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Chiral Perturbation Theory (x3PT)

Chiral Perturbation Theory (x3PT)

@ QCD becomes non-perturbative at energies < 1GeV

@ Change of degrees of freedom

pions, kaons quarks, gluons

} > E
1GeV
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Chiral Perturbation Theory (x3PT)

my, mg, ms < 1GeV = neglect light quark masses

— QCD Lagrangian exhibits SU(3); x SU(3)r symmetry:

_ . _ . 1 y
Locp = qrilDqr + qrilDgr — ETr(GWG“ )
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likewise for gr
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Chiral Perturbation Theory (x3PT)

SU(3), x SU(3)r symmetry predicts the existence of degenerate baryon
octets of opposite parity

Observation: There is only one baryon octet in nature!

Spontaneous Symmetry Breaking:
5U(3)L X 5U(3)R — 5U(3)\/

Pseudoscalar mesons (7, K, 1) are much lighter than vector mesons or
baryons
= Goldstone bosons
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Chiral Perturbation Theory (x3PT)

CCWZ formalism — Construct effective field theory for 7, K, n:

Chiral Perturbation Theory (Gasser and Leutwyler, 1984)

f2
Lo :% Tr(u,u* + x4)

pp—- ) a
—eiT T /f,r7

u uy, = qu)M(UT)2u

X =2Bo diag(mu, mg, ms), x+ = u'xu' + uxlu
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Chiral Perturbation Theory (x3PT)

Applications of Lj:

@ Gell-Mann-Oaks-Renner relations (m = m, =m

):

2= Z(m+2ms)By

2 . 2 N
my = 2By, mi = (M + ms)Bo, m; =

wWiN &

@ Scattering Amplitude 77k — 7M™
1
A= _7 (Séikémn + t0imOkn + U(Sin(smk)

@ Many more...
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Chiral Perturbation Theory (x3PT)

Problems of x3PT:

@ Less accurate when dealing with K or 7 scattering

@ No explanation of the A/ = % rule

= Extend x3PT by adding one new degree of freedom

Christoph Miiller Chiral-Scale Perturbation Theory 22.07.2019

8 /19



Chiral-Scale Perturbation Theory (x o PT)

Chiral-Scale Perturbation Theory (x,PT)

Xx3PT: Eight Goldstone bosons (7, K, 7)

XsPT: | | i f } i mass

0 b o K n p

— NG bosons
— non-NG bosons

— promote f(500) = o to ninth Goldstone boson

XoPT: Nine Goldstone bosons (7, K, 7, 0)

XePT: | | i f | i mass

0 b c K n p

— NG bosons
— non-NG bosons
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Chiral-Scale Perturbation Theory (x o PT)

Question: Which additional symmetry can be broken?
Answer: Scale symmetry!

Strong trace anomaly:
ol = 2es) G o 4 (1 F v (a5)> > o—ud.s Mad4
= 5(04”?) =0

Assumption in x,PT:

There exists an infrared fixed point of the renormaliza-
tion group equation for the strong coupling constant.
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Chiral-Scale Perturbation Theory (x o PT)

Modify L5 by introducing scale compensator ¥:

f‘2 2
f Tr(u,ut) —>% Tr(uuu“)ﬁ2
2 f2
% Tr(x+) —>f Tr(x+)X”

Include kinetic and potential terms for X:

2 A
TR0+ ag’ — ot
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Chiral-Scale Perturbation Theory (x o PT)

Fix coefficients:
@ Introduce non-linear field 0 = \ = et
@ Compute trace of energy momentum tensor and compare with strong
trace anomaly =y =3 -y, and § =4+ 3
e Match m2 with curvature of potential = ¢ = c(m?, f, ym, 3')

Chiral-Scale Perturbation Theory (Crewther and Tunstall, 2014)

f2 1 20
Lo = %Tr(uuu“) + 5(%08“0 efr 4

2 (B=ym)e (4+5)0 40
+TTr(X+)e o +ce o — e
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Comparison at one loop

Comparison at one loop

Apply power counting rules to construct next-to-leading-order Lagrangians

v3PT: L4 = L1 Tr(uuu")? + Ly Tr(uuuy)? + L3 Tr ((uuut)?) + ..

XoPT: Li — Li(0), Gi(0)(0,00"0)? + Ga(o) Tr(uyut)d,08”c + ...
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Comparison at one loop

Renormalization via MS renormalization scheme:

I; 2
L=+ (-2 _in4 1
’+327r2(d—4 n(4m) +7 )
deﬁ_ I;
dpu 1672

Usual approach via Feynman diagrams is too complicated for x,PT

— Apply functional methods instead:
@ Background field method

@ Heat-kernel expansion

Claim: Derive a master formula for one-loop divergences — [
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Comparison at one loop

Background field method:

L = L(¢,00)

b=+

L(d+p) = L(6)+0il(d)+0upi WS Oupj—i2T0up; — 0iMijp;+ O(9°)

L'(¢) = 0 (Classical equations of motion)
Only one loop — drop O(¢?)

Assume W/ = d;g", T; = —T; and My = M;; (Canonical form)

Advantage: Path integral is Gaussian
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Comparison at one loop

Heat-kernel expansion:
ojj = Mij — (TuT)j, d = 650K + T, Ty = 8T, — 0, + Tl =T, 1,

Z = elW = fD(pe'fd‘tx(Pl(dp,d”'“rO')ugaj

w :é/d4x Tr(x| In(d,d" + o)[x) =

1 /d4xTr(%o2 + %[ ,dy][d", dy]+ [dy, [d", o]]) +

T 16m2(4 — d)
r;wr‘“’ boundary term
= Master Formula ('t Hooft, 1973)
AL = —L% = — et T35 M + 307)
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Comparison at one loop

Ansatz:
2 f2 1
L= ZTr(uMu“)f(o) + " Tr(x+)g(o) + Eaugaﬂah(a) ~ V(o)

Anomalous Dimensions for x3PT (Gasser and Leutwyler, 1984):

1 3
M= Ty= " 3=
1 32’ 2 16’ 3 0
Anomalous Dimensions for x,PT (Cata and C.M., 2019):
1 11f£2 17 f] 3 12 1ff f2
M=_—_ "4y =" _ - 4L -7 [,=(4 T
T e a2 3 e TR
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Comparison at one loop

Comparison between x3PT and x,PT:

rg — F%‘l <MO>:L§() £2/f?

L5 () =LX
$(n) =L3(W) + ~163 p 1672
-3.965 {"..
%-3.975
-3.985
-2.0 -1.0 0.0 1.0
In(w)

J. Bijnens, l.Jemos, Nuclear Physics B, Volume 854, 2012

given precision 10~* — deviate 2% from reference scale g for
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Comparison at one loop

Conclusions

XoPT...
o ...enlarges x3PT by a ninth degree of freedom

@ ...assumes an infrared fixed point of QCD renormalization group
equation

@ ...can be distinguished from x3PT via running of L;

Thanks for your attention!
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