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AXIONS AND ALPS

Axion arises as a solution of the strong CP problem.

Peccei-Quinn = Introduction of new global and chiral symmetry that
is spontaneously broken at the energy scale of the symmetry f,

It implies the existence of a new particle 2 The axion

. . . 1 1
Axion properties: ma x4 i 7
a

Axion generically couples to photons and gluons. It could also interact
with fermions.
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AXIONS AND ALPS

Axion Like Particles (ALPs) or more generic WISPs, share the same
phenomenology as the axions. But in this case m, and g, are not
correlated

ALPs arise from extensions of the SM as pseudo NG bosons of new
symmetries that are broken at a high energy scale. Also, they appear in

string theory.
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AXIONS AND ALPS

Helioscope technique Proposed by P. Sikivie in 1983  PRL 51, 1415

120,

Thermal photons inside the strong
electric fields of the charged
particles in the solar plasma could
be converted into axions.

100 Prunakolf x 50

Non hadronic
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Differential solar axion flux (10" cm?2 s keV™")

Solar axions could be
reconverted into photons
inside strong magnetic fields
via “inverse Primakoff”
effect.

The axion signal will be an excess of X-rays in
detectors while the magnet is pointing to the Sun.

Low background X-ray detectors are mandatory!!!
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AXIONS AND ALPS

Probability of the axion-photon conversion:
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THE CAST EXPERIMENT

The CERN Axion Solar Telescope http://cast.web.cern.ch/CAST/

Operating at CERN since 2003, being the most sensitive helioscope, so far...

Sunset Decommissioned , ‘
detectors . LHC dipole magnet .
. SR/ ™ 3 Pt Sunrise
= Ll e

detectors

e T

X-ray
telescopes

Movable

platform
Magnet length: 9.26 m Solar trackings: X-ray detectors: I
. 5 . . quaz talk
Magnet aperture: 2 x 14.5 cm? ~1.5 h during Sunset - 3 Micromegas
Magnetic field: 8.8 T ~1.5 h during Sunrise -1 Ingrid detector
Desch talk
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http://cast.web.cern.ch/CAST/�

| THE CAST EXPERIMENT ___

CAST research program:

10-10 ________________________________________________________________________

CAST Vacuum

iy
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HDM

10-11 Ll

107 107!

Phase I: JCAP2007(04):010
Vacuum 2003-2004
m_< 0.02 eV

ay < 8.8+ 1071 GeV-!

Phase II: Buffer gas
“He 2005-2006  car2009(02):008

0.02 < m, <0.39eV
g, < 217 1010 GeV-1

3SHe 2008-2011  prr107, 261302
0.39< m,<0.64 eV
ay < 2.30 - 1010 Ge V!

PRL 112, 091302
0.64< m, <1.17eV
Bay < 3.30- 1010 GeV-1
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| LOW BACKGROUND TECHNIQUES

CAST microbulk Micromegas exploit different low background

strategies, developed under the T-REX project: JINST 9 P01001
Radiopurity; “Radiopurity of Micromegas
I readout planes”

O Astroparticle Physics 354 (2011)

Clean materials (copper, plexiglass, kapton,..)

3000
CAST-2014
2500 Sunrise

Manufacturing technology:
Improvements on the detectors performance
Better discrimination capabilities
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Amplitude (ADC)

Event discrimination: : ey
2D readout pattern via strips F
Time information from mesh pulse -

New AFTER front-end electronics "

0 100 200 300 400 500
Time bin (x 10 ns)

Shielding

Inner Cu shielding
External lead shielding
Active muon veto
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| LOW BACKGROUND TECHNIQUES

Canfranc Underground Laboratory (LSC) measurements:

LSC situated at Canfranc (Huesca) in the Spanish Pyrenees under Tobazo
mountain, with a depth of 2500 m.w.e. = muon flux reduced by a factor 10*

1.8e-06

- é573 —

'n 1.6e-06 [
(3]

1l.4e-06 |
Rn
1.2e-06 | Contami

1e-06 nation A

Cu
8e-07 | cathode

Background Level [keV ‘em’

oL T Pl
01/Feb 01/Mar 01/Apr 01/May 01/Jun 01/Jul 01/Aug
Shielding: 10 cm Pb + 2.5 cm Al cathode contribution:
inner Cu ~5 x 107 c keV-lem2s!
N, flux to avoid ??2Rn 222Rn contribution:

~3 x 108 ¢ keV-lem2s! per Bq m= of 222Rn
Internal components are
radiopure Final background level ~107 ¢ keV-lcms!

Axion search and research with low background Micromegas,11th Patras Workshop, June 2015, J.A. Garcia, U. Zaragoza 9



| LOW BACKGROUND TECHNIQUES

Measurements at surface level:

Muon
scintillators

- | = VETO OFF

Background level (keV 's'cm3)
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Energy(keV)

The contribution of the cosmic muons to the background has been measured.
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Two plastic scintillators have been installed
and the time difference between the
Micromegas and the veto triggers is stored.

Background level after veto cut:

~10° c keV-1lem=2st 250% of reduction
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| LOW BACKGROUND TECHNIQUES

Simulations are an important input to understand the experimental results.

=10

RESTSoft (Zaragoza):

GEANT4-> Drift and diffusion in the
chamber (Magboltz for drift and diffusion
parameters) = Electronic response.

- | —— total bkg

= - window/pipe

Background Level (keV'em?s1)

Simulated environmental y at CAST - Flux
characterized experimentally in the CAST
area.

Energy (keV)

Proposed upgrades at CAST:

3,

~|—=— simulation
| === surface
“|—=— underground |

- Increase the lead shielding along the pipe
to the magnet.

- Replace the steel pipe by a copper one.

Background (kev cm?s™)
<
|

107 5?;55555555555?;5555555553551.55555555
2 4 6 8 1012 14 16 18 20 22 - Use of an active muon veto.

shielding thickness (cm)
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| LOW BACKGROUND TECHNIQUES

Background level (keV 'cmis )

Sunset 1

Sunset Micromegas upgrade:

VETO OFF
——VETO ON
“|==—MUONS

[ 2]
.
[=5]
o

92 14
Enerqy (keV)

- New Micromegas detectors have been
manufactured.

- New shielding design, extending the
lead shielding along the pipes to the
magnet bores.

- 10 mm of Cu shielding.

- 100 mm external Pb.

- Cu strongback.

- Plastic scintillators for muon rejection.
- AFTER front-end electronics.

After the upgrade the background level
diminished to:

~10° c keV-lem=st > A factor ~6 of
reduction.

The scintillators account for ~50%
of the background events.
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LOW BACKGROUND TECHNIQUES

New Sunrise XRT + Micromegas line

X-ray Telescope. - X-ray optics specifically
ILIENIE, 101G XS designed and built for CAST.

Low background

J Micromegas. - Focal length 1.5 m
/ UNIZAR, CEA
| Q\‘ - Focusing spot 1-5 mm?
& -Big milestone for CAST - ~100
improvein S/B .

- Pathfinder system for IAXO.

XRT efficiency
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LOW BACKGROUND TECHNIQUES

A low-background Micromegas is placed in its focal plane

e B oo SR -New detector design: Cu raquette and
_P'.I.'EE gasket i 1
8 Cuchamber.

- Radiopure materials: Cu and PTFE.
- Field shaper.

- New shielding design: 20 mm Cu and
100 mm Pb.

- Plastic scintillator.
- AFTER front-end electronics.

Background
Excellent spatial and energy resolution. ~8 x 107 c keV-lem2s!
3000, ~ 10X10°
- CAST-2014 E C —VETO OFF
25000 Sunrise T -
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Eznaa- % B
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LOW BACKGROUND TECHNIQUES

Operating at CAST since September 2014.

Detector + = Calibration source & Acfive muon veto L LLNL telescope S

il 3 b= e b .XRT + Mlcromggas were
e e L S installed and aligned in

August 2014.

First time that an X-ray
focusing device has been
constructed for axion
research with a low-
background Micromegas in
its focal plane

Alignment procedure “Spider web” cathode X-ray finger run

B0,
R e

o TP

Sd 8 4 8 B 3.

" 2 [ e e ER ] SR P i FETET |
o 1 45 =l 55 B0 B85 m ™ a0
SirigaX
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LOW BACKGROUND TECHNIQUES

A revisited vacuum phase started in 2013.
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FUTURE PROSPECTS

Ultra-low background detectors are required for IAXO.

Redondo talk

Baseline technology = Micromegas

w oF . New Ré&D lines:
w10t =
= = E
2 F ¢ o : -Veto coverage: Extend the surface area
% A l as much as possible.
o107 E -, E .
= F Feafn : - New gas mixtures: Remove the ¥Ar
3 L 5 ] isotope. New base gas (Xe, depleted Ar).
a0 4 _
g107¢ R
g’) E E ra IO_RE TT
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FUTURE PROSPECTS

Lowering the energy threshold:

— 120
~ 1201
R 'i - — Primakoft x 50
New physics could be explored: e I
- Non-hadronic solar axions, which flux = %
could be larger than the Primakoff < oof
emission. £ w0
- More exotic particles: paraphotons, £ 2
chameleons, hidden photons... s L/ K
OO 1 2 3 4 5 6 7 8 9 10
E, (keV)
. -: 1O.s§ B L UL L L L B
R&D lines: - Solar v
=107 E
- New thin windows: Increase the cast
10" — E

efficiency at low energies.

- AGET front-end electronics: Reduce the 10t
low energy threshold. ]
10 E
- Resistive Micromegas: Higher intrinsic :
gain. al:
lﬂ-ld_lﬂl IIIIIII15I s 14I e 13I - l!l e 11 10 L]
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SUMMARY AND CONCLUSIONS

“*The CAST experiment has been looking for axions since 2003
being the most sensitive helioscope so far.

“*Low background techniques for Micromegas detectors have led
to a reduction of a factor ~100 in the CAST experiment.

% The new XRT + Micromegas system at CAST will improve the
sensitivity of the experiment and could be considered as a
pathfinder for IAXO.

% [AXO would require ultra-low background detectors and new
R&D lines have been proposed.

% The reduction of the low energy threshold of the Micromegas
will open new physics for IAXO.
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BACK UP

Invisible axion models:
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BACK UP

Solar axion emission:

Hadronic (Primakoff): Non-hadronic:

8 - Total

- ) :_ Primakoff x 50
Bahcall et al 2004 I N | FF

6 - —  TFB+BB

£OF N Bahcall et al 1982 2H N Compton

[107keV " year™ m™2)
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I ——— —
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Differential solar axion flux (10'° cm=2 s keV™)
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BACK UP

MICRO Mesh Gaseous Structure, developed by I. Giomataris =~ NmA376,29

MICROMEGAS are gaseous ionization detectors in the frame of the
novel MPGD technology.

Conversion region:

Ionizing
particle

- Generation of primary

------------------------------------------- e ion-electron pairs.
& . i - Drift and diffusion of the
onversion = .
region primary electrons.

............................................................................... Mes Amplification region:

Amplification region

50um

- Avalanche of electrons.

<7__|_ :7__I_ - Mesh signal.
G I G ) - Strips/ pixel signals from
S the anode readout.

Different manufacturing techniques: classical, bulk and microbulk.



BACK UP

Micromegas efficiency:

Efficiency
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BACK UP

The International AXion Observatory http://iaxo.web.cern.ch/iaxo/

Letter of Intent
submitted to
CERN received
positive
recommendation
SPSC-2013-0022

Conceptual Design
Review already

published
JINST 9 T05002

IAXO will enhance the helioscope technique by exploiting all the
singularities of CAST.


http://iaxo.web.cern.ch/iaxo/�

BACK UP

A dedicated toroidal magnet is planned for IAXO:

Keystone Box

Keystone Plate

Support
Feet

Magnet length: 21 m
Magnet aperture: 2.3 m?
Magnetic field peak: 5.4 T

Coil
Casing

Coil

Thermal
Shield

Vessel

The support structure of the magnet
allows solar trackings of ~12 h/day



BACK UP

X-rays telescopes at IAXO will be installed

290
280 /
2701
£ 760
:
‘EI 250
S
.“E 2401
E 230
2201
210F
.
2(!04
Focal length [m]
Signal to background ratio increased Focal length: ~5 m

by a factor 10* !!! Focusing spot: ~0.2 cm?
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