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Axions In a nutshell

* Strong CP problem -2 _
CP violation expected in QCD, but not observed (6, nEDM)

* Peccei-Quinn solution -
New global U(1) symmetry, O turn into a dynamical variable

* Axion

Pseudo Goldstone-Boson of spontaneous symmetry breaking
of PQ at unknown scale f,

* Properties of this potential DM candidate

- Extremely weakly-coupled fundamental pseudo-scalar ~ -+

- Generic coupling to 2 photons, mass unknown m,og,,
- Dark matter candidate & solves strong CP

well
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The International Axion Observatory (IAXO)

» AXION HELIOSCOPES: laboratory axion searches looking for solar axions

X-ray
detector
Axion 500 s
VWAV s e ooee )____________.___. __________________ »
é Flight time
Sun Earth

P. Sikivie 1983 PRL 51 1415

van Bibber et al 1989 PRD 39 2089

dortmund Julia Vogel / Jaime Ruz| Topics for IMAPP Master Theses Nov 27 2024 4

university Julia.Vogel@cern.ch



The International Axion Observatory (IAXO)

» AXION HELIOSCOPES: laboratory axion searches looking for solar axions
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Dark Matter Topic 1: Ray tracing simulations of X-ray optics
and study of multilayer coatings

WX O/ Baby\XO

« X-ray optics have many applications
(dark matter searches, x-ray astronomy,

* Multivariable optimization challenges Platinum
tuned to experiments
® What We Wl” dO Carbon Simulacion del concentrador de Rayos X

» Setup of geometry (Python or IDL)

* Design and optimization of coating (metallic,
multilayers)

» Analysis of design and physics impact

o
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Understand, design and optimize next-
generation x-ray optics
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Dark Matter Topic 2: Simulation and implementation of
measurement of radiopurity of the x-ray mirror substrates for
IAXO

Dark matter searches require ultra-low
background levels:
<107 - 108 cts/keV/icm?/s

Less than 1 evt per 6 mo of data taking!
Need to use radiopure components!

What we will do:

» Simulate effect of radio-impurities on x-ray telescope
performance in the Rare Event Searches Toolkit
(REST)

* Implement data measured at Canfranc
» Evaluate performance of IAXO

Impact of contamination on DM sensitivities
and implementation in end-to-end simulator

do_rtm u_nd Julia Vogel / Jaime Ruz| Topics for IMAPP Master Theses Nov 27 2024 7
university Julia.Vogel@cern.ch



Dark Matter Topic 3: Ultra-low background levels in searches
for light dark matter through active particle discrimination in

liquid scintillators Y

Vacuum

 Ultra-low background detectors are key in o
dark matter searches copper

tube \
« This requires active patrticle discrimination . \ =
in addition to other techniques to suppress ragnet ~

background (PSD with EJ301/309 Liquid scintillator) TR

X-ray window

Detector
chamber

. TPC
» Learn about axion DM searches Ar-based

gas

Primary e-

Readout SO

Micromegas strips
connector 2

» Study different strategies to implement
micromegas (MM) detectors in IAXO

* Maximize experimental sensitivity

 What we will do: k

Work with real IAXO prototype data and use Monte Carlo
techniques within the REST software to analyze results obtained
in terms of stability, gain and efficiency of micromegas
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X-Ray astronomy image Credit: NASA

Visible
Ultra-

Gamma X-ray violet Infrared Microwave Radio
-«—Shorter waves w) (R) Longer waves —»
« X-ray astronomy done from | J'
Space B[l i
* Very recent field, full of
. Thermosphere
surprises 11
* “Where the action happens”. il
. (meteors burn up)
- Black hole physics
- Neutron star observations 1] siimkoephare
5 gozone layer at 20-30 km;
- Ultra-luminous X-ray binaries [ St
- X-ray pulsars and magnetars [

- y-ray bursts (which are
gravitational wave

counterparts!) . . . | MSH 15-52
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X-Ray astronomy missions

Chandra

esa
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X-ray Topic: Astroparticle physics analysis of observational
data from space-based x-ray telescopes

600 SGR April 2013

500+ / ’”
- Learn how to analyze and interpret N - NuSTAR @
observational data from state-of-the-art @ S

X-ray space missions
* E.g. observations of neutron stars,

300+

73 Power

) ~ )
Kaspi et al. 2013 Mori et al. 2013

200+

magnetars, binary systems
® What We WI” do: 092652 0.2654 O.2656m—;z?‘2658 0.2660 0.2662
* Learn about the physics of neutron stars oo SGR April 2013

* Get to know different space observatories
* Use NASA and ESA tools to process data
* Analyze and interpret observations g13007

o

1400+

1200+ f

025 050 075 1.00 125 150 1.
Phase

» Use processing pipelines, analyze and
apply results to improve understanding
of stellar objects
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Medical Imaging Topic: Advancing focusing optics for small-
animal radionuclide imaging in biomedicine: SPECT with
multilayer-coated Wolter-I microscopes

* Imaging based on pinholes:
small pinhole, need higher dose
you will get bad resolution

* Wolter optics can decouple this!
But need smooth mirrors a

* Recent developments for HED [«
physics enable this!

« What we will do:

* Learn about X-ray microscopes

« Setup simulations and implement
latest technological advances

» Study feasibility of X-ray optics
for medical imaging application

detector
detector

field of view (FOV
field of view (FOV)
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Wolter Microscopes

Interested? (99 L'qb{!rglgiggggg!!da'grga
Wanna know more? Chxion-Like Particles @\é@“ 9
X-Ray OpticsSe (N
Feel free to QLn: Ve 'S
contact us: ﬁzh SBfl‘nary %ystems(;g, S 66}0@

0 0 Q‘ ¢ Q
& Qg"‘" ?
Julia.Vogel@cern.ch \.Q\:;& 0%626% Q
or & +’ @Q&(\é)%
Jaime.Ruz@cern.ch D ) rk m atte“’r(,

Detectors
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