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Dark Matter & Dark Energy

Composition of Universe
CMB as seen by Planck 4:9%

26:8%

68:3%

Matter
Dark Matter Dark Energy

Dark Matter & Dark Energy
@ Bulk Universe is made of things we don't know what they are

o For Dark Matter many candidates exist
o Dark Energy is still quite mysterious




Axions { A Dark Matter Candidate

What are Axions? & Where do they come from?

@ PQ mechanism is elegant solution for the strong CP problem

@ Non-observation of CP violation in strong interaction
s Smallness of electric dipole moment of neutron
(d< 0:29 10 ®ecm)

o Pseudo-Goldstone-Boson arising from PQ mechanism
o Candidate for all or parts ofcold Dark Matter

Coupling to ordinary matter Primako e ect
o Very small coupling constants a
e Mixing with © leads to coupling
to two photons

@ Production in the Sun's core via ¢
Primako e ect
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Chameleons { A Dark Energy Particle?

Dark energy as a new form of matter

e Scalar elds interacting with matter and photons could be
strong candidates

e Constraints would lead to large gravitational e ects and a
fth force with long range

o Exploit screening mechanisms to avoid unnatural models

@ Chameleon screening: Models with a density dependent
e ective mass

Brax, Lindner and Zioutas - Phys. Rev. D 85(2012), 043014

Solar Chameleons
@ Chameleons could be produced in the Sun a bit similar to
axions via a Primako -like e ect
@ Production not in the Sun's core but in a small shell arounds®.,
the tachocline i
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The CERN Axion Solar Telescope

Axions from the sun CAST { An axion helioscope
o Primako e ect generates
huge axion ux from the Sun

@ Axions can reconvert to
photons inside larg& elds

o Energy of solar axions below

15keV (ux peaks at 3 keV)
CAST { Data taking

Current X-ray Detectors @ Magnet can track Sun
o Microbulk Micromegas 2 1:5h per day
o X-ray Telescope plus pnCCD @ Otherwise: background data
(until mid of 2013) @ Alignment can be checked
e Prototype SDD by Sun- and Moon- Imings 2
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CAST { Results

Exclusion plot

Exclusion limit

o No axions found
up to now

o So far CAST
could set the most
stringent limit for
solar axions

o First helioscope
‘touching' the
band predicted by
theoretical models

PRL-112-09-1302(2013)



CAST { Future Plans

Future Plans
@ Increase sensitivity for axion detection
@ Additional search for Solar Chameleons
o Need detectors with threshold below 1 keV

. Solar Chameleons
Solar Axions
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Integrated Micromegas { InGrid
Chefdeville et al - Nucl. Inst. Meth. A 556(2006), p 490

Micromegas on top of Timepix ASIC INGrid - SEM
o Fabrication by means of photolitho-
graphic postprocessing
@ Very good alignment of grid and pixels
o Each avalanche is collected on one pixel

@ Detection of single electrons possible
Timepix +InGrid  proqyction of INGrids

@ Single and few chip processing:
NIKHEF / Mesa+ (Twente)

o Wafer processing ( 100 chips at once):
in cooperation with 1ZM Berlin
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Timepix ASIC

Facts about the Timepix ASIC Carrier board
@ 256 256 pixels, 55 55 un? pitch
e 1:4 1:4cnt active area

@ Charge sensitive ampli er and
discriminator in each pixel, %9 ENC

@ Two modes:Charge or Time

Protection of electronics

@ Timepix ASIC is designed for imaging as readout
electronics to be bump bonded on a silicon sensor

@ Bump bond pads can be used as charge collecting anodes
but electronics not designed to survive discharges

@ Need resistive protection layer (4 or 8 um silicon nitride) t
spread charge in case of discharge
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X-ray photon

Detector Concept
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X-ray photon
Gas atom

Detector Concept
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Gas atom
Photo electron

Detector Concept
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Primary electrons

Detector Concept
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Primary electrons

Detector Concept
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Detector Concept

Di used electron cloud
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Typical X-ray Event
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Outstanding Features of an InGrid Based X-ray Detec

o Low energy threshold as single electrons can be observed
o Topological background suppression through event-shape

analysis
X-ray Event Background Event
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An InGrid based Detector for CAST

Features

@ Modular design based on the 2012
CAST Micromegas

o Body made of plexiglas
o Exchangeable readout module
@ Gas: ArliC4Hyp 97.7/2.3

o X-ray Window made of 2 um Mylar
with copper strongback

Strongback
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Transmission
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Transmission

X-ray Window Transparency
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Readout System

Virtex6 Readout  pGa pased readout system

o New readout system for Timepix ASIC
has been developed at Bonn

o FPGA based, exible and customizable
@ Full access to rm- and software

o For CAST a system based on a Virtex6
evaluation board is used

Readout of the induced on the grid

X-ray Pulse
o Combined readout of chip and FADC o
o Possibility of ‘triggered' readout o
o Use pulse-shape analysis to improve i /
background suppression Y

e May serve as future detector upgrade T,
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Detector Performance

Energy Resolution

@ Resolutions down tog=E  3:85% at 59 keV were observed
in Ar/iC 4H10 90/10 at optimized settings
(Energy determined from pixel counting)

@ In Ar/iC4H19 97.7/2.3 resolutions down to e=E  5:33% at
5:9 keV are possible

Background Spectrum
Background Discrimination
@ Background suppression
with LHR method
o Decision based on reference f ]
data sets 02 el
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The CAST Detector Lab

X-ray Generator & Beamline  InGrid Detector at CDL

Infrastructure
o X-ray tube with exchangeable targets and Iter wheels
o X-ray energies down to few hundred eV
@ Vacuum system allowing for di erential pumping
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Number of entries

X-ray Spectra
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Number of entries

X-ray Spectra
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Number of entries

X-ray Spectra
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Number of entries
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Number of entries
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Number of entries
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Sample Carbon Kevent
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Replacing the pnCCD at the XRT

X-ray Telescope & pnCCD

Interfacing the InGrid Detector with the XRT
@ Very limited space: 300 mm from gate valve to focal plane
o Need space for lead shielding aftFe source manipulator
o Di erential pumping necessary to ensure good vacuum in XRT

21



CAD Integration

Telescope platform & XRT

22



CAD Integration

Telescope platform & XRT
+ Interface ange & vacuum systen
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CAD Integration

Telescope platform & XRT
+ Interface ange & vacuum systen
+ InGrid based X-ray Detector
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CAD Integration

+ + +

Telescope platform & XRT
Interface ange & vacuum systen
InGrid based X-ray Detector
Lead shielding (U Zaragoza)

Replacement for pnCCD
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Vacuum System and InGrid Detector @ CAST
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Vacuum System and InGrid Detector @ CAST
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Conclusion & Outlook

Conclusion

o InGrid based X-ray Detector provides promising candidate f
Chameleon search at CAST

@ Tests in the CAST Detector Lab demonstrated the
performance of the detector

o Detection of carbon K line at 277 eV is possible

o InGrid based detector has been installed along with the
necesary infrastructure at the CAST experiment

Outlook

@ Search for axions & chameleons with InGrid based detector
during CAST run 2014 (starts overnext week!)

@ Work on nal implementation of grid signal in readout
scheme and optimize setup
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Thanks for your attention!
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Timepix ASIC { More Details

Timing Diagram

Threshold
Preampli er

{11 "SR U O 8 Y Y Y O O A O W O O I Y I B/ W W W
Shutter |

discriminator

<l

ToT counter COOO0 OO0
ToA counter COOOCO0OCO0COOCOOOOOMOOEEREMOEOOOEI

Timepix 3
e Has been submitted 2013 { First chips are available

@ Ability to recognize multihits and to measure Charge and
Time simultaneously

@ Allows for data driven readout
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How to build an InGrid on top of a Timepix?

© Starting with bare Timepix

@ Deposition of protection layer
(4 or 8um SiNy)

© Deposition of negative
photoresist SU-8 (50 um)

1
3
© Exposure of SU-8 | | | |
© Sputtering aluminium (1 um) 5
© Putting mask on aluminium
layer (photoresist)
@ Structuring aluminum layer by

= Substrate
LAY

etching the holes = Metalation layer
. n I;lrote?_tlon r?ytgr Sg_N¥ su-8
© Development of SU-8, cleaning . Pegative photoresist SU-

of interistitials



The Peccei-Quinn Mechanism

Strong CP problem
o Lagrangian of strong interaction containSP violating term

A : 1.2 F ~a
L = i on( iD Mp)Ch ZG G, + mG G,
| {z }
Lqcp

An elegant solution { The Peccei-Quinn mechanism
@ A bit similar to Higgs mechanism

@ Introduction of new global, chiral symmety (1)pq which is
spontaneously broken at energy scéle

@ becomes dynamic variable instead of theory parameter

@ Spontaneous symmetry breaking gives rise to a Goldstone
boson callecaxion
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Solar Axion Flux
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X-ray detector

Prototype Detector

Cathode

Anode
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Detector Performance { Tests wittrFe

Spectrum - Pixels
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@ Ar/iC 4H10 95/5

o Cr foil to suppress 8 keV
o Pixels: n=N 5:2%

o Charge: o=Q 6:7%

o Grid: y=U 8%
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Background Rates

After Likelihood-Ratio based discrimination Lead shielding
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Vacuum System for Di erential Pumping

+,-.1200 3

0./405

K3 +

+ + iy
- B EY
: R ¥
+ ~ o

34



Transmission

EuropeanPhoton ImagingCamera

EPIC filter: 110 nm Al + 45 nm Sn + 330 nm PP
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Sample Events: X-ray and Cosmic Muon

X-ray Chip Data Cosmic Chip Data
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