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The open guestion since Fritz Zwicky (1933) is:

What is cdunkle Materies made of?

Fritz Zwicky
1898 1 1974

axions and WIMPs... WISPSA ... more ?



Dark Matter. something invisible

Solar System
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The cosmological inventory:

Other
nonluminous
Dark matter components

(identity unknown) intergalactic gas 3.6%
239, neutrinos 0.1%

supermassive BHs 0.04%

Dark energy
(identity unknown)

73%

Luminous matter
stars and luminous gas 0.4%
radiation 0.005%

WBut, what isdark energyor dark matter ?

WA patrticle relic from the Big Bang is strongiynplied for DM / DE
- WIMPs?

- Axions?

X @ C Beyond Standard Model physics|
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nEDM?

C Parity P) andtime reversal {) violation,
if the neutron has afDM din addition
to the measurednagnetic dipole moment

C CPis not conserved

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

The strong interactionconserves CR>no nEDM

o J
dﬂu P ¢
N dT



NEDM C Searching for Riolation in nuclear forces!

C expectednEDM X ® O d m/1AU
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C.A. Bakeet al.,Phys. Re\Lett. 91 006 131801 http://www.physics.ucla.edu/hep/dm10/talks/carosi.pdf 8



http://www.physics.ucla.edu/hep/dm10/talks/carosi.pdf

The neutronds strange pro

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?

C t h 8trofig CP Problemo : Where did QCD CF



Roberto Peccei ___Helen Quinn

Physics motivation for ~ axiomns: | 9

solve the strong CP - problem:

why nEDM Y 0

spin- parity = 00 = a’ ¢, (M1) ~ stable!

b4

Axiors C cosmology ¢ darknnsdtisrer
+ Sun, e

A solve solarprobdems?!

A The new ~axion fingerprints?

10



With (solar)axions

A Newelementary particle
A Solveghe strong CProblem

A Dark matter problem A next #

A Newsolarphysicss solar mysteries

- e.g.: Solar corona heating problem,
the unexpected solar-XlJ € a X

-20KSNJ OF yYRARI GSay



E. Georgiopoulou WoPatras
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SolarAXions #ror =~ 3.9 - 1013cm 25 1



SUN A the lab for new physics

Allowedemission of exotica< 10%. .t 300ktons/s n Liore | Leorona

+ gravitational self-trapping, e.g., KK-axions (~107)  LobiLella, k.z., Astropart. Phys.(2003)

A» accumulation over 4.5Gyears!!
X without visible ageing effects

But,unexpected surface photon excess/defigit,

OR, some other anomalous behaviour?

http:// www.solarviews.com/eng/sun.htm 13



http://www.solarviews.com/eng/sun.htm
http://www.solarviews.com/eng/sun.htm
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H. Primakoff
ThePrimakoffEffect 1951 ”mv

A,Z 'y

Behind all present axion work

16



ldea #1

...the principle

VoLUME 51, NUMBER 16 PHYSICAL REVIEW LETTERS 17 OCTOBER 1983

Experimental Tests of the ‘‘Invisible’’ Axion

P. Sikivie
Physics Department, Untversity of Florida, Gainesville, Flovida 32611
(Received 13 July 1983)

Experiments are proposed which address the question of the existence of the “invisible”
axion for the whole allowed range of the axion decay constant. These experiments exploit
the coupling of the axion to the electromagnetic field, axion emission by the sun, and/or
the cosmological abundance and presumed clustering of axions in the halo of our galaxy.

http://prl.aps.org/pdf/PRL/v51/i16/p1415 1

18


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

Idea #2 ... the detector design Karlvan Bibber

PHYSICAL REVIEW D

PARTICLES AND FIELDS

THIRD SERIES, VOLUME 39, NUMBER § 15 APRIL 1989

Design for a practical laboratory detector for solar axions

K. van Bibber
Physics Department, Lawrence Livermore National Laboratory, University of California, Livermore, California 94550

P. M. Mclntyre
Physics Department, Texas A&M University, College Station, Texas 77843

D. E. Morris
Physics Division, Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720

G. G. Raffelt
Institute for Geophysics and Planetary Physics, Lawrence Livermore National Laboratory, University of California,
Livermore, California 94550
and Astronomy Department, University of California, Berkeley, California 94720

19

http://prd.aps.org/pdf/PRD/v39/i8/p2089 1



http://prd.aps.org/pdf/PRD/v39/i8/p2089_1

CERN Axion Solar Telescope: QCD Axions or other exotica A WISPs

i |
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Signal excess of X-rays
during alignment over
background

axioninteracting coherentlywith astrong
magnetic field~B?) convertsto a photon

Expected number of Photons:

Nyzjd

do,

a—>y

.S-t-dE,

P,..~ 1.7x107

o L \*/ B\
A EA =2 1—1 4 =
¢, =051l em™ " d™ gy (9.26 m) (9.0 T)

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



Birth of solar axion astrophysics iBNL 1990

21

¢ 69, NUMBER 16 PHYSICAL REVIEW LETTERS 19 OCTOBER 1992

Search for Solar Axions

D. M. Lazarus and G. C. Smith
Brookhaven National Laboratory, Upton, New York 11973

R. Cﬂn‘hﬁr-:m,'(“""I A. C. Melissinos, G. Ruoso, ®) and Y. K. Semertzidis
Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627

F. A. Nezrick

Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, Illinois 60510
(Received 22 May 1992)

We have searched for a flux of axions produced in the Sun by exploiting their conversion to x rays in a
static magnetic field. The signature of a solar axion flux would be an increase in the rate of x rays
detected in a magnetic telescope when the Sun passes within its acceptance. From the absence of such a
signal we set a 3o limit on the axion coupling to two photons g4, =1/M < 3.6%x107° GeV ™', provided
the axion mass m, <0.03eV,and <7.7x107° GeV " for 0.03 <m, <0.11 eV.

PACS numbers: 14.80.Gt, 95.85.Qx, 96.60.Vg

ent theories of elementary particles predict the ex- Axions that couple directly to electrons through an eea
of low mass scalar or pseudoscalar particles.  vertex provide a very efficient energy-loss mechanism and
Arise naturall}r whcn a globdl symmetry is spon- thmr relative coupling is excluded hy many orders of

i P 1 B q K| - =T 1 L. T T T T A . T T I T . e



\Helioscope - Sumicao

A: Main cylinder
B: Refrigerators

|| C: Preamplifiers

D: Turn table
E: Motors

= | a: Cu cold finger

b: SC coils
c: He gas tube

| d: Pb shield
e: X-ray detectors

=




before CAST:
¢ BNL & Tokyo (Sumicq

¢ solaraxion-Braggscattering E.A. Paschos, K. Z. PLB (1994)
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Time-energy plot of the expected converted
solar axions with a germanium detector.
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CDMS Collaboration, PRL 103, 141802 (2009)
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The CASéxperiment

Location

CAST
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