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1999

+
ɲΦ ɲʰ˃ʽʰ˄ˈʴ˂ˇˎ,
ɸΦ ɲʱ˒˄ʹΣ
ʋΦ ɳ˂ʶˎʻʶˊʽʱʵʹˌΣ 
ɮΦ ɾʰ˄ˇˏˋˇˌ,
ɼΦ ʁʽˁˇ˄ˈ˃ˇˎΣ
ɸΦ ʃʰˉʰʶˎʰʴʴʷ˂ˇˎ,
ɮΦ ʃʽ˂ʰ˒ˍˋʺˌ,
ɹΦ ʅʶ˃ʶˊˍʸʾʵʹˌ Σ 



The open question since Fritz Zwicky (1933) is:

What isάdunkleMaterieέmadeof?

axions and  WIMPs  ... WISPs  Ą ... more ?
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Fritz Zwicky

1898  ï1974 



Dark Matter:  something  invisible?
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The cosmological inventory:

r

rGM
V

)(total
r

rrM x )(

ωBut, what  is dark energyor dark matter ?

ωA particle relic from the Big Bang is strongly implied for DM / DE           

- WIMPs ?

- Axions?

ΧΦ??.. Č Beyond Standard Model physics! 
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ʅˍΦ ʋʰˊʰ˂ʱ˃ˉˇˎˌ



nEDM?
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Č Parity (P) andtime reversal (T) violation, 
if the neutron has an EDM  din addition 
to the measured magnetic dipole moment ˃  

Č CP is not conserved

Both moments would change from parallelism  
to anti-parallelism: not allowed

The strong interactionconserves CP  =>no nEDM



nEDM

C.A. Baker, et al., Phys. Rev. Lett. 91 (2006) 131801  http://www.physics.ucla.edu/hep/dm10/talks/carosi.pdf

Č Searching for P-violation in nuclear forces!

History é.

ċ expected nEDM ΧΦΦ      Ϥm˃/1AU

ΧΦΧ  1cm/Universe

²Ƙȅ ŘƻŜǎƴΩǘ ǘƘŜ ƴŜǳǘǊƻƴ ƘŀǾŜ ŀƴ  95aΚ
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http://www.physics.ucla.edu/hep/dm10/talks/carosi.pdf
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The neutronôs strange property:

It consists of three charged quarks, but does not show an EDM. 

Why do the wave functions of the three quarks exactly cancel 

out  any observable static charge distribution in the neutron?

Č the ñStrong CP Problemò:    Where did QCD CP violation go?



Physics motivation for axions:

solve  the strong CP problem:

why nEDMŸ 0

spin- parity 0- ǻ ɞ, ɔ(M1)  ~ stable!

Axions Č cosmology  ċ dark matter
+ Sun,  é

Ą solve solar problems ?!
Ą The new ~axion fingerprints?

Roberto Peccei Helen Quinn
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With (solar) axions:

ÅNew elementary particle

ÅSolves the strong CP problem

ÅDark matter problem                                               Ą next #
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ÅNew solar physics  Ą solar mysteries

- e.g.: Solar corona heating problem,  
the unexpected solar X-ǊŀȅǎΣ Χ

- ƻǘƘŜǊ ŎŀƴŘƛŘŀǘŜǎΥ  ŎƘŀƳŜƭŜƻƴǎΣ Χ  
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12Sun:  ! ǇŜǊŦŜŎǘƭȅ ǎƘƛŜƭŘŜŘ άǊŀŘƛƻŀŎǘƛǾŜέ ǎƻǳǊŎŜ ƻŦ ŜȄƻǘƛŎŀ

Solar Axions:

ɜôs
Axions
Chameleons 
Paraphotons
...
WISPs

more?
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E. Georgiopoulou / UoPatras
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http:// www.solarviews.com/eng/sun.htm

SUN Ą the lab for new physics

Allowedemission of  exotica   < 10%LsolarҒ300 ktons/s  ηLflare /  Lcorona

+ gravitational self-trapping, e.g., KK-axions (~10-7)      L.DiLella, K.Z., Astropart. Phys.(2003) 

Ą accumulation over 4.5Gyears!!
Χ without visible ageing effects.

But, unexpected surface  photon excess/deficit,

OR, some other anomalous  behaviour?
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http://www.solarviews.com/eng/sun.htm
http://www.solarviews.com/eng/sun.htm


Solar maximum 
Jan. 1992 Ą

Solar minimum Ą
June 1994

CƭŀǊŜ ΨǘǊƛƎƎŜǊΩΥ ōƛƎƎŜǎǘmystery

S. Orlando, G. Peres, F. Reale,  

Adv. Space Res. 32 (2003) 955

time /2min

16MK

106 107 Temperature 108

Active sun Ą

ă Quiet sun

Flare

Ґ {ǳƴΩǎ ŎƻǊŜ ¢

chancecoincidence?

Lx < 1029 erg/s
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a-helioscopeĄ
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The PrimakoffEffect     1951

B,ɳ

H. Primakoff

Behind all present axion work!

axion
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http://prl.aps.org/pdf/PRL/v51/i16/p1415_1

Pierre  Sikivie  1983

Idea #1

...the  principle
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http://prl.aps.org/pdf/PRL/v51/i16/p1415_1
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http://prd.aps.org/pdf/PRD/v39/i8/p2089_1

Idea #2 ... the detector design   . Karlvan Bibber

1989

http://prd.aps.org/pdf/PRD/v39/i8/p2089_1
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CERN Axion Solar Telescope: QCD Axions or other exotica Ą WISPs

Production: Primakoffeffect
Thermalphotonsinteracting
with solarnucleiproduceAxions.

Detection Inverse Primakoff: 
axion interacting coherently  with a strong 
magnetic field (~B2) converts to a photon 
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Signal: excess of X-rays
during alignment over
background

Differential axion flux on Earth

Expected number of Photons:

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

PaĄɔ 1.7 10-17
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Birth of solar axion astrophysics in BNL    1990
21



Sumiko
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before  CAST:
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Åall underground DM expôs

Å TL G. Kitis et al.

é..

Č BNL & Tokyo (Sumico)   

Č solar axion-Braggscattering  E.A. Paschos, K. Z. PLB (1994)

CDMS

Time-energy plot of the expected converted

solar axions with a germanium detector.

CDMS Collaboration, PRL 103, 141802 (2009)



Location

The CAST experiment

CAST 
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