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Yang-Mills gauge theory  based on the SU(3) color symmetry



Anomaly Here, the case of QED with simple equations 
are shown as a model

( )J e   : polar vector 

( ) 0J  

            ( ) 0i m

   Using dirac
equation

5( )AJ e    : axial vector 
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Lagrangian (classical) level

However, if the calculation is done with quantum level, 
such as using path integral,  
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“chiral symmetry”



・  vacuum and “instanton” 

・ Anomaly term from chiral transformation

-- theoretical discussion arising at  pure Yang-Mils gage theory

-- one of the supporting pieces regarding the   vacuum
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From “The Strong CP Problem and Axions” R.D. Peccei and elsewhere

Modification of QCD lagrangian

my understand is not enough , , ,

The term q is unknown parameter,  and        breaks CP symmetry .L



Fig 5(a) from Jihn.E. Kim 
and G. Carosi,  Review of 
Modern Phys., Vol.82 (2010) 

Neutron EDM (electrical dipole moment) 

If there is CP-violating term, NEDM can be accompanied.   But NOT observed so far. 



Axion

~eff QCD axion QCDL L L L L  





Sun Heliopscpe
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the magnetic field is set perpendicular toward Sun 

・Since the interaction of axion-photon is predicted as 

・X-ray photon (mean energy is ~ 4keV) can be observed  

-- Flux @ the earth   ~ 1011 cm-2s-1keV-1 or     ~ 1012 cm-2s-1



・Conversion probability of axions into photons at a length L 

where, 
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If photon goes through dielectric substance (gas),  v < c 
 and   higher       can be searched      am" " 0m 

aP 



CAST experiment and recent result



CERN Axion Solar Telescope (CAST)

Location : above ground at Point 8 of LHC  -- near LHCb

Helioscope :  tracking the Sun (solar core)  

Long LHC prototype superconducting magnet : 
(length = 9.26m, B field up to 9 T)   



Drawing of the CAST magnet 

Rotation range is ±8 deg. (vertical) & ±40 deg.  (horizontal),
It can point the Sun in the morning & evening  both side equip 
detector, “Sunset photon detectors” & “Sunrise photon detectors” 



Orientation of the magnetic field

LHC dipole magnet



CAST Observation Mode (history)

Inside of the two cold bores (diameter of 43 mm) was vacuum in Phase I. 
or 4He/3He in Phase II.



MICROMEsh GAseous Structure (MICROMEGAS)

Ions move to the mesh  the signal is used for the estimation 
of the energy of the incoming particle, and generates a trigger

electrons create signals on the strips  the signal is used for 
the estimation of the position & energy of the incoming particle

E ~ 3kV/cm

E ~ 60V/cm



Photograph of MICROMEGAS for CAST



Schematic drawing of the calibration system, viewed from backside of the detector

55Fe

An example of 12 hours run schedule for Sunset Micromegas

~1.5hour tracking
(real data taking) 



Reference : observation mode 



Result I.  Comparison of the number events 
between the background run and tracking run



Background spectrum taken by CCD 



Result II. Exclusion regions in the               planea am g 



Next generation axion helioscope @ CERN ?
IAXO (International Axion Observatory)



~ 250 tons !       ~40tons(CAST)


