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PRINCIPLE OF DETECTION

Production of axions: Primakoff effect of thermal photons in the Solar core.
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Detection principle: axions converting to photons in a magnetic field
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HELIOSCOPES AXION SEARCHES
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COHERENCE OF CONVERSION

Conversion Probability
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HELIOSCOPES AXION SEARCHES
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DAMPING GAS

Absorption of converted photons in Helium
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Absorption is Pressure and Energy dependent
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THE CAST EXPERIMENT

DESCRIPTION
CAST PHYSICS

GENERAL DESCRIPTION

® Decommissioned prototype LHC dipole magnet
Rotating platform

® Superconducting: operation at 1.8 K (Vertical: +8°, Horizontal: +40°)
® Magnetic field intensity: 8.97 T ~ 90 min per port and day

3 X-ray detectors
® Magnet length: 9.26 m X-ray focusing device

® Exposure area: Four ports of 43 mm diameter
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THE CAST EXPERIMENT -
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CAST PHYSICS PROGRAM

CAST PHYSICS PROGRAM

o CAST Phase |

- Vacuum operation. Completed during 2003 and 2004
o CAST Phase Il

- *He run. Completed during 2005 and 2006

. %He vapor pressure at 16.4 mbar
- Mass range covered up to 13.4 mbar

0.2eV < m, < 0.39eV (6)

- 3He run. Started in 2007 . ..

. 3He vapor pressure at 135.6 mbar
- Mass range to be covered up to 120 mbar

0.39eV < m, < 1.20eV (7)
o CAST at present

0.39eV < m, < 0.48eV Completed!!

(8)
READY FOR KSVZ MODELS !!

e Low energy axions (See Prof. Cantatore)
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CAST RESULTS

JuM RESULT
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CAST RESULTS

CAST “*He RESULT
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CAST RESULTS

CAST CoOMBINED RESULT

& T T T T T T T T
10 7]

SOLAX, COSME [

= AR

Tokyo helioscope

r *He
L “He
&/ T HB stars -
CAST phase | & ]
) ]
v = 4
& 9 £ ]
& o
L & g |
&
101 Ll LAl Ll L
10° 10? 10 1 10

Mayion(€V)

Exclusion plot for the axion-to-phot. to its mass.

CAST Phases I and *He

ME Ruz MENDARIZ. UNI HE UPGCRADED PERFORMANGE OF CAST




SYSTEM

THE CAST UPCRADE

THE CAST UPGRADE
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THE CAST GAs SYSTEM
D CN
IMPLEMENTATION

THE CAST UPCRADE N -
RELIABILITY

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”7 mbarls™
- Pressure Tested
All cycled at 1 bar
Prototype holds 3.5 bar

- Regularly baked-out to avoid cryopumping

1

Cold Window
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THE CAST GAs SYSTEM
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THE CAST UPCRADE IMPLEMENTATION

GAS SYSTEM REQUIREMENTS

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 IMPLEMENTATION

RELIABILITY

DESIGN

Metering stage and purification system

Metering device Cold Trap

Computational Fluid Dynamics Modeling

Simulation Simulation
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THE CAST
DEsICN
IMPLEMENTATION
RELIABILITY

THE CAST UPCRADE

Instalation of the gas system

Gas system Schematics Metering Volume

Instalation of the Expansion Volume and Recovery System

Expansion Volume Recovery System
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THE CAST UPCRADE IMPLEMENTATION

RELIABILITY

RELIABILITY

ThermoAcoustic Oscillations

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

Agreement with literature. Full Control of TAO's

Open Valves at 80 K Needle valves closed at 80 K
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THE X-RAY T E
THE MICROM DETECTORS

THE CAST DETECTORS

THE CAST DETECTORS

Exhaustive revision and upgrade of the CAST detectors

e The CCD Detector together with an X-ray focusing device
- VT4 port.

o Sunsise Micromegas
- Bulk technology (VT3 port).

o Sunset Micromegas
- Replacement of the TPC detector (VT1 and VT2 ports).

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

o The visible detector (See Prof. Cantatore)
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THE X-RAY TELESCOPE
THE MICROMEGAS DETECTORS

THE CAST DETECTORS

THE CCD DETECTOR

Replacement of the pn-CCD detector

Spare pn-CCD chip of the same type has been characterized and installed in order
to avoid noisy pixels and saturation problems

o New calibrator design and installation

o The X-ray telescope has been tested at the PANTER X-ray facility. Any loss of
efficiency due to potential surface contamination has been excluded
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THE X-RAY TE
THE MICROMECAS DETECTORS

THE CAST DETECTORS

THE MICROMEGAS DETECTORS

Bulk MM Installation.

e Sunrise side:
- New line was installed with possibility to use an X-Ray focusing device.

- Shielding of the detector.
Sunset side:
- In June 2007 the replacement of the TPC detector was approved.
- The Bulk/Microbulk Micromegas detectors were chosen.

- Shielding of the detectors.

&
S

New sunset
micromegas design

TPC detector of the
CAST experiment

New Sunrise Line
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THE -RAY TELESCOPE
THE MICROMECAS DETECTORS

THE CAST 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
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THE X-RAY TE COPE
THE MICROMECAS DETECTORS

THE CAST DETECTORS

THE SUNSET MICROMEGAS

Calibrator of the Sunset Micromegas

Installation of the shielding for the

Sunset Micromegas .
Present view of the Sunset

Micromegas
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THE CAST DETECTORS

THE X-RAY TELE PE
THE MICROMECAS DETECTORS

THE BEHAVIOUR OF THE DETECTORS

Very Preliminary Numbers

CCD Background (2008) = 8.76 x 1075 counts keV~!cm~2sec™!
Expected (2008) ~ 0.15 counts/setting

Sunrise Bulk Background = 7.66 x 10~7 counts keV ~!cm—2sec ™!
Expected (2008) ~ 0.16 counts/setting

Sunset Bulk Background = 8.89 x 1076 counts keV~lcm~2sec™!
Expected (2008) ~ 1.75counts/setting

Sunset MicroBulk Background = 1.99 x 1075 counts keV~'cm—2sec™!
Expected (2008) ~ 4 counts/setting
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COPE
S DETECTORS

THE CAST DETECTORS

THE BEHAVIOUR OF THE DETECTORS

TPC Background = 4.59 x 1075 counts keV~'cm~2sec™!

Expected (2006) ~ 50 counts/setting (15)

V5 Micromegas Background = 4.62 x 10~5 counts keV~!cm—2sec™

Expected (2006) ~ 28 counts/setting (16)

New CCD detector is working as well as its predeccessor
Background level of TPC has been improved by a factor ~ 20

Sunrise micromegas background level is really promissing

JaiME Ruz ARMENDARIZ. UNIVERSITY OF ZARACOZA THE UPCRADED PERFORMANGE OoF CAST



THE -RAY TE OPE
THE MICROMECAS DETECTORS

THE CAST DETECTORS
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TH -RAY TEL COPE
THE MICROMECAS DETECTORS

THE CAST DETECTORS

ION SEARCHES
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APPENDIX

A. The Micromegas detectors
B. ThermoAcoustic Oscillations
C. Gravity Role
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THE MICROMECAS DETECTORS

THE MICROMEGAS 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.

LT 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.
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MicroBulk schematics. ~ 50 um gap between mesh and the readout plane
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THERMOACOUSTIC OSCILLATIONS RELIABILITY

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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THERMOACOUSTIC OSCILLATIONS RELIABILITY

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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THERMOACOUSTIC OSCILLATIONS RELIABILITY

RELIABILITY

Agreement with literature. Full Control of TAO's

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

GRAVITY ROLE
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Thanks Biljana and Milica
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GRAVITY ROLE

GRAVITY ROLE
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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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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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