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ALL OF OUR KNOWLEDGE ABOUT THE

FUNDAMENTAL BUILDING BLOCKS OF

THE UNIVERSE IS ENCODED IN THIS
FORMULA....
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WHAT ARE THE FUNDAMENTAL BUILDING BLOCKS OF THE
UMIVERSE?

WHAT FORCES ARE ACTING AMONG THEM?

How DO WE KNOW ALL THIS??

IS THIS ALREADY THE END OF KNOWLEDGE?

IS THERE ANY THING LEFT TO DISCOVER ?
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ALL KNOWN FUNDAMENTAL PARTICLES IN THE UNIVERSE CAN BEE CLASSIFIED AS MATTER
CONSTITUENTS. FORCE CARRIERS AND PARTICLES RESPONSIBLE FOR THE CREATION OF MASS.

Quarks and leptons are the matter constituents. To a good approximation the
proton is made of two up quarks and one down quark. There are also heavier
copies of these two quarks: the charm, strange, bottom and top quarks.

The electron is a lepton and it has also heavier copies: the muon and the tau as
well as neutral partners: the neutrinos.

All known fundamental forces are transmitted via force carriers: the electro-
magnetic interaction by the photon, the strong interaction by the gluon g and
the weak interaction by the W and Z bosons.

STANDARIDMODEL OF ELENMIEENTARY PARTICLES

H

0

Viass senerATION: Having particles with a mass (as we observe in
nature) leads to mathematical problems of our theory. A possible solution was the
existence of a new, unknown particle, that was finally observed in 2012: the Higgs
boson H.

Mathematically all properties of
the fundamental particles and
interactions can be encoded in
the four line formula from page 3
- known as the Standard Mode! of
Particle Physics.

THE FIRST ng  of the formula
describes the force carriers.

THE SECOMD LINE describes quarks
and leptons as well as their interactions.

T THIRD LiNE makes quarks and
leptons massive.

THE LAST Linve describes the Higgs
particle.

SO WHERE'S GRAVITY 7 Gravity is not included because we do not
have a quantum version of it and its effects are also negligible in the microworld.










\\
m

mow
T

W
\“M&w W

W\
W
ol

"mlllllm
NI
i

M

N\
il
Al

i
ﬂll\l\l\lllﬂllm
Illl\\illlllllllm

Wiy,
////(/I////l//ll/l
\\@\‘ .
Ny

AN

N

i,

% NN
W
\
\

Wy

Al

ALY NN

L NN
il

S

Y
Ay

o NN
Vi

AN
sl
Wiy,
U/ %
ng,/,%
\
W
o
Wl il
"
W my

The IPPP in Durham is world leading in developing computer programs, such as
Sherpa and Herwig, which are used to simulate the high-energy collisions occuring
at the LHC....

F. Krauss,« M. m.d s. M." ¢
deced - Siegert’ and
1S4 Center, Stanford Umivernity,
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HEERWIG AN SHERPA HAVE: BEEEN
INSTRUMIENTAL IN THI:
DISCOVERY OF THE HIGGE £
BOSONAT THELHC

IN 2012
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Higgs discovery paper of ATLAS, Phys. Lett. B 716 (2012)

The plot above shows the comparison between experimental data (black dots) and
the results of simulations (coloured areas).

To match the experimental data, a signal contribution (pale-blue area) needed
to be added to the background. This provided the evidence of the existence of a
particle of mass 125 GeV, identified with the Higgs Boson.
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Matter content of the Universe

2% Luminous ordinary matter
(stars and luminous gas, radiation)

84% Dark matter

Along with ‘Antimatier, and “Dark Matter’

we've recently discovered the existence of

“Doesn’t Matter’ which appears to have no
effect on the universe whatsocever.”



HOW TO SEARCH FOR NEW PRYSICS |

There are (at least) six kinds (=f|avW
U c t qg=+2/3
(d) }s) (b) (qz —-1/3>

\

NA62, KOTO...

BESSIII, LHCD,..

B (Heavy) Flavour Physics describes hadrons with a charm- or a bottom-quark

D = (uc)

DT = (dc)

D7 = (sc)

Ay = (ude)

Mass (GeV)
Lifetime (ps)

1.86486
0.4101

1.86962
1.040

1.96850
0.500

2.28646
0.200

By = (bd)

Bt = (bu)

B; = (bs)

B = (be)

Ay = (udb)

Mass (GeV)
Lifetime(ps)

0.27958
1.619

5.27926
1.638

5.3667
1.512

6.2745
0.500

5.6194
1.451




HOW TO SEARCH FOR NEW PHYSICS I

- Leptonic decays
< [

- Leptonic decays

- Semi-Leptonic decays
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- Semi-Leptonic decays
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HOW TO SEARCH FOR NEW PHYSICS Iil

Baryon Asymmetry in the Universe:
A violation of the - which causes matter and anti-matter to evolve

differently with time - seems to be necessary to explain the existence of matter in

the Universe.
has so far only been found in hadron decays, which are

experimentally investigated at LHCb and NA62 (CERN), SuperBelle (Japan),...

Indirect Search for BSM Physics:
To find hints for we can either use brute force

, (= higher energies) or more subtle strategies like high precision measurements.
ai % New contributions to an observable f are identified via:

fSM 4+ fNP . fEXp
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Understanding QCD:

Hadron decays are strongly affected by (strong interactions) effects, which

tend to overshadow the interesting fundamental decay dynamics. Theory tools like
enable a control over

QCD-effects and they are used in other fields like Collider Physics, Higgs Physics,

DM searches...

Standard Model parameters:
Hadron decays depend strongly on Standard Model parameters like

(which are the only known source of CP violation in the SM). A precise
knowledge of these parameters is needed for all branches of particle physics.
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PARTICLE AND NUCLEAR | RESEARCH UPDATE

CERN physicists spot symmetry violation in charm mesons

21 Mar 2019 Michael Banks

News » Press release » Topic: Physics
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«

Voir en francais

LHCb sees a new flavour of matter-
antimatter asymmetry

The LHCb collaboration has observed a phenomenon known as CP violation in the
decays of a particle known as a DO meson for the first time

©

CERN: Study sheds light on one of
physics’ biggest mysteries — why there’s
more matter than antimatter

March 21, 2019 9.48am GMT

The Milky Way as seen from Yellowstone National Park.

& Email Why do we exist? This is arguably the most profound question there is Author

W Twitter 32 and one that may seem completely outside the scope of particle physics.
Marco Gersabeck

| Lecturer in Physics, University of
Manchester

K Facebook 175 But our new experiment at CERN’s Large Hadron Collider has taken us a

in Linkedin step closer to figuring it out.
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A Ac-p within the Standard Model and beyond

Mikael Chala, Alexander Lenz, Aleksey V. Rusov and Jakub Scholtz

Institute for Particle Physics Phenomenology, Durham University,
DH1 3LE Durham, United Kingdom

Abstract

In light of the recent LHCDb observation of CP violation in the charm sector, we review

standard model (SM) predictions in the charm sector and in particular for AAsp. We

get as an upper bound in the SM [AAZE| < 3 x 107, which can be compared to the

measurement of AA P20 = (—15.4+2.9) x 10~*. We discuss resolving this tension
within an extension of the SM that includes a flavour violating Z’ that couples only to
ss and cu. We show that for masses below 80 GeV and flavour violating coupling of

the order of 10™*, this model can successfully resolve the tension and avoid constraints

from dijet searches, D’ — D~ mixing and measurements of the Z width.
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HOW TO SEARCH FOR NEW PHYSICS Vil

. H " International Masterclasses  Hands on Particle Physics

Good luck in your search for new
gauge bosons!!!!
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Tweets Following Followers

1,977 1,933 1,174

More info about the exhibits:
https://www.modellinginvisible.org

Some articles about our exhibition:
https://www.dur.ac.uk/news/newsitem/?itemno=31877

http://community.dur.ac.uk/blogs/modelling-invisible-roval-society/
https://www.raspberrypi.org/blog/royal-society-galton-board/

https://issuu.com/communicationsoffice/docs/
4154 _du_dialogue_web
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