ATLAS

EXPERIMENT

W

NCA A

CSFR @ CERN :: 1992 -- 2022

UrychlovacCe a detektory Castic

e/

Jiri Kvita

(O\ Spolecna laborator optiky p
J Prirodovedecka fakulta ﬂ)j

S , PALACKY
FAV Univerzity Palackeho  RESSiaEay

Institute of Physics of the
Czech Academy of Sciences

OLOMOUC

Olomouc




1992 -- 2022

prof. RNDr. Jan Fischer, DrSc
1932 -- 2022

1986

JAN |
CHER

JAN

pr uhledy 34 FISCHER
do mikrokosmu

/”

pl’llhlEdY FiS

=
=
7]
=
i
=
st
o
=
=)
e
§

https://www.fzu.cz/aktuality/odesel-prof-rndr-jan-fischer-drsc

12.9.2022 Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN



1992 -- 2022

https://vesmir.cz/cz/casopis/archiv-casopisu/1996/cislo-8/posledni-z-nejmensich.html

Posledni z nejmensich 1996

Objev top-kvarku neznamena konec fyziky elementarnich castic

prof. RNDr. Vladislav Simak, DrSc.
1934 -- 2019

https://www.fzu.cz/aktuality/zemrel-prof-rndr-vladislav-simak-drsc

1981 -- 1991
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12.9.2022 Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN 3

s

NASE VOJSKO



Urychlovace a detektory ¢astic
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Interakce Castic s latkou

* lonizace ™~ 1/B2*InBy,B=Vv/C \ ! °
* Brzdné zafeni ~y =1/ [1- B2]V/2 ) ; vl
| e e
* Pfechodové zareni ~y e ;

* Cerenkovovo zafeni zavisi na B.

* Elmag. razova vina od cCastice, ktera se pohybuje
rychlosti vetsi nez rychlost svétla v daném
prostredi.

https://www.radiation-dosimetry.org/what-is-ionization-definition/
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Case courtesy of Dr Sachintha Hapugoda,

s . . . v Radiopaedia.org, rID: 51794
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https://radiologykey.com/interaction-of-radiation-with-matter/

Casticova kamerka MX-10
* Kfemikovy Cip 256 x 256 pixeld, 1,4 cm x 1,4 cm, tloustky cca 0,3 mm.

* Digitalni fotoaparat, ktery v realném case “vidi“ stopy castic.
e Vlyvinut v laboratofi CERN ve spolupraci s UTEF CVUT.

e Edukacni verzi prodavala firma Jablotron.

* Létd i na Mezinarodni kosmické stanici ISS ©
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Jaké castice vidi kamera MX-10

Alfa = 4Het*
Silné ionizuji zareni

12.9.2022

Beta =e"
Brzdné ztraty, ionizace
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Jakeé castice vidi kamera MX-10

* Vzacngjsi stopa silné energetické a ionizujici Castice

/7

* snad proton ve sprsce kosmického zareni.
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Jaké ¢

castice vidi kamera MX-10

Radiac¢ni pozadi

(column number)

14
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Mion z kosmického zaren
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Ve svazku c¢astic na urychlovaci SPS v CERN

Miony

Piony

lonizace Jaderné interakce
H-.-:-—'_'__.___
L , o
e e
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Interakce ¢astic s elmag. polem
* Elektrické pole urychluje

e Zaklad principu urychlovani

+

F=gE+q xB

Electric Magnetic

* Magnetické pole méni smeér
« Zaklad cyklotronu, dipdlovych magnet(
synchrotrond.
 Lorentzova sila

 Dané magnetické pole zakfivuje opacné nabité
castice v opacnych smyslech.
 Lze pouzit pro vybér castic ze svazku.
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Magnety
* Sila pusobici na nabitou ¢astici je kolma na
rychlost a magnetické pole.

* Kvadrupodlové zaostruji svazek

* Dipolové udrzuji Castice na kruhové orbité

LHC DIPOLE : STANDARD CROSS-SECTION

12.9.2022 Jifi Kvita :: Urychlovaée a detektory &astic :: 30 let CSFR v CERN Zd I"Oj: Wlklpedla 15



Prirodni urychlovace

e Zareni beta a alfa z prirodnich radioizotopu
e Radon, uran, radium, polonium
 Uhlik *4C, draslik 4°K
e Americium ?**Am (umély prvek)
* Alfa ¢astice maji okolo 5% rychlosti svétla!
 Astrofyzikalni procesy (hvézdy, supernovy, procesy okolo ¢ernych dér...)
e Kosmické zareni primarni, sekundér‘niu

|
T TRT IR 1T AT\ R OROREEARC R
‘ '\'xl\“,‘,{\“

https://kipac.stanford.edu/research/topics/particle-acceleration s W
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Umélé urychlovace

* Crookesova trubice
 Zhavena katoda emituje elektrony

e Rontgenovo zareni vyvolané dopadem elektronu na anodu
e Brzdné zareni + charakteristické rtg. zareni (prechody elektront v obalu atomu)

~ "
bl o o], Relender GRS
-— A
dus N Thow wovensili
‘“‘\' l}} S NFny et *
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Umélé urychlovace
* CRT (Cathode Ray Tube) monitory

* Potreba vakua a vysokého napéti.
* Urychlovaci elektrody
* Vychylovaci elektrody (fadkovani svazkem elektronu).

e —

Tesla Orava 219 - typ 4219U Cathode Ray Tube

https://www.physics-and-radio-electronics.com/blog/cathode-ray .
Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN Zd roj. Aukro.cz
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Vam nejblizsi zdroj zareni :: lidské télo
» Radioaktivni draslik 4°K (0,012% prirodniho drasliku)

se rozpada beta rozpadem na vapnik, popfr. zachytem
elektronu na argon.

« Clovék hmotnosti 70 kg obsahuje asi 140 gramd .. o secrns
drasliku, z toho 0.0164 gramu 4°K.

* 4300 téchto jader se v téle rozpadne kazdou sekundu.

Calcium-40
2 =

e Banan (vyssi obsah drasliku) jako jednotka
radioaktivity:) EATING 1 BANANA

0.1 microsieverts = SEVERS

S |—
10,000,000

The Most Radioactive Places on Earth :: https://youtu.be/TRL702kPqwO https://en.wikipedia.org/wiki/Potassium-40
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Rutherforduv experiment 1909

* Alfa castice: jadra hélia, ktera vyletuiji z jinych
tézkych jader, ¢imz vznikaji stabilnéjsi jadra.

* Alfa Castice ve vzduchu uleti jen nékolik cm.
e Zdroje: uran, radon, polonium, radium...

* Bombardovanim zlaté félie alfa ¢asticemi objeuvil
Ernest Rutherford atomové jadro.
 Alfa Castice se obcCas odrazily zpét, coz neslo vysvétlit

jinak, nez ze vétSina hmotnosti atomu je v néjakém
velmi malém hmotném centru.

detector
screen

THOMSON MODEL

source of
o particles

http://spalenkaletters.blogspot.cz/2014/04/science-cats-volume-2.html
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Jake Castice urychlujeme umele?

* Pouze nabité:-)
 elektrony pozitrony
e protony, antiprotony
* jonty lehké, tezkeé, radioaktivni
e koncepty: urychlova¢ mionu

* Nasledné je moznad priprava sekundarnich svazku

* Piony, miony, pozitrony, antiprotony, neutrina...
* Pro testovani a kalibrace detektor

d
Bending
\ Magnet
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Typy urychlovacu
* Linearni

* Kruhové
* Cyklotrony
* Synchrotrony

* Dle pouzitych magnet
* Nesupravodivé
e Supravodivé

cYcIotronﬁ '

-
W |

LINAC, CERN ‘ Synchro

7, U A

Low‘E.nérgy lon Ring, CERN

)
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Bending magnet

Urychlovace podle vyuziti

* lyzkumneé
 Zakladni ¢i aplikovany vyzkum
 Zdroj €astic Ci synchrotronového zareni

* Medinské

e Zobrazovaci
* rentgenka
* Terapie
e Linearni, elektronové (levné)

* Hadronova terapie: synchrotrony (nakladné)

* Produkce radiofarmak

e Beta+ zarice pro pozitronovou emisni tomografii
e Cyklotrony

12.9.2022 Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN 23


https://www.radccore.org/files/documents/Linac_HSong.pdf
https://indico.ictp.it/event/7955/session/2/contribution/18/material/slides/0.pdf
http://www.cayugamed.org/cayuga-health-introduces-transformative-radiation-machine/

Moderni vyzkumné urychlovace

* Spojeny s objevy ve fyzice castic.

* Urychlovani protonu a antiprotonu:
* ve spolecném magnetickém poli a v jedné urychlovaci trubici.
e Carlu Rubbia, Petr Mclntyre, David Cline

CERN: Super Proton Synchrotron --> Super proton antiproton
Synchrotron (SppS)

Fermilab, USA: Tevatron
Antiproton accumulator

Problém s neusporddanosti antiprotonu ve svazku
* Linkou napfi¢ kruhem urychlovace, zpétna vazba, ,chlazeni” svazku.
* Simon van der Meer

12.9.2022 Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN 24


https://cerncourier.com/a/discovery-machines/

Urychlovaci komplex v CERN
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Urychlovacée SPS a LHC
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Urychlova¢ LHC

HADRONN
CJOLIDDER
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Urychlova¢ LHC

Large Hadron Collider, obvod 27km.

~1200 supravodivych dipdlovych magnetu
e chlazeny na 1,9 K.
* studenéjsi nez Vesmir.
 elektricky proud v supravodici je 13 kA.

,Mikroskop” s rozliSenim 0,01 fm.

Srazky protonU: lokalni teplota 10 Kelvin(.
e Misto s nejvyssi teplotou ve Slunecni soustave.

Protony o energii 6,5 TeV obéhnou za 90 us.
Protony jsou ve shlucich po 1010 ¢astic.
Shluk je ~2000.

Frekvence srazek je 40 MHz, tj. kazdych 25 ns.
Spotfeba energie jako kanton Zeneva.

Energie Castic ve svazku postupné az 6.8 TeV.

https://home.cern/science/accelerators/large-hadron-collider
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Urychlova¢ LHC

LHC Pagel Fill: 7547 E: 450 GeV 25-04-22 10:21:44

BEAM SETUP: PREPARE RAMP

450 GeV | B1: 8.20e+09 | B2: 6.68e+09

Beta™ [P1: pENNEeEnY Bcta™ [P5: QENNCGENY Beta™ [P2: QERSRCENY Beta™ [PS: ERelNn

BIS status and SMP flags Bl B2
Comments (25-Apr-2022 10:13:34) Link Status of Beam Permits
Beam commissioning Global Beam Permit
First ramp to 6.8 TeV with pilots Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: MD_MKI_13inj_both PM Status B1 ENABLED  [dule:1d0t-0 9 ENABLED

https://jointlab.upol.cz/kvita/LHC.html
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Urychlova¢ LHC

LHC Pagel Fill: 8056 E: 6800 GeV 27-07-22 17:22:22

LHC Pagel Fill: 8253 E: 6800 GeV t{SB}): 02:51:41 12-10-22 05:59:44

PROTON PHYSICS: SQUEEZE

PROTON PHYSICS: STABLE BEAMS
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Intensity
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BIS status and SMP flags Bl B2
Link Status of Beam Permits

Global Beam Permit

Comments (27-Jul-2022 16:41:57)

. . . Setup Beam
fill for stable beams with 96bpi and 900b

level at initial pileup (~35-40) Esami Fresenes

Moveable Devices Allowed In

> 0:14/354 Stable Beams LS 1

BIS status and SMP flags Bl B2

Comments (12-Oct-2022 03:41:12)
beta* levelling in ATLAS and CMS at mu ~ 52
Separation levelling in ALICE and LHCb
XRPs - IN

Stable Beams

Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence

Dump planned at 6:45 Moveable Davices Allowed In

AFS: 25ns_2461b 2448_1737_1733_180bpi_l16inj_1INDIV PM Status B1 BRSVEA:IRSsERPM Status B2 ENABLED

https://op-webtools.web.cern.ch/vistar/vistars.php?usr=LHC1
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Urychlova¢ LHC

https://op-webtools.web.cern.ch/vistar/vistars.php?usr=LHC1
Fill: 8253 E: 6800 GeV t(SB): 03:57:14 12-10-22 07:05:19

LHC Pagel Fill: 8253 E: 6800 GeV t{SB): 03:54:55 12-10-22 07:02:57 LHC Pagel

PROTON PHYSICS: STABLE BEAMS PROTON PHYSICS: BEAM DUMP

6800 GeV 7.57e+09 1.79e+09 6800 GeV 5.97¢+09 | B2: 1.90e+09
Beta* IP1: Beta* IP2: Beta* IP5: Beta* IP8:

Inst. Lumi [(ub.s)™-1] IP1: 17809.65 IP2: 8.28 IP5: 0.02 IP8: 341.74

S
=
[= =]
o o
(==
[=T=]

ty / Le3

=
[== R = N ]
=3 -2x-]
(=2 =2 =]
[=2 =T =]

)
£
[51]
c
o
=
=

._.
v R
= =
P

—
m
=
-
Luminosity /
N &S
--E-]
==
-1

u
m
=
w

0
08:00 11:00 14:00 17:00 20:00 23:00 02:00 05:00

QEQ Q
10:00 14:00 18:00 22:00 0200 06:00 — ATLAS — ALICE — CMS — LHch
BIS status and SMP flags Bl B2 BIS status and SMP flags Bl B2
Comments (12-Oct-2022 07:01:16 Link Status of Beam Permits true
( ) i [0 [Ra] Comments (12-Oct-2022 07:01:16) Link Status of Beam Permits
Global Beam Permit .
Global Beam Permit
i Setup Beam
Prepating to dump . Setup Beam
Beam Presence Prepating to dump Beam Presence
Moveable Devices Allowed In b ) lowed
Stable Bearms Moveable I::::wcesA owed In
Stable Beams

AFS: 25ns_2461b 2448 1737_1733 180bpi_16inj_LlINDIV PM Status B1 BEIE:NSeBNPM Status B2 ENABLED
AFS: 25ns_2461b 2448_1737_1733_180bpi_16inj_LINDIV PM Status B1 BEEEN-INSeENPM Status B2 ENABLED

https://home.cern/news/news/accelerators/autopsy-lhc-beam-dump
https://Ihc-machine-outreach.web.cern.ch/components/beam-dump.htm
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CERN Control Centre

* Hlavni kontrolni mistnost vSech urychlovacu v CERN
« 24/7

https://home.cern/resources/image/accelerators/cern-control-centre-images-gallery
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CERN — Evropské centrum (sub)jaderného vyzkumu
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CERN — Evropské centrum (sub)jaderného vyzkumu
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Geigeruv-Mullertyv Citac
* Lavinovita ionizace v plynu mezi elektrodami.

* Proudovy impulz.

* Problém s citlivosti na alfa castice. AR
https://en.wikipedia.org/wiki/lonization

[onizing radiation

lonized gas atom

https://en.wikipedia.org/wiki/Geiger%E2%80%93M%C3%BCller_tube
https://www.nsta.org/blog/vernier-go-direct-radiation-monitor-well-worth-90-year-wait
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Jak vidime c¢astice
* Wilsonova mlzna komora. Workshop pozdéji ©

/44
o o

\\ \
\
A

https://www.nasa.gov/multimedia/imagegallery/image_feature 928.html
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CHARLES T. R. WiLsON

On the cloud method of making visible ions and the

tracks of ionizing particles

Nobel Lecture, December 12, 1927




Jak mérit drahy c¢astic
* Mlzna komora.

* Podchlazena mlha, kondenzace kapek.

, P “
O BRSNS ~—
\ "_r.\ i.,;‘A‘?“\ /) \ . ‘>‘
| % B b A\
R 2 aNe SO\
;.//‘ ( ) '. - -": ' y . \‘ \
.;_' _&("’ 7 3
\/ \ f‘ ‘.t :
"/-—.'"‘“ > ‘ s
/ A \\
y ./
g
4. .
. o
- L s
Alfa ¢astice https://physicsopenlab.org/2017/05/18/particles-in-the-mist/
12.9.2022
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Jak méfrit drahy Castic
* Bublinova komora Gargamelle 1970-1979.
» Kapalina blizko bodu varu, bublinky podél drahy castic.
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Jak méfrit drahy Castic
* Bublinova komora Gargamelle 1970-1979.
. Fotografle a jEJICh analyza

ST uw“' ... :

M
-’i‘—-,. ”mﬂ,\
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(Mnoho)dratové komory
* Plyn, draty, elektrody. ‘ *

* Dle signalu z daného dratu: informace o poloze.

* Drahovy detektor.
* George Charpak, NC 1992

* Tehdy nové revolucni moznosti
 elektronického sbéru dat

 velka vycitaci rychlost, mnoho srazek, Sance
vidét vzacné procesy.

¥ (Cathode

Cathode

i d
https://www.facebook.com/CERNLibrary/photos/1968-georges-charpak-invents-the-multi-wire-proportional-chamberthrowbackthursda/10156004561361970/

12.9.2022 Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN 41



Driftova komora

* Mérenim Casu prichodu signalu v dratech lze
dopoditat pozici presné i s mensim poctem dratu.

VvV eV /

jsi elektronika.

* Méné vycitanych kanall, naroc¢n

https://www.sciencephoto.com/media/1063/view/drift-chamber-wires-of-mark-ii-detector-slac
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Casové projekéni driftové komory

Experiment ALICE, CERN

Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN

TPC: main tracking device in ALICE

Outer field cage

Endplate

-

Central doft
electrode
(100kV)

CO, gap

Inner, outer
readout
chambers
(MWPCs)

Inner
field
cage
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Scintilani detektory

* Priachod ¢astic organickym ¢i anorganickym
scintilatorem excituje molekuly, které v radu
nanosekund vyzari scintilacni svéetlo.

* Plastové, kapalné, Nal, PbWO,.
* Rychlé, ne vzdy radiacné odolné.

* Signal ziskavaji fotonasobice, PhotoMultiplier Tubes.

o N
W

https://eljentechnology.com/products/plastic-scintillators  Elektromagneticky kalorimetr experimentu CMS
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Cerenkovské detektory

e Charakteristické krouzky svetla
* Prahovost v zavislosti na rychlosti

e |dentifikace cCastic

photon
B detectors

AMS Ring Imaging CHerenkov (RICH)
Measurement of Nuclear Charge (Z2) and its Velocity to 1/1000 aerogel | | %0 M

spherical
__—_mirror

beam pipe

—H]

Experiment AMS-Il @ ISS

12.9.2022

plane™
mirror

Experiment LHCb
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Experiment Super Kamiokande
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V4

Prechodoveé zareni

e ATLAS transition radiation tracker.
* Intenzita zareni na rozhrani dielektrik, Umeérna relativistickému faktoru.
 Moznost odlisSeni / identifikace ¢astic, méreni drah.
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https://atlas.cern/updates/news/sct-barrel-inserted-trt
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Polovodicové drahové detektory
* Méreni polohy a hybnosti Castic

* Smysl zakriveni drah v magnetickém poli: naboj.

; 4
1 XY

ATLAS Internal Data 13 TeV (Period B1)

_1§QS0 -100 -50 O 50 100 150
Xsy [mm]

o 70" 4" L\ M E

https://atlas.cern/Discover/Detector/Inner-Detector
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Ka IO ri m et ry . .r'u'llll:.‘tr'.'ll jE:'Iabs _
Destruktivni méreni energie castic.

RUzné typy dle detekcni techniky
» Krystaly, scintilatory, kapalny argon
e S platy absorbéru (zelezo, olovo, méd, uran...)

Kalorimetry pro elektrony vs. hadrony.
Atmosfeéra jako kalorimetr.

Rozvoj sprsek castic.

SOURCE PATH
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Jak identifikujeme castice
"« Castice vétinou nejsou
takto idealné izolované.

Muon

Spectrometer
* \V praxi se definuje jejich
,ID“ Ci kvalita napf. na
uind) zakladé toho, jak moc
dalSich drah Ci energie je
- okolo mionu ci elektronu.
Calorimeter
The dashed tracks
are invisible to
the detector
Electromagnetic
Calorimeter

- -
bdad i -~ B
> -y
oton+- saet
+ b1 .
) 4 sse h%
-
J
s
r R
’

Solenoid magnet 3. $
Transition 't 3
Radiation
Tracking € Tracker )
Pixel/SCT
detector
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Jak ATLAS ,vidi udalosti

ATLAS

EXPERIMENT

uuuuuu ber: 271298, Event Number: 403602858

Date: 2015-07-11 02:09:14 CEST

Jifi Kvita :: Urychlovaée a detektory &astic :: 30 let CSFR v CERN
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Cesta do laboratore CERN

Iﬁtory ¢as SFR v CERN,




V letadle
Miony i silné ionizujici ¢astice
Let pres Atlantik ~ jeden rentgen plic
Pozadi: 0,14 uSv/h
V letadle: 1,7 uSv/h
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Experiment ATLAS

p~ Detector characteristics
Muon Detectors Electromagnetic Calorimeters N 'z Width: 44m
\ r X

Diameter: 22m
Weight: 7000t

Solenoid \ CERN AC - ATLAS V1997
\ Forward Calorimeters

End Cap Toroid

=1

i Inner Detector ieldi
Barvel Torexd Hadronic Calorimeters Shigiding

https://sketchfab.com/3d-models/cern-atlas-detector-
e3cl3e9a777c4cldb14cd75cf61855fb
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Experiment ATLAS
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Experiment ATLAS
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https://build-your-own-particle-detector.org/models/atlas-lego-model/
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Experiment ATLAS
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Experiment ATLAS

Y —'—a
| DATE LIMITE DE VALIDITE &

1 | Pour votre sécurité cet
i équipement devra étre

‘ verifié avant le : Année Py

YCRVO1
UPX14
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Experiment ATLAS

£
B
I
B
B
=
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Sbér dat, rekonstrukce

40M srazek za sekundu nelze vSechny zaznamenat
Online: Nutnost rychlého vybéru zajimavych udalosti
= Trigger

 Dedikovany HW, 2.5 mikrosekundy na rozhodnuti
e SW: 40k CPUs, redukuje zaznam na 1000 Hz
Offline: Rekonstrukce drah a fyzikalnich objektu ze
zasahu v drahovém detektoru, mionovych komorach,
zaznamenaneé energii v celach v kalorimetru.

honl CA low mass = i

https://atlas.cern/Discover/Detector/Trigger-DAQ
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Vypocetni centra |

Detailni simulace celého detektoru

Paralelni vypocCty po celém svete: GRID

Desitky PB disku, data dlouhodobé uchovavana na
magnetickych pascich.

e Specialni robot vyzvedne pozadovanou kazetu
e VetSina dat pristupnych na discich a GRIDu

A o el
L UORunvige,

X
ComPuTING G‘f\'“

—— WNLeg)
s et e **;,—_-'glg_,\‘\\\ =

T, =
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Higgsuv boson
* Rozpad Higgsova bosonu na dva fotony.

X \\“qull‘m' '

‘——---__—-

12.9.2022

Run: 191426

Event: 86694500
2011-10-22 17:30:29 CEST

ATLAS

@EXPERIMENT

http://atlas.ch
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Higgsuv boson

TTTT I TTTT | FTTT | TTTT I FTTT | FTTT | FTTT I T T | T T
i . e Data |
- ATLAS Preliminary g signa (m —125 Gev) ]

H *
" H— 7Z7* — 4] I Background Z_Z -
B [ ] Background tt+V, VVV 7

C 13 TeV, 36.1 fb” I Background Z+jets, tt
7 Uncertainty

" e Data2011+2012 ATLAS

_ [ SM Higgs Boson *

m,=124.3 GeV (fit) H%ZZ —4 1
- [ ] Background Z, zZ* \s=7TeV ILdt =461
- 7 Ys=8TeV JLdt=20.7fb"
~ [ Background Z+jets, tf

— %7/ Syst.Unc.

Events/5 GeV

Events /2.5 GeV

NN
I N

IIIIIIIIIIIIIIIIIII

I_‘_],l_l..lllllllllll

90 100 110 120 130 140 150 160 170
m,, [GeV]
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Higgsuv boson

fs=7Tev | Ldt=0.05f" Apr24, 2011 Vs =7 TeV J Ldt=0.02fo" Apr 18, 2011

Events / 5 GeV
Events / GeV

ATLAS Preliminary
H—)ZZ( )—>4I channel

[ Signal (mH=125‘GeV)
Bl Background zZ"

I Background Z+jets, tt
—4— Data

ATLAS Preliminary
H—yy channel

+
5
5

— Background-only

1
3

Data - Background

300 350 400 450 _ 500
M, [GeV]
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Higgsuv boson

* BEH boson (Brout, Englert, Higgs).
(a také Gerald Guralnik, C. R. Hagen, a Tom Kibble )

Fabiola Gianotti a Peter Higgs, 2012

(¥f The Nobel Prize in Physics 2013

f
".'.’."‘ Francois Englert, Peter Higgs

Share this: Kl B3 2K

The Nobel Prize in Physics
2013

Fréhgoié 'Engrlrert Peter W. 'Higrgs'
Prize share: 1/2 Prize share: 1/2
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Robert Brout
(1928 -- 2011)
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Dékuji za pozornost!
CSFR @ CERN :: 1992 -- 2022

. ALICE
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Backup slides
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1029 m12.9.9027

Atom — stojaté viny elektronu kolem jadra

S0,
oy

©
©

Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN

68



Skaly délek a energii

* Atomovy obal
e 10 nm =103m

" 10eV-keV 1 elektronvolt: kineticka
energie, kterou ziska Castice
* Atomové jadro s naboje elektronu po
¢ 100 fm =10"3m 7"@ urychleni napétim 1 V.

e 10 keV — 1 MeV

leV =1,602 10%° )

e Struktura protonu
e 1fm=10"m
e 1GeV
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* Elektron:
* Naboj —J/e/jednotkéch elementarniho naboje.

Klidova energie 0,511 MeV.

Bodova castice bez vnitrni struktury!

,Neciti“ silnou (jadernou) interakci.

Spin 7.

12.9.2022

Elektron

©
©

Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN

0,
oy
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Posvitme si na atom!

JiFi Kvita / ¢hlovace a detektory &stic :: 30 let CSFR v CE@‘/

# UryChlova
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Proton a neutron

Neutron Proton

Neutron
Proton

L]

|

| -4
0 1

!

12.9.2022
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Rozpad neutronu

Neutron

12.9.2022

Elektron

Elektronové
antineutrino

Y,

Jifi Kvita :: Urychlovace a detektory ¢astic :: S&iet CSFR v CERN

Proton
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Rozptylovy experiment
* Aneb od E. Rutherforda k R. Hofstadterovi a P. Higgsovi.
* Od alfa ¢astic a elektronu ke srazkam protonu na urychlovaci LHC.

B A
74

'
Jiri Kvita ::'J"ychflc} ace a detektory ¢astic :: 30 let CSFR v CERN 74




* Proton:
* Naboj +1 v jednotkach elementarniho naboje.
Stredni polomér okolo 1 fm.

Klidova energie 938 MeV.
Spin 7.
Kvarkovy obsah uud.

* Neutron:

Nulovy naboj.

Proton a neutron

e Stredni polomér okolo 1 fm.

Klidova energie 939 MeV.
Spin Y.
Kvarkovy obsah udd.

12.9.2022
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Velikost protonu
» Jak si posvitit na proton? — elektrony z urychlovace! ©
* Robert Hofstadter, 1956, laborator SLAC, USA.

PHYSICAL REVIEW VOLUME 102, NUMBER 3 MAY 1, 1956

Elastic Scattering of 188-Mev Electrons from the Proton and the Alpha Particle* 11§/

R. W. McALLISTER AND R. HOFSTADTER
Department of Physics and High-Energy Physics Laboratory, Stanford University, Stanford, California

(Received January 25, 1956)

The elastic scattering of 188-Mev electrons from gaseous targets of hydrogen and helium has been studied.
Elastic profiles have been obtained at laboratory angles between 35° and 138°. The areas under such curves,
within energy limits of 1.5 Mev of the peak, have been measured and the results plotted against angle.
In the case of hydrogen, a comparison has been made with the theoretical predictions of the Mott formula
for elastic scattering and also with a modified Mott formula (due to Rosenbluth) taking into account both
the anomalous magnetic moment of the proton and a finite size effect. The comparison shows that a finite
size of the proton will account for the results and the present experiment fixes this size. The root-mean-
square radii of charge and magnetic moment are each (0.742:-0.24) X 1072 cm, In obtaining these results it is
assumed that the usual laws of electromagnetic interaction and the Coulomb law are valid at distances less
than 107 ¢cm and that the charge and moment radii are equal. In helium, large effects of the finite size of
the alpha-particle are observed and the rms radius of the alpha particle is found to be (1.620,1) % 1078 cm.

I. INTRODUCTION II. EXPERIMENTAL METHODS
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Velikost protonu, 1956
* Robert Hofstadter, 1956, laborator SLAC, USA.

I T

|
ELECTRON SCATTERING

\ FROM HYDROGEN sl
\ {Gas TARGET GHAMBER \ (188 MEV LAB)
\"\.

[ :\ELECTRON BEAM

[

) A
“-BEAM GONVERGES FROM 3
MONI TOR -

{c)
POINT CHARGE,
POINT MOMENT —
(ANOMALOUS)
CURVE

MAGNET AT DISTANCE OF 9 FEET |
TEST ABSORBER —————

O

]
w
o

—SPECTROMETER
ACCEPTANCE ANGLE

EVAGUATED
SCATTERING CHAMBER

EXPERIMENTAL CURVE 7"\

\
POLE FACES OF (b) /'*

DOUBLE FOCUSING SPECTROMETER DIRAC
(SCHEMATIC) CURVE

F1G. 2. Arrangement of parts in experiments on electron 10~ |
scattering from a gas target. 30 50 70 90 1l0 130

LABORATORY ANGLE OF SCATTERING (IN DEGREES)

CROSS SECTION IN CM%/STERAD
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Struktura protonu

* Friedman, Kendall, Taylor, Bjorken,
Feynman, SLAC, 1967 -- 1973.

* Elektrony o vyssi energii (20 GeV) uz proton
rozbijeme.

* Neelastickeé srazky, Deep inelastic scattering.

* Feynman nazval castecky v protonu partony.

:

elastic e—p scaltering

oloyon (Gev™)

.
-

¢
~
~
S %
H""\.
~
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Proton —silna ,,polévka“ kvarku a gluonu

Jifi Kvita :: Urychlovade a detektory &astic :: 30 let CSFR v CERN
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Rozpad volného neutronu

* Neutron je trochu tézsi nez proton.

* S poloasem rozpadu asi 15min se
volny neutron rozpada na proton,
elektron a elektricky neutralni
elektronové antineutrino.

Proton

Neutron

- - o) Elektron

* Primérné Zije volny neutron ~15min.

e Ale pro Jedevn konkrétni neutron ° Elektronové
nemuzeme cas, kdy se rozpadne,
predpovedét (nahodnost kvantové

mechaniky).
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Rozpad atomového jadra

Elektron v jadre predtim |r nebL}/I Prosté vznikl. Castice vznikaji a zanikaji.

Kvita ychlovaée a detektory ¢astic :: 30 let CSFR v CERN

Elektron

4

Elektronové
antineutrino
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Proton a neutron

Proton Neutron

* Kvark u (up, nahoru): ndboj+2/3 |e|
» Kvark d (down, dolt): ndaboj -1/3 |e]

Jifi Kvita :: Urychlovale a detektory ¢astic :: 30 let CSFR ¥ CERN
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Elementarni ¢astice
Quarks

"o C Force

- Carriers

.y
L2 bosoll phiotenl
Y\ .

,: _ : ; 'e'
Leptons -

|
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Céstice sloZené z kvarkd -- baryony

Neutron m m Proton
Kvarky
smw . dy -

PFEcngmul ac.uk/~still/wordpress/?page__ |d 874

Z antikvarku jsou slozeny antibaryony
(antiproton, antineutron).

Jifi Kvita :: Urychlovace a detektory castlc 5)0 let



Castice sloZené z kvarku a antikvarku -- mezony
K° K*
gnon

Kvarky Antikvarky

T

n+
‘D M-

. ~cti ? id=
¢e a detektory éa’stli"cq:?dl/e/tpcgercv'gErpNuI'aC'Uk/ st|II/wordpress/. page_IQS 874

Mezony zahrnuji Castice i anticastice
K- je anticastice ke K*
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astice slozené

X
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Interakce jako vymeéna ¢astic

e Odpuzovani

w8z CERN

* Pritahovani

W basan

w83 CERN

Z boson
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* Let nad Evropou
* 30s expozice

12.9.2022

Letadlo

¥ocalumn numben
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» Zbrasov/Teplice n/B
* 10min expozice

12.9.2022
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Svazek pionu
e Urychlovac SPS, CERN

286 i
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©

 Srazka dvou protonu: pri velkych energiich nejc¢astéji srazka dvou castecek
protonu (partonu: kvarkud a gluonu), protony se sebe rozbiji.
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castecek

Cas

7ka dvou

i NeCco NC

I
 Srazka dvou proto

e Chceme-

U

protonu (parton
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Srazky castic
* Aneb je to jako srazet dva budiky...
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Srazky castic

e ...abychom zjistili, z ceho se skladaiji.
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FUN FACT: Ex-particle-physicists
make the worst biologists.
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https://abstrusegoose.com/156

Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.
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Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.

¢ Casto se ale nestane skoro nic...
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Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.

e \Ve srazkach ale mohou vznikat ¢astice nové!

* E =mc?
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.

e \Ve srazkach ale mohou vznikat castice nové!
e E =mc?
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Interakce
* Energie se muze premeénit v hmotu noveé tézké castice.
e Zde Z boson ~ tézky foton, nestabilni a rychle se rozpada.
 Jak zmérit hmotnost Z bosonu? Jak vlastné vime, ze existuje?

Min: 0.00235

ET scale: 41 GaV Max: 40.9
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Interakce

Si pripad vzniku paru top kvarkd.

e Slo¥itdj

(&)
o

® \s=7TeVdata

B i m, -172.5 GeV

B single top mmp=1 72.5 GeV
Z+jets
WW,ZZWZ
W+jets

B QCD multijets

v Uncertainty

Events / 10 GeV
S
(e ]

(&)
o

J L dt = 1.04 fb"

8o
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o
!

,Castice je kopedek

e ..kdyz zkoumame, jak ¢asto se néco déje pfri rizné energii.

CMS Preliminary

\s=7TeV, L =3.1pb’
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VSecky interakce svéta
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VSecky interakce svéta

Y
? _ I e =
SM L G'vr

+ DG~V (Y

* Vyznamnou roli hraji symetrie.
* Ma-li byt teorie neménna vuci néjakd symetrii/zméné, vede to na interakci.

* Analogie kalibrace potencialt elmag. pole: , Kalibraéni interakce, kalibraéni bosony.”
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VSecky interakce svéta kompaktné
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Higgs :: Peter Higgs
* Problém: interakce zavedené kalibracnim principem funguiji jen pro
nehmotné castice...

* Jak casticim v teorii dodat hmotnost, a zachovat symetrii teorie?

1964
We’'ll be back soon...
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Rutherforduv experiment 1909

Bombardovani zlaté folie casticemi alfa.

Rutherforduv vztah

(;Z(Z))z

T 2rsing . dg =

atomového jadra!
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Pravdépodobnost rozptylu alfa ¢astice
bodovym tézkym objektem do uhlu
vzhledem k puvodnimu sméru je Umérna

nth?. Q. cosect /2

Dukaz existence velmi hmotného a malého

Table 1

I.

Variation of Scattering with Angle. (Collected results)

L

Angle of
deflexion,

1672
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276300

SILVER
Number of
scintilla-
tions, N

20300
105400
5.3
16.6
93.0
508

1710

19.3
19.8
18.4
18.7
20.0
21.2
23.6
29.4
30.6
0.024
0.024
0.027
0.029
0.031

GOLD

Number of
scintilla-
tions, N

33.1
43.0
51.9
69.5
211
477
1435
3300
7800
27300
13200
3.1
8.4
48.2
200
607
3320
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31.2
29.0
27.5
29.1
290.8
30.8
35.3
35.0
39.6
38.4
0.014
0.012
0.014
0.0115
0.011
0.012



http://web.ihep.su/dbserv/compas/src/geiger13/eng.pdf

Rutherfordlv experiment 1909 I
* Ernest Rutherford vedl|, navrhoval a interpretoval experimenty.
* Méerili Hans Geiger a Ernest Marsden
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Miony

Miony jsou podobné elektroniim, jen jsou
asi 200x tézsi a rozpadaji se na elektron a
neutrina.

Vznikaji ve vyskach kolem 20 km ve srazkach
primarniho kosmického zareni s atmosférou.

Doba zivota mionu je asi 2 mikrosekundy.

Za tu dobu by i rychlosti svetla uletély jen
600m...

Presto je pozorujeme pri povrchu Zemé diky
dilataci Casu — Einsteinova teorie relativity!
e Kazdou sekundu jich asi 100 proleti

Vasim télem (jeden za minutu na
ctvere€ni centimetr/sr).

http://cosmic.lbl.gov/SKliewer/Cosmic_Rays/Muons.htm
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