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QCD is very successful BU'T should violate CP invariance:
= neutron electric dipole should be x10"" the experimental limit! = “STRONG CP-PROBLEM”
Several ways to kill CP-violating terms, favorite is Peccei-Quinn broken U(1) symmetry;
Weinberg & Wilczek pointed out that this must generate a light pseudoscalar

= AXION (named after a laundry detergent...).

On top of this, an excellent Dark Matter candidate for some axion masses.

If Axions exist, they can be copiously produced in stellar interiors (n+n — n+n+a, y+e — a+e,
e'+e — aty, etc....) and play important role in stellar evolution:
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“Primakoff effect™ (x 2)

More generally: any boson which couples to charged particles can couple to two
photons via fermion (quark & lepton) vacuum loops (Schwinger):

We are therefore looking for axions or “axion-like” particles!




Many axion couplings possible, some in close parallel to photon processes
(e.g., "axioelectric effect”)

Most experimental searches based on PrimakofT effect (one of the photons being
"man-made”, i.e., a virtual photon provided by a strong magnetic field)

P.E. Smith and J_D. Lewin, Dark matter desection ,Phys. Rept. 187 (1880) 203.
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Fig. 5.3. Summary of possible stellar axion production processes (from ref, [5.13]).
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Old, ongoing & future searches + astrophysical constrains
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How to detect dark-matter axions (Sikivie, 1983)

Primakoff Conversion Resonant Conversion: hv = m,c2[1 + O(?)]

Pgig ~ (5x10-22W) . ( ) (m|) (ug‘f) (oasaev;cmﬂ) (3

Dicke’s Radiometer Eqn. — Integration Time
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This is a narrow-band experiment. There is no other way
to get the required sensitivity!
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Axion hardware

Magnet with Insert (side view) Magnet (Wang NMR Inc.)

B T ol IR SRR A

uw<«— Stepping motors

Liquid helium

360 cm

_Amplifier,
refrigerator

“T~Superconducting
- magnet
vV fe— §T, 6 tons

Pumped LHe - T~15Kk 8T, 1 mx60cmd

PO1672-kvb-u-004



As if this wasn’t hard enough : converted photon detection via Rydberg atom beam :

: By | —n'
[ axion | <= [ photon ] § [atom].
—n

KYO‘[O GI“OLp Axion Detector  'wetene= 8572 1549

- Photons are produced in tunable conversion cavity
- Passed into B-field free defection cavity

- Beam of Rydberg atoms absorb pholons n->(n+1)
- Selective Detectlion of (n+1) slates

Tuning Rod
Mixing Chamber i

T=10mK \‘. ",e

Conversion Cavity

/ 7T magnet

DMa, ¢ vienm¥

pownis ¥ o Bucking Coil

Rb Atomic Oven ‘/ Detection Cavity

Selective
Field lonizations+
e A —— Channeltron
%




First data at KSVZ sensitivity
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(C. Hagmann et al., Phys. Rev. Lett. 80 (1998) 2043)
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TN A CLASS oF ITS OWN : "PREDUCES" IT5 OWN~ AXIONS
/ (INOEPEDDNST OF S0LAR R ASTROMYSICS CobsMERATIONS)

PVLAS experiment

LN.F.N. Legnaro, LN.F.N. and University Trieste, Ferrara and Pisa - Italy " LAS

__
PVLAS principle
Perturb quantum vacuum with a magnetic field and probe it with a polarised light beam

PVLAS physics
PRy Leading diagrams Physical effect
Quantum Vacuum as a
birefringent medium By
QED and photon-

photon scattering

-""\
Neutral, light (axion-
like) particles
interacting with two
photons (dark matter
candidates)

Dichroism

G. Cantatore - PVLAS Collaboration- March 2002



PVLAS status - March 2002  F ¥

T ——t—

INFN Legnaro National Lab. PVLAS site (Padova, Italy)

Milestones

Achieved in 2001 .

—installed Stress Optical
Modulator (SOM) device
(developed within the
collaboration)

—several hours of data taking

—observed a “signal” at the
expected frequency

—initiated series of tests to clarify
the nature of the “signal™

Projected in 2002
—prove/disprove that “signal” is of
physical origin
—upgrade apparatus to visible
wavelength
—confirm year 2001 results

* Main technologies

— Superconducting, liquid He, 6 Tesla rotating magnet/cryostat
— High finesse/high Q (F = 100000,Q = 10'%) 6.4 m long Fabry-Perot

optical resonator..\ G. Cantatore - PVLAS Collaboration- March 2002

o~ oo Kn c?HaLer LENGTH



PVLAS - Main results as of February 2002

Measurement runs have been conducted in the following conditions:

— interaction region under vacuum (P < 107 mbar)
e B=0
* Bfrom3Tto56T
— two different initial polarisation states
— interaction region filled with N,, Kr, Xe
« several pressure values from ~10~ mbar to ~1 mbar

Results as of February 2002
— in vacuum
» when B = 0 no signal is observed at the expected frequency

 when B # 0 a peak appears in the signal spectrum at the expected frequency [

pat
— preliminary evidence of “correct” dependence from B* and the initial polarisation state
ONE waY FeR HE LioSCoES

- . IND BRAGE EXPERIMENTS
* signal peaks at the expected frequency Te HAVE MISSED THIS
o ; > I : Would BE AN £, Too
— preliminary evidence of “anomalous™ peak amplitude in N, at low pressures HIGH .
+ phase calibration of the apparatus (NEVER M ASTROPHYSICAL -
— the vacuum peak phase appears to lie along the “physical” axis defined by the N, and Kr signal w
peak phases
FINAL TEST To EXCLUDE G. Cantatore - PVLAS Collaboration- March 2002

Systemamces THIS SumMmer. |

D



M Kremar. Z Krecak. A Ljubieic. M Stipcevic, and D. A Bradley.,
Phys. Rev. D 64 (2001) 115016

Search for solar axions using L1 & =me
'S‘Fé,(luw@

* A novel approach to the search for solar axions has been proposed

» Hadronic axions of 478 ke\” might be emitted instead of y rays in
the deexcitation of Li

* The axions are accompanied by T ,=533d

emission of ‘Be solar neutrinos é iBe

of energy 384 keV’ N s

g pn W 10.4%
. = —_—

¢ As a result of Doppler broadening. ™

in principle these axions can be " 29.6%

detected via resonant absorption 2

by the same nuclide on the Earth 3



» The detection of subsequent emission of 478 ke\ v rays would
be a sign of axion existence
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* An experiment was made (A/= 56,72 g, ¢ = 8.3x10-. 7= 111.11days.
HPGe detector, background reduction —10) which has yielded

m, < 32 keV at 95% C.L.



SOLAX

Coherent Primakoff conversion in crystalline low-bckg detectors

¥ Proposed : E A. Paschos & K. Zioutas, Phys. Lett. B323 (1994) 367.
¥ Developed : R.J. Creswick er al., Phys. Lett. B427 (1998) 235.
¥ First search (HP Ge) : F.T. Avignone et al., Phys. Rev. Lett. 81 (1998) 5068.

/ Piggybacks on searches for WIMPs, double-beta decay
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First step : correlate each event in detector with solar position



time-dependence of expected signal as Bragg angles are struck :

4.0-4.5 keV 2 6.0-6.5 keV

F
=

Bt £ g
gt Bl =5

time (d) time (d)

Plenty of smoking-gun signatures. Example :

Axion- x-ray energy and Bragg angle are related as E (keV)= 12.396 / A( A) where
2dsinfg=m A(m=123.., d= distance between atomic planes) . as the Sun marches in the
sky, the incidence angle on atomic planes varies => E for enhanced conversion varies

accordingly... = ghostly “threads" of events in E vs. Solar position parameter
space expected...
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MUSt BE MENTIONED :

AXIONS OF MASS |-|00o mel CAN MEDIKTE NEW MACROSCOPC FORLES (R~0.2- 2come)
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AXION HELIOSCOPES:

X-ray derector
transverse Magnetic fleld

A low-background, low-energy detector required:

.lrllllillflllllllll

RoBusT
FRENCTION
(no} SEnSHIVR
4 5uim n-m:!ll

details)
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] 2 £ 8 8 10
Axion energy [keV]= x-ray energy
UTHER. Several efforts already: DM Lazarus er af, Phys. Rev. Leit 69 (92) 2333,
PI.EDICT E-,.u"-ﬂ-ﬂ k‘,\f’ S Moriyama ef aof, Phys. Lett. B434 (98) 147
D IMRRTANCE oF Low Ey .

+30 deg.

e

supeic enducting < wils .

XN-tay detecton

Tokyo group

Tokyo Helioscope: B~4 T, L~2 m
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Suryy [GEV]

Exclusion plot

10°%
axion helioscope
Ers a Amonmodels
b il : % (E/N =
10-10 | i i 4 iai4 im:

0.01

0.1
m, [eV]

NeW LIMITS ADDING He GAS
o PRESERVE COHERENCE
asho-ph /0204388

LIMIT OF SoLAR AXEN
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(Sl eiss Reelt vop /80742 )



LHC decommissioned test magnets:
a unique opportunity

B~9T, L~10 m = x 100 axion conversion power of Tokyo Helioscope.

However, attainable sensitivity roughly goes as.
(g° ry @ppears in probability of detection and emission)

1/8
9 -1 b
Zayy *1.42-107° (GeV )tua B2 172 A 1/4

bckg = background in X-ray detector in counts / day in few keV region
t = time of solar alignment in days

B = magnetic field in Tesla

1 = length of magnet in meters.

A = area of magnet opening in square cm.

Magnet length and intensity are the crucial factors.



CAST
(CERN Axion Solar Telescope)

Search for Solar Axions Using a
Decommissioned LHC Test Magnet

The Cast Collaboration

Athens, CERN, Chicago, Darmstadt, Istanbul, Lisbon, Milan,
Moscow (INR), Munich (MPE-MPI), PNNL Washington, Saclay,
South Carolina, Tel Aviv, Thessaloniki, Vancouver, Zagreb, Zaragoza

A BIG THANRS To LHC DIVISION ¢ DIRECTORKTE l



Magnet and platform status on May 14, 2002

He* flexible transfer line

Magnet Feed Box (MFB)
being connected to the magnet




TUD DapmstarT
( CRYp/ PumPING , AMS)

East-side end (looking towards sunset)

-
Magnet power supply

Counting room
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THE DETECTORS : 5mmmﬁrwwmr—

East side detector (looking at the setting Sun):

A conventional Time Projection Chamber (TPC)
built with low radioactivity materials (mainly ‘)

Plexiglas) "oLo rELIABLE "
Drift space 10 cm B
Charge collected by a MWPC at the end of the drift o S

space: 48 anode wires (y), 96 cathode wires (x)
wire spacing 3mm
Signal measurement by 10 MHz Flash-ADC s

EXPLODED
VIEW

| Sensitive volume:
| 29.1x14.7x10 cm?




Aow To REDUCE BACKGROUND ENEN FORTHER.?
(TRaaey 1N A SEA~ LEVEL- EXPER!IMENST)

Grazing Incidence X-Ray Telescope
(see R. Giacconi, Sci. Amer. 242 (1980) 70)

Paraboloid

_ Hyperboloid
Surfaces Surfaces

 —
e —— -
_"-—-n-_

Il

—

. Focal Poim

Il

X-rays

CAST X-Ray Telescope: X-rays from axion —photon conversion in the
magnet are focused onto a ~1 mm diameter image at 1.7 m

sy very favourable signal/noise ratio because of the small region
where signal is expected



The CAST X-Ray Telescope: a spare unit from the

ABRIXAS Space Mission
(MPG, MPEP)
* 27 nested shells
* Focal length 1.7 m
* To be fitted asymmetrically to
CAST magnet opening
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The CAST X-ray Telescope at PANTER

Test of the X-ray telescope with a MicroMegas detector
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FREIBURG + MP| (huosch)

CCD detector for the X-ray Telescope:

A 1 x 3 em? CCD presently in use in the XMM/Newton
X-ray Observatory in combination with an X-ray Telescope
similar to the one used by CAST

Ceramic-Substrate
(sample with CAMEX &
TIMEN chips; another as
obtained by manufacturer) Glue (for CCD)
EpoTek 920FL
Zero-Force Socket
Coating

(black, covered by
ceramic substrate)
NEXTEL-suede
coating 3101

Cooling Mask

Printed circuit board
(without parts)

- IF PVLAS "stewm”
Tin-solder 511?5- )
(W= s
DeTECTOR,
SEE 1T °

CCD can work in vacuum ™= no window is needed ‘7
Efficiency close to 100% over the full energy range P,



Teoh] — AXIEN OSCILLATIENS -
AN ACTERNATIVE To DISTANT SN DIMMING Wi [INWBKING "DARK. ENERGY "

Csaki, Kaloper and Teming, Phys. Rev. Lett. 88 (2002) 161302 (hep-ph/0111311)
http://t8web.lanl.gov/people/teming/axion.html IFTAL. GRS
JEEM TP Hel-D..
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FOR ONCE , INTEREST/NG COUPLINGS (ALMOST) WITHINT REACH
(Bowwo oN INTERGALACTIE B< 168G ovER 1Mpe GENERATED 90" 5 16" GeN/ !
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