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Dark energy
Dark energy explains the accelerated 
expansion of the universe

Density of Dark energy : ~ 7 × 10−30 g/cm3

The Nobel Prize in Physics was awarded to Saul Perlmutter, Brian P. 

Schmidt and Adam G. Riess for their leadership in the discovery of the 

expanding Universe in 2011.

Dark energy models:
• Lambda-CDM model
• Quintessence or Scalar fields

(Modified gravity models)



Chameleon cosmology
Varying Mass

The mass of the chameleon

changes with the environment

field is governed by an effective

potential :

Chameleon Cosmology

J. Khoury, A. Weltman Phys.Rev.D69:044026,2004

An hypothetical scalar particle that couples

to matter more weakly than gravity,

postulated as a dark energy candidate
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Chameleons can couple also with 
photons like ALP’s (Phys. Rev. D82 (2010) 043007)
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Solar Chameleons

The spectrum of regenerated photons 

giving the number of counts per hour and 

per keV as predicted to be seen by a 

helioscope like CAST as a function of the 

photon energy in keV.

Phys.Rev. D85 (2012) 043014

The number of chameleons leaving the Sun. 

The integrated number of chameleons at the 

solar surface is 3·109 s-1 cm-2

small fraction of the solar chameleons could also be 

converted into X-ray photons in the photosphere and 

above, hence providing a possible explanation to the

corona puzzle



The Cast experiment @ CERN

• CAST →The first Chameleon Helioscope
Other experiments → ADMX , CHASE, OSQAR, Atom Interferometry ,cold neutrons 

A s.c. LHC test-dipole tracks the Sun with BL=91Tm, A = 4x14.5 cm2

A difficult experiment: the only moving telescope @ 1.8K (!?)



CAST’s Scientific program
• 3 main activities @ CAST

 InGRID detector for solar chameleons detection via βγ

 KWISP detector for solar chameleons detection via βm

 CAPP antenna for relic (cosmological) axions detection

• Scientific program approved by CERN for the next 3 years

more info: https://cds.cern.ch/record/2022893

https://cds.cern.ch/record/2022893


Solar Chameleons detection 
InGrid Detector

KWISP Detector

βγ

βm

Two detection possibilities

• Primakoff conversion inside a magnetic field (coupling to photons)

• equivalent radiation pressure on a suitable surface at grazing incidence (direct 

coupling to matter)



Chameleon foreCAST

SDD detector measurements
+
InGRID detector 

chameleon-photon coupling βγ

Detection prospects for solar and 

terrestrial chameleons

P.Brax, A. Lindner, and K. Zioutas

Phys. Rev. D 85, 043014

InGrid detector operated in the 
XRT focal plane



Detecting solar chameleons 

through radiation pressure
• Chameleons can be totally reflected by thin and dense 

foils (radiation pressure effect)

• Distinguished process from scattered neutrinos or WIMPs of 

individual atomic nuclei 

• Opto-mechanical measuring techniques 

• Same detection principle relies to other exotica with 

similar properties

S. Baum, G. Cantatore, D.H.H. Hoffmann, M. Karuza, 

Y.K. Semertzidis, A. Upadhye, K. Zioutas Physics Letters B 739 (2014) 167



KWISP: an ultra-sensitive force 

sensor for the Dark Energy sector

Detection by direct coupling to matter βγ
Membrane inside a high finesse Fabry-Perot optical 

resonator

M. Karuza G. Cantatore, A. Gardikiotis D.H.H. Hoffmann, Y.K. Semertzidis ,K. Zioutas. Published 

in Phys.Dark Univ. 12 (2016) 100-104/i.f. ~8



KWISP
Resonance modes of a confocal FP cavity are not perturbed if a 

transparent nano-membrane is aligned and positioned in one node of the 

standing intra-cavity electric field

extremely tiny forces can be measured, and the FP finesse acts a gain 
multiplier increasing the force sensitivity by a large factor

Place setup in the focal plane of the XRT to 
increase the solar chameleon flux by ~100

X-ray reflection is due to coherent Compton scattering of 
the photons with the mirror electrons. In contrast, 
chameleon particles reflect specularly from the 
background chameleon field extending beyond the mirror 
surface.



KWISP Fabry-Perot chamber
85 mm long Fabry–Perot cavity

two 1-inch diameter, 100 cm 

curvature radius, high-reflectivity,

multilayer dielectric mirrors

A Si3N4, 5×5mm2, 100nm thick 

membrane (made by Norcada Inc., 

Canada)

membrane-in-the-middle 

configuration

A CW 1064 nm laser

beam emitted by a Nd:YAG laser



Opto-mechanical force sensors
• A nano-membrane (a few 10s of nm

thick) placed inside an optical Fabry-

Perot resonant cavity does not perturb

cavity modes if perfectly centered and

aligned

Membrane movements in response to 

an applied force shift the cavity mode 

frequencies

• If a laser beam is frequency-locked to the

cavity using a feedback loop, the error

signal senses frequency shifts and can be

used to measure membrane movements

Laser-cavity frequency lock using a modified Pound-Drever-Hall scheme 

(see G. Cantatore et al., Rev. Sci. Inst. 66 , 2785 (1995)



KWISP CAST setup

sensitivity comparable to that of interferometric 
antennas that detect gravitational waves.

KWISP sensor is capable of detecting a displacement of 1,510-14

N/Hz, corresponding to 7,510-16 m/Hz

-force sensitivity already at the 300 K

thermal limit



Recent Progress with the KWISP Force Sensor-Ansys Simulations
arXiv:1510.06312v1

The force sensitivity of the 

micromembrane
The natural modes of 

micromembrane’s vibration 

(eigenfrequenies) 
The quality factor of the 

membrane Q 

power spectra of the feedback loop error signal.

-pump beam technique for the 
calibration



First data from a solar run

Signal-to-Noise ratio (SNR) near the chopper frequency (17 Hz in this case), 

measured in the power spectrum of the feedback error signal, as a function 
of time (INFN-Trieste) 

8 days of successful run for 2016

Data analysis in progress 
(Rijeka-Croatia  -INFN Trieste -Freiburg, Germany, & Patras-Greece )

ΝΕΧΤ αKWISP ??



Limits on βγ with KWISP



CAST people for the 1st KWISP run of the year



*CAPP: an Antenna for relic axions

Center for Axion and Precision Physics Research (CAPP)@Korea
Director Yannis K. Semertzidis
http://capp.ibs.re.kr/html/capp_en/

50 cm-long cavities inside the magnet, one in each CAST’s coldbore

Prospects for Searching Axion-like Particle Dark Matter with Dipole, Toroidal and Wiggler Magnets
O. K. Baker, M. Betz, F. Caspers, J. Jaeckel, A. Lindner, A. Ringwald, Y. Semertzidis, P. Sikivie, K. Zioutas
10.1103/PhysRevD.85.035018



Relic axion limits for CAST



CAPP cavity Ansys
simulations

• Copper Cavity in a polyethylene rods 

• Thomson gun effect 

• Coldbore displacements?

• dB/dt profile 



Thermal loads and 
mechanical loads 
Ansys simulations 
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InGRID







Maximum energy at which a chameleon particle can be focused by an X-ray mirror with density 10 g/cm3 (≈

the density of a Ni-coated X-ray telescope) and grazing angle ε, for several different chameleon models. The

dotted horizontal and vertical lines illustrate one example of a 600 eV chameleon incident on a mirror of

focusing angle 30', which is, for example, equal to the field-of-view of XMM/Newton. The chameleon will

be focused by this mirror if n=4 and βm=106, but will pass through the mirror if n=1 and βm=104.

K. Baker , A. Lindner , A. Upadhye , K. Zioutas, arXiv:1201.0079v1 [astro-ph.SR]

http://xxx.lanl.gov/abs/1201.0079v1


Minimum chameleon energy ω required for transmission through the atmosphere to the Earth’s

surface. The atmosphere has at sea level a density of ρm ≈ 1.2 ·10−3g/cm3. (left) The minimum

energy at normal incidence is the chameleon mass in the atmosphere, shown as a function of βm

and n. (right) Chameleons at nonzero incident angles θ require greater energies for transmission,

i.e., when the chameleons hit the plane of the denser surface less and less perpendicularly, more

and more energetic chameleons can be reflected

K. Baker , A. Lindner , A. Upadhye , K. Zioutas, arXiv:1201.0079v1 [astro-ph.SR]

http://xxx.lanl.gov/abs/1201.0079v1


accelerometer tests





The parameter phase space on the right 

side of the vertical dotted line gives the 

limit claimed to be excluded by the 

atom-interferometry method. 

The parameter space on the left side 

gives the range CAST-KWISP can be 

sensitive to. red: measurement at 300K, 

off resonance, force sensitivity 5x10-14

N/Hz½ . blue: measurement at 300K, 

near resonance force sensitivity 1.5x10-14

N/Hz½ reaching already the thermal 

limit. light pink: estimated at 300K 

assuming Q=105. light green: projected 

force sensitivity of 8x10-18 N/Hz½ at 30mK


