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Summary

. Open questions and the Dark Side
¢ Dark Matter: Axions and WISP’s

¢ Dark Energy: Chameleons

II. CAST at CERN

® Solar Axions

® The CAST physics program: deeper in the Dark Side




® Matter-antimatter asymmetry

® Composition of the Universe

Hints and puzzles from cosmology

® (see your favourite cosmologist for more...)
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Main puzzles in the Standard Model

® |arge number of free parameters
® Does not include gravity
® (g-2), deviates from SM prediction
® “Fine-tuning”
® O parameter (CP conserved in strong interactions =
Axions!)
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® (see your favourite theorist for more...)
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Main puzzles in the Standard Model

® |arge number of free parameters
® Does not include gravity
® (g-2), deviates from SM prediction
® “Fine-tuning”
® O parameter (CP conserved in strong interactions =
Axions!)
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Light from the Dark Side!

Current view: the answers lie hidden in the
Dark Side and its interactions with known
physics (a.k.a. the SM)

The (astro-)particle physicist Holy Grail: identify
candidate particle components of the Dark Side
and find them!

® Dark Matter = WIMPs and Axions (maybe V’s and
other WISP’s)

® Dark Energy = Chameleons
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Main DM & DE candidate constituents

® WIMPs - Weakly Interactive Massive Particles (mass > 50 GeV)
® pros:
® SUSY neutralinos fit the bill
® cons:
® experimental evidence against (no SUSY seen at LHC,WIMP searches have reached the “neutrino limit”)

® feeble hints in astrophysical observations

® Sterile neutrino (mass ~ I03 eV)
® pros
® could explain the small values of the neutrino masses and matter-antimatter asymmetry
® cons
® experimental evidence against (MINOS+ at Fermilab)
e feeble hints in astrophysical observations

® Assioni e altre WISPs - Weakly Interacting Slim Particles (massa < | e




WISPs - Weakly Interacting Slim Particles

® Hypothetical particles with low mass (< eV), coupling weakly to baryons

-  WIMPs also couple weakly to ordinary matter, but masses > GeV

® WISPs

® Could solve a few of the SM model puzzles

® CP conservation in strong interactions = Axions
® (g-2), deviations from SM = Hidden Photons

® DM or DE candidate constituents

® Axions and Axion Like Particles (ALPs) = Dark Matter
® Chameleons = Dark Energy

: : ) : -10 |
® WISP search experiments probe extremely weak interactions (usually couplings < 10 = GeV ),
reaching energy scales not accessible at accelerators = complementarity

® Possible mediators with “hidden sectors” predicted in string theory

® Hidden Photons

® Mini-Charged particles

o ..
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WISP zoo...

® ‘‘standard”’ or QCD Axion

® Axion Like Particles (ALPs)

® Hidden Photons (HP)

® Mini-Charged Particles (MCPs




WISP zoo...

® ‘‘standard” or QCD Axion
® Axion Like Particles (ALPs)
® Hidden Photons (HP)
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Axion Primer




Axion Primer

® CP symmetry is found to be conserved in strong interactions




Axion Primer

CP-Violating Prameter B
Effective QCD Lagrangian L, < 8

aS
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87
® CP symmetry is found to be conserved in strong interactions

® However, the QCD Lagrangian has a CP violating term characterized by a O parameter
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Axion Primer

CP-Violating Prameter B
Effective QCD Lagrangian L, < 8

aS

GG,

nv

87
® CP symmetry is found to be conserved in strong interactions

® However, the QCD Lagrangian has a CP violating term characterized by a O parameter

® |n QCD the (nEDM) is proportional to 0, therefore CP conservation =6 =0 = nEDM =0

Aqcp QCD energy scale = 1 GeV

m,m,

m “nm) reduced mass of up and down quark
m,+m, )
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Axion Primer

CP-Violating Prameter B
Effective QCD Lagrangian L, < 8
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GG,
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® CP symmetry is found to be conserved in strong interactions

® However, the QCD Lagrangian has a CP violating term characterized by a O parameter

® |n QCD the (nEDM) is proportional to 0, therefore CP conservation =6 =0 = nEDM =0

Aqcp QCD energy scale = 1 GeV

. -9
® n ED M nEENEnEN g|Ve e =< I O ' m’ =&1’) reduced mass of up and down quark

(m, +m,
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Axion Primer

CP-Violating Prameter B
Effective QCD Lagrangian L, < 8

aS

u
872' Gb Gb,uv

® CP symmetry is found to be conserved in strong interactions
® However, the QCD Lagrangian has a CP violating term characterized by a O parameter

® |n QCD the (nEDM) is proportional to 0, therefore CP conservation =6 =0 = nEDM =0

Aqcp QCD energy scale = 1 GeV

. -9
¢ n ED M measu rements g|Ve e S I O " m, AQCD m :ﬁ reduced mass of up and down quark

® STRONG CP PROBLEM: QCD does not predict O, therefore a ‘“fine-
tuning” is necessary

*
e m

d ~0—
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Axion Primer

CP-Violating Prameter B
Effective QCD Lagrangian L, < 8

aS

GG,

nv

81T

® CP symmetry is found to be conserved in strong interactions
® However, the QCD Lagrangian has a CP violating term characterized by a O parameter

® |n QCD the (nEDM) is proportional to 0, therefore CP conservation =6 =0 = nEDM =0

Aqcp QCD energy scale = 1 GeV

. -9
¢ n ED M measu rements g|Ve e S I O " m, AQCD m :% reduced mass of up and down quark

® STRONG CP PROBLEM: QCD does not predict O, therefore a ‘“fine-
tuning” is necessary

*
e m

d ~0—

® Peccei and Quinn give a solution in 1977: 0 is a dynamical field with a <G> = 0.
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Axion Primer

CP-Violating Prameter

0<6 <

Effective QCD Lagrangian L oc O Y. = G”VG]MV

ihteractions

erm characterized by a O parameter

CP conservation =68 =0 = nEDM =0

Aqcp QCD energy scale = 1 GeV

m,m,

“nm) reduced mass of up and down quark
m, +m,)

ot predict 0, therefore a “fine-

amical field with a <6>=0

® Wilczeck and Weinberg (1978) immediately realize that this scheme generates a new particle
that they call “Axion”, after a detergent, since the Axion “washes away” the Strong CP
Problem.
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Axion Primer

CP-Violating Prameter

Effective QCD Lagrangian L, oc & % G, ‘G 0<6 <

buv
8 2

ihteractions

erm characterized by a O parameter

CP conservation =68 =0 = nEDM =0

4 0 e m Aqcp QCD energy scale = 1 GeV

n B m,m,

m, AQ oo " —ﬁ reduced mass of up and down quark

ot predict 0, therefore a “fine-

amical field with a <6>=0

® Wilczeck and Weinberg (1978) immediately realize that this scheme generates a new particle

that they call “Axion”, after a detergent, since the Axion “washes away” the Strong CP
Problem.

® Sikivie (1983) then describes the properties of the “invisible axion” (low mass and weak
interactions) = a good DM candidate which can be seen exploiting it effective coupling to

two photons (“Sikivie effect”) Photon Coupling

.E:gayl:f-ga a—--{:.:
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The “invisible” Axion

PHYSICAL RENVIEW™ LETTERS

Experimentnl Tests of the “Invisible™ Axion

PF. Skivie
y fnfmviment, 'vd " pheranr e . Flovede 12v2 1

(Received L) Jaly 190D

Experimenis are proposed which address B quention of the salatoncs of O “rviathde”
Acon for e whale sl e range of e anhm dovny compiast  These easerinonts oxpdodt
the coupding of the avin 0 the elactromageetio fledd, alon smiss e W P ., A o
e commedogical shumance and presumaed clastering of axdocs s the 3l of our gadeny

PACE mrplery: 1650000 1100, .00 g

® Axion haloscope

® Axion helioscope

G. Cantatore - OATS - March 20th, 2019



Chameleon primer




Chameleon primer

PHYSICAL REVIEW D 69, 033026 (2004)

Chameleon cosmology

Justin Khoury and Amanda Weltman
Institure for Strings, Cosmology and Astroparticle Physics, Columbia University, New York, New York 10027, USA

(Recerved 15 September 2003, published 27 February 200M)

The evidence tor the accelerated expansion of the Umiverse and the time dependence of the fine-structure
constant suggests the existence of at least one scalar fickd with a mass of order H,. If such a ficld exists, then
it is generally assumed that its coupling to matter must be tned 1o unnaturally small values in order to satisty

the tests of the equivalence principle (EP). In this paper, we present an altermative explanation which allows
scalar ficlds 10 evolve cosmologscally while having couplings to matter of order unity. In our scenario, the mass
ol the tiekds depends on the local matter densaty: the imteraction range 1s typacally of order 1| mm on Earth
(where the density is high) and of order 10-10* AU in the solar system (where the density is low), All current
bounds from tests of generad relatvity are satishied, Nevertheless, we predict that near-future expenments that

will test gravity in space will measure an effective Newton's constant different by order unity from that on

Earth, as well as EP violations stronger than currently allowed by laboratory expeniments. Such outcomes

would constitute a smoking gun for our scenano

DO 10.1103/PhyvsRevD 69 043026 PACS numberts); 04.50.+h, 04 80.Cc, 98 .80,k
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Chameleon primer

local matter

® Chameleons are a type of scalar WISPs " Sy density
having an effective mass depending on
the local matter density Mp1 Gmin

Effective mass




Chameleon primer

® Chameleons are a type of scalar WISPs
having an effective mass depending on
the local matter density

® This makes them candidate constituents
for the Dark Energy and allows evading
constraints on short range interactions
fixed by “fifth-force” measurements.
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, local matter
matter coupling density

/8 m p m
Mp1 Pmin
Effective mass

mgﬂ = (TL"‘ 1)




Chameleon primer

local matter

® Chameleons are a type of scalar WISPs density

having an effective mass depending on s 1)
Meg = (1

/8 m p m

the local matter density Mp1 Gumin’

® This makes them candidate constituents
for the Dark Energy and allows evading
constraints on short range interactions
fixed by “fifth-force” measurements.

® Chameleons couple

® to two photons (Sikivie effect inside a
magnetic field)

® directly to matter (no magnetic field
needed)

A4+n Bm ¢ By ¢
+ eMPLT pyy + e MR py,

¢n

Effective potential
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Where to find them...

® | ook for photons interacting with a magnetic field

® in the heavens

® stars (sun) as sources

® astrophysical processes producing or interacting with
WISPs

® in the lab

® send a photon beam through a magnetic field




CAST: axions and more
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8l The Sun is our primary source

Ky
=
I

magnetic fields of the hot solar core (coupling gayy)
and stream out freely reaching the Earth

® Chameleons are produced in the thin solar tachocline
region, with a 30 T magnetic field, from the Sikivie

conversion of photons (coupling By), then propagate
unhindered to Earth
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The Helioscope principle

® Axions and Chameleons produced in the Sun stream to Earth

® AXxions convert back into photons inside a magnet: detect the regenerated photons

e Chameleons have two possibilities

. . photon
Axion helioscope detector

- (‘t"{».‘j:.; " 4
500 seconds AXion

Flight time Ty NEYYYYY

N

Axion flux[1 0%cm= s keV 1]

O = 2 W A W

Earth 10 : 14

Axion energy |keV]

Chameleon helioscope, photon coupling photon
3 detector

S00 seconds Axion
: - - -

Chameleon Flux

Chameleon

Flight time Chameleon 1 1717t 1

5,
dFlux

do

Chameleon helioscope, matter coupling force

Chameleon Sensor

from Brax, hindner, Zioutas,

Flight time Chameleon  telescope ][ arXivil110.2583

1,5
Energy (keV")

Earth
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® )| institutes, 48 authors, |2
countries...

® Probing the mysteries
of the Universe since
2003 !

http://cast.web.cern.ch/CAST/CAST.php
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Sun visuals

I Sun filming through a window




Sun visuals

I Sun filming through a window




CAST as Axion Helioscope
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Figure 1| Sketch of the CAST helioscope at CERN to search for solar adons. These ¢
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Slide courtesy of H. Fischer - CAST Collaboration
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CAST as Axion Helioscope
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Deeper in the Dark Side




The CAST physics programme

® CAST has completed its original mission searching for evidence of solar axions

® “Axion helioscope” configuration with MicroMegas x-ray photon detectors

® Results published in Nature Physics: CAST is still the benchmark
reference for axion searches

® With a new physics program (approved by CERN() in October 2015)
CAST has expanded its horizons to Dark Matter and Dark Energy with three
new research lines

® detection of relic (or “Dark Matter”) Axions with j-wave resonant
cavities (axion haloscope)

e detection of photon-coupled solar Chameleons with the InGrid photon
detector

® detection of matter-coupled solar Chameleons with the KWISP force
sensor

(*) see G. Cantatore, L. Miceli, K. Zioutas, “Search for solar chameleons and relic axions with CAST”, CERN-SPSC-2015-021
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The CAST Physics Programme

- AN
S Solar Axions B

e g
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Dark Matter Axions




Haloscope search for DM Axions

G. Cantatore -

cold “relic” axions are believed to
accrete gravitationally around the
galactic halo resulting in a uniform
density of particles in the vicinity of
the Earth

halo axions can convert into a (M-
wave) photon in the presence of a
magnetic field, and a resonant cavity
enhances the convcersion probability

since the axion mass, and therefore
the converted photon frequency, is not
known, the cavity resonance must be
tuned in search of a power excess
over background

haloscope searches can be very

sensitive, but are extremely narrow
band

OATS - March 20th, 2019




V. Anastassopoulos et al. [CAST Collaboration], Nat Phys 40, 100001 (2017)
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V. Anastassopoulos et al. [CAST Collaboration], Nat Phys 40, 100001 (2017)
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Today: CAST as Haloscope

P~ by (2)B2-Q-V-C

Stored Energy

Q = 2nf Quality factor

Power Loss

o _ 1l BECs]
"~ B2V [E-Ed3x

Geometry factor
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min[Q,,Q.] = Q,/2 ~ 5,000; critical coupling | @ Projected Sensitivity:
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Cavity insertion in the CAST magnet
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Streaming Dark Matter

@ Distribution of DM in Galaxy not known

®» Believed to be homogeneous Sagita rius Stream:

@ distribution following stars:
®» |ocal density increase by 10°
» Sensitivity temporaly increased by 10>
®» Duty cycle O(1%) if crossing few days |

867,000 km/h
not 80 wale)

cf. https://arxiv.org/abs/1703.01436
Strateqgy:

@ fast scanning for CAST-CAPP

@ joint efforts of world wide cavity experiments

G. Cantatore - OATS - March 20th, 2019

Galactic Center

s Cou&esy Abraham Loeb / Harvard.

The Sagittarius Stream is a complex
structure made of tidally stripped stars
and dark matter from the Sagittarius
Dwarf Galaxy due to the ongoing merging
with our Galaxy the last ~5 Gyears.

Slide courtesy of H. Fischer - CAST Collaboration




Streaming Dark Matter

@ Distripiitinn af DM in (2alavi: nnat lennain

» B Search for streaming dark matter axions or other ;tl‘eam:
@ distr exotica Galactic Center

A. Gardikiotis', V. Anastassopoulos', S. Bertolucci?, G. Cantatore®, S. Cetin*, H. Fischer®,
* L W. Funk®, D.H.H. Hoffmann” 8, S. Hofmann®, M. Karuza'®, M. Maroudas', Y. Semertzidis'",
I. Tkachev'?, K. Zioutas"©

'University of Patras, Patras, Greece

2INFN, LNF, Bologna, Italy

3University and INFN Trieste, Italy

4Istanbul Bilgi University, Faculty of Engineering and Natural Sciences, Eyup, Istanbul, Turkeyi
5University of Freiburg, Germany

SCERN, Geneva, Switzerland

"Xi’An Jiaoton University, School of Science, Xi’An, China

8National Research Nuclear University MEPhI, Moscow, Russian Federation

9Munich, Germany

10Department of Physics, Center for micro, nano sciences and technologies, University of Rijeka,
Croatia, and, INFN Trieste, Italy

HDepartment of physics, KAIST, and Center for Axion and Precision Physics Research, IBS,
Daejeon, Republic of Korea

12INR, Moscow, Russia

CoUrtesy Abraham Loeb / Harvard.

DOTL: will be assigned

We suggest a new approach to search for galactic axions or other similar exotica. Streaming
dark matter (DM) could have a better discovery potential because of flux enhancement,
due to gravitational lensing when the Sun and/or a planet are aligned with a DM stream
[1]. Of interest are also axion miniclusters, in particular, if the solar system has trapped
one during its formation. Wide-band axion antennae fit this concept, but also the proposed
fast narrow band scanning. A network of detectors can provide full time coverage and a
large axion mass acceptance. Other DM searches may profit from this proposal. S u n

oo
-)
@\
—
s
\O
@\
=
<
'
o
S
R
N
S,
@\
>
o0
o0
V')
o0
<
of)
-)
oo
<
—
av]

Introduction tarius Stream is a complex
Strate made of tidally stripped stars
: and dark matter from the Sagittarius
@ fast scanning for CAST-CAPP Dwarf Galaxy due to the ongoing merging

with our Galaxy the last ~5 Gyears.

@ joint efforts of world wide cavity experiments

Slide courtesy of H. Fischer - CAST Collaboration
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Streaming Dark Matter

@ Distripiitinn af DM in (2alavi: nnat lennain

» B Search for streaming dark matter axions or other  DCFE€AIM:

@ distr exotica Galactic Center
» L
» S
»C

A. Gardikiotis', V. Anastassopoulos', S. Bertolucci?, G. Cantatore®, S. Cetin*, H. Fischer®,
W. Funk®, D.H.H. Hoffmann” 8, S. Hofmann®, M. Karuza'®, M. Maroudas', Y. Semertzidis'",
I. Tkachev'?, K. Zioutas"©

'University of Patras, Patras, Greece

2INFN, LNF, Bologna, Italy

3University and INFN Trieste, Italy

4Istanbul Bilgi University, Faculty of Engineering and Natural Sciences, Eyup, Istanbul, Turkeyi
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8National Research Nuclear University MEPhI, Moscow, Russian Federation

9Munich, Germany

10Department of Physics, Center for micro, nano sciences and technologies, University of Rijeka,
Croatia, and, INFN Trieste, Italy 4
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Daejeon, Republic of Korea a}/}/

12INR, Moscow, Russia

o SCANNING Fate X

We suggest a new approach to search for galactic axions or other similar exotica. Streamj

dark matter (DM) could have a better discovery potential because of flux enhancement,

due to gravitational lensing when the Sun and/or a planet are aligned with a DM stream

[1]. Of interest are also axion miniclusters, in particular, if the solar system has trapped

one during its formation. Wide-band axion antennae fit this concept, but also the proposed

fast narrow band scanning. A network of detectors can provide full time coverage and a

large axion mass acceptance. Other DM searches may profit from this proposal. S u n
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Introduction tarius Stream is a complex
Strate made of tidally stripped stars
: and dark matter from the Sagittarius
@ fast scanning for CAST-CAPP Dwarf Galaxy due to the ongoing merging

with our Galaxy the last ~5 Gyears.

@ joint efforts of world wide cavity experiments

Slide courtesy of H. Fischer - CAST Collaboration
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Chameleons




Chameleon to photon:
the InGrid/GridPix
detector



The InGrid based X-ray detector

 § 2 um Mylar entrance window

Detection of photons down to
277 eV (Carbon K, line) possible

Timepix ASIC combined with

Mag= 303X  Signal A=SE2 20pm| Stage atT=70.1° Fraunhofer IZM
WD= 18mm  EHT=2000kV — Chamber = 7.23e-004 Pa
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InGrid based X-ray detector

oo
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Each pixel represents a
single primary electron

3

10000

Charge [electrons)

0

S0

100 150
X [pixel]

200 250
Single 8 keV photon




photon-like signature on
central InGrid can now
be easily vetoed by the
surrounding chips

E ]
4]

e BE -> should reduce remaining

| ggfttg?:z: ke 4 background significantly

Poston of backgroand sveris «p %0 1 eV

Background distribution on
single InGrid chip in 2015

K. Desch - Status and Flans of

Slide courtesy of K. Desch - CAST Collaboration
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ournal of €osmology and Astroparticle Physics

Improved search for solar chameleons
with a GridPix detector at CAST
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Chameleon on matter:
the KWISP detector




The Kinetic WISP detection principle



http://cerncourier.com/cws/article/cern/63705
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i VUnperturbed membrane

® The opto-mechanical force-sensor
technology at the heart of KWISP has been
developed and tested preliminarily in the

INFN Trieste laboratory (see M. Karuza, G.
Cantatore, A. Gardikiotis, D.H.H. Hoffmann, Y.K.

Semertzidis, K. Zioutas, Physics of the Dark Universe, 12
(2016) 100-104)

® The CAST experiment is now equipped with
_. the latest version of the KWISP detector
E 3 looking for the direct coupling to matter of

5x5 mm? SisN4 membrane solar Chameleons (see G. Cantatore, M. Karuza and
K. Zioutas, Cern Courier, January-February 2016)
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The KWISP force sensor




KWISP @ CAST

® Exploits
® sun-tracking capability
® presence of flux-enhancing XRT

® KWISP versions




KWISP 1.5
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Precursor: KWISP |.5 at CAST

: = T Membrane
X-Ray Telescope on CAST

Chopper

’ ‘ ™
—. - \—

Solar Chameleons KWISP force sensor
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The Chameleon chopper

® Why does one need a chopper!?
® the sensor detects relative displacements, thus a static displacement is not seen
® a time dependence must then be introduced in the membrane excitation
® Modulating the amplitude of something you cannot even see... the Chamelon chopper!

® rests on the principle of grazing-angle reflection of Chameleons (see http://arxiv.org/abs/1201.0079)

® key element: no detection is possible without
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KWISP 1.5 seen by Chameleons ...

5x5 mm?2 SizN4, 100 nm
thick membrane at 5°
‘incidence angle



February 2017 solar tracking

® The February 2017 solar tracking run was done at CAST with the KWISP
1.5 detector and the chameleon chopper in horizontal geometry for
frequency stability

Chameleon chopper (top view)
“ KWISP 1.5 on beam (side view)
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On the CAST magnet . On the CAST hall floor
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- DLP-chip chopper (shiny
surface) placed to intercept
the chameleon beam (from
the left) at a grazing
incidence angle

- Chip operates at ~ 9.8 kHz




DLP-chip chopper frequency
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INFN Trieste = CAST Laser CAST exp. CAST exp.

Location optics lab lab at CERN | hall off-beam hall on-beam

cre s 3.10°15 l
Sensitivity Az
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KWISP present sensiliviLly

4Kk, T
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K =30 N/m (eq .spring constant)

k, Boltzmann constant
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Q = 10° (membrane quality factor)

10" 10°

Temperature [K]

(*) following S. Lamoreaux, arXiv:0808.4000
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KWISP 3.0 main features

® Overall dimensions have been reduced by a factor 2 or
more, keeping the F-P cavity of the same size

® The matching optics have been redesigned using smaller
diameter components

® All the optics (in the detection bench) are mounted on a
monolithic base machined out of a single piece of Al

® The entire base fits into the existing vacuum chamber and
is mounted on special vibration isolation feet

® |ight is fed into the system entirely through optical fibers.
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Chameleon studies with KWISP

® Projected chameleon exclusion achievable at CAST, assuming KWISP at |10
milli-Kelvin and an integration time of 10¢ s (6 months of solar tracking)

GCammeV-CHASE

neutrons

KWISP broadens the physics reach of CAST into the Dark Sector, making it the only
CERN experiment actively searching both for Dark Matter and for Dark Energy.
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Upcoming...

First Results on the Search for Chameleons with the
KWISP Detector at CAST

V. Anastassopoulosi, ]. Baier!, K. Barth?, S. Baum''", A. Bayerlia'l,

A. Belov®, H. Bréuningerd, G. Cantatore*®f, J. M. Carmona$, J. E. Castels,
S. A. Cetin?, T. Dafni&, M. Davenportb, A. Dermenev®, K. Desch{,
B. Dobrich?, H. Fischer*®, W. Funk?, J. A. Garcia8, A. Gardikiotis!,

J. G. Garza8, S.Gninenko®, M. D. Hasinoff, D. H. H. Hoffmann¥, F. J. Iguazs,
I. G. Irastorzag, K. ]akovéiél, J. Kaminskiq, M. Karuza*°P*, M. Krémar!, C.
Kriegerd, B. Laki¢!, J. M. Laurent®, A. Ljubiéiél, G. Luz6n8, M. Maroudas!,
L. Miceli®, S. Neffk, I. Ortegag'b, A. Ozbeya'z, M. J. Pivovaroff™, M. Rosu!,
J. Ruz™, E.Ruiz Chéliz8, S. Schmidtd, M. Schumann®, Y. K. Semertzidis"®,

S. K. Solanki®, L. Stewart?, I. Tsagrisi, T. VafeiadisP, J. K. Vogel™,
M. Vretenar®, W. Wuensch®?, S. C. Yildiz?3, K. Zioutas'?
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Beyond: advanced-KWVISP




® Motivation

® Short-Range Interactions (SRIs) between
macroscopic bodies can probe a panoply of
beyond-the-Standard-Model physical processes

® Principle of the measurement

® Two micro-membranes set at a short (100 nm o
less) separation distance. One acts as the “source
mass’ and moves under an external controlled
force, while the second acts as the “sensing mass”

® One looks for a dependence on the separation
distance differing from the standard Newtonian
interaction potential

Background plot from:

® PhYSiCS goal S . Y. Chen et al., Physical Review Letters, | 16,221102(2016)

® Axion-exchange interactions (using appropriate
membrane surface configurations to have field
gradient between the membranes).

Gymimo
V=——un—-

® Axion detection through the Topological Casimir
Effect (requires magnetic field)

® Quantized short range forces

® Casimir force: only a limiting background force?

® Scalar Dark Matter and extra-dimensions
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Double Membrane Interaction Monitor
® The key element of aKWISP is the DMIM

® “sensing” membrane coated with a 3 nm layer of C to drain static charges

® “source” membrane coated with 3 nm C on one side and with 100nm of Al on the opposite
side to provide a reflective surface; ‘source” also has a hole to pass the sensing laser beam
undisturbed

® One possible assembly strategy is to mount one of the two membranes on piezo actuator
to be able to change the separation distance

® Membranes of both types have already been procured in order to start with preliminary
assembly tests
conductive carbon coating

metallic reflective coating
membrane

o =

Excitng force

‘ c SCNS Mg source
SI3NG S3N4 Al

DMIM - Double Membrane Interaction Monitor Schematic assembly possibility
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In aKWISP. the interaction
force between source and
sensing mass is, to a first

— Newton1

approximation, the sum of | room temperature KWISP sensitivity Casimir’
the “Newtonian”, “Casimir” | Yukawa
and “Yukawa”, contributions, |
each depending differently
on the separation distance F: T Sematondstnce(ricnn

_Ga

=2 (r+A)e7
r

A possible measurement ;

— — Newton1FixDist
stratggy .to .separate the E o Fi Dl
contributions is to modulate f Yukawa FixDist
the separation distance with ;

a varying amplitude

: ‘ : : : : ‘ : : : : L Modulation amplitude(microns)
0.00001 0.000015 0.00002
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Conclusions...

® CAST is a unique experiment and observatory potentially
sensitive to both Dark Matter and Dark Energy

® The recent results from the CAST solar axion search
program again set the reference bound over a wide axion
mass range

® CAST is now pursuing a physics program centered on
Dark Matter (relic axions with microwave cavities) and




...or beginnings!

CAST is presently in shutdown mode: the magnet is open and the
microwave cavities are being reinserted after a check-up,a new
series of measurement campaigns will start in a few weeks

® The KWISP opto-mechanical detector has reached version 3.0,
now in the installation phase on the CAST magnet

® There is the possibility of repeating a series of measurement on
solar axions using a photon detector with Xe gas in the
amplification region to eliminate a systematic effect due to an
intrinsic emission line of Ar

® The advanced-KWISP project, a spin-off of the KWISP technologies
pioneered in CAST could open a new window on hitherto
unexplored physical processes beyond the standard Model
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We have great
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