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Big Bang

Next Scientific Challenge: 
to understand the very first moments of our Universe 

after the Big Bang

Today
13.82 Billion Years
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By studying physics laws of fundamental particles – the 

smallest construction elements of Nature - we can 

understand the rules of Astrophysics and Cosmology

Super-Microscope

LHC



Forces  & Interactions

Electromagnetic force - photos

- electric and magnetic phenomes

Weak nuclear force  - W & Z Bosons

- beta decay 

Strong nuclear force – Gluon 

burning in the Sun, nuclei 

Gravitation – Graviton ?



6 Quarks and 6 Leptons .

 3 Families, with increasing mass

 Heavy particles decay to lighter ones 

 Particles in Family 2 & 3 were existing in the 
eary Universe. Today they existing just in 
Cosmic Ray and  particle accelerator.

Standard Model
Matter particles : 

Quarks & Leptones



Collision of proton beams… …observed in giant detectors

The Large Hadron Collider LHC and experiments @CERN
- worlds most powerful microscope -
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CMS - a general purpose LHC detector

































What happens during collisions of elementary 
particles ?

März 2017Helmut Eberl (HEPHY)25



E = m c2















Higgs boson at the LHC - production and 
decay



The various Higgs production mechanisms 
and decay modes

gHVV = 2mV
2/v

gHWW = g mW

gHff = mf/v gHHH = 3mH
2/v indirect coupling to 

indirect coupling to gg, 

top in the loop 



Production and detection of the Higgs in CMS

Expectations for signal and 

background if the Higgs has 

a mass ~ 150 GeV

Electroweak ZZ background

Z

Z

H

very rare collision 1 in 1015,

but clean:



World Lagrangian -

1. describes the forces: electricity, 

magnetism and the strong and weak 

nuclear forces

2. how these forces act on the   

fundamental particles of matter, 

namely  quarks & leptons

3. how these particles obtain their 

masses from the Higgs boson

4. enables the Higgs boson to do the job



World Lagrangian - all the couplings are here! 



It an statistical process 

…… like play dice 



The H →  channel

One of these plots contains the (simulated) Higgs boson signal. 

Can you spot it? by Piotr Traczyk
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Higgs decay to 4 leptons, ATLAS and CMS, 
July 4th 2012, the discovery

H

Z

Z



“Where do we come from?    What are we?    Where are we going?”

The aim of particle physics, CERN & the LHC:

What is the Universe made of ??
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Science&Art@School – Cultural Collisions

Photos : CERN Bldg 40 became a stage for students 

art@CMS INFN Italian Tour has similar activities and creates 
synergies between various action to inspire students 



Science&Art@School – Cultural Collisions
science&art@school event 2017 in Vienna (June) and the Cultural Collisions event at CERN (February) :

This is a Horizon 2020 EU project CREATIONS http://portal.opendiscoveryspace.eu/creations

Photos of the event in the Natural History Museum Vienna June 2017: https://goo.gl/photos/esmfuMAx8Xr5K3V66

Videos of the science&art@school event in the NHM : 

Rhythm of Science : https://youtu.be/DjkH7f1PNpI

Cultural Collisions – dance : https://youtu.be/BIy_iERk5Ps

Science Rap “Particle Love”:  https://youtu.be/sdB2PydXUW8

Cultural Collisons @ CERN February 2017

Photos: https://goo.gl/photos/2tpnAg7TnsWEjq9q6 https://1drv.ms/f/s!Al-rN-l0kS2sg_gLpGmn7xOEnwjIfQ

Video of a student of the workshop @ CERN:     https://www.youtube.com/watch?v=TEsgtwUv6xk

CCC Cultural Collisions CERN – a dance performance by students @ CERN:  https://youtu.be/ETjKwUS0yfg

http://portal.opendiscoveryspace.eu/creations
https://goo.gl/photos/esmfuMAx8Xr5K3V66
https://youtu.be/DjkH7f1PNpI
https://youtu.be/BIy_iERk5Ps
https://youtu.be/sdB2PydXUW8
https://goo.gl/photos/2tpnAg7TnsWEjq9q6
https://deref-gmx.net/mail/client/d69NcM6IhIs/dereferrer/?redirectUrl=https://1drv.ms/f/s!Al-rN-l0kS2sg_gLpGmn7xOEnwjIfQ
https://www.youtube.com/watch?v=TEsgtwUv6xk
https://youtu.be/ETjKwUS0yfg


sciARTmasterclass – Science Festival

Students participating in the 

CMS Junior Scientist Program 
art@CMS interdisciplinary Exhibition with: real detector & 
accelerator equipment, art works, creative corners , lectures 
and detector workshops as well as sciART workshops.
Montenegro 2017: https://www.youtube.com/watch?v=9vflW-Pf7vg
Athens 2015: https://www.youtube.com/watch?v=tT8MHsCaYks

https://www.youtube.com/watch?v=9vflW-Pf7vg
https://www.youtube.com/watch?v=tT8MHsCaYks


University of the Arts London -Saint Martins College of Art  
local scientific partner:  Imperial College 

2 semester sciART course October 2016 – June 2017 
• 22 students supervised by  Prof. Nathan Cohen, Dr. Andrew Charalambous

• Weekly lectures at the UAL/CSM
• Lectures from colleagues of Imperial College 

• Visit at CERN 5 days December 5 days May

• Offered workshops at CERN during May visit

• Final show in London June and November

Photos: https://goo.gl/photos/VfSSqkg7cN7Ejzs97

•

https://goo.gl/photos/VfSSqkg7cN7Ejzs97


University of the Arts London -Saint Martins College of Art  
local scientific partner:  Imperial College 

Vernissage / Exhibitions: June (Labyrinth)  November (CSM) 2017 



University of the Arts London -Saint Martins College of Art  
local scientific partner:  Imperial College 

Windows Gallery Exhibition CSM –Nov 2017 Jan 2018 – Symposium No



Applied Arts University Vienna
local scientific partner:  HEPHY

2 semester sciART course October 2016 – June 2017 

• 2 x 11 students / 11 staff

• Weekly lectures at the Applied Arts Universisty
• Visit & Lectures from colleagues of HEPHY & TU 

• Visit at CERN 5 days December 

• Artwork rehearsal March

• Particle detector construction workshop March

• Final show in Vienna June

Photos : https://goo.gl/photos/i6MqYfwCRgnNVs4N97

https://goo.gl/photos/i6MqYfwCRgnNVs4N9
https://goo.gl/photos/VfSSqkg7cN7Ejzs97


Applied Arts University Vienna
local scientific partner:  HEPHY
Vernissage / Exhibition June 2017 



Chelsea College of Arts London
1 semester sciART course October 2014-2015-2016 

• supervision  Prof. Dave Webster

• Weekly lectures and discussions at UAL
2014/ 2015 Visit at CERN with 4 students + 4 trainees Shoreditch Trust

2015/2016 - Visit at CERN 5 days, Final show  TriangleSpace London June    



sciARTbooklet
a manual for an art and a 

science teacher to re- create 
and create topical artworks 

art@CMS 2017 

UK collaborative artists : 
Rachael Nee , Andy Charalambous 

in preparation: 
“data sonification” by Federico  IT, 

“particle detection” by Ch. Henschke AU



Combining the 
imageries of the 
machinery of CERN 
with the curvilinear 
environment of the 
Architects of Air dome 
creates an incredibly 
intriguing layer of 
visual experience. 

art@CMS
& 

Architects of Air 

is a synthesis of 2 
unique partners whose 

core activity address the 
wonder of light and the 
wonder of the universe. 





art@CMS: collaborative artist CONSENSUS
CONSENSUS participates as well in science & artworkshops

UK Rapper launches album CONCERNED
after 2 years of collaboration his science rap album ConCERNed. His 
scientific partner is Sudan Paramesvaran / CMS Bristol UK 

CERN Article (all info): 
http://cms.cern/news/concerned-using-hip-hop-engage-new-audiences-particle-physics

More Infor & Links:
• The BBC interview of ConSensus and Sudan [the sequence starts at 

1:11.18 until 1h26.26]

• http://www.bbc.co.uk/programmes/p04zv0g0#play

• https://www.youtube.com/watch?v=MJXaBq5VTNc

• Press article in the journal “The Voice” here's the online version: 

• http://www.voice-online.co.uk/article/south-london-geneva-hip-hop-science-lessons

• Two music videos of the 9 tracks from the album is available on youtube

• https://www.youtube.com/watch?v=tJl8-ArzkBg&feature=youtu.be

• https://www.youtube.com/watch?v=1ju3fo37yLE&feature=youtu.be

• Science Rap StudentsWorkshop “Particle Love”:  https://youtu.be/sdB2PydXUW8

http://cms.cern/news/concerned-using-hip-hop-engage-new-audiences-particle-physics
http://www.bbc.co.uk/programmes/p04zv0g0#play
https://www.youtube.com/watch?v=MJXaBq5VTNc
http://www.voice-online.co.uk/article/south-london-geneva-hip-hop-science-lessons
https://www.youtube.com/watch?v=tJl8-ArzkBg&feature=youtu.be
https://www.youtube.com/watch?v=1ju3fo37yLE&feature=youtu.be
https://youtu.be/sdB2PydXUW8


Thank you for you attention 

Michael.Hoch@cern.ch phone: +41 75 411 5720

mailto:Michael.Hoch@cern.ch


The Solar system - bound by gravity



Our place 
in the 
Universe

the Milky Way, 
another system 
bound by gravity



Title
Chemical elements - elementary particles

of 19-th century


