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Historie urychlovaci

!!] Televizni obrazovka = maly linearni urychlovac !!!!
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Historie urychlovact

!!] Televizni obrazovka = maly linearni urychlovac !!!!
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Historie urychlovact

1. urychlovac¢ Cockcroft-Walton : John D. Cockcroft, Ernest Walton, laborator Cavendish v
Cambridge, 1930, urychlovali protony; potencial 800 kV
sledovali reakci p +Li 2 o + «
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Historie urychlovact

2. urychlova¢ Van de Graaf : Robert van de Graaf, Alabama Power Company, potencial
1500 kV (1931)
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Historie urychlovact

Linearni urychlovace jsou vhodné pro urychlovani téZSich jader; pro lehka jadra je potieba
dlouha urychlovaci trubice => idea kruhového urychlovace (Ernest Lawrence)
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Historie urychlovact

Ernest Lawrence - 1931, cyklotron, Berkeley, 1939 — Nobelovu cenu

urychloval protony, energie = 1.2 MeV
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chamber :
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An ion source is located at the centre of an evacuated cylindrical chamber, between the poles of an
electromagnet that creates a uniform field perpendicular to the flat faces. The source of the voltage

is an oscillator that operates at a frequency equal to the frequency of revolution of the particles in the
magnetic field. The accelerated particles follow semicircular paths of continually increasing radius.
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Zékladni principy urychlovani a zakiivovani drahy cCastice

Pohyb nabitych castic
rovnobézné k elektrickemu

poli

Pohvb nabitych castic
kolmo k elektrickemu

poli

TOP VIEW

&

Pohyb nabite castice v magnetickem poli
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Zékladni principy urychlovani a zakiivovani drahy cCastice

Electrostatic acceleration

+  BartAcc.gif, e-gun.ads

E. Wilson - Academic Traning 2000 - Physics - 11/9/2000 - Slide 5

Princip uryvchlovani nabite castice
elektrickym polem
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Zékladni principy urychlovani a zakiivovani drahy cCastice

m.v:_q.v.B m=) p-qrB mmE) p=03Q.B.R[GeV/]

I (jestlize Q je v jednotkach naboje elektronu)

Priklad: Jaky je polomér drahy protonu s hybnosti 40 GeV/c, jestlize se pohybuje v magnetickém
poli B=1.5 T?

ReSeni:  r=p/0.3 B=40/0.3x1.5=89m

Pozndmka. jestlize p =400 GeV/c =>r =889 m
Jjestlize p =4000 GeV/c=>r1 ~ 10 km
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Zékladni predpoklady pro zkoumani mikroobjektu

Louis de Broglie

Thirty years ago, physics was divided into two camps: ... the physics of matter, based on the concepts of particles and atoms
which were supposed to obey the laws of classical Newtonian mechanics, and the physics of radiation, based on the idea

of wave propagation in a hypothetical continuous medium, the luminous and electromagnetic ether. But these two systems
of physics could not remain detached from each other: they had to be united by the formulation of a theory of exchanges

of energy between matter and radiation. ... In the attempt to bring the two systems of physics together, conclusions were in
fact reached which were neither correct nor even admissible when applied to the energy equilibrium between matter and

radiation ... ... assumed ... that a light source ... emits its radiation in equal and finite quantities - in quanta.
The success of 's ideas has been accompanied by serious consequences. if light is emitted in quanta, must it not,
once emitted, possess a corpuscular structure? ... and [showed] that if the motion of the material particles

in a source of light took place according to the laws of classical mechanics, then the correct law of black-body radiation,
's law, could not be obtained.

Elektromagnetické vin€ s vinovou délkou A 1ze ptifadit ¢astici (foton) s hybnosti p a
energii E: p=h/A E =h.c/A

Pti vysokych energiich ptestava platit klasicka mechanika => relativisticka,

kriterium : T/m,c? >10-2

napf. 2. kosmicka rychlost, v = (2r,g)"? = 11.2 km/s => 3.7 x 10~ =>klasickd mechanika
a rozpad,T, = (5-10) MeV, T /m,c* = 10/3726 = 2.7 x 10~ => klasicka mechanika
B rozpad,Tg = (0-3) MeV, TB/m0c2 =3/0.511=5.87=> relativistickd mechanika

Nekteré fyzikalni veliCiny jsou kvantovany (pouze nespojité hodnoty), Ap . Ax > h/2

31.5.2004 I.Stekl


http://www-gap.dcs.st-and.ac.uk/~history/Mathematicians/Planck.html
http://www-gap.dcs.st-and.ac.uk/~history/Mathematicians/Planck.html
http://www-gap.dcs.st-and.ac.uk/~history/Mathematicians/Planck.html
http://www-gap.dcs.st-and.ac.uk/~history/Mathematicians/Jeans.html
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Zdroje castic

1. rozpad nestabilnich mikroobjekti
2. realizace srazkovych procest (a+b =2 ¢ + d +e)
- napt. 1910 Rutherford, Geiger: rozptyl a Castic na Au ==) objev atomoveho jadra

K realizaci srdazkovych procesiu je zapotrebi:
A) zdroje Castic
B) ter¢iky
C) detektory

A) Zdroje Castic
1)  Radionuklidy — i) zdroje ¢astic a, energie ~ 4-7 MeV, diskrétni spektrum, nap¥. 22Ra
(4.78 2 4.59 MeV, T, , = 1622 let)
ii) zdroje Gastic B, energie ~ 0.01-3 MeV, spojité spektrum, napt. 32P
(max. en. = 1.711 MeV, T, , = 14.26 dne)
111) zdroje zafeni vy, energie ~ 0.01-2.6 MeV, diskrétni spektrum
iv) zdroje neutront, napt. samovolné $té€peni 2>°Cf, T, , = 2.64 let,
en. ~ 0.1-10 MeV, stiedni energie =2 MeV.
2) Jaderné reaktory — intenzivni zdroj n a ;e, rychlé §tépné neutrony (0.1-10MeV), tepelné
neutrony (0.025 eV, 2200m/s)
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Zdroje castic

A) Zdroje ¢astic (pokracovani)

3)  Kosmické zafeni — rlizné astice y, e, €*; velmi vysoké energie ~ 10'° eV, mala hustota
castic

4)  Urychlovace — zafizeni, ve kterém se pomoci elektrickych a magnetickych poli vytvari

svazek nabitych ¢astic vysoke energie (!!! B zaktivuje drahu, E urychluje ).
- urychluji se pouze stabilni nabité Castice nebo nabité ionty
- podle tvaru trajektorie délime urychlovace na:

linearni (elektrostatické = Van de Graaf; linearni vysokofrekvencni napt. SLAC

Stanford, e- 22 GeV, e+ 14 GeV, délka 3.2 km)

kruhove — elektronové: betatron, mikrotron, elektronovy synchrotron

— protonové: cyklotron (C), synchrocyklotron (SC),
protonovy synchrotron (PS)

m.v2_q.v.B =
-9 =) p=q.r.B =) I) B = konst., r roste (C, SC)

r

&> I) r = konst., B roste (PS)
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Zdroje Castic

~

Primarni kosmické zafeni: 90% p, 9% o, 1% tézsi ¢astice, tok 1000 m-2s-!
Sekundarni kosmické zafeni (na trovni moie):

nabité piony: p:e:n:u=1:13:340:480: 1420

tok nabitych pionti = 1.34 * 10 cm=.s"!

Schéma cyklotronu:

vacuum
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Zpusoby studia mikroobjekti

Usporadani svazek tercik v urychlovacich, kinematika srazek:

1) Stacionarni tercik:

pted srazkou Po srazce

»
>

m;, p, T, m,

p, T

T’ = p*2(m,;+m,) = p,%/2(m,+m,) = m,.T,/2(m;+m,)  (energie pouZita na posun trosek)

T°=T,-T =m,.T,/(m;+m,) (energie pouzitd na tvorbu ,,trosek* = uzitena pro fyziku)

aym, >0 =T —0,T” — T, (pro fyziku OK)

bym »m,=> T"—T,, T — 0 (pro fyziku Spatny ptipad)
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Zpusoby studia mikroobjektu

Priklad:
a) e, T,=50GeV => (efektivni energie) T’ = 0.22 GeV, T” =49.78 GeV
b) p, T,=50 GeV => (efektivni energie) T = 10 GeV, T’ = 40 GeV

2) Vstticné svazky:

m,, T

> 1

v
A
gl
@]
o
|
[\
—

www. WreckedExotics.com
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Zékladni typy urychlovacu

Linedrni urychlovac:
P
= F- F- F- O FS FEIES K O FC
!

SLAC — Stanford, u San Francisca, USA
e-e+, 50+50 GeV, linearni urychlova¢ 3.2 km
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Zakladni typy urychlovact

Kruhovy urychlovac (synchrotron):

r—— Soucasti urychlovace:

THE PRINCIPAL HACH : } , . .

OF THE LEP ACCEL B | - Urychlovaci segment (accelerating cavity)

- Dipdlovy magnet (Bending magnet) —

7 . zakiivuje drahu Castic

Jliieian | - Kvadrup6lovy magnet (Focusing Magnet) —
fokuzuje svazek Castic

- Vakuova trubice

um CHAMEER
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Zékladni typy urychlovact

Kruhovy urychlova¢ (synchrotron):

Soucasti urychlovace:

- Urychlovaci segment (accelerating cavity)

- Dipdlovy magnet (Bending magnet) — zaktivuje drahu Castic

- Kvadrupodlovy magnet (Focusing Magnet) — fokuzuje svazek ¢astic
- Vakuova trubice
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Detektory v urychlovacové fyzice

Obecné schéma soudobého detektoru ve fyzice Castic:
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Detektory v urychlovacové fyzice

Ptiklad jedné udalosti z detektoru ALEPH:
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Detektory v urychlovacové fyzice

Identifikace Castic:

Tracking Electromagnetic Hadron Muon
charmber calorimeter  calorimeter charmber

photons é%

'

et

Muons

__n —<

Innermost Layer... P .. Outermost Layer
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Ptehled soucasnych urychlovaci

* European Organization for Nuclear Research

C E R N « U Zenevy, na hranici mezi Svycarskem a Francii

 Ro¢ni rozpocet ~10° CHF
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Ptehled sou¢asnych urychlovaci

»SPS - p-p~ 450+450 GeV, obvod 6.9 km

gt

o

=" |HC — p-p 7+7 TeV, Pb-Pb 600+600 TeV
obvod 27 km (od r. 2005), celkem 4000 fyziku
Experimenty:
- ATLAS (nové Castice)
-CMS (nové Castice)
- ALICE (studium kvark-gluonové plasmy)
- LHC-b (studium B-hadronu, naruSeni CP symetrie)
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Ptehled soucasnych urychlovaci
\
# Fermi National Accelerator Laboratory
Y

* Batavia (pfedmésti Chicaga), [llinois, USA
. Rocm rozpocet Fermilabu ~300M $

e Tevatron - p-p~ 1+1 TeV,
DO obvod 6.3 km
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Ptehled soucasnych urychlovaci

® DESY — Hamburk, Némecko ——

= Hera — e-p 30+ 820 GeV

e SLAC — Stanford, u San Francisca, USA
» SLC — e-e", 50+50 GeV, linearni urychlova¢ 3.2 km
(nejvetsi budova na svete)

e JINR — Dubna, asi 150 km severné od Moskvy, Rusko
= Synchrofdzotron — p 10 GeV —_

e SSC (Superconducting Super Collider) u Dallasu, USA
= kruhovy urychlovac - p-p, 20+20 TeV, obvod 83 km
= nedostavén, projekt zastaven v r. 1993,
postaveno asi 20% urychlovace, utraceny 2G$
(celkové naklady mély byt asi 6G$)

e CR — napf. mikrotron — e 22 MeV, MFF — Van de Graaf
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Vyuziti urychlovaci

o

General industrial use: Ion implantation,

Sterilisation, imaging surface pﬁ;dudlﬂ:nth_
Contral semiconductor
1500 6000 doping; Changing progs

Research accelerators:
Particles, synchrotron light

used In blomedical, physics, 1200
chemistry, biology, material

research

4500 200
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Vyuziti urychlovaci

1950

The Bevatron began to operate in
B 1954 and the antiproton was
discoverad in 1955,

1560
The inner structure of nucleons

{protons and neutrons) was
discovered at SLAC in 1969,

1970

Discovery of 3/ particle (composed

of charm guarks) was discovered at
Brook-haven and SLAC in 1974,

1980 The tau lepton was discovered at

SLAC in 1976.

The W and Z particles were
discovered at the proton-antiproton
collider at CERN in 1983.

1990

The first direct evidence for the
top quark was announced at the

2000 Tewatron at Fermilab in 1995,

The Nobel Prize
in Physics 1959 §

Segré  Chamberlain

The Nobel Prize [
in Physics 1990 ¢

)
Friedman Kendall Taylor

The Nobel Prize 7=
in Physics 1976

e

-
Richter Ting

The Nobel Prize
in Physics 1995

The Nobel Prize
in Physics 1984

4

Rubbia n der Meer
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Budoucnost urychlovact

Z.ahada c¢astic kosmického zareni * Vysokoenergeticka ¢astice pii vstupu do atmosféry
vyprodukuje sprsku nékolika miliard ¢astic, na zemi plocha

*E>10%eV na 1l m2nékolik ¢astic za rok sprsky 10 km?
. _ 3
*E>10"eV nal km?1 ¢astice za rok . _
% 102l A‘lzh% Fluxes of Cosmic Rays
*E>10%2¢eV nal km? 1 ¢astice za stoleti [ ”@%
Zj? 10 % o« (1 particle per m—second)
* 6°10" eV — GZK (Greisen-Zatsepin-Kuzmin) cutoff = F o
- vysokoenergetické protony interaguji s fotony 107 :
. 7 7w 7 v .y . F 0
reliktniho zafeni, protony s vyssi energii nevznikly F
J4 v 10 i
dale nez 150 Mly - %
- ol
=10
10 <>°§ Knee
‘ i (1 particle per n"—vear)
it A &0 e
Ln(#) of Particles p L ’A'&‘
= kY
10_18_— ‘%k
_n:-: F &
16"
§ P :_
10—222 Y
v i Ankle ]
.y 10'25:_ (1 particle per km*~year)
Ground Level IO_ZE i T
Lol v v v vl v vl v vl vl vl v el ol 4

il 101
n 2 .13 . 14 18 e 7 18 18 a3
o1 107 10

Extensive Air Showers Energy (v}
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Budoucnost urychlovacu

B E
wosPHE
T

Pierre Auger Observatory

* Zéapadni Argentina

* Planovano 1600 detektorii na plose 3000 km? a 24 teleskopil,
které maji vecer detekovat fluorescenci N,

* Detektor: 3000 galonti vody + 3 fotonasobice

* Detektory ve vzdalenostech 1.5 km

* Dosud instalovano 40 detektort a 2 teleskopy na plose 40 km?

* Naklady: ~50 M$
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