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« second generation axion helioscope
© using a 9.26 m long LHC dipole prototype magnet with B = 9T
« data taking between 2003 and 2021

« solar axions converted in transverse magnetic field to y via inverse
Primakoff effect

« X-ray telescope (NuStar-like optic) focuses X-rays onto small spot.
+ multiple detector technologies used over the years

©  GridPix detectors installed in 2014/15 (single GridPix) and
2017/18 (7 GridPix & vetoes)

© 7 GridPix, 6 as spatial veto around center

© solar axion image focused by X-ray optics
onto center GridPix

© SiPM (behind) + scintillator veto (above)
« FADC readout of grid signal as trigger

Data parsing
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256-256 pixel ASIC (Timepix 1) o e
« one hole per pixel Event types distinguishable based on geometric e T
« single electron efficiency properties ;

« each Timepix 1.4-1.4 cm?

Bacl ground rejection o 15 . GridPix background rate based on CAST data in 2017/15

Energy calibration
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e connected cluster on outer chips? outer cluster pointing at center cluster?
Bayesian limit approach - How to compute a limit? - Background interpolation
Define Likelihood £ for signals s & background b Limit inputs ezl @ e el l.nodel fo‘r any pf)i.ut &, y,.E)
where s(g2,, E, &) and b(E, &) as such: £(g2,, B, ) Require a model for signal at any (x, y, E), total expected flux +> ked tree based weighted distance interpolation

(based on gae?) & full detection efficiency Nlﬁsed O X hke clusters in b

data
Signal: candidates observed during tracking Axion image on detector
Background: detector background based on non-tracking data (via raytracing) Combined detection efficiency and total axion flux i x - . R
= both only clusters after likelihood cut & vetoes! Rt . i ; I . l
Systematics further add: i : I - ) - "'n ‘ ﬂ
Lyr x £-N(0,) - N(8,) - N(8,) - N(8,) & I ) - "‘ il ;

) al’l’md\u':t over all c:l;didates T . » ! e — MCMC
u '/]j [ et T1 (1 - b_) o [_72 T3 e, 203, A04000 . ) Build MCMC, compute limit based on 95th percentile of
T e o] Candidate sampling likelihood values

with o' = a(1 +8,) and a” = a(l +6,)(1 +8,)(1+8,). i il

and s, (5,) expocted signal (background) of candidate given energy and position Grid interpolation for MC For expected limit:

candidate sampling Example candidates  requires set of -
Evaluate using Metropolis-Hastings Markov Chain Monte Carlo e s e ; oo candidates drawn B
from background | I -
; . : - hypothesis (based on .
: I : tracking time)
For real limit:
— candidates observed This % fur ball is a Markov chain for 2 misance
- during tracking parameters (x, y) & coupling constant g2, (color)

MC limit histogram of 100000 toys using skinterpBackground and IMCMC, ukUncertain, os|
= 0.0469, ob = 0.0028 puncertain, op = 0.0500. Expected imit g_ae = 5.5890e-21
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Expected limit based on 100,000 MC toys (median value):
o g2, = 5.589 x 102!

B Jac * Gay = 7476 X 10725 GeV 1

with constant g, =1 x 10712 GeV~!

Current best limit: g, - 9o, = 8.1 x 10722 GeV~! (CAST 2013 [0])

Fully generic limit method: replace expected flux (raytracing) & compute

Uit (9.0 8837 = 1032 GV )

limit of different coupling constants
All code written in nim-lang.org and available at: https://github.com/Vindaar/TimepixAnalysis

All results shown preliminary.
[0]: BARTH, K., et al. CAST constraints on the axion-electron coupling. Journal of Cosmology and Astroparticle Physics, 2013, 2013. Jg., Nr. 05, S. 010.
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