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Axions from the sun

57Fe* 7 57Fe* //

ML | ----- 14.4 keV axion ====> ¢a ANNNA

>TFe 7/ TFe | 7

Sun Laboratory

Interaction of photons with the sun's
magnetic field may produce axions

Monochromatic photons produced
copiously are what we need!

Phys .Rev. Lett, 75 (1995) 3222
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Axions from the sun

57Fe* // 57Fe* 7

ML | ----- 14 .4 keV axion = =--=> ¢a ANNNA

TFe | 7/ "Fe | 7

Sun Laboratory

Let the emitted axion couple to °>’Fe nucleus
in the laboratory and look for an emitted
» photon of the same (14.4 keV) energy

Expected excitation rate:

4
R =3C* (158" 102day kg !

Phys .Rev. Lett, 75 (1995) 3222
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OBJECTIVE
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Y. Onuki presentation
Low background radiation SOI pixel detector for

Solar Axion search experiment (Friday)




The XRPIX detector

A series of monolithic SOI Pixel detectors
originally designed for spatial y search

With two operating modes

Integration mode Event-triggered mode
1. Reset 1. Reset

2. Time window 2. Trigger

3. AD conversion 3. AD conversion
4. Storing 4. Storing

What about the response to other particles?

T. Tsuru presentation:
Overview of the X-ray astronomical imaging

detectors (Monday)




The XRPIX detector

A series of monolithic SOI Pixel detectors
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With two operating modes

Integration mode Event-triggered mode "
1. Reset 1. Reset AL A .
2. Time window 2. Trigger

3. AD conversion 3. AD conversion -
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What about the response to other particles?

T. Tsuru presentation:
Overview of the X-ray astronomical imaging
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Can we analyze the background of this
experiment in a systematic and efficient way?




It we can identify the type of radiation
interacting with the detector...
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The clustering (DBSCAN Algorithm)

Define a cluster like a group of pixels such as |
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the mean <«—| Filter data (signal-noise threshold)] ' '
noise T Example of the clustering process in Am-241 data. The minimum number of pixels
required to form a cluster is 3, and the maximum distance between two pixels
Cluster remaining pixels and calculate parameters within a cluster is 30 um
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cluster?

How to determine the particle of each

Used radioactive sources to generate characteristic
clusters for each type of radiation.

(usually) when a human looks at the clusters, easily
distinguish the source.

Objective:

Find simple properties that allow a computer to
discriminate between clusters from different
sources

How?

Use Gaussian-like distributed parameters from the
samples to write the likelihood of a cluster to a
radiation p as

Ly(xp) = exp [_(xp - ”p)Tzz;l(xp - ”p)]

Where

° X, = Vector of the cluster parameters for
radiation p

° U, =Vector with the most probable values of
the parameters for radiation p

> X, =Covariance matrix for the parameters of
radiation p
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Parameters

... obtained using the XRPIX-2b in the integration

mode

Proposed cluster properties to be used as

parameters Total size (mm?2) 6x6

* Dimensions’ difference o

. Centers’ distance Sensitive size (mm?2) 4.6 x4.6

e Linearity Pixel size (um?2) 30 x 30

*  Occupation fraction Readout channels 144 x 144
Readout noise (rms) 68 e
Sensor layer thickness (um) 500
FWHM at 13.95 keV (Am-241) 1.28 keV

JINST 10 (2015) No.06, CO6005
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Determine the
characteristics of
each type of
radiation

Used radioactive sources to generate
characteristic clusters for each type of
radiation.

When a human looks at the clusters,
easily distinguish the source.

Objective:

Find simple properties that
allow a computer to
discriminate between clusters
from different sources

Source

Bias Voltage [V]

Temperature [K]

Integration time [ms]

Initial cut

Samples (after cuts)

Likelihood value
Size > 100 for alpha,
gamma and
Clusters in the muon < 0.75
border excluded
Occ. Frac. < 1

3.422 x10°

Size < 50

2.844 x10°

Size > 10

Linearity > 0.95




Dimensions’
difference

Absolute difference in the
number of columns and rows

spanned by the cluster
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100

Cen. Dis. (u)= 2.9406 pix Mestri'y

*Std Dev x
Std Dev y

Centers’ "
distance »

Distance between the

cluster weighted center
and the center of the
bounding box of the
cluster 130

140

120

Way to detect 6 0
electrons!
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Linearity

Pearson correlation coefficient
between the column and row of

each pixel

__ Ocol,row
l) —_—

Ocol0row

Equal to 1 if the coefficient is
undefined (0.010row = 0)
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In concrete...
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How well do these properties work?

N / N

All likelihood i Ca!IcuIate the Calculate the likelihoods
: likelihoods of the i
function use the for the clusters in

same group of LIGEiC ISkl 2 environment’s data

values of each

Propeities radiation
) & )
Since the likelihood functions can be interpreted as probabilities:
YL, =1 Make a scatter plot of
‘ each likelihood pair

Are all the points under
theliney =1 —x?



How well do these properties work?

D @ D
Calculate the

likelihoods of the
most probable
values of each

radiation
L 4 \ F 4

likelihood|[O]:likelihood[1]

All likelihood
function use the
same group of
properties

09
likelihood[1]

[Since the likelihood functions can be interpreted as probabilities:
2L =1




How well do these properties work?

D @ D
Calculate the

likelihoods of the
most probable
values of each

radiation
L 4 \ F 4

[Since the likelihood functions can be interpreted as probabilities:
2L =1

likelihood[0]:likelihood[3]

All likelihood
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How well do these properties work?

D @ D
Calculate the

likelihoods of the
most probable
values of each

radiation
L 4 \ F 4

[Since the likelihood functions can be interpreted as probabilities:
2L =1

likelihood[1]:likelihood[3]

All likelihood
function use the
same group of
properties

likelihood[1]

likelihood[2]:likelihood[3]
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Conclusions and prospects

A fast cluster analysis is possible
> A mean of 8.26 seconds for a data file of 15 MB (root file) ~ 1000 seconds of environmental data
° Qutput in root format

However...
° The distinction between alpha and beta must be improved
° Evaluate beta source and data taking conditions

o Limit search to a certain energy region (take into account XRPIX design purposes)
° Look for a new parameter?

> Implement the same cuts as the ones used when deriving the likelihoods
> The likelihood functions should be evaluated with data from other sources
o Are they really likelihood function for particles, or for radioactive sources?
° The gamma cluster is basically a 1 pixel cluster
> 20.83% of gammas in 2**Am larger than this
° Include other shapes...

> Try to include non-Gaussian profiles in the likelihood functions...
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Thank you very much... and have a happy new year!






Comparison with former experiments

1 ambaeoo | oeminetalo

Background rate
[x10~3mm-2h-keV~1] 1.76 1.09 <1.23

Energy resolution @ 14.4
keV [keV 2.36 1.48 0.58

|
Required temperature [K] 205 77.35 223.15

Si photoscintilator Si Sol XRPIX

e Lead (5cm) e Lead (5cm)

S . * Copper (10 mm cube, |
Shielding Lead (10 cm) B Copper (10 mm)
* Muon veto

* lron (35 mm)




Events explored by the XRPIX in the

trigger mode

10 (11) 20 (21) 30 (31)

+

-

40 41 (42) 50




[Get a naw pixel p in the frame}

Hus g been y&i
vad?

no

— [Mark p as visited. Get € neighbouhood of p]

Docs p e a0

o thas N Mark p as noise D B Q N
aoghbours! o
yoeu
[Create a new cluster C with pin it] o
[Get a new neighbour k of p}—
............ LA He & bees l e
] viaad !

[Mark k asvisited. Get £ neighbourhood of k]

= clustering

[Add k neighbours to p neighbours]

S e - algorithm

[Add k to the cluster C]—




Correlation factors for each type of
radiation

| mpha | Bea | _Gamma_ | Muon___

L-OF -0.0478 -0.3152 0.5447 -0.5117
L-DD 0.0494 -0.0320 -0.0011 0.2299
L-CD 0.0337 -0.0416 -0.6211 0.0662

-0.0527 -0.3675 -0.0259 -0.2079
OF-CD -0.0305 -0.4698 -0.6676 -0.2454
DD -CD 0.0476 0.3850 0.4337 0.1488




x4 /ndf for the fitting of the parameters’
distributions to a Gaussian function

_ lApha|Beta _ |Gamma(peak) _IMu_

Linearity 6.875/3 - 1/0 2.064 /2
Occupation Fraction 12.82 /10 3.98e6/6 66/0
Dimensions’ Difference 20/ 3 2.596e5/23 2030/0 23.11/ 24

Centers’ Distance 121.3 /19 6.902e5/53 5.025e5/0 39.44 / 38




Dimensions o dim. dif

ting alpha and betas...

difference Radiation
) o O
Difference in the number of == O
columns and rows spanned == O
=== X

by the cluster

20
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cen. dist.

Centers' 1

: R adat
d ISta nce iculties sepd¥qfing alpha and bexgsf(;on

. B
Distance between the e — 8
cluster weighted center == X

and the center of the
bounding box of the 2
cluster :

.. no ¢ rays limit?

Way to detect 6
electrons!
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Linearity

Pearson correlation coefficient
between the column and row of

each pixel

__ Ocol,row
p —_—

Ocol%row

Equal to 1 if the coefficient is
undefined (0¢010row = 0)

culties separating alpha and betas...

linearity
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Occupation
fraction

Ratio between the
size of the cluster

and the size of its
bounding box

Difficulties separating alpha and betas...

4
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Where do the cuts for muons come
from?

Filtered environmental data until the dE/dx
distribution followed a Landau one with a MPV
ClOSG to 388 MeV/cm dEdX Distribution [MeV/cm]

° Chi square: 9.74

° NDF: 17

° Probability: 91.4%
° Size: 13

° Linearity: 0.97

test

121
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What are those alpha-beta clusters?

======> EVENT:473810 ======> EVENT:12351155

cluster = (clusterx)@x33804c0 cluster = (cluster=)0x33804c0
TObject = TObject TObject = TObject

ID =0 ID = 2

run = 2 run = 34

event = 36597 event = 12789

chip =1 chip =1

boxCenter[2] =71.5, 4 boxCenter([2] = 115.5 , 43
massCenter[2] = 71.7566 , 3.49324 massCenter[2] = 115.832 , 42.9207

size @ size

pixels = (TClonesArray*)338b2a0 pixels = ClonesArray*)33c7ab0
signal signal

likelihood [4] = 0.876886 , 0.524482 , 0 , @ likelihood [4] = 0.66978 , 0.847063 , 0 , O
noRows =5 noRows =7

noCols =6 noCols =6

linearity = 0.0132341 linearity = 0.0247871



