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

Big Bang

13.82 Billion Years

I 1028 cm



Quarks

Electron Radius of Galaxies
~ _
Universe

By studying physics laws of fundamental particles — the
smallest construction elements of Nature - we can
understand the rules of Astrophysics and Cosmology



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, nuclel

Gravitation — Graviton ?



Standard Model
Matter particles :
Quarks & Leptones

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.



The Large Hadron Collider LHC and experiments @CERN
- worlds most powerful microscope -

East Area
1
BOOSTER ISOLDE lons » ¥ Leir
\
p p (proton) PP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion =+~ proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight

to Gran Sasso

P neutron p neutrino SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso









CMS - a general purpose LHC detector

Total weight : 12,500t.
Overall diameter : 15.00m
Overall length : 21.60m
Magnetic field : 4 Tesla
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What happens during collisions of elementary
particles ?

25 Helmut Eberl (HEPHY) Mérz 2017
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The various Higgs production mechanisms
and decay modes 87.4 % @120 GeV

OO0

gg fusion: WW, Z7 fusion:

Indirect coupling to gg,
top in the loop
g~
N W ZE

W, Z strahlung: \,‘WJ
"!,'- tt fusion:

E -

AN

- 'L-"'\,_..“"\,,-’“\f‘ .-T

Ope = MV iIndirect coupling to yy




Production and detection of the Higgs in CMS

very rare collision 1 in 101,

but clean: pu*
_._,...-'

Expectations for signal and
background if the Higgs has
a mass ~ 150 GeV

80

| H—»ZZ*— 44*

60
|

40
|

]
(&)
o
=
2
L1

20
T

________ — 1 1IAI:|} 160 180
- Myp* (Gev)
q ———————— = .'_'_'::::" N

Electroweak ZZ background




World Lagrangian -

DZ ______1", F. F'M'M 1. describes the forces: electricity,
I 1% |

magnetism and the strong and weak

) ;’% h nuclear forces
_\“ L % n C 2. how these forces act on the
fundamental particles of matter,

"'- >Lf LﬁLJ )Lr 52’) "f_lﬂ C:_ namely quarks & leptons

3. how these particles obtain their

V(¢> masses from the Higgs boson
4. enables the Higgs boson to do the job
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't an statistical process

...... like play dice
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vy invariant mass vy invariant mass

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

Can you spot it? by Piotr Traczyk
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One of these plots contains the (simulated) Higgs boson signal.
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One of these plots contains the (simulated) Higgs boson signal.

Can you spot it? by Piotr Traczyk



L=16.00 fb" L=16.00 fb"

‘Pﬂﬂ 110 120 130 140 150 160 170 180 ‘PIJD 110 120 130 140 150 160 170 180
vy invariant mass vy invariant mass

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

Can you spot it? by Piotr Traczyk
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One of these plots contains the (simulated) Higgs boson signal.

Can you spot it? by Piotr Traczyk
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“Where do we come from? What are we? Where are we going?”

-.4\"‘ Y X . i E 7_{:7 NN

The aim of particle ph

ysics, CERN & t
What is the Universe made of ?
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Smence&Art@SchooI — Cu_‘IturaI Collisions
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You are cordially invited to

Cultural Collisions

An art exhibition, music and dance performance presented
by Austrian and Genevese students

CERN Meyrin Bldg 40 February 24" 2017

In the presence of His Excellency Thomas Hajnoczi,
Permanent Representative of Austria to the intemational organizations in
Geneva / Switzerland
18h30 Opening
19h00 Welcome
19h15 art show & performance by Haydn Gym. Vienna,
Herz Jesu Gym. Salzburg, ECOLINT LGB Geneva; o
20h00 Drinks S eae
e
21h00 Close X

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

Photos of the event in the Natural History Museum Vienna June 2017
Videos of the science&art@school event in the NHM :
Rhythm of Science :
Cultural Collisions — dance :

Science Rap “Particle Love”:

Cultural Collisons @ CERN February 2017

Photos:

Video of a student of the workshop @ CERN:

CCC Cultural Collisions CERN — a dance performance by students @ CERN:


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

suARTmastercIass — Science Festival

Mladi naucnik

5-9 godina

4y \\m\

Students part|C|pat|ng 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:
Athens 2015:


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
e 22 students supervised by Prof. Nathan Cohen, Dr. Andrew Charalambous

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

Pinhole Camera Workshop

e Visit at CERN 5 days December 5 days May b Ol Snckions
» Offered workshops at CERN during May visit
* Final show in London June and November

Photos:

10AM - 6PM
14 JUNE - 17 JUNE

CSM x CMS:
ENTANGLED

FOUR CORNERS GALLERY
121 ROMAN ROAD E2 0QN
BETHNAL GREEN - LONDON
use, other materials are provided. - PRIVATE VIEW -
. 6PM - 8:30PM
THURS 15 JUNE

Central Saint Martins MA Art & Science
students (London) present a

Twenty artists
from Central Saint
Martins” MA Art & Science
respond to their visit to the
CMS particle detector and
CERN facilities near Geneva, in
a stimulating student-led
exhibition including
sculpture, video,
printmaking and
photography.



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

-
. w ©

~ g 1




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

/




2 semester sciART course October 2016 —June 2017

e 2x 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 :

Applied Arts University Vienna
local scientific partner: HEPHY

EXHIBITION
JUNE 7th-17th 2017
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https://goo.gl/photos/i6MqYfwCRgnNVs4N9
https://goo.gl/photos/VfSSqkg7cN7Ejzs97
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Vernissage / Exhibition June 2017




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

e 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

pRe

Waterhouse, 10 OrsmanRd
" London N15QJ

'Pbu-r@hmpmﬂhyﬁ‘mm-ys n 6th
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art@cms sciARThooklet

Feynman inspired art

Fig.1: Coreen, 2012
1. Introduction

When | left school | went to work as a technician for the Physics and Astronomy department at a
university in London. | trained as an engineer and spent many years designing and building equipment
for the research groups there. My interest in science grew as | worked with these groups and got a
better understanding of the science they were researching. | loved my job because it gave me so much
insight into the science involved.

When | left that job and started as an artist | found that the excitement of science was something |
didn’t want to move away from. So, | decided to use science as the inspiration for my art. Most of
the art | make comes from some bit of science that has seeded an idea. Science is a tool for letting us
see our world more clearly, and for me it also inspires my work. By the way, | have not moved very far
from the university | worked at. | am Artist in Residence for the Astronomy group and the High Energy
Physics groups there, as well as being part of the art@CMS project run by Michael Hoch at CERN.

A%
DCREQ]’I,/(,? NS

art@CMS sciARTbooklet c2016 Andrew Charalambous art-cms@cern.ch

sCiARTbooklet

a manual foran artand a
science teacher to re- create
and create topical artworks
art@CMSsS 2017

UK collaborative artists :
Rachael Nee , Andy Charalambous

in preparation:
“data sonification” by Federico IT,
“particle detection” by Ch. Henschke AU

art@cms sciARThooklet

Orders of Magnitude — Potato Powered Cosmos

1. Introduction

This booklet is written for science and art teachers with the aim of interdisciplinary learning. It assumes no
knowledge of the other disciplines subject. In it you will read about the art installation from both the science
and art viewpoints and how to reconstruct it. This becomes a jJumping off point for the development of new
artworks by High School students, with questions along the way.

Science and contemporary art have different end goals; however, they also have a lot in common. Both
contemporary art and science have similar methodologies involving; investigation, research, testing out of
ideas and theories through experiment. They share imagination, curiosity, quest for knowledge and are
forms of inquiry. When successful both allow the world to be seen in new ways.

CRE

art@CMS sciARTbooklet c2016 Rachael Nee art-cms@cern.ch



art@CMS
&
Architects of Air

is a synthesis of 2
unigue partners whose
core activity address the
wonder of light and the
wonder of the universe.

o

522

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.
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art@CMS: collaborative artist CONSENSUS

CONSENSUS participates as well in science & artworkshops

CONSENSUS

S I D R TR g
TR (T 2

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):

More Infor & Links:

* The BBC interview of ConSensus and Sudan [the sequence starts at
1:11.18 until 1h26.26]

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

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

* Science Rap StudentsWorkshop “Particle Love”:


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

N

—— “Planets”

~_ “Dwarf
Planets“




Milky Way Galaxy




::ﬂ Nuclear Periodic Table

i @ Chemical elements - elementary particles
Hyiogen of 19-th century
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