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Axion -Like Particles

A Light pseudescalars arising from the breaking of a U(1) symmetry at a high scs
A Well motivated from string theory: always arise in the Large Volume Scenario.

A ALPsouple to electromagnetism via tHeagrangiarierm:
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A In magnetic fields leads to photekLPinverconversion
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Photon -ALP oscillations

A Probability of photorALP conversion (fat Mp 1 A &
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A In magnetic fields leads to photehLP oscillations atd&y energies.
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Perseus Cluster

A Magnetic fieldapproximatelyl Mpc across.
A Coherencelengths3.5-10 kpc.

A Magnetic field strength estimated at 175
* G at thecentre[astro-ph/0602623, and
1-10* G across the cluster.

A Very efficient converter of photons to ALPs.
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Photon survival probability in Perseus
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Photon survival probability in Perseus
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NGC 1275

A Central galaxy of Perseus, with an AGN unobscured in our direction.
A Basic components to-bay spectrum are:
1. Powerlaw.

2.Reflection spectrum (incident photons illuminate accretion disc, resultit
in fluorescent emission) in practice manifest as neutral Fe Kne at 6.4
ke\/

3. Thermal soft excess (origin not entirely known).
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Previous bounds

A Best previous bounds on AdpRoton couplingQ for
massest Mp 1 A &rom SN1987a:

WM Muv pm ' A6

A FromChandraobservations of NGC1275,astro-
ph/1605.01034ne constrained (se&. Krippendorf tak

M Mp®d pm ' A6

A Based oron methodology byWoutersand Brun(1304.0989.
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Athena vs. Chandra

_ Chandra (ACHsdetector) Athena (XIFUdetector)

Energy range 0.3-10keV 0.2-12keV
Energyresolution x 150 eV 2.5 eV below keV
Angular resolution nopé p €
Readout time 0.2s(2.8ms single row x 10*s

Effective area 600 cn? 2m?

Nicholas Jennings (University of Oxford) 09/10/2017



Simulating-using SIXTE

A Simulation of Xay TElescopesoftware.
A Endto-end simulator for XFU onAthena.

A Methodology: Create Xspec models:
I Model 0:zwabs*( powerlaw + bapec)
i Model 1:zwabs*( powerlaw + bapec)* 0o (On||)

A Parameters based oGhandraandHitomiobservations.
A Simulate XFU response usingfupipeline

A Fit both sets of data to Model 0, compare
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Magnetic Field-Model

PO b ()]

A Domain lengths drawn randomly from a Pareto
distribution between 3.%kpcand 10kpc.

e (i

A Power spectrum index n=2.8 based on analysis of cool
core cluster A2199 done 1201.4119
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Simulated spectrum

200ksobservation with ALP modulations
"0 o pm ' A6
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Bounds calculation

A Generate data from two models:
i Model0:’'0O(0O) 6 0 @ ()
i Model 1.’O(0h||) 60 Q () 0o (On|h)

A Procedure:

1.
2.

3.

P

Calculate) o for 50 random magnetic field configurations.

For each mag. fieldonfig generate 10 fake data sets from
Model 1.

Fit Model 0 to each of the 500 fake dageats.
Generate 100 fake data sets from Model O, and fit.

If... | Ad@. fp forless than 5% afonfigs Model 1
excluded at 95% confidence.
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Bounds calculation

A For a 200ks observation of NGC1275, With ¢ U G,
at 95% confidence:

Q Mp® pm ' A6
A For a 10ks observation:

Q Mt® pm ' A6
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New bounds
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ANGC1275 provides an excellent target to constrain ALF
photon interactions.

A Athena stands to greatly improve current bounds on
"0

Aal Ay dzy OSNIlFAYyOGeé& A& t SNE
telescopes like SKA will hopefully improve our
understanding by 2028.
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Extra slides
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Projected bounds on ALPs with ' Athena

A Based on methodologyy Woutersand Brun(1304.0989.

A Previous papeastro-ph/1605.01034with M. Berg, J. Conlon,
F. Day, Xrippendorf Eriday tally, A. Powell and M. Rummel

A More recently M. Marsh et all{f03.0735% looking at M87.

A FermiLAT analysis of NGC127503.06973 andH.E.S.S
(PKS 215804,1311.3148.
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Introduction to - axions

A Most compelling solution to Strong CP problem:
Afl 0 '\Q—=0 O
AWhy is—so small (9 T )?

A U(1) symmetry broken at high scale, creating pseiid®
boson, theaxion
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Photon survival probability in Perseus

survival probability

Photon
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Photon survival probability in Perseus
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The data

A Chandra satellite: Mswith ACISS in 2002 and 2004, 568with ACIS in 2009.

A We subtract source spectrum from nearby cluster emission background and fit
spectrum with absorbed powdaw.

A Total counts:
i 230000 for 200ACIS Wdgeof-OKA LIQ 20 aAS NI GA2Yy A
i 242000 for 200ACISW ARGl 8 Q 20aSNBIF GA2Ya
T 183000 for20024 ACISS onraxis observations
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