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iva¢a do suprasudarivac¢a

Linearni i kruzni ubrzivadi
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@ Leptonski, hadronski sudariva¢

-

Interakcija ¢estica s materijom Sazetak
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(30 — 12:00 Lectures 9 13/2-005

Introduction to CERN ®1h
Speaker: Jeff Wiener (CERN)

Particle Physics 1

Speaker: Vuko Brigljevic (Rudjer Boskovic Institute (HR))

Particle Detectors 1

Speaker: Mirko Planinic (University of Zagreb (HR))

Lunch break (Restaurant 2) ® 1h30m




ALY - 18:00 Visits

SC & ATLAS

The whole group meets in the Main Building at 16:15!

Group 1

16:15-16:30 Walk from the Main Building to the SC
16:30-17:00 Synchrocyclotron

17:00-17:15 Walk from the SC to ATLAS
17:15-17:45 ATLAS Control Room

17:45-18:00 Walk from ATLAs to the Main Building

Group 2

16:15-16:30 Walk from the Main Building to ATLAS
16:30-17:00 ATLAS Control Room

17:00-17:15 Walk from ATLAS to the SC
17:15-17:45 Synchrocyclotron

17:45-18:00 Walk from the SC to the Main Building

R0 — 19:30  Welcome to CERN!

Welcome Reception

Speakers: Jeff Wiener (cean), Milena Vujanovic

® 1h 45m

9 500/1-201 - Mezzanine

®1h
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tkrica novih cestica nakon primjene ubrzivaca

KALENDAR OTKRICA CESTICA
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aju Zemiju

vehicine iznad
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Al Ukupni tok: 350 Hz
~ 100 m ispod zemlje (~
1% toka na povrsini)




Za vidjeti najmanje Cestice:
potrebne su najvece energije!

E = mc?
.
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ronskim mikroskopom" postigli rezoluciju

Ax=10%m=1fm  Treba elektrone ubrzati na energig =~ € L 1Gev

AX

Scale in m: 9 0 Scalein 10 %m:

10"m 100,000,000
10Mm ! 10,000
107" 1,000

<10"m Eluarkéiw ; clectrer <1
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HV terminal
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kangl za odvajanje elektrona
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Sto je ograniavajuéi faktor?
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Vremenski promjenljiva elektri¢na polja

-
Linearna Akcelerac.

-
Kruzno
ubrzavanje




Linearni akceleratori

- : j +
Linac Wjd eroe
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ALICE

rausnncs © Gran Sasss (1) . A U.B?C by here

0.3c by here
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Snop cestica u sudarivacu je:

a) kontinuiran
b) Cestice dolaze u nakupinama



Sile na ¢estice

Mijenja smjer

Lorentz: \
4 _q «(E+7xB)

dt /

Ubrzava nabijene cestice

21



Ciklotron

Centripetalna sila=Lorentzova sila

Kontinuiran snop Cestica

2
7%

= Bgu

r

m

Reorganizacija:




FILM

stara televizija je ubrziva¢ ¢estica u malom!

VIV TVYVV RINVYVY TUUR ICLEVIDIVIN JOC1T 19 AN ACLLELLENRAIVR ¢

....IT PRODUCES ELECTRONS
In your TV set, the electrons
are accelerated to 20000 volts.

In LEP, they are accelerated to
100 000 000 000 volts.

ACCELERATING CAVITY

BENDING MAGNET

A JACUUMGHAMBER | FOCUSING MAGNET

COLLISIONS >

\J
_\\ //

CERN AC - Z34 va-V13/3/98
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LHC UBRZAVACKI LANAC

26/02/2010

N

n Sass

CERN and The Lar®: Hadron Collider

N LINAC 3 ¥ i
ez ») IEEEET

> » ion » neutrons » P (antiproton) == / antiproton conversion » neutrinos » electron

M.Pojer

LHC Large Hadron Collider SPS Super Proton Synchrotron PS Proton Synchrotron

AD Antiproton Decelerator TF3 Clic Test Facility CNGS Cern Neutrinos to Gran Sasso E
LEIR Low Energy lon Ring LINAC LINear ACcelerator n-ToF Neutrons Time Of F
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PROTON-PROTON SUDARI
E =7000 + 7000 GEV
800 MILLION SUDARA/ SEK




CERN Accelerators

(not to scale)

0.999999¢ by here

nawsinnes i Gran Sasss (1)

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Encrgy lon Ring

CMNGS: Cern Neutrinos to Gran Sasso

Start the protons out here

Akceleratori i LHC eksperimenti ha CERN-u

Energije:

Linac 50 MeV
PSB 14 GeV
PS 28 GeV
SPS 450 GeV

LHC 7 TeV

28




Gasin

Cathode

Kako dobiti protone ?
e ————————————

Duoplasmatron from CERNSs Linac-Homepage

Magnets

Magnets

protons out (~300 mA)

Hit e ~ Hte
HTe - 2 €
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Kako dobiti elektrone ili antiprotone ?

Cat

thode

\oltage

Iris

protons

)

Target

P
—

Electron beam

Collection of antiprotons
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Koje cestice cemo ubrzavati ?

Kruzno ili linearno ?

Da li cemo sudarati snop i Cvrstu metu
Il snop na snop ?

Mirko Planini¢



Zasto hadronski sudarivac?

 Mane:

— Hadroni su kompleksni
 Prisutan veliki broj Cestica

» Energija i vrsta sudarajuceg partona (kvark, gluon) nisu poznati
— Kinematika dogadaja nije potpuno odredena

* Prednosti:
— Dostupnost vecih energija

Leptonski sudarivac Hadronski sudarivac
(sudar dvije tockaste Cestice) (sudar ~50 tocCkastih éestica)
¢ @ £s \<

\\ \ WY \Y\\\M\ S}f
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1) Gubitak energije zracenjem: AE  4me’ By’
27R 3R
_E v
7/ B m ﬂ = E — 1
2) Istrazivanja na malim dimenzijama mali udarni presjek
L uminoznost:  L=broj Cestica u jed. vrem./jedinica povrsine

Vjerojatnost dogadaja=udarni presjek * luminoznost
E.m, Za fiksiranu metu

3) Raspoloziva energija:  s=(p.+p,)" ~ Loy
AE? Zasudarival E.=E=E

Mirko Planini¢



Luminoznost

A= ef3 *

Broj ¢estica po nakupini (dva Broj nakupina po snopu
snopa)
Okretna frekvencija
\ , / vencij
Non, f

L p— rev F +—— Formfaktor iz popre¢nog kuta

Arsl3 *
Emitancija / [

Opticka beta function

34



LSve Cestice se ne sudaraju u isto vrijeme -> potrebno je dugo vrijeme
O Potrebna su dva snopa
[ Anticestice se teSko (skupo) proizvode (1 antiproton na 10°6 protona)

LSnopovi utjecu jedan na drugoga: snopovi se moraju razdvojiti kad se ne
sudaraju

35



Konceptualno pitanje

Sudarivac Cestica koristimo rade nego
sudare na Cvrstoj meti jer:

a) je tako sudar Cestica vjerojatniji
b) je manje zracenje u okolici sudara
c) tako bolje iskoristimo energiju



Luminoznost: velicina snopa

Trebamo uski snop na mjestu sudara:

| = sznb 1:rev F
Arsl3 *

O =0 *
AN
W

Ograni¢enje:  Dostupno magnetsko polje
Magnetski otvor

37



O “Rasipanje “ snopa
[ Gubitak Cestica
O Nezeljeni sudari

Ograni¢ava Luminoznost

38
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KAKO TO IZGLEDA U REALNOSTI

1232 15- m-dugack1/30 -tona-teski

dipolni magneti
+

26/02/2010

CERN and The Large Hadron Collider

zastita od quencha, konverteri za korekciju

orbite i instrumentacija (snop, vakuum +
kriogenika)

\1’
\ ‘
.~
- -

M.Pojer




Troskovi LHC-a | ()

LHC Masina: 2.2 G€ (material+vanjski rad)
2% 3% 2% Radna snaga + detektor : ca.4G€

O Magnets

W Cryogenics

O Beam dump

O Radio-frequency

W VVacuum

O Power converters

B Beam instrumentation

26/02/2010
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2%
54% O Civil Engineering
2% H Cooling & ventilation
3% W Power distribution
1% O Infrastructure & services
104 O Installation & coordination

M.Pojer

Magnet+hladenje = 66%




Supravodljive magnete koristimo jer:

a) tako mozemo ubrzavati vise Cestica
b) tako mozemo 1mati vec¢i sudarivac

C) su troskovi kad akcelerator radi manji
d) jer ih je lakSe napraviti

5]



TEHNOLOGIJA

Supravodljiva Tehnologija

ZASTO SUPRAVODLJIVI MAGNETI?

Manji radijus, manji broj cestica u akceleratoru, manji

akcelerator

Stedi energiju ALT komplicirana konstrukcija

43



Dipolni magnet

Dipolni magnet, savija putanju u
horizontalnoj ravnini (vertikalno
polje)

F, =—ev,B,
F.=mv.°/p
P =mv

1 e
p(X.y,s) P

Bp:B

€

B, (X,Y,S)

”Magnetic rigidity”

S (smjer snopa)
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TEHNOLOGIJA

Supravod|jivi Dipol za LHC

LHC dipole (1232 + rezerve) 3 firme (Njemacka, Francuska i

Ttalija, high tech projekt)

Beam Pipe
Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

=
ReC i

Auxiliary
Bus Bar Tube

- Instrumentation
Prot%cit(;gre\ Feed Throughs

Heat Exchanger Pipe

Helium-Il Vessel
Superconducting Bus-Bar
Iron Yoke
Non-Magnetic Collars
Vacuum Vessel

Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole
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TEHNOLOGIJA

Radna temperatura

1.9K|
Najhladnije mjesto
u svemiru ... Il

“Two in one”
konstrukcija

46



FOKUSIRANJE

Fokusiranje: Kvadrupol

Cestice se moraju fokusirati da bi ostale u akceleratoru

Kvadrupol

2—

+
o—>

Pozitivne Cestice se
gibaju prema nama:
Defokusiranje u
horizontalnoj
ravnini, a
fokusiranje u
vertikalnoj ravnini.

dp .
d—lt’ =Q ~ (E +vxB)

47



FOKUSIRANJE

(OF Moguc’:e gr'eéke

Sto treba uzeti u obzir ?:

Micanje povrSine Zemlje
Vlakovi

Mjesec

GodiSnja doba
Gradevinski radovi

Kalibracija magneta je vazna

48



26/02/2010

Snaga struje  Helij i dusik
32 MW; 130 t of He — 4 MCHF

8 X 18KW @ 4.5 K
24 km & 20kW @ 1.8 Kx |
36°000 t @ 1.9K
130 t He inventory

f===, Jumper connection
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Legend:

QRL
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P18 i LHC cryomagnets
> ..
j ‘Y‘ d - X

M.Pojer

Refrigerator
Are

Dispersion Suppressors

Lﬂng Staight Section ! - Cryogenic distribution line (QRL




Buduéi akceleratori

LINEARNI SUDARIVACI -

Cijena proporcionalna energiji shopa
KRUZNI SUDARIVACT
Cijena proporcionalna kvadratu energije snhopa

International Linear Collider (ILC), 35 km, 500 GeV, electron-
positron

Compact Linear Collider (CLIC), 38 km, 3 TeV,
electron-positron
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Seam Commissioning in
September 10

26/02/2010
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http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

19 RUJAN 2008: NEZ& OJA Y SEXTORU

<24

26/02/2010

zatvoren hellJ za hladenJe

Veliki val plina pod visokim
tlakom putovao je u oba smjera

CERN and The Large Hadron Collider

bt i

M.Pojer




CERN and The Large Hadron Collider 26/02/2010

M.Pojer

Collateral damage: magnet displacements

TN RS0 % SRRES I
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magnet displacements &N

Collateral damage
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Beam Energy
10* cm?*s®  Luminosity

2835 Bunches/Beam
10" Protons/Bunch

<“— >
7.5m (25 ns)

e ——————————

- " e -
—— = -

%%& 7 TeV Proton Proton
" Bunch Crossing 4 107 Hz colliding beams

%
@

Proton Collisions 10°Hz

Parton Collisions Ty
o/'u.
s | | | o
New Particle Production 10° Hz Lypth) «— Ly et
(Higgs, SUSY, ....) Jil”#z

Trazimo 1 dogadaj od 10,000,000,000,000



1) gledanje malih dimenzija trazi velike energije

2) masa je 1sto Sto 1 energija

Scale in m: 9 o Scalein 10*m:

10y 2m S ¥ )»‘ 100,000,000
10,000

-14 ce
107 m nuclet%

10m  proton = ) 1,000

i electron

<1

Mirko Planini¢



3) Snop Cestica koji kruZi gubi energiju zracenjem 1{ Eqop

4) Ne treba odustati ako se pojave problemi

Mirko Planini¢



PLEASE DO NOT FEED

THE PHYSICISTS




