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Kozmikus sugarzas spektruma
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Forrasok:
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Jol korrelal anyagsdridséggel

GRB? Nehez igazolni...



Pierre Auger observatory

Auger -

288

¥ 4

A 3

Plerre/Auger.Obseivatory'- Malargue Campus
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Ciklotron

n: field index
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Izokron ciklotron

Er6s fokuszalas

valley

equilibrium orbitina ____ EJSE?,‘,%H"QEA"E&TMW

Relativisztikus tomegndvekedés kompenzalasahoz n<0 kell: izokron ciklotronban megoldhatd!
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Betatron

Indukcios gyorsito elve: R. Widerge (1923)

. ) 1 @,
Widerge feltetel: B,= 5 ;
Tr

Kivitelezés: D. Kerst (1940)

Képen: 1942, 6 MeV



Szinkrotron

To Beam Line

Injector Magnet Wiggler

Bending
Magnet

Radio-Frequency
Undulator Cavity

Vacuum Chamber



Linearis gyorsito

DD

Simplified version of the Luis Alvarez linear accelerator.

Nagy teljesitményli RF tér: klystron

RF input i‘h RF output

buncher cavity catcher cavity

electrans grids 4 and &

anode 3

Il
| € 2004 Encyclopzaedia Britannica, Inc.

Electromagnetic wawe is trawveling, pushing particles along with it }

Electromagnetic VWave

as seen from above
(red is +, blue -)

Moving electric wave

+

Re /&

Positively charged particles I:J:I close to the crest of the
E-W wave experience the most force forward; those
cloger to the center experience less of a force. The result
is that the particles tend to mowve together with the wave,




A klystron mikodése Fokuszalas: kvadrupdl magnes




LHC

Overall view of the LHC exeriments.
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pp Utkdzés az LHC-ban (ATLAS)




Nehézion utk6ézés az LHC-ban (ATLAS)




LHC és a Big Bang

-

i All set, |
Lets fire upthis

| -;~
| Large Hadron Parhicle P
gollid-e.r‘ and see J

3.8 BILLION YEARS AGO,
A FEW SECONDS BEFORE THE  ga il

[
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International Linear Collider (ILC)

- <
\\'8\“\’\“%

Electron$

Elektron-pozitron ttkozteto

Ceélok: Higgs-bozon tulajdonsagok precizios mérése
Szuperszimmetrikus részecskék
Extra dimenzidk (TeV meretben)
Legkorabban 2026-ban indulhat, kdltség 20-25 G$
Kezdeti energia: 250+250 GeV, upgrade utan 500+500 GeV
2 nagy detektor



Detektorok

g
s

AT

"gumm»aos MESONS. ALL THOSE DRwIN PARTICLES
O CANT See. TIRTs WHAT DRovE ME To DRNK.
BUT NOW | can SEE Trrem /0
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Buborék kamra
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Szcintillaciés szamlalo, photomultiplier

Scintillator

Nal(TI)
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Geiger-Miiller szamlalo, szikrakam
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Proporcionalis kamra

gas-tight frame with mylar window

= cathode wire plane (-HV)

—
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how tracking works
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in yellow;
circle radius ~ drift time
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Wire chamber
- looking along the wires

April 30, 2010 B
Quarks: searchfor the smallest



Time projection chamber

CERN ALICE
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Egy igazi detektor: LHC ATLAS

THE SMALLER THE THING YOU WANT TO OBSERVE,
THE BIGGER THE
- INSTRUMENT
YOU NEED
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CERN ATLAS

A Toroidal LHC Apparatus (ATLAS): 45 méter hosszu, 25 méter atmérgjdi, 7000 tonna.
Kollaboracio: mintegy 3,000 fizikus, 175 intézet, 38 orszag.
Higgs-kereses, CP-sértes, W tomeg mérés, top kvark mérese, szuperszimmetria kereseés.



ATLAS részecskeazonositas

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet 4§
Transition
Radiation

Trqc ki ng TFCICI(eI'
Pixel /SCT detector

Bels6 szolenoid 2 Tesla: 400 MeV alatti részecskék at se jutnak!
Klls6 szupravezet6toroid: 2-8 Tesla (hadron kalori + muon kamrak, 1.6 GJ energia)




Vertex detektor

Atlas: 61 m? csik, 6300000 csatorna
2 m? pixel, 80000000 csatorna

Az 0sszes kiolvasasi csatorna fele!

i r
e i
< M
‘__.-" - - -~ - .-'.II.-__.-'"'J =

Inner Chip o
L ATLAS:
Oirigin ol .- .
Particles silicon pixel detectors
: (vertex) : barrel 3 layers (including 1 removable) 4, 10, 13 cm
Two particle tracks leave charges mn the 5 disks on each end-cup side from 11 — 20 cm
two lavers of the vertex detector. pixel size 50x400 pm?

silicon strip detectors - quasi-double-sided
barrel 4 layers 30, 38, 45, 52 cm
9 wheels on each end-cup side
strip pitch 80 um, 12 cm length
stereo angle 40 mrad



Atmeneti sugarzas detektor

Faser—Radiator

‘ Transition radiator tracker

Szamottevo jel: y=1000

5 GeV elektron/pozitron nyomot hagy

5 GeV proton gyakorlatilag nem

Pozitron/proton megkuldénboztetes

Gyapju radiator: kb. 100 atmenet

Rontgen sugarzas:
drift csovekkel detektalva

Osszesen 298000 csé

200 mikromeéter pontossag




ATLAS kaloriméter

Tile barrel Tile extended barrel

D

Hadron kaloriméter:
Acél abszorber, szcintillatorok




ATLAS mion spektrométer

.

o |
T6bbféle detektor elem R Vet
Monitored Drift Tubes Chambers (barrel) S - "fS‘rF%”v
Cathode Strip Chambers (CSC,6 réteg,endcap) \\
3 pont - palya rekonstrukcid, p mérés » -

.50;. : \ f__1:.4mm1._| v

Thin Gap Chambers (endcap) — I
Resistive Plate Chambers (barrel) \
Trigger (gyors reakcio, p becslés) e el

ghitc




Adatfeldolgozas

25 MB/esemény, 40 milli6 esemeény/sec
- 1 petabyte/sec !!!!
Triggerek: eseményvalogatas

Els6 szint: detektoron bellli elektronika — 100000/sec
Masodik/harmadik szint; detektor melletti klaszter

Marad: par szaz/sec
Tomorités utan kb 100 MB/sec
Esemény rekonstrukcio: offline

Grid szamitokdzpontok



LHCDb kisérlet

ECAL HCAL
SPD/PS M3

RICH2 M] M2
T4
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RICH = Ring Imaging Cherenkov detector
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Figure 26: Typical, simulated LHCD event in the RICH]1 detector [18]. The data
from the two photodetector planes are drawn in the upper and lower halves.
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E 600 E_ PP @ 7 TeV _E
2 500 [ —
g 400 f— . ALICE performance —f
0 i1 t ' workin progress
F 300 r

200 =
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Figure 13: Measured 1onization signals of charged particles as a function of the
track rigidity (particle momentum divided by charge number). 11 x 10° events from
a data sample recorded with /s = 7 TeV p—p collisions provided by the LHC were
analysed. The lines correspond to a parameterization of the Bethe-Bloch curve as
described in Ref. [20]. Also heavier nuclei like deuterons and tritium and their
anti-particles are found.



TOF=Time-of-flight

TOFPID-pp@7 TeV

09" 7 ,-; ! N Lm0
0.8 g3 Y.
0.7
0.6
0.5
~ ALICE Performance ;
0.3 21 May 2010
e e R S R T PR T ik

p x charge (GeVi/c)

Figure 18: Velocity 8 = wv/c as measured with the ALICE TOF detector as a
function of the particle momentum p multiplied with the particle charge number Z
for a data sample taken with /s = 7TeV collisions provided by the LHC in the
year 2010. No data is available for momenta <300 MeV/c, since these particles do
not reach the detector due to the curvature of their tracks in the magnetic field.



4-miion Higgs jelolt

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

Ho2Z7Z 52U +2W




Higgs keltés és bomlas

gg Fusion

tt Fusion
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Events / 2 GeV

Events - Fitted bkg
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