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l. INTRODUCTION: CRYSTALLOGRAPHY

Crystallography milestones
Up to now: 29 Nobel Prizes for 48 Nobel Laureates!

1945 Dorothy V. Ramakrishnan, T. A.
Max von Laue, Walter (1913-1916) W.H. Bragg Hodgkin Penicillin Steitz and A. E. Yonath
Friedrich and Paul Knipping, X-ray spectrometer and 2009 Chemistry
April 1912 powder diffraction

Johannes Kepler (1571-1630)

Niels Stensen (1638-1686) o
J.B.L.Romé de I'lsle (1736-1790) e
René Just Haily (1743-1822) e
JF Christian Hessel (1796-1872)

Auguste Bravais (1811-1863)

Evgraf S. Fedorov (1853-1919)

Arthur Schoenflies (1853-1928)

1946: Enzymes ) Jmor

W.L. Bragg, c ; .
rystall growt
nggtge"f 1962 F Crick, J. Watson 2011

and M. Wilkins DNA D. Shechtman
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Technology evolution

Modern Diffractometer

Modern 4circle goniometer
1912 M. Lave =

1924 Weissenberg
Camera

Johannes Kepler (1571-1630)
Niels Stensen (1638-1686)

J.B.L. Romé de I'lsle (1736-1790)
René Just Haily (1743-1822)

JF Christian Hessel (1796-1872)
Auguste Bravais (1811-1863)
Evgraf S. Fedorov (1853-1919) \
Arthur Schoenflies (1853-1928)

Diffractometers

e, n diffraction

)

D 1960 > 1980 > 2000




ll. HYBRID PIXEL DETECTORS

From HEP to medical imaging

ATLAS tracker




ll. X-RAY POWDER DIFFRACTION

Powder
diffraction 3 % ﬂ

Incident
plane wawve

2d sin 8

Constructive interferenca
when

® o o o o oo ni=2dsin@
Bragg’s Law

Crystal planes




ORIGINAL OBJECTIVES “PRACTICA 9 LFM”
(PHOTOGRAPHIC FILM)

Crystallographic planes indexing

BCC BCC BCC
<111> {110} <111> {112} <111> {123}

o o
Q. .
_ R ° 0.\0 °
o if© o \ o \ |
, ° o o 10 15 20 25 30 35

Structure determination (SC, BCC or FCC)

£ 56

sc bcc fcc
simple cubic body centered cubic face centered cubic

® Cell parameter determination (a = 314,7 pm) A




lll. B) MATERIAL AND METHODS

PHYWE X-ray expert unit
| X-ray tube

Diaphragm and
monochromator

Mo sample
s DU & selesio

(photographic film)

— Detector (MiniPix)




lIl. C) RESULTS AND DISCUSSION

Photographic film:
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Data analysis - software

MAUD Rietveld refinement

& Maud - default.par
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NaeHd ©@ 289 X 0BT B 1
By Flot [y Flot > @ Residuals 0

Datassts Phases Sample
DataFileset_x

=]
=]
Te
&
A

[Cnlmilu]

¢
&
$

7 &

RWPNOI (S T 15 69U993USE32325% ~

Rwpnb2 (%) : 10.470705706595657

R(%): 32.03321532

Rnb(%): 67.

Rnbl(%): 52.362952153685605 | ety |
L

.
%0
00s,
2, o

Intensity''
<

.
s,
a5,
900,
000694400,
0600900040040,

MO

269900, 4,0

Rnb2Z (%) : 42.53673347496153
I

End of function computation Wolyhdenum
Have a nice day! -

g 2 L L |
100 200
2-Theta [degrees]

End of refinement, have a good da

30.0

Analysis title:

value Error

Name
g o N———
0.052089125 10 -269.5378

10 -269.5372

# _riet_par_caglioti_valuel

# _riet_par_caglioti_value2 095338786

-0.84823036 10
10 -0.108

- # _iet_par_gaussian_valued

- ® _riet_par_gaussian_valuel 0.04595068

* grain size
- strain

Max

1740746
1740746
20

0.132

Status

Refined
Refined
Refined
Refined

Output

false
false
false

false



Data analysis - software

MAUD Rietveld refinement

2D Multiplot for 2D plot 2D Multiplot for Difference 2D plot
measured data and fit Resduals
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IV. CONCLUSIONS

® Timepix detector efficiency has been demonstrated
® Experimental setup error has been characterized
®* Data analysis was performed

® Future perspectives were explored
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PRACTICA 1: ESPECTRES D'ABSORCIO:
LLEI DE MOSELEY




PRACTICA 2: ESPECTROMETRIA
GAMMA

Impulses
#
i
400 ﬂ
Well
3001 085 #1267 # q: Nal crystal
T Sample
: Radiation
_- Light photons
Photocathode
Photoelectron:
\ i —— Dynodes
500 1000 1500 2000 2500 3000 3500 400

Figura 2. Exemple d’espectre analisi d'un espectre de %9Co.

Anode




PRACTICA 3: ABSORCIO DE RADIACIO
BETA

180.0
160.0
140.0

B 120.0
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o
&
o

y = 156.4807 00058
80.0 R? = 0.9902
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Figura 1. N 0.0 nissora de
0 100 200 300 400
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PRACTICA 4: ESPECTROMETRIA BETA
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PRACTICA 5: DETERMINACIO DE LA
SEMIVIDA D'UN RADIONUCLID

photmultiplisr
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PRACTICA 6: ABSORCIO DE RADIACIO
GAMMA
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+=+o pair production
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PRACTIQUES DESENVOLUPADES PER
INSTITUTS A TXEQUIA AMB LA
UNIVERSITAT CTU-IEAP
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INDEX

Fonts de radiacio d’objectes quotidians
3.1 Vidre de bohémia (Urani)
3.2 Nucli de soldador (Tori)
3.3 Fertilitzant (Potassi)

Fonts de radiacio homologades

3.4 Fonts d’alfa i gamma d’americi

3.5 Radiacioé de fons natural

3.6 Dades del Timepix en altre col-laboracions e.g. ISS



FONTS DE RADIACIO D’OBJECTES
QUOTIDIANS

3.1 Vidre de bohémia (Urani)

3.1.1 Visualitzacio dels diferents tipus de radiacid

n the detected tracks we can distinquish hoto---

= c [ — "
(a) Alpha particle track (b) Tracks of two beta particles (c) Two gamma particle tracks
// ammal e



3.2 Nucli de soldador (Tori)

3.2.1 Visualitzacio dels diferents tipus de radiacié

vt ) ' - .
s S 1 - . - . = R T T e
o B B e el ;:—:d
ol : o
'.." Doy e £ - ¥ "3
‘

1 X (column number) 256
" oy
0 5 10 15 20

Menor nombre de particules, energies diferents




3.3 Fertilitzant (Potassi)

3.3.1 Visualitzacio dels diferents tipus de radiacié

TX-10 detector placed omo™ = 1

- X (column number)
1 y 20
o 15
5

0

Només radiacié B3,y

HH )/ Energia diferent



Table 1: Kinetic energies, speeds, and relative speeds of alpha particles emitted by uranium.

Energia i velocitat de les particules alfai beta

By [keV] 1022 2333 1839 2872 3152 |
v [ms™) 1.39 x 107 | 1.06 x 107 | 9.41 x 10° | 1.18 x 107 | 1.23 x 10”

2 (relat) 0.04637 | 0.03533 | 0.03137 | 0.03919 | 0.04106 '|
Y (classical) 0.04641 | 0.03535 | 0.03138 | 0.03922 | 0.04108 \
deviation (%] 0.09 0.06 0.04 0.07 0.06 ]

Table 2: Kinetic energies,

speeds, and relative speeds of beta

particles emitted by uraniyy
\ 1

v [ms~!]

e | ]

2 (classical)

2.60 x 108
0.87

et

jati itte i lass. Total
Figure 16: Histogram of absorbed energy of beta radiation emitted by uranium g

ezposure time was 8h 53 min.



FONTS DE RADIACIO HOMOLOGADES

Font a, y d’americi 241

. wonvarn vut arvinelal radionuclide

“! Am and were approved by the State Office for nuclear safety (Czech Republic) as school

—_l -1

educational equipment. The SZZ Alfa belongs to the cateonr Sinai

Brass shielding cap

“Sieve” — 13 output holes

9,5 kBq, o,y 300 kBq, v
“insignificant radiation source”, “small source”
Manipulat per professors o Manipulat per professors

alumnes



Alfa i Gamma

256

Brass shielding cap

N

X (column number) 256
0 125 25 . ;

3Es 50

(a) Alpha particle track (b) Two photon tracks

Figure 23: Tracks of particles emitted by S7Z7 Alfa (americium).



Gamma




3.4 Fonts d’alfa i gamma d’americi
3.4.1 Visualitzacio dels diferents tipus de radiacio
3.4.2 Col-limacid del feix de particules

3.4.4;5 Naturalesa estadistica del decaiment, Distribucioé de Poisson

Alfa:

3.4.3 Histograma de la mida de les traces de particules alfa

3.4.6 Histograma d’energia a

3.4.7;8;10;20-22 Atenuacio d’a a l'aire, abast, pic de Bragg

3.4.9 Influencia del col-limador

3.4.11-19 Absorcid per paper, film de plastic, aigua, bombolles, ...
Gamma:

3.4.23 Visualitzacié de traces

3.4.24 Histograma d’energies

3.4.25-26 Dependencia del # de traces i I'energia amb la distancia
3.4.27 Absorcio en metalls

3.4.28 Radiografia

3.4.29 Analisi per fluorescencia



o 7/

3.4.1 Visualitzacio dels diferents tipus de radiacio

N

1 X (column number 56
X (colun umber)
‘ 2
125 25 375 50

(b) Two photon tracks

(a) Alpha particle track

Figure 23: Tracks of particles emitte d by SZZ Alfa (americium).



3.4.2 Col-limacio6 del feix de particules

Shielding cap

Radiation source
>x<

Figure 26: Axial cross-secti ;
{ <0: A: ross-section sche * use » be ner, -
chematic used for beam divergence calculation.

¥ (column number)

L =
50 75

} 577 577 ved away by 10 mm
/a) The closest possible placement of the SZZ (b) SZZ movec



3.4.3 Histograma de la mida de les traces de particules alfa

Alpha particles

......

/ S T N N B W 8 ' () (3 AT [ [E00 L SR




3.4.4:5 Naturalesa estadistica del decaiment, Distribucio de Poisson

1000
900 A

800 A 1
700

600

500

Frequency

400
300
200

100

31 33 35 37 39

T TR—T

) 21 23 25 27 29

TR T TR O 11 13 15 17 16
Count of particles in one frame

0

Figure 34: The histogram of . - the number of alpha particles in one frame constructed from

rt) and the graph of continuous functions whose points have been

for A = 20). During

measured data (column cha

calculated from the equation for the Poisson distribution (equation (3)

the measurement N = 200300 alpha particles were detected.

500
400 -

g 300 1
200 -
100

0 -

1 3 5 7 9 11
Count of particles in one frame

Figure 35: The histogram of n ~ the number of alpha particles in one frame ¢

measured data (column chart) and the graph of continuous functions whow Con.“mcted from

R cnction o e il e e
surement N = 7437 alpha particles were detected. ). During
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3.4.11-19 Absorcio per paper, film de plastic, aigua, bombolles, ...

o rage 94). Keep it stretel

, wr srConds.

Figure 58: The setup for de
se

monstration of the absor
nsor is in the horizontal position,

Ption of radiation mn (

1 Watey 'j’”i’
above it is q piece

The
of food wrapping foil wi, 5

drop of
v 0
water and above the center of the sensor is the radiation source. For q bett, T visibility of
i 4 Y 0] th,
g etching: z [ the
ries during foil st drop is the source
" N . L

icles 1 in this picture placed higher than in S
of detected alpha particles

1surement.
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3.4.7;8;10;20-22 Atenuacio d’a a l'aire, abast, pic de Bragg
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Gamma




3.4.24 Histograma d’energies
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3.4.25-26 Dependencia del # de traces i lI'energia amb la distancia
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3.4.27 Absorcié en metalls
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3.4.28 Radiografia

(b) Photography

(a) Radiography




3.5 RADIACIO DE FONS NATURAL

3.5.1 Composicié de la radiacié de fons

3.5.2-4 Radd a I'ambient, filtracié amb paper
3.5.5 Decaiment exponencial

3.5.6-7 TV de raigs catodics: raigs-X i radiacio alfa
3.5.8-9 Raigs cosmics, trajectoria vertical

3.5.10-12 Radiaciod en vol d’avié: tipus, activitat, dosimetria



3.5.1 Composicié de la radia
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3.5.6-7 TV de raigs catodics: raigs-X i radiacio alfa

e AT

— (Glass, 4 min

a) The TV set with a CRT which has been the (b) The tissue paper placed over the sensor of MX-

80 100
wiped with a tissue paper. 10.

. ‘ ivi i Histogram of eneraies ~F -
Figure 113: The mesurement of alpha radioactivity near a CRT TV v ;

X (column nurmber)

0 5 10 15

i s used to wipe a CRT TV screen.
1L TF lioactivity of a tissue paper, which was used to Wiy
Figure 11/: e radic Y 0]

Jtected 301
lioactivity of the handkerchief were detected 31
radt 1

3 SUT 0,
During the 10-minute measurement of

alpha particles.



3.5.8-9 Raigs cosmics, trajectoria vertical

. i ' ) i ; zontal.
Figure 119: The atmosphere layer is thicker in a direction close to horiz

1

o. of particles

N

(@1

: \ \
. nl l
JORMS O N, :

0 10) 5
Polar :111;3‘\‘- \\

v‘ " ; 60 T0 R()
) ”mitm‘?uf position, ¢

)

1 € S acks (b
e linear track:
1 siti ked are linear
(() V ,I‘ll('lll pos ition, HI(II}\ i
v('()”.f(ll.nhl(} at least 20 [HJ'(’[S, 3

8: The histogram of the mal-~



n in 10 s

3.5.10-12 Radiacio6 en vol d’avid: tipus, activitat, dosimetria

« wnuaar o tnat in Fig. 122
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Figure 121: Interesting tracks with high absorbed energy, 14552 keV on the left, 3352

the right.
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3.6 DADES DEL TIMEPIX EN ALTRES
COL-LABORACIONS e.g. ISS
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Thank you for your attention



