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What about them?What about them?



Mirror symmetry (parity) violation

Not observed

T.D. Lee and C.N. Yang, Phys. Rev. 104, 4 (1956)
C.S. Wu et al., Phys. Rev. 105, 1413 (1957) 
R.L.Garwin, L.M.Lederman, M.Weinrich, Phys. Rev.
 105, 1415 (1957)
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W. Pauli in a letter to V. Weisskopf,
 "Now after the first shock is over, I 
begin to collect myself. Yes, it was 
very dramatic."
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If such a sector of particle 
exists
-> mirror symmetry conserved
-> left-right symmetry of nature 
    restored

If such a sector of particle 
exists
-> mirror symmetry conserved
-> left-right symmetry of nature 
    restored

Kobzarev&Okun&Pomeranchuk,
Blinnikov&Khlopov, Foot, Berezhiani,
Mohapatra

For recent review see,Okun, Phys.Usp. 50 (2007) 
380-389 [hep-ph/0606202] and
Ciarcelluti,Int.J.Mod.Phys.D19:2151-2230 (2010). 
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Mirror particles:
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Mirror sector
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The mirror sector would interact through gravitation with us.
 → Mirror particles are very good dark matter candidates. 
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The mirror sector could interact through photon mirror-photon 
kinetic mixing:   B. Holdom, Phys. Lett. B166, 196 (1986)
→ Implications for cosmology. 
→ Bounds (LSS, CMB, BBN): ε < few 10−9.

Z. Berezhiani, A. Lepidi, Phys. Lett.B 681, 276  (2009)
P. Ciarcelluti, R. Foot, Phys. Lett.B 679, 278 (2009)
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The mirror matter could have a portal to our world through photon-
mirror photon mixing (ε ). 
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Energy splitting

Rabi Oscillations

Breaking of degeneracy 

The mirror matter could have a portal to our world through photon-
mirror photon mixing (ε ). S. L. Glashow, Phys. Lett. B167, 35 (1986)
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Aerogel experiment

 

A. Badertscher, P. Crivelli et al., Phys. Rev. D. 75, 032004 (2007)
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Aerogel experiment

 

A. Badertscher, P. Crivelli et al., Phys. Rev. D. 75, 032004 (2007)

Collisions with matter destroy the coherence of oscillation suppressing  
the o−Ps - o−Ps‘ conversion.

22Na source 
(no beam) 

Ps   
 e+  

100 nm pores, 
Γcoll ~ 104  

Aerogel target, SiO2 grains 5-10 nm
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limit on ε ≤ 1.5 x 10-7limit on ε ≤ 1.5 x 10-7
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Production of positronium in vacuum 

Experimental setup



+

Paolo Crivelli 9
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Beam
 pipe

Ps formation
region

Modify geometry of the detector to accommodate the beam pipe 
=> no direct way for the annihilation photons to escape detection  
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Additional requirement: operation of the beam 
in bunching mode to suppress background 
related to residual gas.
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