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� exercises?

� Ongoing research!
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aBragg

aBragg feedback:   solids with large  periodicities!?

a-e coupling:  axioelectric effect  �

http://prd.aps.org/abstract/PRD/v82/i6/e065006

2010

Z. Ahmed et al., CDMS,  PRL 103, 141802 (2009)

http://prl.aps.org/pdf/PRL/v103/i14/e141802

� WDs



a-axion-electron coupling

aBragg via

coherent Compton scattering?

excersize!

Q:

Similarly to Primakoff scattering off the nucleus 

� off the atomic electrons too?

σ
c

~  (E
a
/511keV)2

DAMA� annual modulation

http://www.springerlink.com/content/qw511728p3386645/fulltext.pdf

Signal:
higher rate in June,  
lower in Decemeber

Background: 
constant in time?

A testable conventional hypothesis for A testable conventional hypothesis for 

the DAMAthe DAMA--LIBRA annual modulationLIBRA annual modulation

February 2011February 2011

Abstract: The annual modulation signal observed by the DAMA-LIBRA Collaboration (D-L) may 

plausibly be explained as a consequence of energy deposited in the NaI(Tl) crystals by cosmic 

ray muons penetrating the detector. Delayed pulses in the approximate energy range of interest 

have been observed as a sequel to energy deposited by UV irradiation. The same behavior may 

be reasonably expected to occur for energy deposited by any source of ionization or excitation. 

D-L can test this hypothesis by searching for time correlations between muon events and pulses 

in modulation energy range in current data, and by renewed operation of the array at a 

sufficiently low temperature that would freeze out the phenomenon. 

D. Nygren, astro-ph/1102.0815  http://xxx.lanl.gov/abs/1102.0815

++ S. Gninenko, private communication.

Axion production and detection

• Use the sun as an active source of both plasma fields and 

nuclear processes to produce axions

• Convert solar axions into detectable photons via 

coherent Primakoff effect in a laboratory magnetic field

� always!

...elsewhere too!     � starsstars!

Sun:  

A perfectly shielded (radioactive) source of:

neutrinos, 

axions, 

chameleons, 

paraphotons(),

....  
:10.1016/0370-2693(89)90880-0

�

aMößbauer effect ... with “wall” between source and absorber!!



http://prl.aps.org/pdf/PRL/v66/i20/p2557_1

Thermal nuclear excitations inside stars

� Axion emission from 

nuclear M1-transitions

http://prl.aps.org/pdf/PRL/v75/i18/p3222_1

Axion emission from 57Fe 14.4keV M1-

transitions

Solar axion

spectrum

�� nuclear denuclear de--excitation via axion emissionexcitation via axion emission ((J J 
ππ

aaxxionion
=0=0

--
,1,1++,2,2

--
,,……))

→→ axion emission from maxion emission from magagnetic netic nuclear nuclear transitionstransitions

→→ monoenergmonoenergeticetic solar asolar axionsxions ((EEaa ≈
≈EEtransitiontransition ))

�� excitation of nuclei in the Sun  (kTexcitation of nuclei in the Sun  (kT ~ ~ 1.3 keV) : 1.3 keV) : 

•• thermalthermal excitationsexcitations :   :   5757Fe (14.4 keV)Fe (14.4 keV) ,   ,   8383Kr (9.4keV)Kr (9.4keV)

Axion emission from nuclear transitions

Due Due to Doppler broadeningto Doppler broadening, , 

axions could be detectedaxions could be detected

via resonant absorptionvia resonant absorption

Γ = 4.7 x 10-9 eV, Erecoil= 1.9 x 10-3 eV

Ereds= 0.15 eV
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Search for solar axions using 57Fe – RBI /Zagreb

M. Krčmar, Z. Krečak, M. Stipčević, A. Ljubičić,
D.A. Bradley, PLB 442 (1998) 38

�� Axion source: thermally excited Axion source: thermally excited 5757Fe nucleiFe nuclei

-- 2.2% abundance in natural Fe (solar abundance 2.7 x 102.2% abundance in natural Fe (solar abundance 2.7 x 10--55))

-- 14.4 keV axion spectrum14.4 keV axion spectrum ::

W.C. Haxton & K.Y. Lee, PRL 66 (1991) 2557; S. Moriyama, PRL 75 (1995) 3222 

SOHO: Fe XII ( 19.5 nm)
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N = 2.9 x 1017 g-1, τ
γ
=1.3 x 10-6 s

µ0 , µ3 = isoscalar and isovector nuclear magnetic momentsβ = -1.19, η = 0.80

Gaussian

Doppler broadening

Search for solar axions using 57Fe – RBI /Zagreb

EExperimentalxperimental setupsetup::

•• Si(Li) detectorSi(Li) detector

•• resolution resolution @ @ 1414.4 keV: .4 keV: 235 eV235 eV

•• targettarget made of made of enriched enriched 5757FeFe

(m= 31.53 mg, (m= 31.53 mg, ΦΦ=10 mm, d=53=10 mm, d=53µµm)m)

•• efficiency efficiency @ @ 1414.4 keV:.4 keV: 1.6%1.6%

Search for solar axions using 57Fe – RBI /Zagreb



doi:10.1016/S0370-2693(98)01231-3

t  = 61.34 dt  = 61.34 d

NNγγ = 56 = 56 ±± 201201

Upper limit on axion Upper limit on axion mass was mass was 

set :set :
→→

mm
a a 
<< 745745 eV  eV  (9(955% CL)% CL)

Search for solar axions using 57Fe – RBI /Zagreb

doi:10.1016/j.physletb.2007.01.005

Search for solar axions using 57Fe

http://www.springerlink.com/content/j34n65v7536p450x/fulltext.pdf

Search for solar axions using 57Fe

� based on axion-electron coupling

Axion emission by bremsstrahlung-like process

� Interesting!

<E> <E> = 1.6 keV= 1.6 keV

•• based on electron scattering off protons and He nuclei in the Subased on electron scattering off protons and He nuclei in the Sun n 

Axion emission by bremsstrahlung-like process

� sub-keV!!

axion emissionaxion emission: bremsstrahlung    : bremsstrahlung    axion detection: axion detection: axioaxio--electric effectelectric effect

<E> <E> = 1.6 keV= 1.6 keV

Signal: number of events in channel “n”:

Search for solar axions using axion-electron coupling @RBI-Zagreb



EExperimental setupxperimental setup::
•• HPGe detectorHPGe detector

•• resolution resolution @ @ 2.02.0--3.83.8 keV: keV: 660eV 660eV 

•• targettarget HPHPGeGe detedetecctortor

m=m=1.5 kg1.5 kg, , ΦΦ=67 mm, d=80mm=67 mm, d=80mm

•• efficiency efficiency @ @ 2.02.0--3.8 keV3.8 keV:: 100%100%

Results:Results:

g
ae 

= 4.4x10-11

g
ae

= 5.0x10-11

g
ae

= 3.7x10-11

conservative limit:conservative limit:

gg
ae ae ≤≤ 4.4x10-11

mm
a a 
≤≤ 334 eV   334 eV   (95% CL)

Search for solar axions using axion-electron coupling 

http://prd.aps.org/pdf/PRD/v83/i2/e023505

Search for solar axions using axion-electron coupling:  8.41keV, 
169Tm

Source excitation?

�� nuclear denuclear de--excitation via axion emissionexcitation via axion emission ((JJ
ππ

aaxxionion=0=0
--
,1,1++,2,2

--
,,……))

→→ axion emission fromaxion emission from mmagnetic agnetic nunuclearclear transitionstransitions

→→ monoenergmonoenergeticetic aaxionsxions ((EEaa ≈≈EEtransitiontransition ))

�� Excitation of nuclei in the Sun  (kTExcitation of nuclei in the Sun  (kT ~ ~ 1.3 keV) : 1.3 keV) : 

•• tthermalhermal excitationexcitation :   :   5757Fe (14.4 keV)Fe (14.4 keV) ,   ,   8383Kr (9.4keV)Kr (9.4keV)

•• nuclear reactionnuclear reaction :   :   77Be + eBe + e-- →→ 77Li* (478 keV) + Li* (478 keV) + ννee (384 keV)(384 keV)

Axion emission from nuclear transitions:    477keV, 7Li

http://prd.aps.org/pdf/PRD/v64/i11/e115016

“aMößbauer” effect:    M1, 477keV  7Li

Search for solar axions      from M1, 477keV transition  7Li with Borexino    CTFCTF

CTFCTF is a simplified scaled version of the Borexino detector. Its active volume, � 4 tons of liquid scintillator, is contained in a transparent 

spherical nylon vessel, 2m diameter and 0.5mm thick. The active detector is surrounded by 100 PMTs mounted on an open support structure. 

The PMTs are fitted with light concentrators which provide a 21% optical coverage. The construction is immersed in 1000m3 of high purity 

shielding water, contained in an external cylindrical tank 10m diameter and 11m high. Water shields the scintillator against γ radiation emitted 

by radioactive contaminants in the PMTs and their support structure as well as against γ’s following the capture of neutrons generated within 

the walls of the experimental hall. Another 16 upward-looking PMTs mounted on the bottom of the tank form an active muon veto system 

(MVS).

The BOREXINO Coll., Eur. Phys. J. C 54, 61–72 (2008)  

http://www.springerlink.com/content/194176060l870p86/fulltext.pdf

Search for solar axions from the M1-transition of 7Li w/ Borexino CTFCTF

The BOREXINO Coll., Eur. Phys. J. C 54, 61–72 (2008)   http://www.springerlink.com/content/194176060l870p86/fulltext.pdf

Search for solar axions emitted in the 478 keV M1-transition of 7Li performed with the CTF prototype of Borexino detector. The Compton 

conversion of axion to a photon, axio-electric effect, decay axion in two photons and Primakoff conversion on nuclei were searched. The 

signature of all above reactions is the appearance of 478 keV peak in the energy spectra of CTF. No statistical significant indications on axion 

interactions were found. The new, model independent, upper limits on constants of interaction of axion with electrons, photons and nucleons –

gAegAN ≤ (1.0–2.4)×10−10 at mA ≤ 450 keV and gAγgAN ≤ 5×10−9GeV−1 at mA ≤ 0 keV were obtained (90%c.l.). For heavy axions the limits gAe 

< (0.7–2.0)×10−8 and gAγ < 10−9 –10−8 at 100<mA < 400 keV are obtained in assumption that gAN depends on mA as for KSVZ axion model. 

These limits are (2–100) times stronger than obtained by laboratory-based experiments using nuclear reactors and artificial radioactive sources 

and put some restrictions for heavy axion models.



� maxion<13.9keV/c2

A sample with N7
7Li nuclei +

the Solar Standard Model:

doi:10.1016/j.nuclphysa.2008.02.306

“aMößbauer” effect:    M1, 477keV  7Li

http://prl.aps.org/abstract/PRL/v105/i25/e250405

Experimental Setup. The double crystal monochromator is adjusted to select the desired photon energy. The first

experimental hutch corresponds to the ALP generation area with the transverse magnetic field B1. The second 

experimental hutch contains the second magnetic field B2 which allows us to reconvert ALPs to photons. Photon 

detector: a liquid N
2

cooled Ge with a high quantum efficiency.

~1012 photons /s (50.2keV)        && ~3·1010 photons /s (90.7keV)

Laboratory experiment 2x  Primakoff effect

http://prl.aps.org/abstract/PRL/v105/i25/e250405

Laboratory experiment

� from / with Axel Lindner / DESY

� I
total

~ 1021 photons /s

Laboratory experiments Improvement? � excersize!!

� max?

a-helioscopes ��

http://prl.aps.org/pdf/PRL/v51/i16/p1415_1

P. Sikivie  1983

Idea #1

...the  principle



http://prd.aps.org/pdf/PRD/v39/i8/p2089_1

Idea #2 ... the detector design   .
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CERN Axion Solar Telescope: 
QCD Axions or other similar exotica � WISPs

Production: Primakoff effect

Thermal photons interacting

with solar nuclei produce Axions.

Detection Inverse Primakoff: 

axion interacting with a very strong 

magnetic field converts to a photon 

∫ ⋅⋅⋅⋅Φ= → aa
a

a dEtSP
dE

d
N γγ

Signal: excess of X-rays 

during alignment over 

background 

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

Pa�γ
≈ 1.7×10-17

http://theory.tifr.res.in/~jigsaw/talks/huber.pdf http://wingate.uoregon.edu/BSM_Fall05/davoudiasl.pdf

Birth of solar axion astrophysics in BNL    1990

Sumiko



R. Ohta, U.o.Tokyo

The Tokyo axion helioscope              SumicoSumico

R. Ohta, U.o.Tokyo

The Tokyo axion helioscope              Sumico  Sumico  

http://www.icepp.s.u-tokyo.ac.jp/~minowa/Minowa_Group.files/sumico.htm

See about Sumico  http://xxx.lanl.gov/PS_cache/arxiv/pdf/1002/1002.0468v1.pdf

http://xxx.lanl.gov/PS_cache/arxiv/pdf/1004/1004.1308v1.pdf

The Tokyo axion helioscope              SumicoSumico

Search for possible axions emitted by other celestial objects. We scanned about 

10% of the celestial sphere as shown in the following figure and searched for point axion sources. We also 

searched for axions from four compact objects, the galactic center, Sco X-1, Vela X-1, and Crab nebula. The 

AXION HELIOSCOPE is further directed toward the soft gamma ray repeater SGR 1900+14 to search for 

axions produced in it with its very strong magnetic field. No positive signal is found so far, and we put limits 

on the axion flux coming from them for the first time. 

http://www.icepp.s.u-tokyo.ac.jp/~minowa/Minowa_Group.files/sumico.htm

Sumiko

Cern Axion Solar Telescope

Thomas Sahner

CASTCAST

Rotating platform Rotating platform 

( Vertical: ( Vertical: ±±88oo,  Horizontal: ,  Horizontal: ±±4040o o ))

2x90 min solar tracking/day 2x90 min solar tracking/day 

Sunrise: XSunrise: X--ray Focusing Device coupled to CCD + 1 Micromegasray Focusing Device coupled to CCD + 1 Micromegas

Sunset: 2 MicromegasSunset: 2 Micromegas

Decommissioned  prototype LHC dipole magnet.

Magnetic field: B=9T

Length:            L=9.26m

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010



CAST is a difficult experiment:

- 1.8K

- superconducting (� quenches!)

- moving / alignment  

- Cryo Fluid Dynamics  of buffer gas 

� tracking

- low background X-ray detectors

� the only(!?) telescope at 1.8K

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 

The Magnet Pointing precision is well within our requirements (0.5mrad)

FilmingFilming

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

γ

B
X

γvirtual

α

CASTCAST

Location

The CAST experiment

CAST experiment

LHC



The CAST Collaboration

SCIENCE  308  15 APRIL  2005SCIENCE  308  15 APRIL  2005

Tracking system precision

• Horizontal and Vertical encoders define the 

magnet orientation

• Correlation between H/V encoders has been 

established for a number of points (GRID 

points)

• Periodically checked with geometer 

measurements

• Twice a year (March – September)

Direct optical check. Corrected for

optical refraction

• Verify that the dynamic Magnet 

Pointing precision (~ 1 arcmin) is within  

our aceptance

Sun Filming

GRID Measurements

Several yearly checks cross-check that the magnet is 

following the Sun with the required precision

Cold thin Windows

• Observation: “Dark spots” on the windows

– Condensation of water from residual vacuum (outgasing) of the “warm” side 

– Vacuum better controlled (pumped)

– Periodic bake out of windows

CONSTRAINTSCONSTRAINTS

+ pumping

• No pumping

• Fast Increase - ~13x, in about 3 seconds,

• Maximum increase < 20x, in about 200 seconds.

TAOTAOs X-ray detectors 

The CAST experiment

The X-Ray Telescope is 

focusing a ø43 mm x-ray 

beam to ø3mm

S/B improvement 

by ~150

Sunrise side

Sunset side

Unshielded Micromegas 

Detector

Background about

12 cts/h

CAST is a dipole magnet so it can host up to four 

detection lines (two at each side)

++

TPC chamber operated by the group at 

U. Zaragoza and covered two magnet 

bores. 

Backgr. level about 50 cts/hour



�� Spare # from german space program

... not in the original proposal!

� distinguishing CAST

�� ID potential: signal and noise 

�� CAST  fulfilled original proposal  from 1999 CAST  fulfilled original proposal  from 1999 

CAST XCAST X--ray telescoperay telescope

HECµM

XRT
CCD

HEC

• Wolter-I-type telescope (Prototype of ABRIXAS mission)
• 27 nested, gold-coated mirror shells
• Only one sector of telescope illuminated at CAST

pn-CCD (Prototype of XMM-Newton mission)
• Very good spatial and energy resolution
• Simultaneous measurement of signal and background

X-ray focusing device

CCD detector

X-ray telescope ++ CCD system

S/N improvement of ~100!

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

~ 8x10-5cts keV-1cm-2s-1

Signal simulation

••Spot position well determinedSpot position well determined

••Full sensitivity of telescope Full sensitivity of telescope 

exploitedexploited

••Counts in the spot compatible Counts in the spot compatible 

with background levelwith background level

•Stable data-taking

Mean background rate

(1-7keV)

Data in Phase II-3He

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

• Stable data taken!!

CAST phase II – principle of detection

• Extending the coherence to higher 
axion masses...

• Coherence condition  (qL << 1) is recovered

for a narrow mass range around mγ

N
e
: number of electrons/cm3

ρ: gas density (g/cm3)

a x i o n s

T r a n s v e r s e  ma g n e t i c  f i e l d  ( B )
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X  ra y

d e t e c t o r

X r a y

X  ra y

d e t e c t o r

L

A



Axion-photon probability conversion in a magnetic field.

The CAST experiment

Conversion probability

Buffer gas is required for 

recovering coherence with higher 

axion masses.

Vacuum phase

Buffer gas phase

Probability to convert an axion to photon in amagnetic field  ~B2 and ~L2.

The probability conversion is maximum 

when the momentum transferred is zero

Magnet field in vacuum conditions (m
ǳ

= 0)  enhances 

conversion probability for low axion masses 

m
a

< 0.02 eV

THIN axion mass resonance, many 

overlapping densities required for 

covering a wide axion mass region
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CAST Physics

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

CAST CAST Phase II  � 4,3He

Scanning progress:

Cosmological limitCosmological limit (Hannestad et al, JCAP 0507 (05) 002)(Hannestad et al, JCAP 0507 (05) 002)

Ongoing 

progress

Ongoing 

progress

~10 mbar~10 mbar

~0.340 eV~0.340 eV

K. van Bibber etal 1989 �

THERMO ACOUSTIC OSCILLATIONS

• Thermoacoustic oscillations were observed with 4He gas filling for p > 2mbar 

with f=3.7Hz and ~6% amplitude (δp/p); Isentropic model gives 3.5% density 

fluctuation (δρ/ρ).

• Phenomenon was studied and solutions designed; Damping plugs installed on 

the linking pipes

Not foreseen!

Gas behaviour simulation (CFD Simulations)Coherence length?

Towards a description of the axion mass coverage

The leak problem during 2008

Ideal gas approach of the pressure in the system starts to do not be 

accurate enough in this new phase.

A more accurate equation of state is used

The best approach to the density inside the cold bore is to translate the 

measured pressure directly into density

Pressure changes during tracking are related with density changes

The density at the magnetic region does not 

remain constant during tracking.

A new analysis method is required to be able to 

obtain a limit.



Jaime Ruz

Axion rest mass sensitivity The CAST Physics programThe CAST experiment

CAST Phase I (Vacuum), Completed (2003-04)

g
aγγ

< 0.88 × 10-10 GeV-1         m
a

< 0.02eV

JCAP04(2007)010, CAST Collaboration

PRL (2005) 94, 121301, CAST Collaboration

CAST Phase II (4He), Completed (2005-06)

g
aγγ

< 2.2 × 10-10 GeV-1 

0.02 eV < m
a

< 0.39 eV
JCAP 0902:008,2009, CAST Collaboration

160 density steps

CAST Phase II (3He), Running (2008-11)
0.39 < m

a
< 1.15 eV 

CAST requires a data taking period to cover 

axion masses up to ~1.2 eV.

The idea is to cover a conteneous axion mass region by  

overlapping thin axion mass resonances.

A backA back--up CCD system :up CCD system :

ElectronicsElectronics

New CCD chip:New CCD chip:

�� Lower  background (better selection of materials)Lower  background (better selection of materials)

�� Lower threshold Lower threshold (~200(~200eV)eV)

�� Better energy resolution (<160Better energy resolution (<160eV (FWHM) @ 6eV (FWHM) @ 6keV)keV)

�� Mechanical design, cooling system (CERN: engineers, Cryolab)Mechanical design, cooling system (CERN: engineers, Cryolab)

�� Decoupling of telescope and detector: Simplification of alignmenDecoupling of telescope and detector: Simplification of alignmentt

Imaging area

256 x 256 Pixels

75 x 75 µm2

1.92 x 1.92 cm2

Cold Finger

Heat Pipes

Cu Vessel

Graded-Z 

shield

Front view of the assembly:          

X-ray telescope + future CCD system:

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010

2nd X-ray optic

• Measured effective area (throughput) very different than simulations

• Several factors at play

Micromegas detector concept

Micromegas detectors for the CAST experiment

The Micromegas detector is a gaseous detector which consists of a readout that allows to 

obtain temporal and spatial information from any ionizing process that has been taken place in 

the detector chamber.

The detector is split into the:  a) drift or conversion region, b) amplification region.

In the drift region the initial ionization occurs, where each kind of event produces a particular 

electron cloud pattern (defined by volume, shape, etc) which is proportional to the energy of 

the event.

The amplification region allows to increase the signal intensity at the readout planes.

Temporal 

information

Spatial 

information

CAST Status
• ma<0.02eV

• Completed, (2003-2004)

• PRL94(2005)121301

• JCAP04(2007)020

• P< 13.4mbar, 160steps

• 0.02<ma<0.39eV

• Completed(2005-2006)

• JCAP02(2009)008

• P< 120 mbar

• 0.39<ma<1.16eV

• Started in Nov 2007

• Will continue  to July 2011

• High Energy Axions:  Data taking

with a HE calorimeter arXiv:0904.2103

• 14.4 keV Axions:  TPC data 

(arXiv:0906.4488)

• Low Energy (visible) Axions: 

Data  taking with a PMT/APD. 

(arXiv:0809.4581)

…. ???

�CAST Phase I, Vacuum

�CAST Phase II, 4He

�CAST Phase II, 3He

Parallel searches:

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010



Sunset detector
(covering two bores)

Typical Rates

TPC 85 counts/h (2-12 keV)

MM 25 counts/h (2-10 keV)

CCD 0.18 counts/h (1-7 keV)

CAST detectors, Phase I & Phase II-4He

New J. Phys. 9 (2007) 171

New J. Phys. 9 (2007) 170

unshielded MICROMEGAS

TPC

New J. Phys. 9 (2007) 169

X-ray telescope + CCD
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CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010
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CAST detectors, Phase II-3He

New generation Micromegas

X-ray telescope + CCD

Typical Rates

MM 3 cts/h (2-10 keV)

CCD 0.18 cts/h (1-7 keV)

Sunset detectors
(2 new Micromegas)
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CAST detectors, Phase II-3He

2nd generation Micromegas:

Novel manufacturing technique

(microbulk technology)

Materials selected based on low

intrinsic radioactivity

Improved shielding (modified TPC

shielding) 

See also
2010 JINST 5 P01009

2010 JINST 5 P02001

New generation Micromegas

Good potential for very-low background rates
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Sunset 1 Sunset 2

Sunrise 2d Hitmaps:
Uniform response of 

the detectors

Energy [keV]
3 5 7 91

2 e-5

1 e-5

3 e-5

2 e-5

1 e-5

3 e-5

Sunset 1

Sunset 2

Sunrise

Data in Phase II-3He

Mean background rate (1-7keV)

< 1x10-5cts keV-1cm-2s-1

CAST Status & Perspectives, Theopisti Dafni (UNIZAR), Moriond2010 84

Very low background:
Without loss of efficiency

Not really understood yet

Data in Phase II-3He

0.1 cts/h

1.6 cts/h
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4He + 3He coverage with Sunrise Micromegas detector

...byproduct � New solar axion-ID   

Remember: •

� exercise!

= π/L
coh

• CAST �

∆m=0, ∆P=0 �� @ @ resonanceresonance

〈E〉=4.48 keV

∆m=0.001, ∆P=0.037;  
〈E〉=5.36 keV �� offoff--resonanceresonance

∆m=0.002, ∆P=0.074;  
〈E〉=6.69 keV �� offoff--resonanceresonance

converted axion spectrum

newnew
aaIDID

converted axion spectrum 

∆m=0.0214, ∆P=0.83 (10 steps) 

〈E〉=6.46 keV �� offoff--resonanceresonance

∆m=0.0088, ∆P=0.332 (4 steps)

〈E〉=6.48 keV �� offoff--resonanceresonance

newnew
aaIDID



Search for HE/LE solar axions with 

CAST The CAST gamma-ray calorimeter

Motivation

• Axions or other exotica might be emitted in nuclear reactions within 

the sun (M1)

• Maximize sensitivity to high energy (MeV) axion signal via 

axionaxion--γγ conversionsconversions in laboratory magnetic field 

• Set limits on axion couplings and mass through solar model 

constraints 

David W. Miller, APS Apker Award, 8 September, 2005

Search for solar axion emission from 7Li 

and D(p,γ) 3He nuclear decays
JCAP, arXiv:0904.2103

Chicago calorimeter

adjustable platform 

for alignment

MicroMegas X-ray Detector

X-ray Telescope

Calorimeter installation on CAST magnet platform
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Calorimeter Design and Properties

• Large inorganic scintillating 
crystal (CdWO

4
)

• Low intrinsic background, 
high γ efficiency

• Low-background 
photomultiplier tube (PMT)

• Pulse shape discrimination

• Env. radon displacement

• Plastic scintillator as a 4π
active muon veto

• Borated thermal neutron 
absorber

• Sub-200 keV threshold

• 200 MeV dynamic range

David W. Miller, APS Apker Award, 8 September, 2005

Front ViewFront View

Side ViewSide View

Plastic Muon Plastic Muon 

VetoVeto

CWO 

Crystal

light 

guide

LowLow--bckg PMT bckg PMT 

Brass support tubeBrass support tube

ThermocoupleThermocouple

placementplacement

UltraUltra--low bckg Pblow bckg Pb

Incoming gammasIncoming gammas

(from magnet bore)(from magnet bore)

Pb shieldingPb shielding

γ’s

Muon veto PMT Muon veto PMT 

Characteristic pulse

50µs
rate~4 Hz

Compare solar tracking spectrum with background

• Solar tracking 

and background 

energy spectra 

for the CAST 

calorimeter

• Search for axion 

signal → look at 

residual!

David W. Miller, APS Apker Award, 8 September, 2005



Look for excess signal buried in data

• Signal: 

– mono-energetic peaks at 

low energies

– structured energy 

deposition at high 

energies

• Obtain 95% CL (2σ) 

allowed counts at each 

energy

Best fit (signal)
Best fit (bckg)

Best fit (sig+bckg)

95% CL peak

David W. Miller, APS Apker Award, 8 September, 2005

• Combine:

– 95% CL allowed photon flux:Φ
γ

– conversion probability:

P
a→γ

(a constant dep. on mass, 

after sep. g
aγγ

)

– helioseismology upper limit on 

axion flux: Φ
a

• Obtain limit on axion-photon 

coupling: g
aγγ

aaa

γ

aγγ

aγγaaaγ

m

m

P
g

gP

Φ
Φ

≤

Φ≥Φ

→

→

)(

)( 2

γ

γ

From “photons” to “axions”

Can fix either quantity to 

obtain limits on the other

Final results from the CAST calorimeter

• Alternatively, can use CAST 

X-ray limit on g
aγγ

(e.g., PRL 

94, 121301, 2005) to set upper 

limit on solar-axion flux Φ
a

• Use the helioseismology limit 

on Φa (0.2L
�

) to set upper 
limit on the axion-photon 
coupling gaγγ

David W. Miller, APS Apker Award, 8 September, 2005

Search for 14.4 keV solar axions 

emitted in the M1-transition of 57Fe 

nuclei with CAST.

14.4 keV solar axions   byproduct: 

JCAP12(2009)002   arXiv:0906.4488
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Motivation

�Is there a non-standard flux of low 

energy axions emitted by the sun?

a CAST ‘first’

�Improved detector (noise/100)

�Integrate permanently in parasitic mode 

during the 3He scan. 

Visible photons would convert into axions 

in the strong B fields of the Sun’s surface. 

An optical device (PMT + APD) was coupled 

to a magnet end.

First measurements in the visible (2-4eV 

energy range) in two periods in 2007 and 

2008: 

no signal excess over background

arXiv:0809.4581

BaRBEBaRBE::

Low Energy Axions
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bridge to other exotica too

� demanding ++ inspiring new experiments


