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What are cosmic rays?

Discovery of cosmic radiation

• 1909 – Theodore Wulf
• used an electrometer
• reported increased ionization levels at the 

top of Eiffel tower compared to ground level

• 1912 – Victor Hess (NP 1936)
• used electrometers on a balloon up to a 

height of 5300 m above the ground
• Reported higher ionization levels than the 

ground
• Origin of ionization not earth

1912: Victor Hess using a balloon to 
measure ionizing radiation
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What are cosmic rays?
CR interactions in the earth’s atmosphere
• Primary composition - 85% protons, 12% 

He, 3% Fe …
• Interaction of primary cosmic radiation 

leads to production of secondary cosmic ray 
component

• Secondary component – kaons, pions, e-m 
photons, muons, neutrinos, electrons, 
positrons, neutrons etc.

• Formation of Extensive Air Showers (EAS)
• Cosmic ray muons are a robust component 

of the EAS

Formation of extensive air showers

Source: CERN
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What are cosmic rays?
CR interactions in the earth’s atmosphere

Formation of extensive air showers in 
the earth’s atmosphere

Source: CERN

Primary proton interacts 
to produce pions

Neutral pions decay into 
gamma-ray photons

Charged pions decay into 
muons and producing 
neutrinos and anti-
neutrinos

Muons decay into 
electrons/positrons and 
producing neutrinos and 
anti-neutrinos
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Technical visit to KU by Water Resources Management team, 30 May 2023

Cosmic Ray Interactions - EAS
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Cosmic Ray Interactions - EAS
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Cosmic Ray Interactions - EAS

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



14

Cosmic Ray Interactions - EAS
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What are cosmic rays?
The all-particle cosmic ray spectrum

More information:
Features of the energy spectrum of cosmic rays above 2.5 x 10^18 eV using 
the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. Lett. 125, 121106 (2020)
[arxiv.org/abs/2008.06488] [doi: 10.1103/PhysRevLett.125.121106]
Measurement of the cosmic ray energy spectrum above 2.5 x 10^18 eV 
using the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. D 102, 062005 (2020)
[arxiv.org/abs/2008.06486] [doi: 10.1103/PhysRevD.102.062005]
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What are cosmic rays?
The all-particle cosmic ray spectrum

More information:
Features of the energy spectrum of cosmic rays above 2.5 x 10^18 eV using 
the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. Lett. 125, 121106 (2020)
[arxiv.org/abs/2008.06488] [doi: 10.1103/PhysRevLett.125.121106]
Measurement of the cosmic ray energy spectrum above 2.5 x 10^18 eV 
using the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. D 102, 062005 (2020)
[arxiv.org/abs/2008.06486] [doi: 10.1103/PhysRevD.102.062005]

Changes in spectral index
• Chemical composition
• Maximum acceleration
• GZK effect
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All – particle cosmic ray 
spectrum

Where do they come 
from?

What do the numbers 
mean?
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Sources of Cosmic Rays
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Sources of Cosmic Rays
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Sun Black Holes Crab Nebula 

Supernovae AGNs

… unknown
sources



20

Sources of Cosmic Rays
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More information

The magnetic field of 
the earth provides a 
shield for charged 
cosmic ray particles

The magnetosphere 
deflects cosmic rays 
and provides protection 
from solar flares

© IAEA

https://www.iaea.org/newscenter/news/cosmic-radiation-why-we-should-not-be-worried
https://www.iaea.org/newscenter/news/cosmic-radiation-why-we-should-not-be-worried
https://www.iaea.org/newscenter/news/cosmic-radiation-why-we-should-not-be-worried
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FIFA laws of the game
Law 1: field of play: 110 m x 75 m
Law 2: duration of match: 2 x 45 min
www.fifa.com

Flux of Cosmic Ray Particles

At least one particle with
Energy above 1015 eV

During a regular football match
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The “knee” on the all-particle cosmic ray spectrum

Changes in the spectral index
between 106 and 107 GeV

Origins:
Galactic leakage?
Maximum acceleration?
Unknown effects?

Chemical composition:
p, He, C, Fe ... 
Polygonato model?

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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An end to the all-particle cosmic ray spectrum?

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



24

An end to the all-particle cosmic ray spectrum?
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The Cosmic Microwave Background Radiation (CMBR)

First detected by A. Penzias and R. Wilson 
using Horn Antenna at Bell Laboratories
Isotropic, remnant of the Big Bang
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https://www.nobelprize.org/prizes/physics/1978/summary/
https://www.nobelprize.org/prizes/physics/1978/summary/
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The Cosmic Microwave Background Radiation (CMBR)
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27Pierre Auger International Masterclass, 01 March 2024

The Cosmic 
Microwave 
Background 
Radiation 
(CMBR)

… a relic of the 
Big Bang
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 What caused the Big 
Bang?

 What was there before 
the Big Bang?

 What happened 
immediately after the 
Big Bang?

 What is the fate of the 
Universe?

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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What is the fate of the universe?
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What is the fate of the universe?

“… on the 
fate of the 
universe … 
your guess is 
as good as 
mine … “
Arno Penzias
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X-Ray Sources with the UHURU Satellite
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https://www.cfa.harvard.edu/facilities-technology/telescopes-instruments/uhuru
https://www.cfa.harvard.edu/facilities-technology/telescopes-instruments/uhuru
https://www.nobelprize.org/prizes/physics/2002/summary/
https://www.nobelprize.org/prizes/physics/2002/summary/
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X-Ray Sources with the UHURU Satellite
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Measurements of Cosmic Rays

34ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



35

The CosmoALEPH Experiment at CERN

Science goal:
Momentum spectrum and charge ratio of 
cosmic ray muons

Experiment:
CosmoALEPH at CERN
ALEPH at 140 m underground or 320 m.w.e.

Monte Carlo Simulations:
CORSIKA – for the simulation of EAS in the 
atmosphere

GEANT – for the simulation of particle 
interactions in the detector

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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CosmoALEPH Experiment at CERN

ALEPH:
Built for e+ e- physics
Capability to measure 
muons
Used to measure 
cosmic ray muons

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Multi-
Muon
Event in 
ALEPH



https://cds.cern.ch/record/941159/files/PhysRevLett.96.021801.pdf

CR Muon Trident Process in ALEPH - 2006
• Muon pair produced by the interaction of cosmic ray muon 
in the detector: m (Z, m+ m- Z) m

• Over 106 dedicated cosmic ray muon events analyzed.
• Two candidate events observed, consistent with theoretical 

expectations by KKP taking into account nuclear form factor.
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https://cds.cern.ch/record/941159/files/PhysRevLett.96.021801.pdf
https://cds.cern.ch/record/941159/files/PhysRevLett.96.021801.pdf
https://cds.cern.ch/record/941159/files/PhysRevLett.96.021801.pdf
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My work with cosmic ray muons

More information

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://pure.mpg.de/rest/items/item_915385_1/component/file_915384/content
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My work with cosmic ray muons

More information

Observations: 
more muons through the access shafts
less muons from the jura mountain

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://pure.mpg.de/rest/items/item_915385_1/component/file_915384/content
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The KASCADE-GRANDE Experiment
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The KASCADE-GRANDE Experiment
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S. Plewnia, Th. Berghoefer, J. Bluemer, P. 
Buchholz, J. Engler, N.O. Hashim, J.R. Hoerandel, 
R. Lixandru, J. Milke, W. Walkowiak, J. Wochele. 
A sampling calorimeter with warm-liquid 
ionization chambers. Nuclear Instruments and 
Methods. A556 (2006) 422 – 432

Summer 2003: 
Calibration of the sampling 
calorimeter at CERN

https://publikationen.bibliothek.kit.edu/1000012701
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The KASCADE-GRANDE Experiment
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The Pierre Auger Observatory

The world’s largest 
Astro-Particle Physics Experiment

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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The Pierre Auger Observatory
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The Pierre Auger Observatory
Some of the early detections of 
UHECR at the Pierre Auger 
Observatory
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Cosmic Ray Muon Physics at
Kenyatta University
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Cosmic Ray Muon Work at Kenyatta University

 Detection and measurement of 
cosmic ray muons

 Monte Carlo simulations

 Cosmic ray muon coincidences

 Variation of cosmic ray muon flux 
with zenith angle

 Outreach – Engaging the Youth
ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/
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Experimental Facilities

 Detectors

 Plastic Scintillators

 NaI(Tl)

 NIM crates with

 Amplifiers

 Discriminators

 Logic gates

 Counters 
ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Students’ work at KU – Monte Carlo 
simulation of extensive air showers

East-West 
effect for low 
energy muons

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Students’ work at KU – Monte Carlo 
simulation of extensive air showers

Kaon
contribution to 
the cosmic ray 
muon charge 
ratio at high 
energies

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Extensive Air 
Showers (EAS) 
simulated 
using CORSIKA

Proton primary 

Charge ratio of 
cosmic ray 
muons 
computed

Students’ work at KU – Monte Carlo 
simulation of extensive air showers

Mavyline Motari, 2018

Mavyline Motari, 2018

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Cosmic Ray Muon Work at Kenyatta University

Two cosmic ray muons each passing through the two 
detectors, separated by some 400 micro seconds. They are 
clearly NOT in coincidence. They are unlikely to be from the 
same shower

Two sodium iodide – NaI(Tl) detectors were used for the 
detection and measurement of cosmic ray muons

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/


Cosmic Ray Muon Work at Kenyatta University

𝐼 θ = 𝑎 𝑐𝑜𝑠b(θ) + c

The data was fitted with the following function,

The fit results are as follows

Jackson Kisingu

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/


Cosmic Ray Muon Work at Kenyatta University

Veronicah N. Kihagi, Samuel M. Chege, Nadir 
O. Hashim, Naftali K. Kimani, Claus Grupen, 
Lateral distribution cosmic ray muon
coincidences up to 36 m. MethodsX, Volume 
12, 2024, 102715, ISSN 2215-0161,

https://doi.org/10.1016/j.mex.2024.102715

https://www.sciencedirect.com/science/arti
cle/pii/S2215016124001699?ssrnid=472756
1&dgcid=SSRN_redirect_SD

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/
https://doi.org/10.1016/j.mex.2024.102715
https://www.sciencedirect.com/science/article/pii/S2215016124001699?ssrnid=4727561&dgcid=SSRN_redirect_SD


Cosmic Radiation in the 
Aviation Industry
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https://www.epa.gov/radiation/radiation-sources-and-doses
https://www.epa.gov/radiation/radiation-sources-and-doses


Human exposure to cosmic radiation

Note the lower dose rate about 
the equator

Source: Jonah WIlliams
Source: Wallace Friedberg and Kyle Copeland
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Human exposure to cosmic radiation

Note:

 Lower dose rate about the 
equator

 Limitation of flights away from 
the equator

 Limitation of flight at high 
altitudes

 Need for regulation of cosmic 
radiation dose for workers in 
the aviation industry

Source: Ulf Stahmer. American 
Association of Physics Teachers
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Human exposure to cosmic radiation

Solar radiation map

Region 1 – North polar and 
South polar regions – highest 
dose

Region 4 – equatorial region –
lowest dose

Source: Federal Aviation 
Authority
https://www.faa.gov/data_researc
h/research/med_humanfacs/aero
medical/radiobiology/solarradiatio
n/
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Regulating exposure to cosmic radiation

Considerations

• Flight routes
• Duration of flights
• Condition of the worker
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Regulating exposure to cosmic radiation

Dosimetry for exposures to cosmic radiation in civilian aircraft

KS ISO 20785-1:2012 
Part 1 Conceptual Basis for Measurements

KS ISO 20785-2: 2011
Part 2 Characterization of instrument response

KS ISO 20785-3: 2015
Part 3 Measurements at Aviation Altitudes

KS ISO 20785-4: 2019
Part 4 Validation of Codes

63

More Information:
https://www.kebs.org/
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Cosmic Ray Applications
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Cosmic Ray Neutron Sensor

More information

https://www.iaea.org/publications/12357/soil-moisture-mapping-with-a-portable-cosmic-ray-neutron-sensor
https://www.iaea.org/publications/12357/soil-moisture-mapping-with-a-portable-cosmic-ray-neutron-sensor
https://www.iaea.org/newscenter/multimedia/videos/cosmic-ray-neutron-sensor-crns-from-cosmic-rays-to-soil-moisture
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Muon Imaging

More Information:
IAEA-TECDOC-2012
https://www-pub.iaea.org/MTCD/Publications/PDF/TE-2012web.pdf

Applications:

 Civil Engineering and Underground Applications
 Industrial Applications
 Muon Transmission Radiography
 Volcanology
 Archaeology
 Security Applications (Border and Facilities)
 Nuclear Waste Characterization
 Nuclear Safeguards and Materials Control

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www-pub.iaea.org/MTCD/Publications/PDF/TE-2012web.pdf
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Muon Tomography

https://research.fit.edu/hep/hohlmann-research-group/research/muon-tomography/

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



Basic idea:

Use of cosmic ray muons to 
image large scale structures
Mountains
 Pyramids

Understand hidden structures
Map resources

68ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Technical visit to KU by Water Resources Management team, 30 May 2023
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Basic idea:

Reconstruction of muon flux 
 Changes in density
Different materials
 Voids

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa
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Basic idea:

Use of cosmic ray muons to 
image large scale structures
 Inspection of cargo
 Imaging buildings

Muon Radiography

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



Outreach Activities
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Outreach Activities

International Cosmic Day
13 November 2025
University undergraduate and postgraduate students 
attend lectures and experimental sessions in cosmic 
ray physics

University postgraduate students demonstrate the 
measurement of cosmic ray muons in the laboratory

More information

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/
https://www.ku.ac.ke/kenyatta-university-participates-in-the-14th-international-cosmic-day-2025/


International Masterclass at Kenyatta University – 2024 

1st March 2024

University undergraduate students 
taking part in the analysis of the 
data from the Pierre Auger 
experiment.

Topics covered:
Cosmic rays -
Origin, interaction in the 
atmosphere, detection and 
measurement, extensive air 
showers. 
Human exposure to cosmic 
radiation.
Applications of cosmic radiation

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

More information

https://www.ku.ac.ke/
https://www.ku.ac.ke/
https://www.ku.ac.ke/pierre-auger-international-master-class-at-kenyatta-university/


International Masterclass at Kenyatta University – 2026 

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

18th March 2026
University undergraduate students taking part in the analysis of the data from the Pierre Auger experiment.
Topics covered:
Cosmic rays -Origin, interaction in the atmosphere, detection and measurement, extensive air showers. 
Human exposure to cosmic radiation. Applications of cosmic radiation.

https://www.ku.ac.ke/
https://www.ku.ac.ke/
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International Masterclass at Kenyatta University – 2026 
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Outreach Activities

Annual Career Week
27th January 2024

Excellent opportunity to:
 interact with high school 

students, 
 disseminate knowledge,  

and
 share ideas for careers in 

STEM

Topics discussed:
Cosmic rays
• Origins
• Interactions
• Detection and 

measurements

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



International Cosmic Day at Kenyatta University - 2023

21st November 2023
University undergraduate and postgraduate students 
attend lectures and experimental sessions in cosmic 
ray physics

21st November 2023
University postgraduate students demonstrate the 
measurement of cosmic ray muons in the laboratory
More information

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/
https://spas.ku.ac.ke/images/2024/KU_ICD2023.pdf


International Masterclass at Kenyatta University – 2026 

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

https://www.ku.ac.ke/
https://www.ku.ac.ke/


Global Engagements in Cosmic Ray Physics Outreach

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa

 Close to 100 institutions world-
wide participate in the 
International Cosmic Day

 There is low participation in Africa

 Kenyatta University in Kenya has 
participated in the five last years

 These events provide excellent 
opportunities to build cosmic ray 
physics outreach in Africa.

https://icd.desy.de/map/
https://icd.desy.de/map/
https://www.ku.ac.ke/
https://www.ku.ac.ke/
https://icd.desy.de/
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Thank you
hashim.nadir@ku.ac.ke
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Further Reading
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Nadir Omar Hashim (2007). Measurement 
of the Momentum Spectrum of Cosmic Ray 
Muons at a Depth of 320 Mwe (Berichte
Aus Der Physik) Paperback. Shaker Verlag
GmbH, Germany. 
ISBN-10 : 3832264450
ISBN-13 : 978-3832264451



Further Reading
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https://doi.org/10.1016/j.nuclphysbps.2007.11.014
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