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@ SU(3) chiral perturbation theory?

® Charm quark in HQET, NRQCD?

@ Extrapolations of lattice QCD data?

Non-Perturbative Examples

@ Toy model
@ Hadrons in uniform electromagnetic fields

@ Hyperons in SU(2) chiral perturbation theory
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"Do it anyway” - Suggests approximation
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Minimize error for large N
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Asymptotic expansions: infuitively opposite
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Asymptotic expansions:

zero radius of convergence

infuitively opposite



MA % - PT (One Loop)

— % - PT (Tree Level)
CP-PACS (2004) (nf= 2)
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* When Perturbation Theory Falls...



Hadrons in uniform electromagnetic fields

@ Greens functions exist in closed form for uniform EM fields

@ Use to study non-perturbative effects
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Solution

Harmonic oscillator propagator

eB [(Xrl +X:) cosheBs _JZXFX]}

> B :
.Ej— CXPY\ A2 oo
2w sinheBs 2sinheBs




Hadrons in uniform electromagnetic fields

@ Chiral perturbation theory in strong QED
D,H.-E — a_u.E + iEAILL[Qa 2]




Hadrons in uniform electromagnetic fields
@ Chiral perturbation theory in strong QED

Neutral pion energy

Closed form

Closed torus can leak no flux
exp(ieBA) eB=—



Hadrons in uniform electromagnetic fields

@ Chiral perturbation theory in strong QED
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Hadrons in uniform electromagnetic fields
@ Chiral perturbation theory in strong QED

E=
Neutral pion energy
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infuitively obvious asymptotically opposite

* When Perturbation Theory Falils...




Hadrons in uniform electromagnetic fields
@ Chiral perturbation theory in strong QED

Neutral pion energy

* When Perturbation Theory Falils...



Hadrons in uniform electromagnetic fields

@ Chiral perturbation theory in strong QED - & ﬂ@
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@ Gell-Mann / Oaks / Renner Relation o 0,96 9.9 3

@ Charged pions

@ Nucleon
In strong magnetic fields, proton beta decays to neutron



Hyperons in SU(2)
Chiral Perturbation Theory

Motivation SU(3)

Heavy baryon
chiral perturbation theory

(SMA(/J = AX)/MA = —67%
"Do it anyway” My, /Mp ~ 1/2 §Ms (i = A,)/Ms; = —89%
WARNING g

Kaon, eta contributions large
& Increase with strangeness

ms ~ Ngcp ?

L CJEESETﬁ SU(3) expansion precarious
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Hyperons in SU(2) Chiral Perturbation Theory

Schematic SU(3) Expansion of Sigma Mass:

SU (3 Y 3
Ms, = M°Y3) 4 am? + bms
Large Kaon contributions
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Expansion of Sigma Mass about the SU(2) chiral limit

My, Mg <K Mg ~ AQCD



Trend opposite SU(3): greater strangeness, better convergence

ga =125, guy = 0.78, g== = 0.24



Hyperons in SU(2)
Chiral Perturbation Theory

I) Perturbative expansion about SU(2) limit

“DUh!” (Maryland Colleague) mw/AX need lattice QCD

II) Perturbative SU(2) expansion of SU(3) !

Kaon thresholds... can study non-perturbatively



Hyperons in SU(2)
Chiral Perturbation Theory

SU(2) Perturbative Expansion can FAIL!

Kaon production cannot be described in SU(2)

IT) Perturbative SU(2) expansion of SU(3) !



Hyperons in SU(2)
Chiral Perturbation Theory

Do SU(2) expansions of hyperon masses
break down because of KN thresholds?

myg = 0.00 GeV

Only virtual, but analyticities near threshold

6NZ* — 045 GeV
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Hyperons in SU(2)
Chiral Perturbation Theory

Do SU(2) expansions of hyperon masses
break down because of KN thresholds?

Only virtual, but analyticities near threshold Onsg+ = 0.45 GeV




Hyperons in SU(2)
Chiral Perturbation Theory

Do SU(2) expansions of hyperon masses
break down because of KN thresholds?

ong = 0.25 GeV oy = 0.45 GeV 6 =0485 GeV




Hyperons in SU(2)
Chiral Perturbation Theory
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Asymptotic expansions: infuitively opposite



Hyperons in SU(2)
Chiral Perturbation Theory

F(m%, —6pg) =FO +m2 FO 4 m2 7O 4
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Asymptotic expansions: infuitively opposite



Hyperons in SU(2)
Chiral Perturbation Theory
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Asymptotic expansions: infuitively opposite



Hyperons in SU(2)
Chiral Perturbation Theory
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Asymptotic expansions: infuitively opposite



Hyperons in SU(2)
Chiral Perturbation Theory

F(m%, —6pg) =FO +m2 FO 4 m2 7O 4
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Asymptotic expansions: infuitively opposite



When perturbation
theory fails,

-. P anilr e we probably try tfo

:: use it anyway
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- Asymptotic expansions: intuitively opposite

Including more terms limits fo smaller range

Make better for parameters by dropping terms

"5 STRONG ‘.& G L ~ (limited control)
CURRENT 5., AN & '.

YOU COULD BE SWEFT AWy
FROM SHORE ANl COULD DROWN

IF N DOUST. DONT GO YT,

eB/m3 ~ 1

Falling Rocks!

if you proceed, be alert!
Rocks may fall without warning | ¥. “003=
causing seriousinjury or death. | .+ S8

IF IN DOUBg STAY AWAY




Neutral pion in electric field: B -> iE




