1954-2004

Eurdpai Nuklearis Kutatasi Szervezet
Eurdpai Reészecskefizikai Laboratorium

50 év a részecskefizika kutatasban
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EENCE between WAR and PEACE

Mar a gorogok......... Archimedes died in of Syracus

Galilei...”On 8 August 1609, he invited the Venetian Senate to examine his spy-glass from
the tower of St. Marco, with spectacular success: three days later, he made a present of
it to the Senate, accompanied by a letter in which he explained that the instrument,
which magnified objects nine times would prove of utmost importance in war. It made
it possible to see ‘sails and shipping that were so far of that it was two hours before
they were seen with the naked eye, steering full-sail into the harbour’ thus being
invaluable against . ... The grateful Senate of Venice promptly doubled
Galilelo’s salary ... and made his professorship at Padua a lifelong one.

It was not the first and not the last time that , that starved cur, snapped
up a bone from the warlord’s banquet.” A. Koestler: The SLEEPWALKERS p.369.

L. Szilard, A. Einstein, Oppenheimer, E. Teller....



Y CERNsEuropai Nuklearis Kutatasi Szervezet

EurépalrRészecskefizikai Laboratoriuma

e 1954-ben 12 orszag alapitotta, ma mar 20 orszag tagja
e Nuklearis = Atommagot kutatd (nucleus)

e Evente tobb mint 7000 felhasznald

e Eves koltségvetése 1000 MCHF (600M€)320-130Ft/f4




C.Rubbia initiative

MTA interest
J. Zimanyi enthusiasm

J. Antal and E.Pungor
political engagement
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NIOE...

A kutatas FRONTVONALRA -

Fizikusok 12 évvel
hamarabb lephettek
be fizikus EU-ba!!!

8 Lubsbds ESTWOZE.

A katatis CELIA: H16G6S - Bozoar (eerd )

Still TRUE now RERI eSS 0 =

H kutatds ECREDMENYE:
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Y ~Babel torony, amely mikodik

e A CERN 20 tagorszaga 18
kilonb6z6 hivatalos nyelvet
hasznal (A+D, CH=F+D)

e A 80 orszagbdl érkezo
kutatdk kozel 100 nyelven
beszélnek

e A CERN hivatalos
munkanyelvei
az angol és a francia




Minekgagi€szecskegyorsito?

A részecskefizikai kisérletekhez!

A részcskefizika az anyag legparanyibb épitokoveit
vizsgalja modszeres alapossaggal
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Mikroszkopok Tavcsovek Optikai- és radiGteleszkopok




Mindénkinek van részecskegyorsitodja...

N

A televizio készilék!

Részecskéket ,gyart”

Fokuszal
Gyorsit \

Eltérit

Gyorsito elemek

Eltéritd magnes

Vakumban
Fokusz magnes

Részecske forras
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CERN elhelyezkedése

x = b
R Ll




Feladatunk: részecskegyorsitok épitése

és tizerheltelése a fizikai kutatds szamara

A Nagy Hadron Utkdztetd (LHC) lesz a valaha épitett
legnagyobb, az elemi részecskék vizsgalatara szolgalo

tudomanyos muszer.

e Négy hatalmas foldalatti
csarnok készil az oriasi
detektorok szamra

e A vilag legnagyobb
teljesitményld tudomanyos
részecskegyorsitdja

a legmelegebb pont az Uni
-verzumban a BigBang ota

e Alacsonyabb
homérseékleten mint a
vilaglr dermeszto hidege
2.7K > 1.8K



Az LHC épitése

27 km keriletd
100 méterre a fold alatt




o 3 @ Feladatunk: részecskegyorsitok epitese

eltelése a fizikai kutatas szamara
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Some units which we will use and some relationships that might be useful.

2 2.2 2.4
E°=p°c”+mgC

1

E=myc®  p=mypsc

(OS,B<1)7=_—ﬂ2 l<y<w)
energy E: measured in eV
momentum p: measured in eV/c
mass my : measured in eV/c?

1 eV is a small energy.

1eV=16101%
Mpe. = 10 =5.8:10%2 eV/c?
Vpee =1 M/s = E

E =14 - 102 eV

However,

LHC has a total stored beam energy
1014 protons x 14 - 1012 eV = 108 J

or, if you like

http://www.nature.com/news/2004/040105/images/bee_180.jpg

=103J=6.25-10% eV

One 100 T truck

at 100 km/h




Részeeskefizika modszerei

1) Energiakoncentracio a
részecskéken (gyorsitd)

- 2) Részecskék Utkoztetése
Accelerated ' - Particles
T e, W

(6srobbanas -Big Bang-
kozeli allapot eldidézése)

i III L

Detector

3) Létrehozott részecskék
azonositasa a detektorban
(tovabb mutatd jelek keresése)
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A CMSikiserlet epitése az LHC szamara
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Az anyag alkotoi

Quarks (Gell-Mann) 1964
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Megghem tudunk mindent!

Mieért van pont harom generacio?

Az LHC segit

Mystery
‘\, Szuperszimetria? megoldani
Mystery

ezeket a kihivod
rejtelyeket

“' Hol van a Higgs bozon?




Higgs jelek az

Az LHC két protonnyalabja masodpercenkent
800 millio alkalommal fog utkozm

» B!
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Sl “‘«\ ek
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UTKOZESENKENT VARUNK 1 HIGGS
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\“\ /‘ll l “Did you see it?”
“No nothing.”
L £

53 “Then 1t was a neutrino!”

Claus Grupen, Particle Detectors, Cambridge University Press,
Cambridge 1996 (455 pp. ISBN 0-521-55216-8)

19
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~EERN;Intesnet és a WWW
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o) CERN szamitasi igénye

v Pro€esszor Kapacitas 1998-2010

Estimated CPU Capacity at CERN
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A GRID: egy lehetséges megoldas a

szamitasivigenyakielégitésére

Az LHC computing GRID az Eurdpai Unio altal
tamogatott projekt, melynek célja a jovo bonyolult
szamitasi és elemzesi feladatainak megoldasahoz
szUkséges szamitastechnikai infrastruktura kialakitasa







1954-2004

Techndldgiaisalkalmazasok
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Evente kozel 500 didk, akik hazaviszik
N g7 ittszerzett tudasukat




~CERN.as Model of OPEN Society

Minden kutatasi eredmeny PUBLIKUS
Mindent lehet fenykepezni

Mindenhova be lehet menni, ha az az ott folyo
munkat nem zavarja és nem karos az egészségre

Az LHC épités minden fazisa a web-en kameraval
on-line és grafikonokon kdvetheto



Az OKTATAS célja

Nem a fejek MEGTOMESE,

hanem

(Didk - Tanarsegéd -  Professzor relacid)



Az LHC 2007-ben kezdi meg mukodését es
megvaltoztathatja a wlagegyetemrol alkotott kepunket

-
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Beam spot area A;  \{\%

The interaction rate, R.

is then given as:

ints

R N N c has the
 C— At dimension area.
1 barn = 1024 cm?

=0l

The luminosity, £ , is given in cm2st

Grant Wood, Fruits of lowa: Boy Milking Cow, 1932




THE FIRST HUNGARIAN EXPERIMENT N PARTICLE $HYsICS

Bariaw iutnber

RrV-

BARION  anuwmber

stves, P, Pelkar, F. Fekete

ANN.PHYS. €8 (4822) 11}

dependence of the “fifth-Force”

TABLE | Summary of EPF resuits for Ax. and page guoted from Ref. 6. along with the
computed values of A( 8/ u). Ag-Fe-50, refers to the reactants before and after the chem-

ical reacuion described by Eq. (7!

Materials compared Page quoted 10%ax 10°A (8wt
Cu-Pt g —04+0.2 +3.94
Magnaiium-Pt 34 ~04=0.1 +0.50
Ag-Fe-50, 39 0.0=0.2 0.0C
Asbesios-Cu 47 —0.3+02 —0 72
CuSo.-5H;0-Cu 44 —3.5+0.ZC —0 86
CuSOuisolunon)-Cu 45 — 07202 —1a2
Water-Cu 42 —-1.0x02 =171
Snakewood-P1 as —0.1+0.2 2
Tallow-Cu 48 —06+02 2

Measured +¢lative deviatian :

rabro

and mass

PHYSICAL REVIEW
LETTERS

G JANUARY[F)S@_# s

Reanalysis of the Eétvis Experiment
Epnraim Fischbach'®’

mym

V(n=—G. 2 lrae M)

= (ry+AF(n) (1)

Here F.(r) is the usual Newtoman polential energy
for two masses =, - separaled by a distance r, and G
1s the Newtonian constant of gravitation for r — oo.

The geophysical data can then be accounted for quanti-
tatively if o« and A have the values’

o= —(72=36)x10"° aA=200=50m. 2)

o‘a‘f-@l@hce 2
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FIG. 1. Plot of Ax vs A{ 8/ ) using the data in Tabie [
Ag-Fe-S50, refers 1¢ the reactants tefore and aftler the chem-
ical reaction described by Eq. (7} The solid line represents
the results of a least-squares fit to the data.



Other theoretical considerations also suggest that new
effects may show up at short distances; string theories
predict scalar particles (dilatons and moduli) that gen-
erate Yukawa interactions which could be seen in tests
of the 1/r2? law. If supersymmetry is broken at low
energies these scalar particles would produce mm-scale
effects [11,14]. Finally, there may be some significance
to the observation [12] that the gravitational cosmolog-
ical constant, A =~ 3 keV/cm?®, deduced from distant
Type 1A supernovae [15,16] corresponds to a length scale
Y fic/A = 0.1 mm. These, and other, considerations sug-
gest that the Newtonian gravitational potential should
be replaced by a more general expression [17]

V(r) = —GTET2(1 +ae™/*) . (2)
The simplest scenario with 2 large extra dimensions pre-
dicts A = R* and @ = 3 or ¢ = 4 for compactification
on an 2-sphere or 2-torus, respectively [17], while dila-
ton and moduli exchange could produce forces with o as
large as 10°% for Yukawa ranges A ~ 0.1 mm [11].

This letter reports results of a test of gravita-
tional inverse-square law at length scales well be-
low 1 mm. Our instrument is shown in Fig. 1.

FIG. 1. Scale drawing of the torsion pendulum and rotat-
ing attractor. The active components are shaded. For clarity,
we show an unrealistically large 1.6 cm vertical separation be-
tween pendulum and attractor, and omit the BeCu membrane
and the attractor drive mechanism. The 4 horizontal screws

were adjusted to make the pendulum precisely level.



~ Non-Cantorian Set Theory

In 1963 it was proved that a celebrated mathematical hypothesis
- put Sforward by Georg Cantor could not be proved. This profound
'r‘c_i‘_re_velopment is explained by analog)y . with non-Fuclidean geometry

he abstract theory of sets is cur-
rently in'a state of change that in
several ways is dnalogous to the
1Bth-century revolution in geometry. As
..'"in any revolution, political or scientific,
7' §¢°1s difficult’ for those participating in
* the revolution or witnessing it to fore-
tell  its. ultimate consequences, except
,perhaps that they will be profound. One
" thing that can be done is to try to use
‘- the past as a guide to the future. It is
an unreliable guide, to be sure, but bet-
- ter than none.

. WWe propose in this acticle to use the

oft-told tale of non-Euclidean geometry
to illuminate the now unfolding story of
nonstandard set theory.

_A set, of course, is one of the simplest
and most primitive ideas in mathemat-
ics, so simple that today it is part of the
kindergarten curriculum. No doubt for
this very reason its role as the most fun-
. damental concept of mathematics was
‘. not made explicit until the 1880°s. Only
. then did Georg Cantor make the Erst
nontrivial discovery in the theory of sets.

‘To describe his discovery we must
first explain what we mean by an infinite
set. An infnite set is merely a set with

2, 4 6 &
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L, 2 .3 4
S S IR

1, 12, 21, 13

104

SET 1S TERMED COUNTABLE if it can be maiched onc for onc -
with the natural pumbers (middle row). Thus the set of all even
- puinbers {fop row) is countable. The set of all fractions (betiom
_row) is also countable. The fractiona shown here are tha ones used

by Paul I. Cohen and Reuben Hersh

an infinite number of distinct elements;
for example, the set of all “natural” num-

“bers(1,2,3 and so on) is infinite. So too

is the set of all the points on a given line
segment. :

Cantor pointed out that even for in-
finite sets it makes sense to talk about
the number of elements in the set, or at
least to state that two different sets have
the same number of elements. Just as
with finite sets, we can say that two
sets have the same number of elements
—the same “cardinality”—if we can
match up the elements in the two sets
one for one. If this can be done, we call
the two sets equivalent.

The set of all natural numbers can
be matched up with the set of all even
numbers, and also with the set of all
fractions [sec illustration below]. These
two examples illustrate = paradoxical
property of infinite sets: an infnite set
can be equivalent to one of its subsets.
In fact, it is easily proved that a set is
infinite if, and only if, it is equivalent to
some proper subset of itself.

A1l of this is engaging, but it was not
new with Cantor. The notion of the car-
dinality of infinite sets would be inter-

10, 12, 14, 16,
T
S5, G, “ 8,

A S

22, 381, 14,

238, 3%

by the German mathematician Georg Cantor (1845-1918) they are
not in their natural order but in order according to the sum of the
numerator and the denominator. Both examples show that an infi-
nite set, unlike a Gnite set, can be equivalent to ona of its subsets.

esting only if it could be shown' that not
all infnite sets have the same cardinal-
ity. It was this that was Cantor’s _first
great discovery in set theory. By his fa-
mous diagonal proof he showed ‘that the
set of natural numbers is not equivalent
to the set of points on a line Segment
[see illustration on opposite page].

Thus there are at least two different
kinds of infinity. The Brst, the infinity of
the natural numbers (and of any equiv-
alent infinite sets), is called aleph nought
(No). Sets with cardinality Mg are called

countable. The second kind of infinity
i3 tho ons sepresented by a line segmment.

Its cardinality is designated by a lower-
case German ¢ (¢), for “continuum.” Any
line segment, of arbitrary length, has -
cardinality ¢ [see illustration on. page -
106]. So does any rectangle in the plane,
any cube in space, or for that matter
all of unbounded n-dimensiorial space,
whether n is 1, 2, 3 or 1,000! L
Onoe a single step up the chain of
infinities has been takeri, the next

follows naturally. We encounter the no-

tion of the set of all subsets of a given
set [see i_ﬂustratian on page 111]1. If the

18, 20,
(A A
9 10, 1L, ..
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a1, 1/5,




