
 
Simmetrie of QCD Lagrangian

Let's consider the QCD Loy with generatedmasses
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The masses for abit are larger than Macs so

they decouple before g comes to strong coupling regime
Low an physics governed by u dis whose

masses are below Macd but to see latticeQCD
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they are all massless i e Munmaniusco

Lacy is invariant unde V13 XV13 r Flavour sym
i e global Sym

we can votate L handed end R handed fermions

independently and we would expect classically

a conservation of If and jk with currents

in the adjoint of Ulna Ng 3
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Are these symmetries good sym at the quantum but
I e which ones are anomalous

UU is coupled to the Photon i e to a gaugefield
it cannot be anomalous

Solna or sulla A i their anomaly mayhave acontrib

proportional to gluon
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UN a however 15 Anomalous

It is exactly the singlet ANOMALY discussed before
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Spontaneous breakdown of an APPROXIMATE Sym
lead to low mass spineless particles called
PSEUDO GOLDSTONE BOSONS

In ACD there is e non zero quarte condensate lattice
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the Vacuum is not invariant
and the sym SulNs xsucnflr.is spout broken

to SUNS u

ma we expect Ldimsucns dimona Nfl
pseudo Goldstone bosons

When Ng 3 one has 8 quasi masslessscalars

If the vacuum is sit Lotta co

then unbroken sym is L R si L R

massless deformations are obtained by applying

sym group with parameters depending on x These lini

Sulnfliguffus a somma these are themassless fluctuation
aroundthevac

massless particles ore parametritedb Identifygeisha
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observed hunchedof mesons in Nature
Simple model of mesons views then as BOUNDSTATES

of 9 9 Since quarks havespin 112 Mesons

have integer spin Bosons
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Meson quarkcontent m Mer lifetime see
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Why do these mesons arise Whydoes this particular patternofmasses
emerge

explanation from Ssb of chiral Sym
In fact these mesons con be rearranged in a 373 matris
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By embedding OLI isospin UN strangness into SU 3 v1

these are identified with I x above



Chiral Lagrangian
The unique sul345013 invariant term in

the pseudo Goldstone boson Lagrangian IR elettethey
that is of second order in space time derivative is
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This is actually invariant under SUL ex su 3 r

and the vacuum breaks it to soul in fact
delle 1 and out 1 ma up to such sulle it is

the Is that breaks to su 3 u

From x one obtains at quadratic order
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One obtains also interaction terms that goes like

È tr ila tanti t

interaction for mesons comparing with experiments

looking at decays of mesons one obtains
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Then an also higher derivative couplings of the form
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Also these contribute to mesons interactions

2 Due antiay introduces interactionwith photons
still there at low eh



CURRENTS

We started with microscopic non ab gaugetheory

and got vey different effectivethey of lowenergy

It is useful to know how operators in un getmopped
to ops in IR For corrente this map iscosy
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Adding masses

5013 Such is broken explicitly by quarkmasses

If Ma ma
ms is the quark mass matrix this

is incorporated into the china logby Itr MU Utm
q
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that becomes

becauseofSym
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MIOy mixing

Mit e mi Gf mutua disappears
when Mu ma

ME Gf Motus
we cannot directly relate

mio GI maths ma to mais as there

mi 4 4min is the unknown factory

there is also a mixed term with Gfp mo Md

We can find useful relations however

Mio scales linearly with quarkmasses
GellMann Dalles Renner



Métro Mina mi ktandko same masses il mom

3mi 2mi mi 2ME 2mi
GellMann Okubo relation confirmed with

good approx by
experiments



UNA problem 4
Lacs has another chiral syn the Una that
rotates

g weirdly

If this was a symmetry and it was sport broken
it would imply the existence of a pseudo Goldstone

boson with a mass comparable with otto te

Now we can do the same steps as before with
that title tf 5cal 1 E Ì

Now the mass terms in L become
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