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AXION MOTIVATION

Axion motivation
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AXION MOTIVATION

THE STRONG CP PROBLEM

CP-symmetry must be violated in the Standard Model so that the existing asymmetry between
matter and antimatter of the Universe can be explained.
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Weak interactions violate CP-symmetry.

H , strong i i and

are i i under CP

transformation.

. UNIVERSITY OF ZARACOZA



AXION MOTIVATION

AN AXION INTERPRETATION

A possible solution to the invariance of CP in QCD is given by the Peccei-Quinn mechanism
that interprets the § — term of the QCD Lagrangian as a scalar field that later on will be called
the “axion” field
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The spontaneous breakdown of the Peccei-Quinn chiral symmetry implies the appearance of a
new particle. The “axion”, a very light pseudoscalar Goldstone boson.
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AXION MOTIVATION

AXION DET

Axions leave traces in detectors as mono-energetic photons produced via the Primakoff effect
in the presence of electromagnetic fields

® Solar axions: Helioscopes and crystals
Laser exps.

Lazarus, Tokyo, CAST
Crystals (SOLAX, COSME)

crystals

® Galactic axions: Haloscopes and Telescopes

y? CAST phase |
Haloscopes (ADMX, CARRACK) R EEE

Haystack Observatory

- \©

o Q
Microwave cavs® ‘(\@‘>
o

® Laboratory axions: Laser experiments <
R

Overclosure

PVLAS, OSQAR, LIPPS, ALPS
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HELIOSCOPES AXION SEARCHES

COHERENCE OF CONVERSION

Helioscopes axion searches




HELIOSCOPES AXION SEARCHES

PRINCIPLE OF DETECTION
COHERENCE OF CONVERSION

PRODUCTION OF SOLLAR AXIONS

Blackbody photons of the solar core could be converted into axions due to fluctuating electric
fields of the charged particles in the hot plasma

v+ (e ,%e) — (e, Ze) + a (Solar core) a+~v* — v (Earth magnet)

The interaction of an axion converting to a photon via Primakoff effect in the presence of
magnetic fields is the proposed detection mechanism for solar axions arriving the Earth

Xray

Flight time detector
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HELIOSCOPES AXION SEARCHES
PRINCIPLE OF DETECTION

COHERENCE OF CONVERSION

DIFFERENTIAL ‘ ON EARTH

Relative to the axion-to-photon couping strength, a parametrization to the differential axion
flux on Earth can be given as
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Differential axion flux at the Earth surface
due to Primakoff production in the solar core
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HELIOSCOPES AXION SEARCHES

PRINCIPLE OF DE CTION
COHERENCE OF CONVERSION

CONVERSION PROBABILITY

The proposed detection mechanism for solar axions arriving at Earth is their reconversion to
X-ray photons via the Primakoff effect in the presence of electromagnetic fields

Pay =

[%}2[3 cos gl]

2 1
TL_ 5= TL/2
10-10Gev —1 2
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Axion-to-photon conversion in the presence of a

nearly homogenous magnetic field B is only

effective when the polarization plane of the

f(aL)

photon is parallel to the magnetic field

In absence of a damping gas the conversion

probability
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HELIOSCOPES AXION SEARCHES

AXION MA

PRINCIPLE OF DE CTION
COHERENCE OF CONVERSION

The axion mass band for which an experiment is coherent can be extracted from the coherence

1

The converted photons are massless

) < 2(Ea/ke\">

(mf /keV .
! L - keV

1

A change of the magnet length is
able to select the axion mass of the

coherence

condition

4

1

The converted photons acquire an effective

mass m~

(mi/ke\'z) < (1113{/1(9\'2) +2 (—i“ﬂi?)

1

Able to extend the axion mass
sensitivity range of an experiment

with a fixed magnet length

Helium gas is a nice candidate since the free path of X-ray photons is large

m.yc2 = VArrghc - \/n. _, m, o~
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HELIOSCOPES AXION SEARCHES

PRINCIPLE OF DE CTION
COHERENCE OF CONVERSION

ABSORPTION OF PHOTONS IN HELIUM

The use of Helium gas in the magnet region of a certain experiment affects the free path of
the Primakoff converted photons

r Y

Absorption

Pressure and Energy dependent

o Photoelectric effect
(grey triangles)

o Coherent Scattering (Rayleigh)
(blue crosses)

0 Incoherent Scattering (Compton)

BT

10
Energy [keV]

Absorption of photons in Helium for 1 (red

squares) and 13 mbar (black crosses)
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THE CAST EXPERIMENT

The CERN Axion Solar Telescope
Experiment

Booh!
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THE CAST EXPERIMENT

GENERAL DESCRIPTION

Decommissioned prototype LHC dipole magnet Rotating platform

(Vertical: +8°, Horizontal: +40°)
~ 90 min per port and day

Magnetic field intensity: 8.8 T 3 X-ray detectors

X-ray focusing device

Superconducting: operation at 1.8 K

Magnet length: 9.26 m

1 2

Each bore of the twin aperture has a area of 14.5 cm

With a weight over 40 tons is capable to follow the Sun within an accuracy of 0.01°
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THE CAST EXPERIMENT

CAST DETECTOR!

DESCRIPTION

CAST DETECTORS

A MICROMEGAS
MICROMEsh GAseous Structure

Attached to the VT3 bore of the
magnet. Looking for sunrise

axions

ME Ruz RMENDARIZ. UN
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A CCD
Charge Coupled Device

A TPC

Time Projection Chamber

Covering the VT4 hore. Looks
for sunrise axions in parallel to

the MICROMEGAS

Py
Attached to the eastern end of
the CAST magnet covering both
magnet bores (VT1 and VT2).

Looking for sunset axions

oF FEBRUA 2009
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THE CAST EXPERIMENT CAST DETECTORS
CAST PHYsSICS PROCRAM

CAST PnHvysicS PROGRAM

e CAST Phase |
- Vacuum operation. Completed during 2003 and 2004

m, S 0.02eV

e CAST Phase Il
- Helium-4 run. Completed during 2005 and 2006

o Helium-4 vapor pressure at 16.4 mbar
o Mass range covered up to 13.4 mbar

0.02eV <m, < 0.39eV

- Helium-3 run. To be accomplished during 2007-2010
o Helium-3 vapor pressure at 135.6 mbar
o Mass range to be covered up to 120 mbar

0.39eV <m, < 1.20eV
o CAST at present

0.39eV < m, < 0.65eV Completed!!

(1)
KSVZ MODELS !!
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CAST RESULTS

CAST Results
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CAST RESULTS

UUM RESuULT
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CAST RESULTS

CAST COMBINED RESULT
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CAST RESULTS
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APPENDIX

A. The CAST Upgrade

B. Detectors Upgrade

C. ThermoAcoustic Oscillations
D. Gravity Role
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THE CAST UPCRADE THE CAST G

DEsIGN

IMPLEMENTATION

The CAST Upgrade
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THE CAST UPGRADE THE CAST GAs SYSTEM

DESIGN
IMPLEMENTATION

GAS SYSTEM REQUIREMENTS

Gas Confinement

® X-ray Windows
- High X-ray transmission
15 um polypropylene
- Transmission is ~ 95 % @ 4.2 keV
- Robust (Strong-back)
V5.2mm, [0.3mm, 05 mm
- Hermeticity tested < 1 x 10" mbarls™
- Pressure Tested
All cycled at 1 bar
Prototype holds 3.5 bar

- Regularly baked-out to avoid cryopumping

1




THE CAST UPCRADE

THE CAST GAs SYSTEM
DEsICN
IMPLEMENTATION

GAS SYSTEM REQUIREMENTS

Gas Injection

Metering modeling MFB modeling MRB modeling

® Metrological Pressure Measurement

- Stability, Accuracy, Reproducibility (< 0.01 mbar)

Thermally controlled calibrated volumes

Homogeneous thermalization with superfluid Helium

- Accuracy of the gas measurements better than 60 ppm

- Possibiliy of Helium purification in case of leaks

- Recovery line to avoid the sudden increase of pressure during a QUENCH (~ 20 bar)
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THE CAST UPCRADE

THE CAST G
DEsIGN
IMPLEMENTATION

DESIGN

Metering stage and purification system

Cold Trap

Metering device

Computational Fluid Dynamics Modeling

Simulation Simulation




THE CAST UPCRADE THE CAST
DEsICN
IMPLEMENTATION

DESIGN

Gas system Schematics Metering Volume

Instalation of the Expansion Volume and Recovery System

Expansion Volume
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DETECTORS PCRADE
u THE MICROMECAS

THE UPGRADE OF THE CAST DETECTORS

Exhaustive revision and upgrade of the CAST detectors

1

e The CCD Detector together with an X-ray focusing device
- VT4 port.
e Sunrise Micromegas
- Bulk technology (VT3 port).
o Time Projection Chamber
- Wire chamber (VT1 and VT2 port).
o Sunset Micromegas
- Replacement of the TPC detector (VT1 and VT2 ports).

- MicroBulk technology (VT1 port).
- Bulk technology (VT2 port).
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DETECTORS UPCRADE

THE MICROMEGAS DETECTORS

THE MICROMECAS DETECTORS

o Conventional Micromegas: The pillars are attached to the mesh. A supporting
ring is adjusting the mesh on top of the readout plane and the High Voltage fixes

the mesh to

the read out plane.

o Bulk Micromegas: The pillars are attached to a woven mesh (30 um Stainless
Steel) and to the readout plane. Reachable Energy resolution (18 % @5.9 keV)

- Advantages: Uniformity, easy use, robust.
- Disadvantages: Limited Energy Resolution due to mess thickness.

L LI L L L

Bulk schematics. ~ 128 ym gap between mesh and the readout plane

o MicroBulk Micromegas:The pillars are constructed by chemical process of a
kapton foil, that is attached to the mesh (5 um Cu) and to the readout plane.
Reachable Energy resolution (better than 15 % ©@5.9 keV)

- Advantages:Uniformity, Energy resolution and better stability at long term runs.
- Disadvantages: Complexity in manufacturing process, fragility.

JAaiME RUuz ARMENDARIZ.
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MicroBulk schematics. ~ 50 um gap between mesh and the readout plane
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DETECTORS UPGRADE
u THE MICROMECAS DETECTORS

THE SUNRISE MICROMEGAS

Line design of the Sunrise Micromega Shielding design of the Sunrise

Micromega

Front view of the Sunrise micromega Back view of the Sunrise Micromega
inner shielding before closing the inner shielding

. UNIVERSITY OF ZAR.



DETECTORS UPCRADE
THE MICROMECAS DETECTORS

THE SUNSET MICROMEGAS

Calibrator of the Sunset Micromegas

Installation of the shielding for the

Sunset Micromegas .
Present view of the Sunset

Micromegas

. UNIVERSITY OF ZARACOZA LA THUILE



LIABILITY

THERMOACOUSTIC OSCILLATIONS

RELIABILITY

ThermoAcoustic Oscillations

“Expontaneous acoustic oscillations of gas columns can be generated in a tube with
step temperature gradients without external force.”

How to stop them?

e During *He Phase
- Pressure Transducers inside the cold bore
- Home made dampers to “block” the flow.
- Fast Monitoring
- Oscillations Stoped

Transducer
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RELIABILITY

THERMOACOUSTIC OSCILLATIONS

RELIABILITY

o Implemented for 3He Phase
- Dampers to “block” the flow are ineffective due to the high pressures.
- Cryogenics needle valves to block the flow and open in case of QUENCH
- Oscillations Stoped

Needle valve design Needle valve Needle installation
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RELIABILITY

THERMOACOUSTIC OSCILLATIONS

RELIABILITY

Agreement with literature. Full Control of TAO's

100

Open Valves at 80 K Needle valves closed at 80 K
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GRAVITY ROLE

GRAVITY ROLE
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Probability of the axion-to-photon conversion Pgyimp
Calculated for an effective photon mass of 1 eV
Tile angles of 0° (red line) and 89 (black line)

Thanks Biljana and Milica
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GRAVITY ROLE

GRAVITY ROLE
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Probability of the axion-to-photon conversion Pcpyp
Calculated for an effective photon mass of 1 eV
Tilt angles of 0° (red line) and 8° (black line)

Thanks Biljana and Milica
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GRAVITY ROLE

GRAVITY ROLE
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Ratio CNA as a function of the axion mass
Calculated for an effective photon mass of 1 eV
Tile angles of 0° (red line) and 8° (black line)

Thanks Biljana and Milica
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Reduction from 0.47 to 0.26 (arbitrary units)
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GRAVITY ROLE

GRAVITY ROLE

r
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Reduction from 0.47 to 0.26 (arbitrary units)
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Ratio CNA; as a function of the axion mass
Calculated for an effective photon mass of 1 eV
Tile angles of 0° (red line) and 8° (black line)

Thanks Biljana and Milica
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