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Detektoriai — daleles
registruojantys prietaisai
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CERN “Kompaktiskasis” miuony solenoido detektorius
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TURINYS

1. Kas yra daleliy detektorius
2. Detektoriy pavyzdziai ir jais atlikti matavimai

3. Protony susiddrimo detektorius —
CERN Kompaktiskasis miuony solenoidas (CMS)




Teorija «— Statistika < Eksperimentas

Teorija (modelis, hipotezé): Eksperimentas:
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Vilniaus
universitetas

Detektorius leidzia aptikti
pralekiancias daleles

o T O - Keli pagrindiniai elementai
1. Pasirenkame terpe arba

objektg, kurio bdsenos
Kitimg stebésime

2. |sitikiname, kad terpe yra
jautri mus dominanciam
procesui arba reiskiniul

3. Sukuriame duomeny
registravimo strategijg




Keli pavyzdzial

I I
Pripustas oro Kieme gulintis akmuo Vandens baseinas
balionas — astriy — lietaus detektorius kKieme — meteority
daikty aptikimo detektorius
prietaisas
Jeigu slapias — lyja! Bangelés isduoda
Jeigu sprogsta, Jkritusj akmen!
Ji palieté astrus
daiktas!
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Vilniaus

Medziagos sandara universitetas

Objektas

Dydzio | 8 12 13
. = 10
skale 1cm | 10 " cm 10 “cm 0 “cm T
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Fundamentaliyjy daleliy universitetas
standartinis modelis

5
A\

Higgs boson

Leptons
ACCELERATING SCIEMCE
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Kosminiy spinduliy tyrinejimo istorija vinios
prasidejo nuo elektroskopo

Vienas pirmyjy elektroskopy (elektrinio kravio matavimo o —
prietaisy) pavaizduotas piesinélyje

-"F-I“i‘-"-'-"- ﬁ' I":H’G'ﬁ ﬁ';n‘{c" o ;'f.lf;". -I'_;"l:i:.j': J'?Ffi?ﬂrl -I"‘H A

Viename adatos gale buvo metalinis rutuliukas (zalias),
kuris jprastomis sglygomis galé€jo liesti kitg metalin; rutuliuka
(raudona)

Raudonam rutuliukui jgijus elektrinj kravj, dalis jo pareidavo
j zalig rutuliuka, ir jis atSokdavo pasukdamas vielute

Suzymeétos padalos (geltona) leisdavo kiekybiskai jvertinti
posUkio kampa.

1785 metais Kulonas (Coulomb) iSvedé kriviy sgveikos
jégos formule

d1 4>

F= k-3

Instrumentas iSsikraudavo savaime...
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Is kosmoso ateinanti radiacija Vilniaus

universitetas

Atradus radiacijg, elektroskopas buvo naudojamas jvertinant jos intensyvuma

1911 m. Domenico Pacini atrado, kad radiacija po vandeniu yra silpnesné nei
vandens pavirsiuje

1912 m. Victor Hess iSmatavo radiacijos lygj skrisdamas oro balionu

https://airandspace.si.edu/collectio
n-objects/detector-electroscope-v-
hess/nasm A19910023000

Kylant aukstyn, radiacijos lygis didejo Wulf'o kontrukcijos elektroskopas

1936 m. gavo Nobelio fizikos premijg

V.Hess W.Kolhorster
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------- VE Hess-draugija, A. de Angelis, CCBY-SA3.0,- - - -
> https://phys.org/news/2012-07-century-discoveries-physicists-celebrate.html https://en.wikipedia.org/wiki/File:HessKol.jpg




Protono suirimas Vilniaus

universitetas

Nuclear disintegrations with electronic elements

< 1.3 cm Pb
10 GeV proton

Didelés energijos protonas
Svino plokstése sukuria
antriniy daleliy dusa, stebimag
Wilson’o kameroje

| Fretter: Echo Lake, 1949

From A.Watson, https://www.astroteilchenschule.nat.fau.de/schule2015/
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Antriniy daleliy kaskados

Secondary particle production in atmosphere and rock

Kai kosminis spindulys trenkiasi |
oro molekulés branduolj, susidaro
daugybé antriniy daleliy.

Medziagos dalelés juda pradine kryptimi,
0 Sviesos dalelés skrieja | visas puses

1936 m. tyrinéjant kosminius
spindulius buvo atrastas miuonas

Kosminiy spinduliy intensyvumas

Vilniaus
universitetas

After Gosse and Phillips, 2001

Top of atmosphel

p

e

> 2021.02.24
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“"40 Electromagnetic' Hadronic Mesonic
component component component

.E,,{xﬁﬂ www.AntarcticGlaciers.org

(~ 35 km)

Air

Rock

muons
positron

electron

photons (gamma rays)
kaons

pions

S

<SSTAAR>0OOT

protons
neutrons
neutrino

L9

Image credit: Simon Swordy (U.Lhicago), NASA)

http.//www.antarcticglaciers-org/glacial-geclogy/dating-glacial-sediments-2/cosmic-rays/ - - - -
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IS kosmoso atskrieja dalelés:

* energija apie 10° TeV
 srautas: 1 dalelé/1 km2/100 mety

*

altavelke DTO-Kamero aD| Oro a 3
AVI0|E NINO NE O
P
L T
ANAE AID0S gaudo 8 ag Qalele omes D& a
Detekto apie 3000 NIOTC
T ¥




-
lceCUBE: aktyvi terpé — 1 kubinis kilometras nattralaus ledo 1.45 km gylyje
e

SOUTH POLE o

NEUTRINO OBSERVATORY

P 2021.02.24 https://indico.nucleares.unam.mx/event/1467/session/0/contribution/9/material/slides/0.pdf 14




CERN didieji eksperimental
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ATLAS detektoriaus vidus Vilniaus

universitetas

Detektoriaus matmenys:
“ilgis —46m

* skersmuo — 25m

* sveria 7000 tony

* laidy — apie 3000km

Dokumentinis filmas
“Daleliy karsting”
pasakoja apie ATLAS
eksperimentg
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CMS detektorius Vilniaus

universitetas

Detektoriaus matmenys:
*ilgis —21.6m

* skersmuo — 15m

* sveria 14000 tony

Nuotrauka:
Technikai kei¢ia CMS
juostinj detektoriy
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Vilniaus

DEtEktOI‘i q formos universitetas

Nejudancio taikinio eksperimentuose

dauguma susidaranciy daleliy skrieja viena

Kryptimi — statomi kaginiai detektorial
.——' @'\.

9 * Atskirais atvejais stebima jvairiais kampais
dalele taikinys detekiorius - pvz., branduolys buvo atrastas
pastebéjus atsokancias alfa dalales!
PrieSprieSiniy susidirimy eksperimentuose
> <o dalelés skrieja visomis kryptimis, todel
detektoriai buna sferiski arba cilindro formos
dalelé detektorius dalelé

TUC DARTIAIC ADVENTI IO

i - - = | ) 5 . b -

O N 7 N
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Keturi didieji eksperimentai

Particle High—Momentum
Time Identification r(?ertnit.i'll"i!cation
Projection Detector Detector MUOm Sy Sytem
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Daleliy medzioklé universitetas

1
k. e 'y
= iy o, {

_Mirziashvili (CERN, CMS)
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Gaudome Higso bozona

7x1012 eV Spindulio energija
10%* cm=2 s Skaistis
2835 Pluosteliy skaicius spindulyje
10 Protony skaicius pluostelye

i S J 7.5m (25 ns)

= = e —
‘%%\ TeV Proton Proton
- Puosteliy susidarimy daznis susiduriantys pluostelial
40,000,000 karty per sekunde
S Protony susidarimy daznis Projektiniai jverciai!

1,000,000,000 karty per sekunde

Partony susidarimai

Jdomiy daleliy susidarymo daznis 10-° Hz
(Higgso bozonas, SUSY dalelés, ir pan.)

Reikia rasti 1 jdomy jvykj tarp 100,000,000,000,000!



Vilniaus

HigSO bOZOnO Skilimas i du universitetas
fotonus

CMS Experiment at the LHC, CERN
' Data recorded: 2012-May-13 20:08:14.621490 GMT
,A Run/Event. 194108 / 564224000
L —
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Jvykio struktdra - 1

Warning: schematic only, everything simplified, nothing to scale, ...

L J

P/P

Incoming beams: parton densities

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 8/81
CERN CMS MeistriSkumo pamoka: detektoriai

Vilniaus
universitetas
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Jvykio struktdra - 2

L J

Hard subprocess: described by matrix elements

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 9/81
CERN CMS MeistriSkumo pamoka: detektoriai

Vilniaus
universitetas
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Jvykio struktdra - 3

Resonance decays: correlated with hard subprocess

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 10/81
CERN CMS MeistriSkumo pamoka: detektoriai

Vilniaus
universitetas
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Jvykio struktira - 4

Initial-state radiation: spacelike parton showers

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 11/81
CERN CMS MeistriSkumo pamoka: detektoriai

Vilniaus
universitetas
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Vilniaus
universitetas

Jvykio struktdra - 5

1
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slide 12/81

Final-state radiation: timelike parton showers

PPP 1: Introduction and MC techniques

CERN CMS MeistriSkumo pamoka: detektoriai

Torbjorn Sjostrand

2021.02.24
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Jvykio struktira - 6

Multiple parton—parton interactions ...

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 13/81
CERN CMS MeistriSkumo pamoka: detektoriai

Vilniaus
universitetas
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Jvykio struktdra - 7

v

»

]
- A%
L J

-
»
»
W
#:...l‘

1%""‘"

_|_

0 A000000000000Q 00000000000
RO U -

-

DOQO0O00QOO000000Q0000U

L J

LY L.‘...ﬁ--?-—-'.'--:— S
.'..-".*-f:_l‘.'i-‘._..- = Mﬂi&lt‘l

. -“l"l‘-

Q QM

... with its initial- and final-state radiation

Torbjorn Sjostrand

PPP 1: Introduction and MC techniques
CERN CMS MeistriSkumo pamoka: detektoriai

slide 14/81

Vilniaus
universitetas
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Jvykio strukttra - 8

Beam remnants and other outgoing partons

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 15/81
CERN CMS MeistriSkumo pamoka: detektoriai

Vilniaus
universitetas
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2021.02.24

Jvykio struktdra - 9

Everything is connected by colour confinement strings
Recall! Not to scale: strings are of hadronic widths

Torbjorn Sjostrand PPP 1: Introduction and MC techniques
CERN CMS MeistriSkumo pamoka: detektoriai

slide 16/81

Vilniaus
universitetas
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Vilniaus
Jvykio struktdra - 10 universitetas

v Y
The strings fragment to produce primary hadrons

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 17/81
2021.02.24 CERN CMS MeistriSkumo pamoka: detektoriai 32



Vilniaus
Jvykio strukttra - 11 universitetas

/DO

Many hadrons are unstable and decay further

Torbjorn Sjostrand PPP 1: Introduction and MC techniques slide 18/81
2021.02.24 CERN CMS MeistriSkumo pamoka: detektoriai 33
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- Luminos

-5

THE UNIVERSITY
e e

WISCONSIN

MADISON

https://www.slideserve.com/micah/triggering-cms

Vilniaus
universitetas
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Daleliy srauto algoritmas

A i T
Hadronization " :
Decays e - ; , Detector
."% :‘ 7 Q{H

Particle Flow

Analysis  0ea N 7
P hadrons b b F *— :
Particle Flow

Electron, muon, tau, Candidates
jet, & photon candidates
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Vilniaus

HigSO bOZOnO Skilimas i universitetas
keturis elektronus

S Euperdiment at

> 2021.02.24 CERN CMS MeistriSkumo pamoka: detektoriai 36



K. Mirziashvili (CERM



N ==

Dar laukiantys issukiai

Ar galioja supersimetrija? Ar yra daugiau erdvés matavimy?
SUPERSYMMETRY

Grand Unified
Thec-ry (GUTS)

0,

Kaip veikia gravitacija?

Kur dingo antimedziaga?
Kas yra tamsioji medziaga?

Kodél neutrinai keiCia aromatg?
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CMS detektorius CERN

https://www.youtube.com/watch?v=599d9BQmGB0

(Yra lietuviski titrai!)



Vilniaus
universitetas

KONTAKTAI

Andrius Juodagalvis

Vyresnysis mokslo darbuotojas

Teorineés fizikos ir astronomijos institutas
andrius.juodagalvis@tfai.vu.lt




SPRACE (San Paolo Research and Analysis Center) Vilniaus

universitetas

Sprace2 — kompiuterinis zaidimas, supazindinantis su dalelémis ir medziagos sandara
https://sprace.org.br/index.php/education-outreach/sprace-game
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Decay of unstable

LHC collisions particles

Detector electronics

Trigger (selection)

Reconstruction

Analysis
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Beamline for schools

Konkursas ,Daleliy pluosteliai mokykloms*
(B4S)

Aukstyjy mokykly komandos gali dviem
savaitems tapti CERN laboratorijos
mokslininkais

Tereikia sékmingai parasyti projektg, kg noréty
IStirti, jei turéty jgreitinty daleliy srautg

Nuotraukoje — 2018 m. nugalétojai is Filipiny
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Fizikos edukacija: S’Cool LAB universitetas

http://scool.web.cern.ch/

Summer CAMP

CERN, Geneva Free of charge

the world's largest accommodation,
particle physics meals & travel
laboratory (24 | covered by CERN

24.7. - 4.8.18

apply until
05.02.2018
cern.ch/s-cool-lab
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A simulated SUSY event (“Signal”)

high p; high p; jets
muons ATLAS Atlantis e —— of hadrons

missing transverse energy

G. Cowan 1ISTEP 2016, Beijing / Statistics for Particle Physics / Lecture 1
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Background events

ATLAS tlantis Event: myFile=Z_28.4.0_3026_ 793302

This event from Standard
Model tt production also

has high p; jets and muons,
and some missing transverse
energy.

— can easily mimic a
SUSY event.
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Cosmic ray study methods Vilniaus

universitetas

Alpha Mass Spectrometer-2

L ¥

-'.r. ‘/‘ ot

L §

From https://www.quantumdiaries.orq/2014/09/25/dark-skies-ii

indirect-detection-and-the-quest-for-the-smoking-qun/
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From L.Miramonti, https://slideplayer.com/slide/4157148 l
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