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The open guestion since Fritz Zwicky (1933) is:

What is “dunkle Materie” made of?

Fritz Zwicky
1898 - 1974

axions and WIMPs ... WISPs = ... more ?



Dark Matter: something invisible?
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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%

® But, what is dark energy or dark matter ? ‘

® A particle relic from the Big Bang is strongly implied for DM / DE
- WIMPs ?

- Axions?

i =» Beyond Standard Model physics!
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nEDM?

=» Parity (P) and time reversal (T) violation,
if the neutron has an EDM d in addition
to the measured magnetic dipole moment p

=» CP is not conserved

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

The strong interaction conserves CP => no nEDM



nEDM =» Searching for P-violation in nuclear forces!

€ expected nNEDM ... ~um/1AU
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Why doesn’t the neutron have an EDM?

C.A. Baker, et al., Phys. Rev. Lett. 91 (2006) 131801 http://www.physics.ucla.edu/hep/dm10/talks/carosi.pdf 8



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

The neutron’s 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?

=» the “Strong CP Problem”.  Where did QCD CP violation go?



Roberto Peccei ___Helen Quinn

Physics motivation for axions: | + 7

solve the strong CP problem:
why nEDM — 0

spin-parity = 0 = = x°, Y (M1) ~ stable!

Axions 2 cosmology € dark matter
+ Sun,

- solve solar problems?!

- The new ~axion fingerprints?

10



With (solar) axions:

New elementary particle

Solves the strong CP problem

Dark matter problem

New solar physics >

> hext #

solar mysteries

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

- other candidates: chameleons, ...



E. Georgiopoulou / UoPatras
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more?

Solar Axions: #tor =~ 3.9 - 1013¢cm 25 1



SU N > thelab for new physics

Allowed emission of exotica <10%L

solar

=300 ktons/s » L./ L

corona

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

> accumulation over 4.5Gyears!!
... without visible ageing effects.

But, unexpected surface photon excess/deficit,

OR, some other anomalous behaviour?

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



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

Flare ‘trigger’: biggest mystery

EM (10** cm™)

Flare 2—-NOV—92

-Active sun >

Lx < 10%° erg/s

106 10’ Temperature

¢+ 16 MK I

108

> =Sun’scoreT

chance coincidence?

S. Orlando, G. Peres, F. Reale,
Adv. Space Res. 32 (2003) 955
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Flare ‘trigger’: biggest mystery

Lx < 10%° erg/s

EM (10* em™)

Flare 2—-NOV—92

>( =Sun’score T \

-Active sun >

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

Adv. Space Res. 32 (2003) 955

106 107 Temperature 108



a-helioscope -



H. Primakoff
The Primakoff Effect 1951 “m .

A,Z 'y

Behind all present axion work!

B,E
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Idea #1

...the principle

N

Pierre Sikivie 1983

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

Karl van Bibber

Idea #2 ... the detector design

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 > WISPs

Sun

Production: Primakoff effect
Thermal photons interacting
with solar nuclei produce Axions.

Differential axion flux on Earth

(E,)=4.2keV

GeVv?

S = N W A Y
7T T

Axion flux|1 Omcm'zs'jker]

Xlo—lo
PSR T BT S

L1 L1 P e | P
0 2 4 6 8 10 12 14
Axion energy [keV)
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X-ray

detector
Signal: excess of X-rays

during alignment over
background

Earth

Detection Inverse Primakoff:
axion interacting coherently with a strong
magnetic field (~¥B?) converts to a photon

Expected number of Photons:

do,
N, = jdE P, -S-t-dE,

a

Posy = 171017

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 in BNL 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 (Sumico)

> solar axion-Bragg scattering E.A. Paschos, K. Z. PLB (1994)

140

® all underground DM exp’s
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r 1100~

® TL G.Kitis etal.
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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)

23



The CAST experiment

Location

24






—

Decommissioned prototype LHC dipole magnet.
B=9T, L=9.26m




CAST = a difficult experiment:

- 1.8K
superconducting (= quenches!)

moving / alighment

Cryo Fluid Dynamics of buffer gas
- tracking

low background X-ray detectors

-> the only(!?) telescope at 1.8K

27



Twice per year (March/September) direct optical check
A camera on top of the magnet aligned with the bore axis

Corrections for visible light refraction are taken into account
' i
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The Magnet Pointing precision is well within our requirements (0.5 mrad)




Tracking system precision

Several yearly checks cross-check that the magnet is Sun Filming
following the Sun with the required precision

. Twice a year (March — September)

GRID Measurements Direct optical check. Corrected for
- Horizontal and Vertical encoders define the optical refraction
magnet orientation

. Verify that the dynamic Magnet
Pointing precision (~ 1 arcmin) is within

. Correlation between H/V encoders has been
our aceptance

established for a number of points (GRID
points)

. Periodically checked with geometer s
measurements
8

L Pre jection at 10 m.  Movingiright
6 March 2008, V.

March 2008, V.
S~

y [mm]

—

SUNSPOT 1108







CAST X-ray telescope: MPE

Magnet
Bore X-Rays
@ 43 mm
Focus
Nested | Il
Parabolic )
Mirrors
/ CCD-Detector
Iﬁ—'—:—'—'_'—:: / SPDT @ 3 mm
Iﬁ'
e Focal Length 1600 mum
-
Focal plane
Donbly ,’

Reflected -
x-ravs,/'f P

Nested Hyperboloids

LR r
,/Duublv

4 Refleeted
# K-rays

-2 ID + signal-to-noise improvement S
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X-ray Telescope / CCD

Background Signal simulation

' I 9.00 g9

200 2,00 200 g

2.2E-01
I e Spot position well determined
7 730 =2 o Full sensitivity of telescope
150 150 exploited
1.33 6.00 L4E-0L
5 e Counts in the spot compatible
E‘ -
- ! with background level
100 SR 1.00 100 450 I LLE-0l
e Background rate 1-7keV:
0.67 3.00 7R
. ~ 8x10->cts keV'lcm2s1
50 50
.6E-0.
0.33 1.50
\
\
\
. 0 3.9E-10 \
0 e . 0.00 () e e e 0.00 \
0 10 20 30 40 50 60 0 10 20 30 40 50 60 X—Coordinate [Pixell \

¥
Solar axions!

paraphotons, chameleons?



CAST phase Il = principle of detection m_, > 0.02 eV

 Extending the coherence to higher
axion masses...

e Coherence condition (gL << 1) is recovered
for a narrow mass range around m,

2 2
mg — ms,

2F

q| =

IraN.,
1/ ™ _2891/ Sp eV
me

o+ Number of electrons/cm3
p gas density (g/cm3)

CAST

0. ol
X (107" GeV /{.m)

b

N

t=1y (33 days)

m_ [eV]




Coherence |ength? =» Gas behaviour simulation (CFD)

S, i5¥3Eifisfit
: EEEDcewme . m

p [kg/m’]

0¥

.6

05

.4

0.2

(=1

X-Coordinate [m]
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preliminary
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Converted axion spectrum

Am=0.0088, AP=0.33mbar (4 steps)
(E)=6.48 keV =» off-resonance

“T-l__-_
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36



10°°

1079
T T e
8 3
) SN
z § 0.01 01 mleVv] 1.
10712 g\ ‘ 60\9 E“’E T T T T
1S} \Q micrawave cavity : 0(\6@ s C .
- N B g e =
N ! = g 3
§ ||; C n
N = v =
-15 2 e -
T TP T e E E
107 108 1073 107! 10 & [ N
Mayion(€V/C2) = 3
10 _;4 | L | | |
1 " m, [e\;IcZ]

... SCAST: 1999 =» 2020

37



101t Meeting of the CERN / SPSC

CAST Physics Proposal to SPSC

K. Zioutas on behalf of CAST

and
in collaboration with

D. Anastassopoulos, O. Baker, M. Betz, P. Brax, F. Caspers, J.Jaeckel,
A. Lindner, Y.Semertzidis, N. Spiliopoulos, S. Troitsky, A. Vradis.

CERN, 5th - April 2011
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Future: repeat vacuum runs and more ...

R S A AN E =>» parallel with paraphoton & chameleon runs
3 & 12 calendars months dat .
= | taking ULB MM ]
oo (~107 cts /keV/cm?2/s) __
E Q'\'é
o
L O E
107! - 7 @e”Q\ E
S f
E ]
10-12 1 \\\IIH‘ | \\IHII‘ | I\IIIHl 1 \IIHII‘
10 107 10 10! 1 10
maxiun(ev)
— 10'8: \ T LI . B—"
2 | ULBMM (107 cts/keV/cm?/s) -
ol = significant improvement in
ol S € 3.2-16 mbar: 6,12 & 18 : >
N calendar months background wrt. 2006

(1.5, 3 and 4.5 trackings/step) | ® crossing axion KSVZ model
B I - . et \ON T = could start in autumn 2011

=» no competition in sight

lO-l] 1 1 !
10" 1

axion



Solar paraphotons - peyond M physics

Hidden Sector particles =» Theoretically motivated
- kinetic mixing: Y « vy’ oscillations
- NO magnetic field! =» NO cold bores needed

- Vacuum path length relevant for oscillations

-> upstream in front of the detector

— agood sensitivity requires: 3 ULB MMs & FS pnCCD

— also for chameleons!

M. Davenport, S. Gninenko, S. Troitsky, C. Yeldiz, K. Z. (2011)



Solar paraphotons — CAST already provided strong limit

Jupiter

-12

-15
-18 -13 -12 -2 -6 -3 0 3 e 3 12

Log,,my[eV]
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Paraphoton detection sensitivity = Off-pointing

Ideal XRT /CCD

x 8 S1.0keV
g _9 > 0.7 keV
—l
> 0.1 keV
~10
~11
_12,
—4 3 9 -1

Logo(m/eV)

1st off-pointing measurements:
0.7R, & +30°
4x100min, 24-27/4/2011

ntial flux

Differe
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1.E-06
1.E-07

1.E-08

Low energy threshold: MM + CCD!

Solar paraphoton flux

m=10eV

10 100eV 1keV 10keV

To be evaluated!

Lowering energy threshold — increases the sensitivity = more flux

M. Davenport, S. Gninenko, S. Troitsky, C. Yeldiz, K. Z. (2011)

44



Solar Chameleons P. Brax, K. Z. PRD (2010)

Chameleons are DE candidates to explain the acceleration of the Universe

Chameleon particles can be created by the Primakoff effect in a strong
magnetic field. This can happen in the Sun.

The chameleons created inside the sun eventually reach earth where they

are energetic enough to penetrate the CAST experiment. Like axions, they
can then be back-converted to X-ray photons.

In vacuum, CAST observations lead to stronger constraints on the
chameleon coupling to photons than previous exp’s.

When gas is present in the CAST pipe, the analogue spectrum of
regenerated photons shows characteristic oscillations: D

=» axion helioscope = chameleon helioscope, but @ LE!!



Solar Chameleons - CAST

P. Brax, A. Lindner, K.Z. (2011)

6, % 107

5, % 1077

4, % 10"

Mass

3, % 107

Chameleon Mass

2,% 107
Matter Coupling

60

10

Non — resonant Spectrum

0.1 mbar
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0,2 I DI,4 ‘ 0‘,6‘ OzB I lI,O ‘ ll,2l l‘,4 ‘ 116 I IIS I 21,0
energy

Non — resonant Spectrum
10+
8,
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d.‘\"
(}_
do
o]
2_
1 keV
‘0I2I0I4I0I6‘DI8‘IIU']I_III4'I6'IS 20
energy
—— The analogue spectrum [/hour/keV] of regenerated photons as predicted to

The mass of the chameleon in eV

around the tachocline (~0.7R

in the CAST pipe with vacuum is:
Mgy, = 40 peV/c?

solar)'

dN

= Low energy threshold: MM + CCD!

+ vacuum

dw

— 301

be seen by CAST: matter coupling = 106, B=30T in a shell of width 0.1R

solar

Non — resonant Spectrum

1 mbar

[keV]

T L4 T - i
02 04 06 08 10 12 14 l6 18 20
energy
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Solar Axions / Paraphotons / Chameleons

* Detector requirements: =2 simulation for all detectors’ FOV
= XRT performance!

— XRT/CCD
e FS-CCD with ~100 eV threshold exists

- MM
e LET - transparent windows
* ULB

* Operational energy range 200eV —7 keV
(paraphotons/axions/chameleons)

TES
=> feasible!!

=» Theoretical estimates in progress
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Towards a new generation axion helioscope

>> 50 — 100 MEUROSs project
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New "magnet” a la ATLAS ‘ L. Walckiers’/CERN

suggestion

« CAST enjoys one of the best existing magnets ,x::;"::ﬁcjim:‘:f;\::x?“‘“"d“”‘”

than one can “recycle” for axion physics Vaum/('\p“(’“
- LHC test magnet W ¢ S

* Only way to make a step further is to built a new L “{"“.\ \ ,." }°°'l:‘ ‘5
magnet, specially conceived for this. vi;gmvfém

* Work ongoing, but best option up to know is a ké’wm("%
toroidal configuration: YA A

T - -

— Much bigger aperture than CAST: ~0.5-1 m / bore
— Lighter than a dipole (no iron yoke)

— Bores at room temperature

Magnet . X-ray optics

Vacuum bore

50



ATLAS: In case of axion to photon conversion, the photon will probably escape
to the Electromagnetic Calorimeter and it will be recorded as a Minimum Bias event.

Muon Detectors Electromagnetic Calorimeters

Total weight A :7000T \Q\ A
Overall diameter // \\ 20m  sgenoid |\ & rward Chibdineters
£ \‘ “\ rware ul el
:)nverall !.en gt : 4‘.\0 m \ \ End Cap Toroid
agnetic f 0 \ 4

Hadronic Calorimeters Shielding v

< 46m

CMS: In case of axion-photon conversion =»
the photon will be recorded in the EM
Calorimeter, as a Minimum Bias event

(single photon).

22m

Total weight
Overall diameter
Overall Length
Magnetic field

112500 T
:15.0m
:21.5m
14 Tesla

CRYSTAL ECAL A
15m
\C FORWARD v




How much beyond CAST?
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Towards a new relic axion antenna with CAST?

Dielectric waveguide inside the CAST magnet may perform as a new kind of
“macroscopic fiber”, being a sensitive detector for relic axions:

- ~ 0.1 -1 meV rest mass range (experimentally inaccessible)



... Solar axions / paraphotons / chameleons / ....
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quiet Sun

+ FIRAS COBE satellite
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B LBL - Haly Wehite Min & South Pols
Princeton  ground & balloon

* Cyanogen opiical
—2.7T28 K hlackbody
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outburst

5785 ° Planck spectrum

logarithm of the flux of radiation multiplied by the wawvelength

-FT -5 -0 -4 -3 =2 -1 u} 1 2 3
FFEC!.IEI'IC]"[GHZ] logarithrm of wawvelength in centimetres

AT/T ~a fewx10-3 AT/T ~ 103

New physics! | > » new physics?! .,

|




CAST @ the Sun? B, - ignored

S. Tsuneta, AAPPS Bulletin, 19(#3) (June 2009) 11
http://www.cospa.ntu.edu.tw/aappsbulletin/data/19-3/11Hinode.pdf

Mystery or harbinger of exciting new physics?
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W. GROTRIAN, 1939
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Corona ... enigma.... 2011
the coronal heating mechanism remains unknown!

.... but with ~axions?

B. De Pontieu, et al., Science, 331 (January 2011) 55-58
http://www.sciencemag.org/content/331/6013/55.abstract
See also http://www.sciencemag.org/content/suppl/2011/01/05/331.6013.55.DC1/De-Pontieu.SOM.pdf 57



http://www.sciencemag.org/content/331/6013/55.abstract
http://www.sciencemag.org/content/suppl/2011/01/05/331.6013.55.DC1/De-Pontieu.SOM.pdf
http://www.sciencemag.org/content/suppl/2011/01/05/331.6013.55.DC1/De-Pontieu.SOM.pdf
http://www.sciencemag.org/content/suppl/2011/01/05/331.6013.55.DC1/De-Pontieu.SOM.pdf

Expected ... -> CAST phase |

16 Solar Axion spectrum 2D simulation

| »
. P

5 10
E_.. [keV] RHESST science nugget

H. Hudson, 30.4.2007
m,« 10-4eV/c?

http://www-astro-theory.fnal.qgov/events/080201presentation. pdf
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http://www-astro-theory.fnal.gov/events/080201presentation.pdf
http://sprg.ssl.berkeley.edu/~tohban/nuggets/?page=article&article_id=50

Relative Intensity

.observed! (3 mFI0%VicE > casT phasen

, E,~0.3-4keV
Typical analog solar o Y .
X-ray spectrum solar minimum solar maximum
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10
Energy [keV]

M. Tsagri, Diploma Thesis, UoPatras
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From 3 independent results:

- WDs cooling rate (g,,)

- SN1987A neutrino-signal (g,,) < limit

- Sun’s X-rays power law (g,,.)

2 m,_,=10-20[meV/c?]

> SCAST!?



What axions-WISPs can do”? ...

... inspire novel terrestrial / celestial experiments!

Collaboration work with Axel Lindner / DESY

=» anomalous nuclear decays

=» Experiments must be observationally driven 2 beyond conventional thinking.

PATRAS WORKSOPS: ... ‘crazy-ideas”
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“Thank you Konstantin,
And continue to do
‘crazy’ things. They are the
only thing interesting in life.”

G. Charpak, 1992

e o’ p I would like to sincerely thank you for your warm message of corigratulations
which gave me great pleasure.

Please accept, with the expression of my gratitude,
my very best wishes.

GEORGES CHARPAK

A 2 i o



RHIC: Heavy ion collisions - EDM of high T QCD matter!?

B=10'Gauss Particles carrying charges of
opposite sign will be emitted into

different hemispheres. Fluctuations
of the charge symmetry with
respect to the collision plane, which
have been observed by STAR, may
therefore be a signature of local
parity violation.

Schematic view of the charge separation
along the system's orbital angular momentum.

Y. Semertzidis / BNL

DEKharzeev, Phys. Lett. B633 (2006) 260

http://physics.aps.org/view image/3187/large/1
http://physics.aps.org/viewpoint-for/10.1103/PhysRevLett.103.251601
http: Ay bnl.govitoday/story .asp?ITEM NO=1588

http:/hwww pa.msu.edufconfimand2010/talkstkharzeey pdf




Back-up slides
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dwg OoTO0 OKOTEIVO ZUMTTAV

Me auTég TIC vEEC dUVATOTNTEC TTOU OlagaivovTal PTToPEi va 000l pwe OTO OKOTEIVO TUAMA TOU
2 UpTTavToG. MNMapdAAnAa Ba cuvteAéoel WS KATAAUTNG TNV AUCH MEYAAWY KAl AAUTWYV TTPORANUATWY
NG ZUuyxpovns PuoIkng, OTTWC:

A)

B)

r)

2KOTEIVI) UAN: péow Tng avixveuong nAIakwy axions (1 GAAwY owaTidiwy PE TTOPOPOIES
1I010TNTEC), TTOU cUoXETICovTal e TO TTPORANPA diaTAPNONG TNG ZUPMETPIag OuoTIHIOG-
PoprTiou oTIG loxupéc ANANAETTIOPACEIC. AUTO TTEIPAPATIKA EKQPACETAI UE TNV (OUCIAOTIKA)
EANEIWYN NAEKTPIKNG DITTOAIKAG POTIAG TOU VETPOVIOU,

Kpu@og Topéag: péoa amd tnv avixveuan NAIOKWY TTOPAQWTOVIWY, JE TNV KATOOKEUN
VEWV TTPWTOTTOPIOKWY TNAECKOTTIWV NAIOKWY TTOPAPWTOVIWY, 1, TNV aclotroinon 0edouévwyv
ToU TNAcokoTTiou HUBBLE o€ TpoxId. AuTO icw¢ TTpoXWwPNoEl oUVTOPa HECW TNG
ETTECEPYATIAC EIKOVWYV UTTOOTPWHATOC TTOU YivovTal Kadnuepiva yia Adyoug BabuoAdynong.

2 KOTEIVI) EVEPYEIA: TNV avadeign NAIAKWY XauaIAeOVTwy Je To CASTkal yéoa atrod
avaAuon - etreCepyaaia NAIOKWY OEOOUEVWIV.

A) To puoTtRplIo TNS NAIOKAG KOPpWVAGS: To pdRAnua TS Bépuavaong Tou HAlakoU oTéPPaTog

gival Eva atrd 1a yeyoaAuTepa TTPORARUATA TNG AOTPOPUOIKAC YEVIKOTEPA. H TTpdTOON HOG
gival TTwW¢ cwuaTidla OTTWG TT.X. Ta axions pe pada npepiag ~17meV/c? A GAAa cwuaTidla pe
TTAPOMPOIEG IDIOTNTEG €ival TA KATA TTAEIOTOV UTTEUBUVA CWPATIOIA YIA TO YAIVOUEVO QUTO. H
OUVEXION OXETIKWV MEAETWYV OKOTTO €XEI va BEATILOOEI KAl VA I0XUPOTTOINCOEI AuTO TO
QTTOTEAEOHA KATI TTOU cUpBaivel edw Kal ~10 xpovia. Npo@avwg diaypa@etal Kal n
TTPOOTITIKI KATAVONONG TNG ECWTEPIKAG DOPNG Kal Asitoupyiag Tou un TTPoRAEWINOU {wodoTn
‘HAiIou, kail kat’ eTTEKTaoN OAWV TwV AAAWV ACTEPWY OTO ZUMTTAV.
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On axion as dark matter candidate

Wilczek conclusion (“Physics Today”):

I’m much more optimistic about the dark matter problem.
Here we have the unusual situation that two good ideas
exist... wimps and axions.

Witten conclusion (“Axions in String Theory”):

Axions are ubiquitous in string theory; as necessary as
gravitons. Couplings and masses of dark matter QCD axions
are tightly constrained: Allowed couplings are within a range
of x7 and the mass is constrained to the two decades

10 -10“eV.

The axion remains a very attractive dark-matter candidate.

=>» Axion experiments are relatively inexpensive!!

http://www.physics.ucla.edu/hep/dm210/talks/carosi.pdf



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

