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Chiral symmetry breaking - the phenomenon    Chiral symmetry breaking - the phenomenon    
shaping our World  

New soft pion theorems in hard processes– how 
ChSB works for colour clustersChSB works for colour clusters

Data: present & possibilities to discover new chiral Data: present & possibilities to discover new chiral 
phenomena @ PANDA



QCD & chiral symmetryQCD & chiral symmetryQCD & chiral symmetryQCD & chiral symmetry
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Chiral symmetry is broken spontaneoslyChiral symmetry is broken spontaneosly
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Goldstone bosons pions⇒  ←
Nambu, Nobel Prize 2008
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One of puzzles:One of puzzles: Why nucleon looks likeWhy nucleon looks like

not likenot like

? ?1 Hidd llW tRh M           << ? ?1Q Hidden small parameW y tR erh M           <<
To solve this and other puzzles one has to understand mechanisms of ChSB in QCD.
As important as understanding of confinement! 



Due to spontaneous Due to spontaneous chiralchiral symmetry symmetry 
breakdown: 95% mass of the nucleon isbreakdown: 95% mass of the nucleon isbreakdown: 95% mass of the nucleon is breakdown: 95% mass of the nucleon is 
generatedgenerated 95 % mass of visible 95 % mass of visible 
Universe!Universe!Universe! Universe! 
Chiral symmetry is broken spontaneously that is why:Chiral symmetry is broken spontaneously that is why:

Protons and neutrons exist and are massive

Nuclei exist

Pions are light

... We are here and can study strong interactions @ FAIR  

Spontaneous breakdown of chiral symmetry really shapes our world!



UpUp toto nownow ChSBChSB phenomenonphenomenon hashas beenbeen
studiedstudied onlyonly inin softsoft processesprocesses andand itit waswas
nevernever studiedstudied atat thethe levellevel ofof quarkquark andandnevernever studiedstudied atat thethe levellevel ofof quarkquark andand
gluongluon degreesdegrees ofof freedomfreedom..

Main idea of soft pion theorems is in the following equation:
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computable by symmetry computable by symmetry 
transformationtransformation
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Pion production near thresholdPion production near thresholdPion production near thresholdPion production near threshold
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PionPion is a (pseudo)is a (pseudo) NambuNambu--GoldstoneGoldstone Boson ofBoson of

N

PionPion is a (pseudo) is a (pseudo) NambuNambu Goldstone Goldstone Boson of Boson of 
SBChSSBChS => soft => soft pionpion theoremtheorem

//NambuNambu, Lurie ’62, Lurie ’62
NambuNambu, , ShraumerShraumer ’62/’62/

These ideas created a new direction:
ChPT. Note however that the fundamental d.o.f. Of QCD are not involved!



-- chirally rotated e.m. current chirally rotated e.m. current 
l t d t i l FFl t d t i l FF

x
=> related to axial FF=> related to axial FF

Example:Example:
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Would be breakthrough if here we would have a well Would be breakthrough if here we would have a well 
defined cluster of quarks and gluons! Would allow to defined cluster of quarks and gluons! Would allow to 

tt ChSBChSB ithith f d d lf d d l d fd f f QCD! Bif QCD! Biconnect connect ChSBChSB with with fundamendalfundamendal d.o.fd.o.f. of QCD! Big . of QCD! Big 
potential for discovery of new phenomena and potential for discovery of new phenomena and 
understanding of mechanisms of “world shaping understanding of mechanisms of “world shaping 

. .e g
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phenomenon” in QCD. phenomenon” in QCD. 
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In the limit of                   Nucleon FF‘s are In the limit of                   Nucleon FF‘s are 2Q → ∞
described in terms of partonsdescribed in terms of partons--clusters of quarksclusters of quarks

hard interactions
*γ

hard interactions
=>pQCD

NucleonNucleon LightLight--cone WFcone WF
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For NS theorem to work the pion should soft For NS theorem to work the pion should soft 
relative to relative to allall hadrons!hadrons!
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Higher twists (1/QHigher twists (1/Q2 2 supressedsupressed) ) ––suppression of suppression of 
initial initial NambuNambu--Goldstone Goldstone immisionimmision!!
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What areWhat are ππN WF’s whenN WF’s when ππ is near threshold?is near threshold?What are What are ππN WF s when N WF s when ππ is near threshold?is near threshold?
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 /Pobylitsa, Strikman,MVP , PRL 2001/  

Simple algebra!Simple algebra!



New theorem = “1/2”of NS theorem

F SPTh i t t th t QCD iFor new SPTh important that QCD is 
a gauge theory!g g y



ComparisonComparisonComparisonComparison
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What about data?What about data?
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but the coefficient is given by differentbut the coefficient is given by different 
combinations of FF’s of nucleon



E136 experiment /Bosted et al ‘94/E136 experiment /Bosted et al ‘94/E136 experiment /Bosted et al 94/E136 experiment /Bosted et al 94/
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New soft pion theorem   
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… ? … very interesting domain Transition   … ? … very interesting domain Transition   
f t f SPTh t thf t f SPTh t thfrom one type of SPTh to another onefrom one type of SPTh to another one
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Opportunities for PANDA



Frankfurt Strikman MVP `98Frankfurt, Strikman, MVP 98

Lansberg, Pire, Szymanowski `07

Soft relative to the protonSoft relative to the proton

Direct mesurement of 5+ quark component of nucleon WF 

Measuring different mesons we probe different components of nucleon WF

If here is a pion, eta (gluon rich) chiral dynamics and anomaly for 5 quark cluster

Possibility to figure out how the chiral symmetry is restored




