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ALL OF OUR KNOWLEDGE Al

FUNDAMENTAL BUILDING BI

THE UNIVERSE IS ENCOBED
FORMULA...
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THE INSTITUTE FOR PARTICLE PHYSICS PHENOMENOLOGY WHAT ARE THE FUNDAMENTAL BUILDING BLOCKS OF THE
(IPPP) UNIVERSE?

DURHAM UNIVERSITY
SCIENCE SITE

SOUTH ROAD How DO WE KNOW ALL THIS?

WHAT FORCES ARE ACTING AMONG THEM ?
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IS THERE ANYTHING LEFT TO DISCOVER ?
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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.
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STANDARD MODEL OF ELEMENTARY PARTICLES

H

Higgs

MNERATIONZ Having particles with a mass (as we observe in

Fléture) 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.
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Mathematically all properties of \
the fundamental particles and h i
interactions can be encoded in
the four line formula from page 3 | —
- known as the Standard Model of g
Particle Physics. e H;-é;% \ b
yo~5he F c F
T B T%"j"')%f”*kc N
L ke, S VR S

+ RV \ ) ——

S0 WHERE'S GRAVITY
have a quantum version of it and i
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THE FIRST LivE of the formula
describes the force carriers.

THEE SECOND LINEE describes quarks
and leptons as well as their interactions.

T diE THIRD Lingz makes quarks and
leptons massive.

T HEE LAST LINE describes the Higgs
particle.

Gravity is not included because we do not

s effects are also negligible in the microworld.
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Nobel prize for physics
2013 - Peter Higgs -
Frangois Englert
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Higgs discovery paper of ATLAS, Phys. Lett. B 716 (2012)
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to be added to the background. This provided the evidence of the existence of a

To match the experimental data, a signal contribution (pale-blue area) needed
particle of mass 125 GeV, identified with the Higgs Boson.

The plot above shows the comparison between experimental data (black dots) and

the results of simulations (coloured areas).

l

AT _,ﬂ///%///M p 4,
7///”///////4 AR R

Z_ (I

Z_ L

U
A //,//,,,///

MW W
iy )
™

i
T

VT4
AN
(L

Z_ L
| UL,

-

AN \\\\\\\\\\\\\

\\\\\\\\\E

w7

il s,

M
._.________________ \\\\\\\\\\\\\\\\\\\

ot
A

AMNN ‘ss§§§,_
A W

LAY
T LU

1464 citations

9, 2008
3 2009

REcEvED; December 1
December 25, 2
PuBLISHED, February e
18 18 ci
atj,
ns

ACCEPTED;
! S. Sch
- 2Chumann,<* F, Siegert® and

P
UBLISHED By [Op PUBLISHING FOR SISSA
- |

Durham Universit
Batavia, 1, 60510, U.5.4.

th SHERPA 1
T, Stanford University,
Um‘versity of Edinburgh,

k Universitgr Ziirich,

F. Krauss,« M. Schénherr,
ysik,
Germany

nomy,

le Physics Phenomenol,
UK.
und Teilchenph,

ccelerator Cente
y’ U; S .A .
tische Physi
062 Dresden,

il

0,
Switzerland

s
rtic

Durham DH; JLE
ysics and Astro

h EHY 512, Uk,

!

hy
National Accelerator Laboratory

ord, CA 943
ut fiir Theore
CH-8057 Ziirich,

“Unstitute for pq

Event generation

“Stanford Linear 4
Stanfe
b Instit
Institut fiir Kern.
“School of p,
Edinbuy,
I Fermi

T. Gleisberg, g, Héche,?
a

J. Wil'lterf

at the LHC....

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
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Matter content of the Universe

4 2% Luminous ordinary matter
o, (stars and luminous gas, radiation)
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“ Along with ‘Antimatter,’ and ‘Dark Mattey,
we’ve recently discovered the existence of
‘Doesn’t Mattey which appears to have no

effect on the uvniverse whatsoever.”
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For more information visit www.modellinginvisible.org

"2 @IPpp_Durham #modellinginvisible
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