which 1%



Fractional QHE UZ),

« Consider the emerqent 9auge Sield a, and 7 ts Coupl-‘mj o R,

SccLA0]= & So\t A% Epp AP el - I £y 0" 08

) Z«buahons 0F motioy

(apAy‘ anp) =Ma tgl" q'Y -’a‘Yqi’) =

——— C——
F'A’V 5‘»»\1
’_b S—V“"T“va )apz%

* E5Sective action 4¢
SescIA] = ezj¢t % -’: fwva 5" A



Fractiond QHE  (2/%)

o E58ective action
Ses Al = ezjat A% — M“ Epny AR A
+ We Sind the carrent by the Functional devrivative

3S
iz =s) = . Eoik
« Whith i



But, o it G’appedz

o Consﬁdﬂl %uusa?arkicle motion alone

o a
3 = SAmmmN + Scs
— 2 | nv
- S&*‘L x {ﬁ_ wv'} —_ﬁ:%‘f.pw,o aMa’VAP

. Zﬁuwt‘imn 05 motion

+ This describes o §ield theory with a massive photon
L There is & gap

E = gz €& m
Jap T



\,\/M You Should (Care

o Fractio nal ize& Charge
)

L Puasiparticles with conductane o % haoe charge %

e Fractional Statistics
)

k>aoums%far£i cles with conductana ™ % hate $ractom|
&change statistics : 6 = 1:-\

® &cku\ge .
>)







Other FQHE States

e Tntroduce more emergenf 9gauge S-ielo(s

G e |
)S1M\0|es£ case a, %a, = WD,-T Si:a'l:e) etc.

o "k matrax" 9eneraliyation

Scs = ‘%\" So\t dx 5ZZ,W,M""c}"’m‘f - Z Kzz Epvp a;"'t)"'mf

LYy

— o'auz.z Tr(K-')-e;\E

= @(Clrmnge Statistics 6;;= (K);,



