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DENEYDEN KURAMA
nereden ner

eye ?
Parçacık fiziğinde



Rutherford Deneyi ve çekirdeğin keşfi
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Ernest Rutherford (1911)
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TEMEL PARÇACIKLAR
evrenin yapıtaşları

• Madde neden yapılmıştır?

• Parçacıkları nasıl sınıflandırırız?

• Parçacıkların özellikleri nedir?

• Parçacıklar nasıl etkileşir?
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DENEYSEL PARÇACIK FİZİKÇİNİN ALET KUTUSU

- Algıç
- Te)kleme ve Veri Alım Sistemi
- Elektromagnet
- Hızlandırıcı
- …



PARÇACIK HIZLANDIRICILARI

Serkant.Ce*n@is*nye.edu.tr 10



Serkant.Ce*n@is*nye.edu.tr 11



Serkant.Ce*n@is*nye.edu.tr 12

Electrostatik Hızlandırıcılar

Van de Graaff
Jeneratörü

AC / RF 
Hızlandırıcıları

Döndürgeç (Cyclotron)
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Duran dalga

Hareketli dalga

Bunch in rigid bucket, no loop 

Injec&on with phase loop

Hızlandırıcılar
da RF’in
demete
uyumlanması
kritik
önemdedir



PARÇACIK ALGIÇLARI
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Parçacığın bir ortamdan geçtiğine
işaret edecek ipucuna ihtiyacımız
var…

Aradığımız ipucu parçacıkların 
maddenin içinden geçerken 
yaptıkları etkilşemelerde yatar…

Amacımıza yönelik iki proses 
şunlar:

• İyonizasyon
ve 
• Uyarılma

Ioniza'on (or ionisa(on) is the process by which an atom or
a molecule acquires a nega(ve or posi(ve charge by gaining
or losing electrons, o9en in conjunc(on with other
chemical changes. The resul(ng electrically charged atom
or molecule is called an ion. Ioniza(on can result from the
loss of an electron a9er collisions with subatomic par(cles,
collisions with other atoms, molecules and ions, or through
the interac(on with electromagne(c radia(on.
(h=ps://en.wikipedia.org/wiki/Ioniza*on)

Electron excita'on is the transfer of a bound electron to a
more energe(c, but s(ll bound state. This can be done
by photoexcita(on (PE), where the electron absorbs
a photon and gains all its energy or by
electrical excita(on (EE), where the electron receives
energy from another, energe(c electron. When an excited
electron falls back to a state of lower energy, it
undergoes electron relaxa(on. This is accompanied by the
emission of a photon (radia(ve relaxa(on/spontaneous
emission) or by a transfer of energy to another par(cle. The
energy released is equal to the difference in energy levels
between the electron energy states.
(h=ps://en.wikipedia.org/wiki/Electron_excita*on)
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https://en.wikipedia.org/wiki/Ionization
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Enerjiyi ölçebilmek için
soğuruculara (kalorimetre) 
ihtiyacımız var…

Momentumu ölçebilmek için 
izsürücülere ve elektromagnetlere
ihtiyacımız var…

Farklı tip parçacıklar için farklı 
tip izsürücü ve kalorimetreler 
gerekli…

Bu yüzden parçacık fiziği 
deneylerinde devasa büyüklükte  
algıç sistemleri gerekli…
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A wire chamber or mul$-wire propor$onal 
chamber (MWPC)

The par*cles flying through T will ionize gas atoms 
and set free a charge that an amplifier (A) collects 
(impulse at the output).

A straw dri: tube:

Resis$ve plate chambers (RPC)

Micropa@ern gaseous detectors (MPGDs)

MSGC

GEM

MicroMegas
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Silicon semiconductor detectors Scin$llators

A scin*llator is a substance that emits 
light when it absorbs energy from 
incident photons or charged par*cles.

A PMT (PhotoMul*plier Tube) is 
used to convert light to an electric signal.

Cerenkov detectors

Cerenkov radia*on is prompt 
bluishwhite light emi=ed when a 
charged par*cle passes in a dielectric 
medium with a velocity greater than 
the phase velocity of light in that 
medium. The charged par*cle induces 
polariza*on of the molecules in the 
medium, and radia*on is emi=ed upon 
relaxa*on of these molecules.

Calorimeters

Calorimeters use par*al or 
total absorp*on of par*cles 
and their showers to measure 
their energy.



CERN Büyük Hadron Çarpıştırıcısına*
ve ATLAS Deneyine bir bakalım…

*enerji öncüsü bir proton-proton çarpıştırıcısı
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Şimdi deneyi yapalım…Serkant.Ce*n@is*nye.edu.tr
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4 Temmuz 2012
50 yıllık çabamızın sonunda elde ettiğimiz sonuçları gururla
paylaşıyoruz: Higgs bozonunu aradığımız yerde, beklediğimiz
özelliklerde yeni bir bozon bulduk!
Bu CERN’deki fizikçilerin başarısı değil sadece.

Hızlandırıcı, bilgisayar ve dedektörleri geliştiren veya kilometrelerce
tünel kazan fizikçi ve mühendislerin, LHC’nin her bir vidasını sıkan
teknisyenlerin de değil.
Hatta CERN’ün çalışabilmesi için her yıl, yılda bir kahve eksik içmeyi
kabul eden Avrupa ülkelerinin vatandaşlarının da değil.
Felsefecilerin, düşünceleri ve kavramları resmeden sanatçıların, 
hayallerimizi canlandıran bilimkurgu yazarlarının, tüm bilim
insanlarının, bilime destek veren vizyon sahibi devlet adamlarının…
Kısacası doğanın güzelliği karşısından heyecanlanan tüm insanlığın
başarısı!
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Higgs’in LHC’de Oluşma Mekanizması
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Higgs’in Bozunumları

27

H → γγ
H → ττ
H → ZZ → 4 leptons

H → ZZ → 4e
H → ZZ → 4μ
H → ZZ → 2e 2μ

H → ZZ → ll qq
H → WW

H → WW → ln ln
H → WW → ln jj

H → ZH/WH
H → ZH → ll bb
H → WH → ln bb
H → ZH → nn bb
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2013 FİZİK 
NOBEL ÖDÜLÜ

- 2013 yılı Fizik Nobel Ödülü açıklaması 8 Ekim 2013 tarihinde İsveç Kraliyet 
Bilimler Akademisi'nde şu cümle ile başladı: "Bu yılki Fizik Nobel Ödülü tüm farkı 
yaratan çok küçük bir şey hakkında." 
-Ödülü Belçika Universite Libre de Bruxelles'den Profesör François Englert ve 
Birleşik Krallık University of Edinburgh'dan Profesör Peter Higgs ortak olarak 
kazandı. Akademi açıklamasında ödüle dair yapılan alıntı ise şöyle: "Atomaltı
parçacıkların kütlelerinin kaynağını anlamamıza yardımcı olan ve öngördüğü 
temel parçacığın yakın geçmişte CERN Büyük Hadron Çarpıştırıcısındaki ATLAS ve 
CMS deneylerinde bulunmasıyla doğrulanan bir mekanizmanın kuramsal keşfi için 
..."
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Büyük Hadron Çarpıştırıcısında neler oldu / oluyor / olacak ?
- 10 Eylül 2008’de başladı, 19 Eylül 2008’de arızalandı

- 23 Ekim 2009’da parçacıklar tekrar enjekte edildi ama döndürülmedi

- 20 Kasım 2009’da proton hüzmeleri döndürülmeye başlandı (düşük enerji ~0,45 TeV)
- 23 Kasım 2009’da proton hüzmeleri iki yönde aynı anda döndürülmeye başlandı ve ilk 
çarpışmalar gerçekleşti (düşük enerji ~0,90 TeV kütle merkezi enerjisi)
- 30 Kasım 2009’da mevcut rekor enerji olan 0,98 TeV aşılarak 1,18 TeV’lik hüzmeler her 
iki yönde döndürüldü ve 2,36 TeV kütle merkezi enerjisinde 16 Aralık 2009’a kadar 
çarpışma olayları gerçekleştirilerek veri alındı (~1 milyon çarpışma).

- 28 Şubat 2010’da hüzmeler tekrar dödürülmeye başlandı.
- 19 Mart 2010’da ilk 3,5 TeV’lik proton hüzmesi döndürüldü ve 23 Mart’ta iki yönde 3,5 
TeV’lik hüzmeler rutin olarak döndürülmeye başlandı.
- 30 Mart 2010’da 3,5 TeV’lik proton hüzmelerinin çarpışmaları başladı (7 TeV kütle 
merkezi enerjisi). Bu enerjide 2011’in sonuna kadar veri alındı ve hüzmeler daha da 
sıkıştırılarak ışınlık değerleri artırıldı. Nisan 2012’de  4 TeV’lik hüzmelerle 8 TeV kütle 
merkezi enerjide çarpışmaları başladı ve sene boyunca sürdü. Şubat 2013’te iyileştirme 
çalışmaları için durduruldu, 2015 ortasında tekrar başladı ve 2019’a kadar veri alındı; 
sonra Faz-1 upgrade çalışmaları yapıldı… 2022’de veri alımı tekrar başladı.
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Çin Bilimler Akademisi (CAS) 
bünyesindeki Yüksek Enerji Fiziği 
Enstitüsü (IHEP) BESIII Deneyine 
bir bakalım…

*ışınlık ~öncüsü bir elektron-pozitron çarpıştırıcısı
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BEPCII çarpıştırıcısı ve 
BESIII deneyi 
• BEPCII (Beijing Electron Positron Collider) II
• BESIII (BEijing Spectrometer) III
• BEPC and BES started in 1989. 
• Upgrade of BES: 1996, BESII 
• Upgrade of BEPC and BESII: 2009, BEPCII & BESIII
• Together with the upgrde of BEPC to BEPCII, BESII 
was upgraded to BESIII in order to achieve better
spatial, energy and momentum resolutions, and to
support multiple beam structure with a new DAQ 
system.
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BEPCII is a symmetric collider
consisting of electron and positron
rings of 240 m circumference producing
collisions at cm energies between 2 GeV 
– 4,6 GeV. The luminosity is optimized
as 1033 cm-2s-1 at 2x1,89 GeV. 

BESIII detector located on 
BEPCII enables to study
charmonium physics, D-physics, 
light hadron spectroscopy and t-
physics.

BEPCII ve BESIII
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BESIII Algıç Sistemi
• Main Dri( Chamber(MDC)

• spa$al resolu$on (srf) 130 µm
• momentum resolu$on (sp/p) %0,5
• energy resolu$on (sdE/dx) %6 

• Time of Flight Detector(ToF), 
• $me resolu$on (sT) ~100 ps

• Electromagne:c Calorimeter
• energy resolu$on at 1 GeV (sE/E) %2,5
• spa$al resolu$on (sz) 0,6 cm 

• Muon Iden:fier
• mul$layer RPC’s (resis$ve plate chambers)

• 1T Superconduc:ng Solenoid Magnet
• Trigger system of 3 levels

• Data acceptence rate ~3kHz. 
• DAQ and data analysis: BOSS (BESIII Offline So(ware System)

• An object oriented plaPorm in C++ 
• Opera$ng system: SLC (Scien$fic Linux CERN)
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BESIII İŞBİRLİG"İ
15+ ülke, 80+ kurum 
~600 araştırmacı
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Türkiye BESIII Deneyine 
neden katıldı?
• Mevcut parçacık fabrikası 
deneylerinde tecrübe 
kaxanarak Türk 
Hızlandırıcı Merkezi 
parçacık fabrikası 
tasarımı, kurulumu ve 
işletimi için insan 
kaynağı oluşturmak…
• IHEP genel olarak bilgi 
paylaşımı ve 
hızlandırıcı/çarpıştırıcı 
gelştirme süreçlerinde 
açık ve yardımcı…
• Öğrencilerin işleyen bir 
deneyde yetiştirilmesi 
önemliydi…

• THM parçacık 
fabrikası için 
mevcut BESIII 
deneyi BOSS yazlım 
çerçevesinden 
faydalanmak…
• BESIII bünyesinde 
algıç geliştirme 
çalışmalarında yer 
almak…
• Fizik analiz 
araçları ve 
teknikleri ile ilgili 
bilgi transferi 
sağlamak…



Diğer elektron pozitron 
çarpıştırıcıları…
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h"ps://pdg.lbl.gov/
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TAC / THM 
(Türk Hızlandırıcı Merkezi / Turkish Accelerator Comlpex) 
Super Charm Factory 1 GeV electrons from the energy

recovery linac (ERL) collide with the 3.56 
GeV positrons from the storage ring at 
a cm energy of 3.77 GeV .

ERL helps to achieve > 1035 cm-2 s-1
luminosity while ~1036 cm-2 s-1 might be 
achievable using crab waist.
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Neden Tılsım (charm) Fabrikası?

• Electron-positron 
colliders that produce 
lots of mesons with 
charm quarks are also 
referred to as D-meson 
factories.
• Great opportunity to 

study strong and weak 
interac<ons of SM and 
beyond.

• Discovery of J/Y
• Different D meson states

and mixings
• Recent discovey of 

Zc(3900) by BESIII; the
first tetraquark ever 
seen.
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Enerji Asimetrisi

• 1 GeV electrons from 
the energy recovery 
linac (ERL) collide with 
the 3.56 GeV positrons
from the storage ring at 
a center of mass energy 
of 3.77 GeV. 

• This will enable the mass 
produc<on of y(3770) 
which decays mainly to 
D-mesons.
• The energy asymmetric 

collisions will boost the 
D-mesons in the 
detector making <me 
dependent 
measurements possible. 
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Yüksek Işınlık

• In addi<on to the 
advantage of asymmetry 
of the collision a very 
high luminosity collider 
would produce more 
charm and enable high 
precission 
measurements for 
decays and mixings.

• Energy Recovery Linac 
helps to achieve > 1035 cm-
2 s-1 luminosity while ~1036

cm-2 s-1 might be 
achievable using crab 
waist.
• Hence the name “Super”
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THM Süper Tılsım Fabrikası  
mevcut durum

• Süpertılsım fabrikası «Türk 
Hızlandırıcı Merkezi» 
projesinin arkasında yatan 
ana sürücü kuvvet idi.
• THM tasarım projesi 
barındırdığı 4 farklı tesisin 
(parçacık fabrikası dahil) 
tasarımının yapılmasıyla 
tamamlandı…
• Bir sonraki adıma geçmek 
için şu anda karar
vericilerin değerlendirme 
ve iradeleri beklenmekte.



Çarpıştırıcı dışı deneyler; 
neden? nasıl?…

Örneğin karanlık madde adayı parçacıkların 
araştırılması…
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20+ senelik bir Karanlık Sektör
Sondası…
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Neden Axion?

• Axions were proposed as 
an extension to the
Standard Model of par4cle
physics to explain one of 
the le7 intriguing
problems in  QCD, the so-
called strong CP problem: 
The theory predicts the
existence of a CP viola5ng
term in the standard
equa.ons, yet Nature has 
never exibited this in any
experiment.

• The most elegant way to 
solve this problem is to 
introduce an addi/onal 
global symmetry (Peccei & 
Quinn). As a result, the CP 
viola/ng term is eliminated
and the strong CP problem 
solved. 
• In the real world we do not 

observe the Peccei-Quinn 
symmetry which implies that 
it is spontaneously broken at 
some energy scale. The 
associated boson is called 
axion.
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Axionların özellikleri

• Axion is a neutral, very light 
par/cle that interacts very 
weakly with ordinary 
ma@er. Owing to their 
poten:al abundance in the 
early Universe, axions are 
also leading candidates for 
the invisible dark maTer of 
the Universe.
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Deney aşağıdaki isimle önerilmişti:

- Solar Axion Telescopic ANtenna -

Bir sebeple :) aşağıdaki şekilde değişti:

- CERN Axion Solar Telescope -

… ama logoyu koruduk :)

h=p://cds.cern.ch/record/410414/files/SC00001091.pdf

http://cds.cern.ch/record/410414/files/SC00001091.pdf
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GENEL BAKIŞ VE YORUMLAR

• LHC being the high energy fron/er today will be opera:onal for
decades with increasing performance over the years integra:ng
enourmous amounts of data in experiments (eg. ATLAS).

• There is a compe::on among current and future par:cle factories. 
They are modest in energy however ambi:ous in luminosity
(luminosity fron/er). Filling the gaps of the QCD will be possible with
these machines (like BESIII and TAC supercharm factory).

• At the low energy fron/er, experiments try to be more and more
sensi:ve to sub keV energy par:cle searches for dark maTer and dark
energy (like in CAST).
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Başvuru koşulları:
h4ps://lisansustu.is:nye.edu.tr/tr/basvuru-ve-kabul/programlar-ve-basvuru-kosullari

Online başvuru:
h4ps://lisansustu.is:nye.edu.tr/tr/basvuru-ve-kabul/online-basvuru

https://lisansustu.istinye.edu.tr/tr/basvuru-ve-kabul/programlar-ve-basvuru-kosullari
https://lisansustu.istinye.edu.tr/tr/basvuru-ve-kabul/online-basvuru


YEDEKLER
Endüstriyel Uygulamalar, 
Teknoloji Transferi …
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Applica'ons of 
Par'cle Accelerators and
Par'cle Detectors

with only few examples…
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h"p://www.accelerators-for-society.org

Par$cle accelerators play an important role in many func$ons of todays society. There are over 35 000 accelerators
in opera/on worldwide. A few examples are accelerators for radiotherapy which are the largest applica/on of
accelerators, altogether with more than 11000 accelerators worldwide. These accelerators range from very
compact electron linear accelerators with a length of only about 1 m to large carbon ion synchrotrons with a
circumference of more than 50 m and a huge rota$ng carbon ion gantry with a weight of 600 tons!

There are also a growing number of synchrotron light sources in the world. The light in these sources are created
by electrons that are accelerated to almost the speed of light. This light can reveal the molecular structures of
materials and also take x-ray pictures of the inner structure of objects. Synchrotron light sources are very
important in life sciences, material sciences and chemistry. Another type of accelerators are used in spalla$on
sources; here protons are accelerated to very large energies. They produce neutrons when they are smashed into a
disc of tungsten. These neutrons are used for finding the inner structure of objects and atomic structures of
materials. Finally there are many accelerators for basic physics, like the Large Hadron Collider at CERN.Serkant.Ce*n@is*nye.edu.tr 69
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“A beam of par,cles is a very useful tool...”
-Accelerators for Americas Future 
Report, pp. 4, DoE, USA, 2011

There are roughly 35,000 accelerators in the world
(Above 1 MeV…)

Radiotherapy accelerators

Ion implanters, surface & bulk modification

Industrial processing and research

Low energy accelerators for research

Medical radioisotope production

Synchrotron light sources

High energy accelerators for research (E>1GeV)
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Linac

Foil to produce x-rays

Collima:on system

X-ray radiotherapy

Image: copyright Varian medical systems
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“Hadron therapy” = Protons and light ions
• Used to treat localised cancers
• Less morbidity for healthy $ssue
• Less damage to vital organs
• Par$cularly for childhood cancers 

Hadron therapy

With X-rays
With  Protons
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• Positron emission tomography (PET) uses Fluorine-18, half life of ~110 min

Radioisotope produc.on

• Accelerators (compact 
cyclotrons or linacs) are used to 
produce radio-isotopes for 
medical imaging.

• 7-11MeV protons for short-
lived isotopes for imaging

• 70-100MeV or higher for longer 
lived isotopes
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Positron Emission Tomography - Computed Tomography (PET/CT)

Positron emission tomography (PET) uses small amounts 
of radioac[ve materials called radiotracers or 
radiopharmaceu[cals, a special detector system and a 
computer to evaluate organ and [ssue func[ons. By 
iden[fying changes at the cellular level, PET may detect 
the early onset of disease before other imaging tests can.

Serkant.Ce*n@is*nye.edu.tr 78

• Fluorodeoxygl
ucose or FDG 
carries the F18 
to areas of 
high metabolic 
ac[vity

• 90% of PET 
scans are in 
clinical 
oncology



h4ps://youtu.be/oySvkmezdo0
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Ion implanta.on

• Electrosta$c accelerators are used to deposit 
ions in semiconductors.

Images courtesy of Intel
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Electron beam processing
In the US, poten[al markets for 
industrial electron beams total 
$50 billion per year.

33% Wire cable tubing
32% Ink curing
17% shrink film
7% service
5% [res
6% other

When polymers are cross-linked, can become: 
• stable against heat, 
• increased tensile strength, resistance to cracking 
• heat shrinking proper[es etc

h=p://rsccnuclearcable.com/capabili*es.htm
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Equipment sterilisa.on
Manufacturers of medical disposables have to kill every 
germ on syringes, bandages, surgical tools and other gear, 
without altering the material itself. 

E-beam sterilisa[on works best on simple, low density 
products.

Advantages: takes only a few seconds (gamma irradia[on 
can take hours)

Disadvantages: limited penetra[on depth, works best on 
simple, low density products (syringes)

The IBA rhodotron – a commercial 
accelerator used for e-beam 
sterilisa[on
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Food irradia.on

In the US all irradiated 
foods have this symbol

‘Cold pasteurisa$on’ or ‘electronic 
pasteurisa$on’ 
Uses electrons (from an accelerator) or X-rays 
produced using an accelerator.

Foods authorised for irradia[on in the EU:

Lower dose Higher dose
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Other uses in industry…
• Non-destruc:ve tes:ng (weld integrity etc)
• Hardening surfaces of ar:ficial joints
• Removal of NOx and SOx from flue gas emissions
• Scratch resistant furniture

Irradia$ng topaz and other gems with 
electron beams to change the colour

Trea$ng waste water or sewage
Purifying drinking water
(Without addi$onal chemicals…)
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What is synchrotron radia.onSynchrotron radia/on is emi"ed by charged par[cles when accelerated radially

Produced in synchrotron radia[on sources using 
bending magnets, undulators and wigglers
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X-Ray crystallography
2014 was the Interna[onal Year of Crystallography 

Protein crystallography is a standard technique 
at synchrotron light sources (Diamond light 
source has 5 beamlines devoted to it)

The hardest part is forming the crystal…
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Diffrac[on pa"ern from pea lec[n

© CCLRC 87

Hard condensed maVer science
Applied material science
Engineering
Chemistry
SoY condensed maVer science
Life sciences
Structural biology
Medicine
Earth and science
Environment
Cultural heritage
Methods and instrumenta<on
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Biology

A synchrotron X-ray beam at the SSRL facility 
illuminated an obscured work erased, 
wri<en over and even painted over of the 
ancient mathema?cal genius Archimedes, 
born 287 B.C. in Sicily. 

Archeology/Heritage
Reconstruc?on of 
the 3D structure 
of a nucleosome 
(DNA packaging) 
with a resolu?on 
of 0.2 nm

Synchrotron Radia6on Science

Using X-Ray induced fluorescence
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In 1990 scien?sts 
determined the 
structure of a 
strain of foot & 
mouth virus using 
Daresbury SRS. Serkant.Ce*n@is*nye.edu.tr



Image courtesy ISIS, STFC.
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Cargo scanning

Image source: Varian medical systems

Cargo containers scanned at 
ports and border crossings

Accelerator-based sources of X-
Rays can be far more penetra[ng 
(6MV) than Co-60 sources.

Container must be scanned in 30 
seconds. 

Image: dutch.euro
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Accelerator Driven Systems

Thorium

Transmuta[on of nuclear waste isotopes or energy genera[on

Major challenges for accelerator 
technology in terms of beam power 
(>10MW) and reliability 91Serkant.Ce*n@is*nye.edu.tr



Radiocarbon Da6ng

For more accuracy, isolate C-14 from other isotopes “AMS” = Accelerator Mass Spectrometry
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This pain)ng “Patch of grass” by Vincent 
van Gogh was the first one analysed by 
a par)cle accelerator

Used X-ray fluorescence technique

Distribu)on of Hg (red) and Sb (yellow) 
pigment allowed a reconstruc)on of 
underlying image

Accelerators can study art

It showed a portrait of 
a woman underneath

h4p://www.javno.com/en-bestseller/van-gogh-first-vic:m-of-par:cle-bombarding_185316 



Accelerators can help spot art forgeries

• Ion Beam Analysis (MeV) shows us the 
chemical composi$on of pigments used in 
paint

• Backscaiered radia$on can give detailed 
analysis of atoms present in surface.

• This allows art historians to compare them 
with paints available to ar$sts like Leonardo 
da Vinci



Accelerators in archaeology

Image: Argonne National Laboratory 

The interior of samples 
can be studied using 
accelerators without 

destroying them

Poiery from Armenia, da$ng back to 
1300 BC, 

is set up for a synchrotron experiment
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Of the six possible crystal 
forms, the fi5h (form V) 

produces the best quality 
chocolate

Cadbury used X-rays from a 
par1cle accelerator to study 
how cocoa crystallises

Crystal structure forma0on



Finally, just one more applica6on of accelerators…

“In a recent and spectacular case, American 
collector William Koch sued a German 
wine dealer, claiming four bo"les –
allegedly belonging to former U.S. 
president Thomas Jefferson – purchased 
for 500,000 dollars, were fake. The case 
has yet to be se"led.”

- h+p://www.cosmosmagazine.com

Detec/ng wine fraud

Use ion beam to test the bo<le of 
“an'que” wine – chemical composi'on 
of the bo<le compared to a real one.
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Muon Radiography and Muon Tomography
Muon radiography is a technique that uses informa[on on the 
absorp[on of cosmic ray muons to measure the thickness of 
the materials crossed by the muons. 

Primary cosmic rays, consis[ng mainly of protons and a small 
percentage of heavier nuclei, interact in the earth’s atmosphere 
producing showers; muons, the decay products of pions, are 
higly penetra[ve and reach us; 10000 muons/(minute m2) hit 
the ground; typically one muon per second goes through a 
surface the size of our hand; 600 muons cross our body every 
minute. 

Muon radiography tracks the number of muons that pass 
through the target volume to determine the density on the 
inaccessible internal structure, and in this way find empty 
spaces. 

It is similar to imaging with X-rays but can survey much larger 
objects. Since muons are less likely to interact, stop and decay 
in low density ma"er than high density ma"er, a larger number 
of muons will travel through the low density regions of target 
objects in comparison to higher density regions. Serkant.Ce*n@is*nye.edu.tr 99



Muon radiography was first used in 1971 to inves[gate the pyramid 
of Chefrten, in Giza, Egypt by Nobel laureate Luis Alvarez. Spark 
chambers were used.  He found no evidence of void.

The ScanPyramids mission found a big void in the Great Pyramid 
(Khufu’s Pyramid), above the Grand Gallery (Nature, 2017).  It was 
observed with 
• Nuclear Emulsion films (?)
• Scin[llator hodoscopes (?)
both inside the pyramid; reconfirmed with
• Gaseous chambers
outside the pyramid.

Muon radiography to study pyramids

h"ps://youtu.be/ZB-MOGw0RMo

h4ps://www.labroots.com/trending/chemistry-and-
physics/7238/muon-tomography-help-finding-cavity-pyramid
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https://youtu.be/ZB-MOGw0RMo
https://www.labroots.com/trending/chemistry-and-physics/7238/muon-tomography-help-finding-cavity-pyramid
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Volcanoes
Like X-ray scans of the human body, muon radiography allows to obtain an image of the internal 
structures of the upper levels of volcanoes. Although such an image cannot help to predict ‘when’ an 
erup[on might occur, it can, if combined with other observa[ons, help to foresee ‘how’ it could 
develop and serves as a powerful tool for the study of geological structures. 

In 2007 Nagamine and Tanaka were the first to apply this technique for the study of volcanoes.

Volcanoes under study with muons:

• Vesuvius   Mu-Ray project
• Etna  MeV project
• Stromboli 
using nuclear emulsion films from OPERA
• Soufrière (Montserrat, Guadeloupe)
• Puy de Dôme (Massif Centrale) 
TOMUVOL Collabora[on

• Satsuma-Iwojima (Japan)
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Muon sca<ering tomography

An extension of muon 
radiography based on muon 
absorp[on, muon sca"ering 
tomography, is based on the 
mul[ple Coulomb sca"ering of 
muons crossing the volume under 
inves[ga[on.  

Muons are deflected and slow 
down when they interact with a 
material with high atomic 
number.  

Using tracking detectors in front 
of and behind the volume under 
study the deflec[on is measured 
and thus high-z objects localized 
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Further Muon Tomography Applica'ons

Muon sca"ering tomography is suitable for 
scanning large volumes, and looking for high-
density objects inside them.

• Security/Safety Cargo scanners to inspect the 
contents of trucks and containers 

• Control of spent nuclear fuel deposits (without 
opening, no radia[on risk)

• Study of the core of the Fukushima reactor plant
• Industry  : Control of trucks when entering steel 

foundries to detect hidden radioac[ve sources
• Inspec[on of the inner structure of a blast 

furnace
• Precision measurements : Measuring the 

alignment of structures / stability of buildings

Some Useful links

General
h"ps://en.wikipedia.org/wiki/Muography
h"ps://en.wikipedia.org/wiki/Muon_tomography

Muography for the study of volcanoes

Muons reveal the interiors of volcanoes
h"ps://cds.cern.ch/journal/CERNBulleCn/2010/51/News%2
0ArCcles/1312698

The secret life of volcanoes: Using Muon Radiography
h"ps://www.scienceinschool.org/2013/issue27/muons

A"raverso la roccia – la tecnologia della radiografia
muonica
h"ps://www.asimmetrie.it/a"raverso-la-roccia

h"ps://physicstoday.scitaCon.org/doi/abs/10.1063/PT.3.18
29?journalCode=pto

The MU-RAY project :Volcano Radiography with cosmic-ray 
muons
h"ps://www.sciencedirect.com/science/arCcle/pii/S016890
0210014890?via%3Dihub

STROMBOLI: REALIZZATA LA PRIMA RADIOGRAFIA 
MUONICA DEL VULCANO
h"p://home.infn.it/it/comunicazione/comunicaC-
stampa/3536-stromboli-realizzata-la-prima-radiografia-
muonica-del-vulcano

First muography of the Stromboli Volcano
h"ps://www.nature.com/arCcles/s41598-019-43131-8

The MEV project: design and tes*ng of a new high-
resolu*on telescope for Muography of Etna Volcano
h=ps://inspirehep.net/literature/1675335

h=p://wwwobs.univ-
bpclermont.fr/tomuvol/presenta*on.php

Muography for the study of Pyramids

h=p://www.scanpyramids.org
h=ps://www.sciencesetavenir.fr/archeo-
paleo/archeologie/egypte-de-l-infrarouge-et-des-
muons-pour-sonder-le-coeur-des-pyramides_103836

Cosmic-ray par*cles reveal secret chamber in Egypt's 
Great Pyramid
h-ps://www.nature.com/news/cosmic-ray-
par:cles-reveal-secret-chamber-in-egypt-s-great-
pyramid-1.22939#/graphic

Discovery of a big void in Khufu’s Pyramid by 
observa*on of cosmic-ray muons 
h=ps://www.nature.com/ar*cles/nature24647.epdf?

Muon Sca9ering Tomography

Progress in Muon Tomography (G. Bonomi, EPS 
conf.2017)
h=ps://indico.cern.ch/event/466934/contribu*ons/2
524834/a=achments/1490162/2316412/progress_in
_muon_tomography_EPS-2017.pdf

h=ps://cms.cern/content/muon-tomography

Cosmic Muon Tomography Project      
h=p://mutomweb.pd.infn.it:5210
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Medical ApplicaNons Mars Bioimaging
First 3D colour X-ray of a human using CERN technology

Image: Mars Bioimaging

Medipix is a family of read-out chips for par'cle imaging and detec'on. The original 
concept of Medipix is that it works like a camera, detec[ng and coun[ng each individual 
par[cle hi{ng the pixels when its electronic shu"er is open. This enables high-resolu[on, 
high-contrast, very reliable images, making it unique for imaging applica[ons in par[cular 
in the medical field.

Hybrid pixel-detector technology was ini[ally developed to address the needs of par[cle 
tracking at the Large Hadron Collider, and successive genera[ons of Medipix chips have 
demonstrated over 20 years the great poten[al of the technology outside of high-energy 
physics.

MARS Bioimaging Ltd, which is commercialising the 3D scanner, is linked to the 
Universi[es of Otago and Canterbury. The la"er, together with more than 20 research 
ins[tutes, forms the third genera[on of the Medipix collabora[on. The Medipix3 chip is 
the most advanced chip available today; this technology sets the machine apart 
diagnos2cally because its small pixels and accurate energy resolu2on mean that this new 
imaging tool is able to get images that no other imaging tool can achieve.

MARS’ solu:on couples the spectroscopic 
informa:on generated by the Medipix3 
enabled detector with powerful algorithms 
to generate 3D images. The colours 
represent different energy levels of the X-ray 
photons as recorded by the detector and 
hence iden:fying different components of 
body parts such as fat, water, calcium, and 
disease markers.
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