
Notes about the Anderson - Higgs mechanism

I . Electromgnetic Wave in a plasma

mdË=qÊ ⇒ DÉ = #Ê = 4?

J'(Ï - IJË = 5K¥ =
- ÇLÎÎB) = -% (J +0¥ ) = -ÊntÊË

→ KG equation , dispersion WIKI Up? .

→ The photon in a plasma is massive .

I. Equivalence mass ⇒ lengthsale
Understand the photon ananas a Typical lengthsale ( beyond just dim . analysa ) .

Coulomb interaction between charged partites : f-¥ .

The Coulomb face as the svsaptibility :
- wpr

✗(utqq) = ¥Ûn* = qzfw-p.IT> ✗G) =% .

d=3

Mayles case (Wp =D reavers Coulomb in the vacuum
,

while the massive case (up>o) describes sereine interaction
.

II. Link to Debye (or Thomas - Fermi) screening .

④ o
"

{ pin
= - D'VG)

①

° ee.EE pH = +QdG) + Fpj exp (- qÇ¥ ) = ? PÈQI /kst
e

→

⇒ D'VCD ± - Qdcr) -Eipoi µ - 9ü!¥ ) =, -Qocn + XÎVG)
ventral électrolyte

solution : Kr)= ¥, e-
"↳
→ identify Wp = XÎ .

⇒ EM in a charged medium is screened i.e- massive .



I
.

This is the physio of npaconductors
→

in other wards f-~ À .

d) Justification :
The KG Equation appears because d¥E & Ê , i. e . MW)~# .

This is the SC limit of the Drude onduchüty Mw) = jÇ+-« .⇒ .

6f note about transport for more details) .

2)Ginzburg-landaufonac-hugedfield.nl
entra GL free energy : fa= Im IDYF + RIYÎ + E- 141 "

Rewrite 4=114 ei
⇒ fa = ' croit [ Imitait ruit ¥114 ")
-

phase shffness in the ordered phase
• Charged case : now gauge invariance 4

→ e
"

4
,

A-→ A-+ f-DI .

ff4, À ]= En / CE- iq Â )4f + rtt + ¥141 " + ÊµÆÂP .

Equations of motion : FxE- peuj and non - linear Schmidinger .

µ.MiaYm ↳
= ¥m(y*54 - tâta) - #NiÀ-
-

and ultimate ly FÈ - KE Ê this term appears in the
ordered phase .

↳ the Meissner effect ~ Debye screening

⇒ sentiers
Action of a charged superfluid in the ordered phase 4Gt) = Mse

:$"'"
:

require gauge invariance Q-scftxcr.tl ; Â→ À+ f-Îx ; Q- Q- f- f-& .

Then S= Jdtd? Em ( ( ¢+945- (Îl - qÀ )
?] + Ça. [ E-

2- À ] .

Now idea : absorb all fluctuations of, to into (QÂ ) . (does not change ÊB)

⇒ S= fdtd? { MILLY? À ') + ¥. [E? B') } .

↳ nowËfon ce and Â ! this is Anderson - Higgs .



I
. Really more formally ~

'but nothung really news

Here I want to five
the

"

full
"

pionne , including condensation
.

L= (ôtct - iq-ntutxqt-iqAp.lt) + µ
? 4+4- ✗ (4+4)?- f- Fpu FM .

Gauge symmetry {✗→ e
"
4

A-
µ
→ Ap - G- qu✗(×,

(NB : can be feneealitedtononabeh.am)

write Xcx)= pas) e and replace A-
µ + f- Quo =: Ça

⇒ L= @µpt + Pq? Quel" + pipa _ xp
" -1

, Fpu
FM

In the SB manifold po= VMI ,
and Spontaneous ly chosen § = 0 :

(p= pot✗)

Lssrs = Ê@µXP - µ
?X - E

, fou
FM + 93ff quel" + - - -

→MATEfor the ganse field .

VI. Remonte : counhng degrees of freedom
a) Thephotonpolaùzati j'forbiddeii ! wty?

The photon has spin 5=1 so in principle E- +1,0, -1 .

Anser : first consider messire EM , L-_ - § Fpu F1
"

+ MÉApAt .

then there is 1- constant
, 0µAK-O ,

where 3 copies of the KG Equation .

Now majus : since m2Aµ¢ is no loyer there to break gauge invariance ,
one can fio the gauge to remove are additional d.of , where , 2 plantations .

2) Befoulaftuttnduson.li#

{ 2 massive scalaris Yt , Y {
1 massive scalon ✗

massive photon : 3 plantations .

mass less photon : 2 plantations
→ the composite objet Ça = Aµ +1g Qu -0 as the new massive photon .



VII. This is not the same as confinement !
Trey : in both cases

, field lines become costly and there is a mass

generated for thegauge field .
But :

↳ Consequences for two test charges : | ⑦ÉTÉand the field lines : e e -

screening confinement
↳ Confinement ocus for pine gauge theories (cf Polyakov '77 for WH)

e-
g. from the proliferation of instanton (which are pure g. t .) .

=/ Screening from Anderson - Higgs arises from interaction y mattes .

(welt
,
at least in the abeliau case

,

see later) .

VII. Ronindu about gauge theories .

• Assume we have a theory of fermions fp, ft , with Lagrangeau Lf ,

and we want to enfonce the contraint Ç,, ftp.fn-1-vr.tt .

⇒ Lagrange multiplier :Ltot-_Lf-CfCrit5LFfIafra-1JIndeedf@dohtMe-HtotxrT.dY? ftp.fra -1) .

→
The "

dynamical potential
"

a.Crit) enfonces the constant frit !
Now what does this have to do with a gauge theory ?

• In Lf ,

the term Jij fi! fj, e-
i "
"

ci
,j
= position ,

✗ =

"

spin
"

)

is invariant onder f!→ ftp.ei-i provided that Qi; → Qij toi - Oj .

This is a UA) gauge theory all right .
Now look at a given state ft

µ, FÎ, ftp.f!, , - . - tout,, tout,, ff+107 .

Which phase does it pick up urdu meh a gauge transformation ?
Ansara : II exp GQ. [fit 1]) where Qi .- E f! fa. -1 .

in other wards : the local charge generales gauge transformation .



II. Parton constructions, from SUR) to UA)

• Representation of spins using Abrikossov fermions :

{ = £ ftp.gpfrps and contraint 2 ft
✗=P

, t ra
fr
,
= 1 fr

.

-

ËFÉdebna recours the f-I Hilbert space .

Redundancy in this description : ff and ff meam the same thug .

⇒ Doublet ✗= ( §! ) .

Idea : ✗fpt pfft warks as wel ' .

i.e : acting on 4 with an SUR] matrix preserve Ôr .
→ Gauge Symmetry of the parton construction .

←
2×2

• Usually perform some sort of meam- field ,

with param i

and Hmf = §, Jij (4.t.EE?af#a,4j+h.c.)+aolYittl-i .

This is a theory of fermions coupled to an Silk gauge field .

Now
, uwallg we don't have this but just UCI) . Hou come ?

• Possible answu to the aboie : the SUCH gif has become

massive except for one UA) rubgroup of it .
Bert is it possible to do Anderson - Higgs without a condensat ?

• Ici : recale gauge charges au generator of g.t .
Indeed they do not commute toutially with the

gauge field ÉA ,and in the abelian case they done have this pnoputy .

But in the nonabelian case
,

"

ein
"

itself has nontrivial
commutation races with itself !
→ In the nonabelian case

,
there can be Anderson - Higgs

without a conduisate since different Components of
the
gauge group are changed objects for each other !
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"

c- sac»I . Anderson- Higgs of pure sur) i r i
• By definition , energy is gauge- invariant : t'[{Uij }]= E [ { Willi ,- WII)

Question : are mass terms x (AÎT allowed by gauge invariance?
To ausover it

,
consider Pci = Ùij Ùju . . . Ùei iÊI] Ci

And Pci = ✗fit + i ✗{it is charged : Pci → Wi Pq Wit .

° Now consider the effect of g. t.eidiitl-e.IQ?tleiaiitle-iQ?i?
⇒ Several phases depeuding on the flux of our MF ansattuij :

↳ Trivial flux Pc
,

& c-
°
. ( and line x to up to free g. t .)

Then SUCY is preserve
d
,
and aij → aijt d- il _ Qjl (at least) tel-1,2,}

so the mass term Cliff is not allowed . f-1,2,} .

↳ we call
mix them

↳ Collineau flux : say Ûue - ie
i% "

and Pci = ✗Çi + ✗{it
?

_

Then SUCH is broken down to UHS and di? → Qij +Q? - Q?

is the orly remaining gauge invariance . So Clift is not allowed
,

but the two other degree of freedom ajit are now gqped !

↳ Noncollenear : then au bosons au gqped → discute g. t . (2)

• NI : above we have just said that the Cliff term is not allowed
,

while no such statement could be made about È? )?

Can we be more explicit and show a mass term for dije ?
⇐ a tom invariant onder SUCH whose quadrata arder is ~ Ès?)?

↳ It tons out that E-= ktr [ Pci Uiitx Pc
,,,
Uitx

, i) marks -

↳t.si?.;*eia.eieAtquadraticorder.E--k-ztx4Tr(Pq.,Q,tlP)t. . .

Is if ✗ toi? then E-¥12 .



p disputable !

XI - An
"

application
"
:
the Peierls mechanism → polyacétylure .

Basically a dd molecule with right- novus, left - mouais, and the

hopping amplitude depends on the distance . elastic energy ✗ Dan?

⇒ Rde of staged displacement En = Ertan → À -

[L=i4t( 0++4=9 F)4 - JE - ✗ sais yt Et ] 4=147)
Now if we giue a UA ) charge +1 to R and -1 to L ,
we see that AC» is a charge -2 field . Cms this is not theusualway to see it)

.

And it tons out that Dcx) condensés → D-
. (integral

-

e out the 4s etc) .

Consequence of
"Anderson - Higgs

"

: the "

gauge field
"
chue

,
the fermion)

acquiesce mass → Here it meam tt-ivt-HQ.FM + a .

☒ - Anotherqpb.ca/ion:heav-yfomians
Basic idée : local moments Â- interact with itinérant és $ IF
to forme mobile (but heavy) fermions ÉÎÈÏ .

↳ enlarged FS (cf talk about Luttinger's theorem) .

Declare À= ftFf and F- ÈFC . There are 2 fermion Spears .

The Ct fermions are charged ardu uneal EM : Ct→ Eté
"

, A-
µ
→ Apt☒&)f- .

The ft fermions , urdu an emergent Em : ft→ ftéi"
, Ap → d-µ + ÎX .

(because their number is fixed)

condensation of the hybridation V= (ft) charged urdu {À - et i.e.d-
µ
- e Ap .

→ the later becomes massive! X - et

the action for to , the phase of the hybridétalion V, is now :

Seff = /d'✗dit ¥ (Id -À+etf- ¥ (iofo + x - e Y } .

The " Meissner effect" here is : {Â=eÂ✗ = @§
- → the 2.g.fr are locked togethu .

⇒ the f. fermions have become charged urdu usual Em .

Besicles
,
there is now any 1 surviving UK) gauge Theory .

And all the fermiers are charged onder it → enlarged FS .


