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lonizujici zareni a
Casticova kamera

Jiri Kvita, jiri.kvita@upol.cz
Spole¢na laboratof optiky UP a FZU AV CR
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Earth and Moon, 2025




Earth and Moon, 2025




Earth and Moon, 2025




Earth and Moon

https://moon.nasa.gov/observe-the-moon-night/resources/moon-map/



Space: on the Moon, 1969

N https://en.wikipedia.org/wik
. i/Apollo_11#/media/File:Ald
rin_Apollo_11 original.jpg




Over the Moon 2025

Blue Ghost by Firefly
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https://www.facebook.com/fireflyspace/videos/2043876426081325/
https://www.facebook.com/fireflyspace/videos/2043876426081325/
https://www.facebook.com/fireflyspace/videos/2043876426081325/
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Space weather (polarni zare, Libava, 2024)

https://flic.kr/s/aHBqjBpRT7



Castice a ionizujici zafeni



Castice nejsou kulicky!

* Objekty mikrosveta
 Nahodnost méreni
* Pravdépodobnostni predpovedi

 Kvantova mechanika

e Kvantovani moznych hodnot fyzikalnich velicin (energie,
moment hybnosti...)

* Dualizmus: Castice i vina
* Neurcitost v rozptylu, Heisenbergovy relace neurcitosti

i

https://www.popularmechanics.com/science/a23710/double-slit-theory-everything/

\
\

2

000
o)

)

https://lipa.physics.oregonstate.edu/sec_two-slit-interference.html



Jednotky energie

as i
electroy
O —

* 1 elektronvolt = 1.602 x 10-1° Joul{l

* Hmotnosti ¢astic lze vyjadrit pomoci:

* Klidova energie: E = mc?2 AV




Castice
Proton Neutron Elektron Elektronové
Foton ] .
antineutrino
o (o]

mc?2=0 m.c?< leV
m.c? =0.511 MeV

m,c’=938.3 MeV  m,c?=937.6 MeV

m,c? - myc? = 1.3 MeV > m.c



Jednotky energie
* 1 elektronvolt = 1.602 x 10-1° Jould
* Antihmota
* E=mc?

* Anihilace elektronu s pozitronem
* Energie kazdého z fotonu je 0,511 MeV!




Vizualizace -- model podle kvantové mechaniky

Atom vodiku — stojaté viny elektront kolem jadra

o, 3
e T

 Energie prechodu mezi
hladinami: radove 10 — 100 eV

1010 m



Atom vodiku — stojaté viny elektront kolem jadra

O’&\’;’ —— i;’ 20,
e By
7/1 T~ . 3/
E, ®
O
C _ _13(eV
.

w nt

 Energie prechodu meazi
1010 m hladinami: radove 10 — 100 eV



Jadro — protony a neutrony

* Jadro je vazany stav neutronu a protond.

* Panuje zde silna, jaderna, interakce, ktera ma jen kratky dosah.

* Proto je jadro vazano do malého objemu (stotisickrat mensi nez atom).
* Typické energie 1 — 10 MeV!

1014 m



Rozpad volného neutronu

Proton

' o Elektron

Neutron

(o] Elektronové
antineutrino



Rozpad protonu (energeticky lze v jadre)
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. o Pozitron

Proton

(o] Elektronové
neutrino



Rozpad atomu
Elektron

Gama

Foton

/..
#

Elektronové
104 m Elektron v jadie pfedtim nebyl. Prosté vznikl. Castice vznikaji a zanikaji. antineutrino



Radioaktivita

* Fuze vs. stépeni

Fission
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Mass number (A)

http://www.thestargarden.co.uk/Nuclear-physics.html



Syntéza prvkl ve hvézdach

* pp retézec
* CNO cyklus



http://www.thestargarden.co.uk/Nuclear-physics.html
https://en.wikipedia.org/wiki/Proton%E2%80%93proton_chain
https://en.wikipedia.org/wiki/Proton%E2%80%93proton_chain
https://en.wikipedia.org/wiki/Proton%E2%80%93proton_chain
https://en.wikipedia.org/wiki/CNO_cycle
https://en.wikipedia.org/wiki/CNO_cycle

Casticova kamerka MX-10
» Kfemikovy Cip 256 x 256 pixell, 1,4 cm x 1,4 cm, tloustky cca 0,3 mm.

 Digitalni fotoaparat, ktery v realném case “vidi“ stopy castic.
* Vyvinut v laboratofi CERN ve spolupraci s UTEF CVUT.
* Edukacni verzi prodavala firma JABLOTRON. Nyni ADVACAM.

* Profesionalni verze |éta i na ISS:)

Pixelated 300 um thick Si
detector chip (256 x 256

| pixels, 55 pum pitch)

14 mm |
"

Vi

B
2

) )) \\ \‘m\ ‘::'i :;
| %\\ \ \_» X
Read-out ASIC
voltage (~100V) ~ chip TimePix

| Detectorbias




Umélé zdroje zareni

* Americium **Am, polocas rozpadu T, =433 let.

* Skolni zdroj alfa a gama zafeni.
e Aktivita:
» 10 tisic rozpad( za sekundu (alfa verze).
* 300 tisic rozpadu za sekundu (gama verze).

« 21Am -> 237Np + 43lfa
* Extrahuje se z jadernych reaktoru.
* Pouziva se v detektorech koure.

* Uranové sklicko (primés oxidu
uranicCitého).
« 28U:T,,, =4,5mld. let
e Zdroj alfa, beta, gama zareni




loniza€ni ztraty tézkych castic
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Figure 34.1: Mass stopping power (dE/dx) for positive muons in copper as a function of gy =
p/Mc over nine orders of magnitude in momentum (12 orders of magnitude in kinetic energy).
Solid curves indicate the total stopping power. Data below the break at v =~ 0.1 are taken from
ICRU 49 [6] assuming only 3 dependence, and data at higher energies are from [7]. Vertical bands
indicate boundaries between different approximations discussed in the text. The short dotted lines
labeled “p~ 7 illustrate the “Barkas effect,” the dependence of stopping power on projectile charge
at very low energies [8]. dE/dx in the radiative region is not simply a function of j.




Gama
e Zareni gama: velmi energetické fotony (rentgenové zareni a tvrdsi zareni).

* Jde o doprovodné zareni, které doprovazi vétsSinu beta a alfa rozpadu.
 Gama foton muze byt pohlcen v jednom pixelu.

y B



Beta

e Zareni beta: elektrony, které vyletuji z jadra po jeho preméné v jiné jadro.
* Beta minus: elektrony, z jader s prebytkem neutront (uran).

e Beta plus: pozitrony, z jader s prebytkem protonu, vétSinou umélé izotopy
(vyrabegji se napr. v cyklotronech v nemocnicich pro vyrobu radiofarmak pro
zobrazovaci metody typu PET, Positron Emission Tomography)

- IUETER L -lsT
'__.,: = e Lo ——— T ;:._L ___-.bi __;F—j - -

* Alchymisté by se divili: prvky se radioaktivni R I BT
premeénou meni na jiné zcela bézné, atoiv s L
nasich télech! R TN et s A

P e el T
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e e T e
Ta e



Alfa

 Alfa castice: jadra hélia, ktera vyletuji z jinych tézkych jader, ¢cimz vznikaji

stabilnéjsi jadra.

* Alfa Castice se v kremiku zastavi (i ve vzduchu uleti jen nékolik cm)

 VVyrazené ionizované elektrony v kremiku se ,rozliji“ do sousednich pixelu a

zpusobi Sirokou kruhovou stopu.

 Alfa rozpadem se premenuji velmi tézké

prvky, napfr. uran, radon, polonium, radium...

* Bombardovanim zlaté folie alfa casticemi
objevil Ernest Rutherford atomové jadro!
* Alfa castice se obcas odrazily zpét, coz neslo

vysvetlit jinak, nez ze vétSina hmotnosti atomu je

v nejakém velmi malém hmotném centru.

I'I'! ’
b

’
B,



Jak ¢astice vidi kamera MX-10

Gama

Beta

Alfa
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Radiacni pozadi —,,nic” po 6 hodinach
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Radiacni pozadi —,,nic“ po 6 hodinach

* Alfa castice pochazeji z prirodniho radonu a jeho
produktl rozpadu (polonium).

* Rocni davka Clovéka je po zahrnuti zdroju z jidla,
rtg. vysetreni, vnitrnich a pozemskych a
kosmickych zdroji okolo 2mSv.

* Tj. 2 mili Sieverty za rok; 1 Sievert je 1 Joule /kg

* Radiobiologicky paradox: mala energie, v nebezpecné
formé.

* Pracovnici s radiacnimi zdroji maji povoleno 50
mSv/rok.

* To odpovida okolo 0,2 uSv/hodinu.

* Vice trpi plice kurakl, nebot v tabaku jsou
obsazeny radioaktivni izotopy polonia a olova,
puvodné z hnojiv.



Sklenicka z uranového skla, 5 minut
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Aktivita lidského téla

 Radioaktivni draslik 4°K (0,012% pfirodniho drasliku)
se rozpada beta rozpadem na vapnik, popf. zachytem
elektronu na argon.

* Clovék hmotnosti 70 kg obsahuje asi 140 gram
drasliku, z toho 0.0164 gramu 4°K.

* 4300 téchto jader se v téle rozpadne kazdou sekundu.

e Banan (ma hodné drasliku) jako jednotka
radioaktivity:) EATING 1 BANANA

0.1 microsieverts = sieverts

1
10,000,000

_ _ https://en.wikipedia.org/wiki/Potassium-40
The Most Radioactive Places on Earth :: https://youtu.be/TRL702kPqw0



: L Walipat - TEFRrEgi of Pec 0393
Dopis Wolfganga Pauliho Abschrift/15.12.96 M

* RadIOak Offener Brief an die Grunpe der Radiosktiven bel der
Se rOZpa GE'II‘I'I‘.I"H.'LHE-TEE‘J-UE a1 Tﬂ.bmmb

e |e kt rO n j'hmhﬂﬁ E\, protons

v g Physikalisches Institut s

¢ CIOVEk der Eidg. Technischen Hochschule Zirich, L. Des. 1930 @ neurrons

’ fﬁﬂﬂh Cloriastrasse @ electrons
drasliku

Iiebe Radiocaktive Damen und Herren, Calciurm-40

20 protons

* 4300 tec Wie der Ueberbringer dieser Zeilen, den ich muldvollst 20 neutrons

ansuhbren bitte, Ihnen des n&heren asuseinandersetsen wird, bin ich
angesichts der "falschen" Statistik der N und Li-6 Kerne, sowie
des kontimuierlichen beta-Spektrums auf cinen versweifelten Ausweg
verfallen um den "Wechselsats™ (1) der Statistik und den Energlesats
su retten. Mimlich die Moglichkeit, es klnnten elektrisch neutrale
Tellohen, die ich Neutronen nemnen will, in den Kernen existieren,
welghe den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
‘sheh von lichtquanten musserdem noch dadurch unterscheiden, dass sie
ﬁ-it Lichtgeschwindigkeit laufen. Die Masse der Neutronen

von derselben (rossenordming wie die Elektronenmasse sein und

s nicht grosser als 0,01 Protonermasse.- Das kontimuierliche

Spekctrum wire dann verstindlich unter der Annahme, dass beim
boba-Zerfall mit dem hlektron jewsils noch ein Neutron emittiert
Mird, derart, dass die Summe der Energien von Neutron und klektron

konstant ist. /Potassium-40

The Most Radioa



Davka a davkova rychlost
* Davka e e
e D=E/m K ;::__Zi‘_- ah d_.‘e-,"_:_l.‘; 51 =
- D] =J/kg
* Davka pro nezivou hmotu: Gray T et L L
* Davka pro ¢lovéka: Sievert e R L e
’ ’ B, t-:.l..;-'-;.j" e X J:‘JTI'-' rm'..u ‘ A
* Davkova rychlost S e A S R i

ofL et o amd BUE LS AT
‘__—:_1:.- YL r-"i‘::-'}"'-‘_r:"-ﬂ" i hJT:F.?H
e L T e e
° d = E / ( At) e Arh ey e LD W R LY
m T e e Sy T
N o F St e Y LElawoe !
R R Y A e e L T
* [d] = J/kg/s u £ :.T..'-:'— ) “'"-".}l"\- - 1-'€'Jf- ) qu.-_:'j". At

e Detektor musi umeéet merit energii, kterou mu predaji castice ionizujiciho zareni
* Musim znat hmotnost detektoru:)
* Gama a neutrony?

e Radiacni davka Clovéka za rok
e Cca2mSv

https://www.cnsc-ccsn.gc.ca/eng/resources/radiation/radiation-doses/



Radiobiologické ucinky ionizujiciho zareni
e RUzné typy zareni, ¢astice o ruznych energiich

e RGzny LET = Linear energy transfer, dE/dx
e keV/um, MeV / cm

 Relative Biological Effectiveness (RBE)

e (RBE is a measure of the damage done to living tissue, relative to gamma rays)

* Empiricka tabulka koeficientu "kvality" Ereray W
17V ° SAYan] Radiation nergy e
* Ruznych druhu zareni (formerly Q)

X-rays, gamma rays, beta particles,
muons

neutrons (< 1 MeV)

neutrons (1 - 50 MeV)
neutrons (> 50 MeV)

protons, charged pions

alpha particles, nuclear fission

https://en.wikipedia.org/wiki/Relative_biological_effectiveness oroducts, heavy nuclei




Jak ¢astice vidi kamera MX-10

7?7?
'.'.ll. i
."-. . ¢
-"-.. .
N
Y
\ *,
hy
l.I.'I
Yoo
e ™
”



Jak ¢astice vidi kamera MX-10

Jde o Castici z kosmického zareni zvanou mion
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Miony
* Miony jsou podobné elektronim, jen jsou

asi 200x tezsi a rozpadaji se na elektron a
neutrina.

* Vznikaji ve vyskach kolem 20 km ve srazkach
primarniho kosmického zareni s atmosférou.

e Doba zivota mionu je asi 2 mikrosekundy.

e Za tu dobu by i rychlosti svétla uletély jen e SRR RO
600m... AN SN

* Presto je pozorujeme pri povrchu Zeme diky ,

dilataci Casu — Einsteinova teorie relativity! cN

* Kazdou sekundu jich asi 100 proleti

Vasim télem (jeden za minutu na r PN ,
Ctverecni centimetr). S

http://cosmic.lbl.gov/SKliewer/Cosmic_Rays/Muons.htm



Jak ¢astice vidi kamera MX-10
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Jak ¢astice vidi kamera MX-10

Vzacnéjsi stopa silné energetické a ionizujici castice, snad protonu, z
kosmického zareni.
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S detektory v letadle
* TimePix, Geiger, DSLR+GPS, mobile phone (not pictured)




S detektory v letadle

3
T = 25

NN )




S detektory v letadle




V letadle, cca 10min

Miony a i silné ionizujici Castice: piony, protony...
Let pres Atlantik ~ rentgen plic.




Ve svazku c¢astic na urychlovaci SPS v CERN

Miony Piony
e
. . 4

E i W m— . S




Ve svazku c¢astic na urychlovaci SPS v CERN

Miony Piony e
Jaderna interakce!




Mezinarodni kosmicka stanice
e ISS, 400km, Kredit: NASA, Ing. Stanislav Pospisil, DrSc., UTEF, CVUT.

e South Atlantic Anomaly ’ /T\| Dosimetry in space on ISS

- Timepix for the first time in the space on the altitude ~400km |
e MiniPix - 5 detectors deployed on ISS from October 2012




Van Allenovy pasy
* Nabité Castice (protony, elektrony) zachycené zemskym magnetickym polem
* Spirdlovity pohyb k pdlim

e Polarni zare

 Radiaéni pasy kolem Zemé https://scitechdaily.com/earths-magnetosphere-protecting-our-planet-

e ISS pod prvnim pasem from-harmful-space-radiation/

The Earth’s Magnetlc Field -

North
Magnetlc Ge raphlc a0
. Pole - ! ortl Pole e

South

. Geog:aphlc Magnetic‘.

<. . South Pole

’ Peter Reid (peter.reid@ed.ac.uk),-2009

https://en.wikipedia.org/wiki/Van_Allen_radiation_belt



Van Allenovy pasy
* Nabité Castice (protony, elektrony) zachycené zemskym magnetickym polem
* Spirdlovity pohyb k pdlim

* Polarni zare

 Radiaéni pasy kolem Zemé https://scitechdaily.com/earths-magnetosphere-protecting-our-planet-
from-harmful-space-radiation/

* |ISS pod prvnim pasem

https://www.collegesidekick.com/study-guides/boundless- https://en.wikipedia.org/wiki/Van_Allen_radiation_belt
physics/motion-of-a-charged-particle-in-a-magnetic-field



Letadlo

* Let nad Evropou
* 30s expozice
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e Zbrasov/Teplice n/B

* 10min expozice




Svazek pionu
e Urychlovac SPS, CERN

e < 1s expozice :-)




Vesmir
* Sonda Proba-V, 800km, Kredit: ESA, Ing. Stanislav Pospisil, DrSc., UTEF, CVUT.




* VZLUSAT-2, 500km

frame_ID: 1275, UTC: 2023-01-19 11:23:26,
exposure(;—- 0.10s, (min = 1, max = 11810), filter = No Filter

https://advacam.com/subapp/quantum-imaging-detection/
https://advacam.com/application/space/



https://advacam.com/application/space/

Aplikace



https://advacam.com/application/space/

Vesmir

e Polaris Dawn |, 12.9.2024, 737km.

0:40:12

EVA ELAPSED TIME

SARAH GILLIS ANNA MENON

‘:\.L-'
...... P ‘ N
00 HATCH OPEN EVA 1IN PROGRE S
EV1EGRESS

[UVE] 17M views

https://www.youtube.com/watch?v=Jd2ZcpirFew&ab channel=VideoFromSpac
e



https://www.youtube.com/watch?v=Jd2ZcpirFew&ab_channel=VideoFromSpace
https://www.youtube.com/watch?v=Jd2ZcpirFew&ab_channel=VideoFromSpace

Firefly's Blue Ghost, 2025




SELIEIGCHERYEN
e Kosmické zareni (Galactic Cosmic Rays, GCR)
 Solar Particle Events (SPE)
e Radioaktivni pozadi Mésice
* Neutralni ¢astice (neutrony, gama) z interakci GRC/SPE s regolitem.
* Q: Miony?
* Mise Apollo: dozimetry, celkova davka za cestu, bez casového rozliseni.

e "Deadly Solar Storm"
« Sci-fi series For All Mankind ff

e https://www.youtube.com/watch?v=WLLoedM®6skY&ab channel=SonyPicturesT
elevision



https://www.youtube.com/watch?v=WLLoe4M6skY&ab_channel=SonyPicturesTelevision
https://www.youtube.com/watch?v=WLLoe4M6skY&ab_channel=SonyPicturesTelevision

Radiace na Mésici
e Kosmické zareni (Galactic Cosmic Rays, GCR)

 Solar Particle Events (SPE)

e Radioaktivni pozadi Mésice
* Neutralni ¢astice (neutrony, gama) z interakci GRC/SPE s regolitem.
* Q: Miony?
* Mise Apollo: dozimetry, celkova davka za cestu, bez casového rozliseni.

MARIE Daily Average Dose Rates: 03/13/2002 - 09/30/2003
2,BEE —

e Real Solar Proton Events
* by Mars Odyssey space craft during travel from the Earth
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https://en.wikipedia.org/wiki/Mars_Radiation_Environment_Experiment
https://en.wikipedia.org/wiki/2001_Mars_Odyssey
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 Modul Change, 2019

* Lunar Lander Neutrons and Dosimetry experiment




Radiace na Mésici
* LND -- vyskedky
e Davka, tok Castic
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Radiace na Meésici

* Lunar Lander Neutrons and Dosimetry experiment
* Naméfil cca 1400 uSv / den (0.51 Sv/rok)
* #onthesameday:

e 1SS: 730 uSv / den (z toho 200 uSv/den z protontl in South Atlantic Anomaly
e 0.27 Sv/rok, 0.2 Sv/rok bez SAA
* 0.072 Sv/6 mésic dle

* https://en.wikipedia.org/wiki/Effects_of ionizing radiation_in_spaceflight
* Tj. radiace na Mésici cca 2.5x vyssi nez na ISS (z GCR)
* Pozadi pro méreni: RTG generator, plutonium
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Radiace na Meésici
 Modul Change, 2019

* Lunar Lander Neutrons and Dosimetry experiment

The measured dose is about five to 10 times what passengers on an
intercontinental flight from New York City to Frankfurt, Germany,
receive when the plane is above parts of the protective atmosphere,

Wimmer-Schweingruber says. Though high for Earth-based standards
radiation is one of the known dangers of spaceflight. NASA is legally
prohibited from increasing the risk of its astronauts dying from cancer
by more than 3%, and these levels remain below that.

https://www.science.org/content/article/moon-safe-long-term-human-exploration-first-surface-radiation-
measurements-show



Radiace na Meésici
 Modul Change, 2019

* Lunar Lander Neutrons and Dosimetry experiment

What's more, the researchers calculated that Moon bases covered with
at least 50 centimeters of lunar soil would be sufficient to protect
them. A deeper chamber shielded with about 10 meters of water would
be enough to protect against occasional solar storms, which can cause
radiation levels to spike dramatically. (Between the Apollo 16 and 17
missions, the Sun flared up 1n a way that cou

sickness, vomiting, and possibly death had astronauts been
unprotected in space at the time.) Such a chamber would need to be

reachable within 30 minutes, the amount of advanced warning time

that is now possible with monitoring satellites.

https://www.science.org/content/article/moon-safe-long-term-human-exploration-first-surface-radiation-
measurements-show
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 Modul Change, 2019

* Lunar Lander Neutrons and Dosimetry experiment

The results are nothing that scientists didn't already suspect, says
Francis Cucinotta, who studies the health effects of space radiation at
the University of Nevada, Las Vegas, and who wasn't involved in the

work. But it's good to have the specific measurements, which verify
that if astronauts live in shielded bases, they can spend up to 6 months
on the Moon without exceeding NASA's legally mandated limits, he
adds.

https://www.science.org/content/article/moon-safe-long-term-human-exploration-first-surface-radiation-
measurements-show
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Zivot na Mésici?

https://www.esa.int/Enabling_Support/Space_Engineering_Technology/Building_a_lunar_bas
e_with_3D printing
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Zivot na Mésici?
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https://www.researchgate.net/publication/348388603 Regolith-
based_additive_manufacturing_for_sustainable_development_of lunar_i
nfrastructure_- An_overview



Zivot na Mésici?

https://for-all-mankind.fandom.com/wiki/Jamestown




Moon and Mars




WEIES

https://cs.wikipedia.org/wiki/Mars_%28planeta%29



Mars :: Perseverence 2021

https://www.youtube.com/watch?v=4czjS9h4Fpg



Mars :: Perseverence 2021
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About 20 meters off the surface,
we're getting signals from MRO.

https://www.youtube.com/watch?v=4czjS9h4Fpg



Zivot na Marsu?

https://www.humanmars.net/2024/01/mars-base-for-200-people-
in-for-all.html



Zivot na Marsu?
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https://www.humanmars.net/2024/01/mars-base-for-200-people-
in-for-all.html



Links

* https://www.cnsc-ccsn.gc.ca/eng/resources/radiation/radiation-doses/
* https://www.spaceweather.com/
* https://www.science.org/doi/10.1126/sciadv.aaz1334

* https://www.science.org/content/article/moon-safe-long-term-human-
exploration-first-surface-radiation-measurements-show

 https://www.science.org/doi/10.1126/sciadv.aaz1334

e ==> PDF: https://www.science.org/doi/pdf/10.1126/sciadv.aaz1334

* https://www.space.com/moon-radiation-dose-for-astronauts-measured
* https://www.sciencedirect.com/science/article/pii/S0032063312002085

* https://www.nature.com/articles/s41598-023-40405-0
* https://www.spaceweather.com/
* https://marspedia.org/Radiation



https://www.cnsc-ccsn.gc.ca/eng/resources/radiation/radiation-doses/
http://zhttps:/www.spaceweather.com/
https://www.science.org/doi/10.1126/sciadv.aaz1334
https://www.science.org/content/article/moon-safe-long-term-human-exploration-first-surface-radiation-measurements-show
https://www.science.org/content/article/moon-safe-long-term-human-exploration-first-surface-radiation-measurements-show
https://www.science.org/doi/10.1126/sciadv.aaz1334
https://www.science.org/doi/pdf/10.1126/sciadv.aaz1334
https://www.space.com/moon-radiation-dose-for-astronauts-measured
https://www.sciencedirect.com/science/article/pii/S0032063312002085
https://www.nature.com/articles/s41598-023-40405-0
https://www.spaceweather.com/
https://marspedia.org/Radiation
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Aplikace Medipix/Timepix

https://cerncourier.com/a/first-human-3d-x-ray-in-colour/
https://advacam.com/application/biomedical/



https://cerncourier.com/a/first-human-3d-x-ray-in-colour/
https://advacam.com/application/biomedical/




What has CERN/basic research ever done for us?

Parkinson’s Healthy
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Interakce fotonu

(b) Lead (Z=82)

o - experimental G,

Cross section (barns/atom)

1 MeV 1 GeV 100 GeV
Photon Energy

Figure 34.15: Photon total cross sections as a function of energy in carbon and lead, showing the
contributions of different processes [50]:
0p.e. = Atomic photoelectric effect (electron ejection, photon absorption)
ORayleigh = Rayleigh (coherent) scattering—atom neither ionized nor excited
OCompton = Incoherent scattering (Compton scattering off an electron)
knue = Pair production, nuclear field
ke = Pair production, electron field
0gdr. = Photonuclear interactions, most notably the Giant Dipole Resonance [51]. In these
interactions, the target nucleus is usually broken up.




loniza€ni ztraty elektront
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Figure 34.11: Fractional energy loss per radiation length in lead as a function of electron or
positron energy. Electron (positron) scattering is considered as ionization when the energy loss
per collision is below 0.255 MeV, and as Mgller (Bhabha) scattering when it is above. Adapted
from Fig. 3.2 from Messel and Crawford, Electron-Photon Shower Distribution Function Tables
for Lead, Copper, and Air Absorbers, Pergamon Press, 1970. Messel and Crawford use Xy(Pb) =
5.82 g/cm?, but we have modified the figures to reflect the value given in the Table of Atomic and
Nuclear Properties of Materials (Xo(Pb) = 6.37 g/cm?).
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