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Physics is Fun: two thematic blocks

Summary

This CD-ROM contains the material prepared and obtained from external authors (as indicated) within the EU
Science and Society Project No. 020772 "Physics is Fun’. Part of this material was presented on exhibitions for
teachers and students in Poland, Slovakia, Italy and France in 2005-06. Apart from that from external sources, this
material is of free-use, on condition of acknowledgement.

1. In the first part of the project "Physics and Toys” (see a separate CD-ROM) we present in an easy way some basic
concepts of Physics, like the energy conservation or laws of the geometrical optics.

2. In "Modern Physics” we show that Science of today is reaching far beyond the "scholastic laws" of the past. 5till,
the laws in question, new theories and great discoveries can be explained with the application of simple models
(toys) and common ideas. Physical sciences should be understood, not only believed in.

3. In popular belief (and often in the media) Modern Physics tends to be associated with 'big’ discoveries, like the
discovery of new elementary particles, and with often expensive research work. Here we introduce other less
popular branches of Physics, like Physics of new materials, and its new applications in biology, environment
sciences and medicine.

4. Finally, it is a great pleasure for us to introduce a project in which Science is not a static structure. Lay people
can play with its rules and concepts, as many great physicists used to do. We hope such an approach will help us
attract new enthusiasts of Physics.

Authors



Introduction: Physics of XXth century
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Honey comb

On the Track of Modern Physics

Officially, the date beginning the Modern Physics is Planck's lecture
in Berlin in December 1900, in which "quants" of energy are
nominated for the first time. Quants created new Physics areas,
like quantum mechanics and electrodynamics and changed our
view, not only on Physics but on the Philosophy of Knowledge,
bringing also new revolutionary applications, like lasers.

However, giving any date is a simplification. Already in sixties of
the XIX century electron beams (“cathodic rays") were produced while as a c:-ffICIal date of the "discovery”
of electron Thompson's article written in 1897 is taken. Beginning of the XX century established the idea of
atom (also through Einstein's paper about Brown's motions and Perrin's works) but by the end of XIX century
the indivisibility of atom was "mined” by Mrs and Mr Curie works.

Physics cataloguing is also an oversimplification, especially in Modern Physics. Mass spectrometry was used
to measure atom masses and for the discovery of isotopes. Today, it is widely used in food quality
validation. Quarks and gluons, neutron stars and black holes are all fascinating, but no less fascinating is
biophysics and geophysics. And finally solid state physics, persistently digging under the main stream of the
discoveries, but without which also this (virtual) exhibition would not be possible.
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Jumping

A-tom, i.e. in-dividual
A-tom, or Uni-form?
XX Century = Einstein
century

E pur si muove!
Industrious PhD
student
Spectroscopy,_or ghost
science

See, to believe

How are you, Miss
Orchid?

Salad dressing

A mystery from the
chimney

Charm of Charmonium
Super-multiplets
Enigmatic quarks

How to find a quark?

Pauli and neutriNO
Higos wantear

- Rainbow in the sky

Carmen A. Busko Carmen A. Busko

Look! how blue can be different!

All difficult words come from
Greek. All, but “spectrum”. First
used by Cicerone, in Italian
means spettro (=ghost),
simulacro (= figure or sculpture).
Spectroscopy deals with images:




Posters

Posters - On the track of Modern Physics
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A-tom, i.e. in-dividual

A-tom,_or Uni-form?




" - what a ternible word!

Trolleys, wvectors, Newton's forces that nobody
understands.

On the other hand, funny Albert Einstein, who

invented something very interesting -
But does the mass exist without energy or
energy without mass? This is just confusing.

Then, some people say that this was Einstein's
who wrote everything - to her he dedicated the

Mobel price. Really?

"Modern” 1= more difficult to define: Newton is
"ancient” and "modern™?

Pomeraman Pedagogical Academy,
ento University, Italy
e Parnis, France
11 University, K

We define "modern” as this, what s still open In
Physics - finding new applications, for example in
Archaeology or Agriculture and new, surprising
conclusions.

The "Track" deals with different sectors, like
Atomic, MNuclear, Asirg Physics. But trials to
catalogue the Science are hopeless. In this sense,
the "honeycomb” we show is an oversimplification:
Atomic Physics is close to X-ray Physics but also to
Solid-state, Muclear and so on.

We call this exhibition a "Track”, i.e. something
which has a beginning, some indications, some
ramifications (sometimes dead-ended) but nobody
knows where it (if ever) ends.




Multimedia files

Multimedia files

simulations

http://dydaktyka.fizyka.umk.pl/Wystawy archiwum/z_omegi/multi.html



Multimedia files: photos

Spectroscopy (2)

You can observe light splitting on sky:
in rainbow, at sunset and sunrise (in light scattering)

Cadine - Trento  Itea (Greece) Monenvasia {G-R} Water with milk
but also on shallow water, on snow, 1n ice, on the beach

Sharm-el-Sheik Folgaria Folgaria Isola d'Elba

in glass, zirconia. and (someone) in diamonds

http://dydaktyka.fizyka.umk.pl/Wystawy archiwum/z_omegi/photo2.html



Multimedia files: sounds

Electron travels on a circular orbit in a way that de Broglie wave is a standing one - position of
arrows are constant.

Like the vibrating wine glass or a "Chinese" bowl

The bowl can also vibrate making not 4 s but 6 -arrows on the circle -
but higher harmonics -

b
i For the hydrogen atom this would be the third orbit.

it "plays" not its first (fundamental)

.

http://dydaktyka.fizyka.umk.pl/Wystawy archiwum/z_omegi/sound2.html



Multimedia files: movies

Atomic structure - L amb's correction

Electrons in hydrogen atom are attracted by the nucleus but less than they should be .
It seems that "empty' vacuum is filled with something.

The plastic stick when electrically charged. attracts pieces of paper; it also attracks blade,
unless the blade is not in vacuum.

http://dydaktyka.fizyka.umk.pl/Wystawy archiwum/z_omegi/movie2.html



] | ] . n n | ,,
continuation: ,in this forthnigth
www.edizion: X | [ physicstoday. X | Bl Lacriticade) X | K§ WydziatFizyk X | j@f Elfisicoeing: X | [} Onconstant: X | @& Z20]E1 X Ra Wystawa'Dr X + a H
<« C @ Niezabezpieczona | dydaktykafizyka.umk.pl/Wystawy_archiwum/z_omegi/index-pl.htmi#dwu_tydzien Q@ v« B O
W tym dwu-tygodniu (ang. "fortnight") proponujemy:
| Astrofizyka w piguice: Po co nam nowe planety?
09/01/2017

Nie tylko dla pan: Manus x Machina (autor: prof. Helena Dodziuk)
- Wystawa Haute Couture... (wersja polska)

- Exhibition of Haute Couture... (in English)
17/08/2016

08/06/2016

Nowe polskie sukcesy - kolejne uzupetnienie do artykutu p. prof. Heleny Dodziuk:
- Wydrukowane w 3D modele serca ptodéw zdrowych i z wadami (wersja polska)

- 3D Printed Models of Normal and Abnormal Fetal Hearts (in English)
Zycie poza Ziemia: Lot na Marsa

Oficjainie, za date poczgtkujgeq wspéiczesng fizvke wwaza sie wyklad Plancka w Berlinie w 1900 roku, w ktérym po raz pierwszy pada pojecie

kwantéw energii. Kwanty, zrodzily nowe dzialy fizvki, jak mechanike i elektrodynamike kbwantowq, zmienily nasze zapatrywanie nie tvlko na
nauke, ale i na filozofie poznania, doprowadzily do nowyeh, rewolucyinveh zastosowan, jak chocby lasery. ==

http://www.science unitn.it/%7Ekarwasz/galaxy-wind.html)

Strona nadal w budowie... W szczegélnosci, autorzy bedg wdzieczni za linki do stron popularno-naukowych polskich laboratoriéw (jak np. na stronie

19:56
26.11.2018 I:‘



Interdisciplinary connections (Latin)

Fortnight - (Br.E.) 2 weeks

Longman Dictionary of Contemporary English, Longman Group Limited, 1978

Nie mowiac juz o tym, Ze u Rzymian trzeci ,tydzien” miat wkasnie 15 dni.
A w ogole, to pierwszy miat 5, drugi 10 a trzeci 15*.

*) Tak naprawde, to Rzymianie nie lubieli liczb parzystych. Tak wiec miesige, czyli , ksiezyc™ mial nie 30 dni, ale raz 29 a raz 31 (marzec, maj, lipiec,
pazdziernik). Czasem trzeci ,.tydzien” mial 13 dni, czasem 15.

e pierwszy dzien pierwszego ,tygodnia”, np. 1 styczen nazywat sie calenda (stad kalendarz)

e pierwszy dzien drugiego tygodnia, czyli np. 5 styczen nazywat sie nona

e pierwszy dzien trzeciego tygodnia, czyli np. 13 styczen ale 15 marzec nazywat sie idi**

Bierze sie to z faz Ksiezyca: néow (czyli poczatek) i pelnia (czyli polowa). Nena wypadala gdzie$ posrodku, nieco po pierwszej kwadrze.

Byto to dosS¢ skomplikowane, ale dziato sie to w czasach, kiedy swiatto Ksiezyca byto jedynym swiattem w nocy.

*% A idi marcowe sg slynne po zabéjstwie Juliusza Cezara. ktéry w ten dzien zgingl, mimo proroctwa, jakie znal.

Kalendarz rzymskl [edytu] »,ad calendas graecas” = nigdy

Ten artykut od 2012-10 wymaga zweryfikowania podanych informacji.
Nalezy podac wiarygodne zZrodta, najlepiej w formie przypisow bibliograficznych.




Updating, by adding new information

How many quarks is there in the proton?
lle kwarkow jest w protonie?

Powinno byc trzy. Alle jest? Tak na oko trzy, ale naprawde duzo wiecej tylko bardzo rozciericzonych”.
Kiedy méwimy o kwarkach, mdwimy o obiektach kwantowych. Badania struktury protondw wskazuja, ze, co prawda, jest w nim okolo dwdch kwarkow up (tzn.

stanowig one 2/3 ~ 0.6) protonu i okoto jeden (~ 0.3) kwarku down, ale oprocz tego jest cate morze kwarkdw wirtualnych. Skad one? Z glonow, kidre muszg byc
w protonie, aby wigzac trzy kwarki walencyjne.

| tu sie ktania mechanika kwantowa, a wiasciwie elektrodynamika kwantowa. Tak jak proznia nie jest prozna a wypetniona wirtualnymi
fotonami (stad sie bierze mata. ale istotna poprawka do poziomow energetycznych atomu wodoru i stad stosunek giromagnetyczny dla
elektronu nie wynosi 2.0 ale 2.00012), tak glony w protonie generujg wirtualne kwarki.

Jak pokazujg eksperymenty na akceleratorze Hera | | w Hamburgu, wkiad tych wirtualnych kwarkdw do masy (a whasciwie pedu)
protonu jest nie taki duzy, ale za to jest tych kwarkow (i glondw) cale mnostwol




gluons (x 0.08)

w o u" o lr’ o u:' ) l
Momentum fraction x

A FG. 4: Distribution of quarks and gluons In the proton a< a
fu nction of the carried proton momentum fraction x.The
*valence” quark ditributions peak k around x =1/3, at expect-
ed for the three constituents quarks bullding the proton.The
distribut lon of the gluon as well as that of quarks occurring
from gluon fluctuations (“cea”) dominate the proton content at
low x (thece distributions are shown after divicion by afactor
20).The obtal ned precision k imprescive, in particular at lowx,
below ~001, where no data wac avallable before HERA

Complex notions
(rising difficulty)

,Valence” quarks
,oea’ of quarks
Gluons



More stories to be found...

A Niezabezpieczona | dydaktyka.fizyka.umk.pl/Wystawy_archiwum/z_omegi/morespectr-en.htmi|

Sky spectroscopy

ey -

Red Sea spectroscopy

L

Sharm-el-Sheik, Sinai, 10.02.2004

£
]
¥
’
Folgaria. Trentino. 06.01.2003

z See you on th next lecture

Versailles. 06.12.2003

http://dydaktyka.fizyka.umk.pl/Wystawy archiwum/z_omegi/morespectr-en.htmi



Posters

XX Century = Einstein century E pur si muove! Industrious PhD student
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Didactical poster

Posters - On the track of Modern Physics

Czar Charmonium Supermultiplety Lagadkowe kwarki
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Posters - Sur la Route de la Physique Moderne

Affiche De Titre Tout tremble Chaud ou froid?

Sur ia route de |2
Physique Moderne

Frals Caatrals Parke
Lo i ey = Vil M-Sl nissine ligvil,
- 3§ Pogombro 2055 Forakie 1000 1§00




Environment, energy, hydrogen

Posters - Samochdéd na wode

Samochod na wode Czy to koniec tanich lotow? Wodor nosnik energii 0 emisji zero
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How should we read the posters?

On the Track of Modern Physics

How to find a quark?

You need a little luck and a huge accelerator
— a ring of several kilometres diameter,
consuming electricity like a medium-size city.

Gosmic ravs
Cosmic rays were first found to be of
extraterrestrial origin by Victor F. Hess
(Cc.1912) when he recorded them with
electrometers carried to high altitudes
in balloons, an achievement for which
he won the Mobel Prize in 1936. They
were s0 named in 18925 by R. A

Millikan, who did extensive research on
them.

Cosmic rays

1, 2. The first pair— “up” and “down” are everywhere, being components
of atomic nuclei

*, ' 3. The lighter ofthe second pair, “strange” is a

: consituent of particles heavier than proton and
neutron and observed in cosmic radiation in 40-ies.
These strange paricles can be captured atomic
nuclei for a glimpse, before decaying. This picture
shows a first noticed trace in the photographic

emulsion of a decaying hypenucleus.

B Dramersr arad 1. Bkl L PhlL Jlpn 44 (1553] 348

Cosmic rays are mainly energetic
protons, of 1 GeY energy, but not only.




LE Jip ool M Ra L 3 Jpoth.graups

4, The “charm®, completing the
second generation was subject
to double hunting: in Brookhaven
a narrow peak was observed at
31 Gel for electron- positron
pairs  production in prRe
collisions, in Stanford vice-versa
—a peak for hadron production in
electron- positron  annihilation;
the papers were submitted with
one day difference, the cc meson
brings a double name J™ and
the Moble prize was shared by

1L gt ol ad

How should we read the posters?

Discovery of the Charmed Baryon

The photograph of the event in the
Brookhawven 7-foot bubble chamber
which led to the discovery of the
charmed ©baryon (3@ three-guark
particle} iz shown. left. A neutrino
enters the picture from below (dashed
line} and collides with a proton in the
chambers lquid. The colision
produces five charged paricles—a
negative munn, three positive Dions,
and a negative pinn—and a neutral
lambda. The lambda produces a
characteristic %" when it decays into a
proton and a pi-minus.

...... 3 3 By TE . z .
Rrpie Rire L 33, 14041 406 1974 T S L R L A R

5. The third generation was first
predicted theorefically by M.
Kobayashi and T. Masakawa in 1974,
The “bottom™ quark called also
“beauty” was observed in 1977 in
FermiLap in production of mugns from
proton scattering on Cu or Pt as a
faint “*bump® (Y - Upsilon meson bb ) at

8.5 ey mass.




How should we read the posters?

o o s = i
The trorks shenw shanatle of iferar Enck: afarticies
cragedinthe auinn

Special cedits o el b for penmsion io me nened maseral
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6. The |ast “top” is so heavy (175 GeV) that becomes a father
for generations of other particles — so called jets; its mass was
predicted correctly by the theory and was measured with the

h ) best accuracy in the whole quark zoo.
antiproton heam proton heam
é Y A schematic of top-quark
¢ --H-F-..-' ||

b : :
S, pair production
1|\:S§.

4-\_:'_\“_\1.}__

Dolce
al_ quark

Bigger and bigger machines are
needed to find small quarks.

F T

{ )}

So if you have no money, or you
do not believe in new quarks,
you can find it always in

the bakery shop in Trento, ltaly.

)/ S




Interdysciplinarity, history, culture

égyptienne.

Fla) = :I.f_ﬁ_ j Fle e

£ = [ Flo)da

Irascornme de- Fomrier e trasefor mé imverse

a premiére, contenant un des
décrets de Ptolémée V(196 D C)
iﬁscrrt en hiéroglyphes, demntique
etgrec permiten 1822 & JF.
Champollion de dechifrer I'écriture

1 fit en Egypte deux précieuses
" la tablette en basalt, dite

‘La Rosette” et le professeur d'analyse
de I'Ecole Polytechnique Jean-Baptiste-
Joseph Fourier.

La Pisrs da Fossttz, Britizh husaum
L'analyse de Fourier permet de
déchiffrer les composantes dune
fonction periodigue quelcongue.

Harmenie de vemre

Ce n'est pas facile de obtenir un son simple c3d moncchromatique,
Seulament un bon verre & vin peut le produire,
Sion ajoute du vin, le chant change,

!
b!

i Verme & vin

v {125cm™y =1200 Hz

Caps varee @ cognac
{4000 em) f=260H=

.
{t)=0:t=0
Sty =oo:t=0
TJ{#}=!

Un pigue étroit et isclé est appels delta de Dirac,

Paul Adrien Maurice stait angleis ot doit son bel nom 2 la mere,
qui 2tsit Suisse,

Autre gue son “delta”, il formula une equation guantique, de
laguelle en 1930 deduisit I'existence d'un Slectron positif.

Le positran fut dacouvert dans les rayons cosmigue en 15332,




i

Example, explanation, formalism

=

La transforme de Fourier “cherche” si dans la
fonclion pericdique {comme une vibration) se
trouvent des fréquences specifiques: |a fondtion
pericdigue de péricde 2 est développee en
serie:

fi=La,+ T la cosm+b, simm)

a, - i ] SFixycosrmd
R L o poire & dews Com posanies - sinty el

i Ju- 0¥ el e se seperpose aves b sinesoide rose

b2 dew pEriodes . aver b sinosoide orange kes irow

plriodes

N [z sinomds
ki3

a—ll

Une oscilation qui se propage dans l'espace (par ex le long des x), devient
“une onde”.

2 (x f=d sin {ef — &), 00 I3 période est F2=x'e et i longueur d'onde A=z

Le son est un exermple simple d'onde. L'oreile humaine est capable de
reconnatre le son d'un particulier insturment musical dans 2 syrmphonie de
I'entiére orchestre. Elle fak par cela une analyse de Fourier.

Iy 2 100 ans I'analyse de Fourier sa faisait par lintermédiaire de dispositifs
rmécanigues compligués: masses oscilant ou sphére vides, pour k son.
Aujourdhui on analyse k son avec un simple ordinateur e 'oscilloscope virtuel
( hittp 2/ /polly. phvs.msu. s/ ~zeld foscill. html)

Anslyzeur de zon de Ednig
{Charl 2z University, Pragus)

Analysenr hamondguos
da Sir. W. Thomson

Oecilloscope virmsl

~,

e,

Ces petits animaux atisanaux africains font la méme opération aue le

|

Flite magiaue

Une simple flifits produit un son
tres complexe, aver differentes
composantss harmoniques, selon
gue la flite reste fermee cu
ouverte. Le son caracténstique
s'zppelle "timbra".

-

Dans la méme période vecut Pieme-
Simon de Laplace. Recommandé par
Dralembert devint en 1773 membre de
IAcadémie des Sciences, et en 1796
professeur de L'Ecole Normale & Paris.

D5, e Liphsca (IT49-1827)

Fremier il fit des hypothéses sur la formation d
systéme Solaire & partir d'une nébuleuse. Liex
de particuliers points stables entre Jupit
8 &té confirmée du point de vue as
sedlement récemment {1998).

La transformé de Laplace géﬂéIﬂEe*‘apm
fonction, ne pas nécessairement périodique peu
FPour la transformeé de Laplace se réjouiss :

i e e




Systematic lecture for teachers

F I Z Y KA fizyka wczorai, dzis, ju

w Szkole z Astronomiq

(Niezbyt krotka) historia
il el = 0 czastkach elementarnych

elementarnych

_J Fizyka jadrowa i czastek elementarnych jest czescia programu klasy | wszystkich szkét ponadgimnazjalnych.

(Not so) short story about elementary particles



Systematic lecture for teachers

fizyka wezoraj, dzis, jutro
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Rys. 4. Qakrysle plerwsZogo hipargdra, Zawierajgcego
hiperon A, . barion {uds), za kidre moina by afrzymad
Magrodg Nobia [5). Froton promieniowsania kosmicz-
nego uderza w fgdro atomy (Br fub Ag) w emuwsfi fo-
tograficzre), powoduiae jego rozbicis (gdma gwiszda).
Jaden z fragmentiw (jgone L) zawiers powstaly w 2de-
rzeniu hiparan A | rmzpada sie w reakci Ui o + ' He
+1° (doine rozgatezienie) [9]
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Cabbibo - Kobayashi — Maskawa Matrix

egzotycznej serii to odkrycie Polakdw
[9]: Jerzegon Pniewskiego i Mariana
Danysza (rys. 4). Niestety, w latach 50.
nikt dla nich Nobla nie przeglosowal.
Odkrycie pozostalych trzech
kwarkow byly kwestig tylko odpo-

Rys. 5. Profesor W, Garal w Meandrach fzyk™ [1988)
w fen sposdh fonizowsd na femal pozome) prostoly
madaly standardowego, Redakior Sciandiic Amencan”
napizal, de woll model caterech Fywioldw Grekow nif
Swiat srfadajacy sip 2 sTescil kwarkdw W frzech kodo-
rach, pls antykwarki, laptony I bozomy. W rzeczywisio-
&oi cledaze Kwarki | feplony fa sposab na upahowanie”
wipksze] masy (Tenergil przy fym samim spine, istol-
ne w pienwsrych momentach po powstani (stworze-
niu?| Wszechiwiata

Vaa| [Vis| |Via|
|Vea| [Ves| |Vasl | =
Vial  [Vasl [Vl

wiednio duzych akceleratorow. Na-
wiasem mowige, najwieksze emocje
wzbudzit kwark nr 4, tzw. czarujacy
(£). Odkrycie mezonu cc (zapisuje-
my antykwark z podkresleniem) wy-
wolalo spore kontrowersje w dwich
laboratoriach amerykanskich: na
wschodnim i zachodnim wybrzezu.
Jedna z grup przez wiele miesiecy
badata kilka procestow Swiadczgcych
o obecnosci tego mezonu, drugie la-
boratorium podobno w ciggu jednej
nocy nastroilo aparature na wiasci-
wg energie... Kopie oryginalnych
artykulow znajduja sie na plakacie
Czar czarmonium i innych zamiesz-
czonych na stronie ZDF UMK [1].
Ksigiki i popularne tabelki poka-
zuja trzy rodziny kwarkow 1 lepto-
niw. Nazywamy to modelem stan-
dardowym, ale teoretycy niechetnie
zdradzaja Kkorzenie tego modelu.
U jego podstaw lezy praca tysiecy fi-
zvkow przy wielkich akceleratorach,

Rys. fi, Maciers Cabibby-Kobayashiego-Maskawy (CKM) preefsc migdey fwarkami (dane doswiadczalne)
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badajacych szczegélowo mozliwe
kanaty rozpadu nietrwatych czgstek
powstajacych w zderzeniach. Ma-
cierz  Cabibby-Kobayashiego-Ma-
skawy opisuje prawdopodobienstwo
zamiany jednego kwarku w drugi.

Wyglad czeSci schematu mozli-
wych kanalow rozpadu najciezszego
leptonu, a wiec tau, pokazuje rys. 7.
Gléwnym kanatem rozpadu sg me-
zony =, czyli zlepki kwarku u z anty-
kwarkiem d lub odwrotnie. Zawsze
powstaje tez neutrino tau.

Kobayashi i Maskawa, ktorzy roz-
szerzyli macierz o trzecig generacje
kwarkéw, otrzymali w 2008 roku
Nagrode Nobla. Autorem tego orygi-
nalnego pomyslu z lat 60. byt Nicola
Cabibbo, ktéry nagrody nie dostal -
w czasach pontyfikatu Jana Pawia
II byl przewodniczagcym Papieskiej
Akademii Nauk.

Zapytalem wybitnego teoretyka,
autora podrecznikdow o zasiegu swia-
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Badanie rozpadow Z = tau tau
w danych zebranych przez
eksperyment ATLAS

Wydziat Fizyki, Astronomii i Informatyki Stosowanej UMK

Joanna Stota
27.04.2015T.
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Umiejscowiony w CERN, pod Genewa, Szwajcaria
Majpotezniejszy akcelerator na swiecie

27 kilometerow obwodu, ~100 metrow pod
Ziemia

jadra otowiu
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parametry

Proton

Parton
(quark, gluon)
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Wielki Zderzacz Hadrondéw -

Proton-Proton 2835 peczkéw/wiazke

Protony/peczek 104t

Eneraia wiazki 7 TeV(7 x 10*?eV)
Swietlnos¢ 1034 em ™25~ 1
Czestos¢ zderzeh paczek 40 MHz
Kolizje 107 — 10? Hz

Energia wigzek protonéw: 2011 - 3.5 TeV
2012 - 4TeV
2015 - 6.5TeV
docelowa 7 TeV

1 pozycja w
10,000,000,000,000

Definicja elektronowolta pochodzi z prosiego stwierdzenia,
Ze pofedynczy elektron przyspleszony preez réénice potencjaldw
1 wolta ma dyskretng wartos¢ enegii E=qV dZull, gdzie
q jest tadunkiem elektronu w kuwlombach, a V jest roznicg
potencialéw w woltach. Stgd: 1 eV = (1,602 x 10-17C)
x(1V)=1,602x107"9 ],
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Bozon Z - wtasciwosci

Leptony Kwarki
Bosons 7° €T

LA

Proprietes genérales

Classification Boson

Composition Elémentaire

Groupe Boson de jauge

Propriétés physiques

Masse 91.187 6(21) GeV . c 2"
Charge D;1_
electrique Bozon Higgsa
Spin 1
Durée de vie 3x10°25 5
Historique ) ) )
Prédiction Glashow, Salam et Weinberg Na LHC produkcja Z gtownie
EL368) przez proces drell-yan:
Découverte Expériences LIAL et LIAZ :
(1ag32) q anti-q -> Z =
modifien g
q
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Lepton Tau - rozpady

r Leptonowe:

= Tau-—-elektron + antyneutrino elektronowe + neutrino tau

= Tau-—=mion + antyneutrino mion + neutrino tau

¢ Hadronowe:

= Tau-=hadrony + neutrino tauowe
» Rozpady na jeden pion natadowany +

-=0 pionéw neutralnych nazywamy ,1-prong”

» Rozpady na trzy piony natadowane +>=0 piondw neutralnych nazywamy ,3-prong”
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