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Etymology [edit]

Coined by its Scottish inventor David Brewster,[t! "kaleidoscope" is derived from the Ancient Greek word Ka\o¢
(kalos), "beautiful, beauty",[?! €idoc (eidos), "that which is seen: form, shape"l®! and okoméw (skoped), "to look to, to
examine",[*] hence "observation of beautiful forms."l®! It was first published in the patent that was granted on July
10, 1817.1]

https://upload.wikimedia.ora/wikipedia/commons/f/f4/Kaleidoscopes.jpq



https://upload.wikimedia.org/wikipedia/commons/f/f4/Kaleidoscopes.jpg
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10, 1817.1]




Science for peace

CERN’s convention states: “The Organization shall have no concern with work for military requirements and the results of its experimental
and theoretical work shall be published or otherwise made generally available.”

Conseil européen pour la Recherche Nucléaire
European Council for Nuclear Research
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CERN 23 Clenskych zemi + pozorovatelské staty




CERN — Large Hadron Collider, LHC
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CERN Domov nejvetsiho a nejenergetictéjSiho urychlovace na svéte
— Large Hadron Collider, LHC




CERN — Large Hadron Collider, LHC




CERN - Hlavni LHC Experimenty
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CERN - Hlavni LHC Experimenty




CERN - Hlavni LHC Experimenty
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mental technologies of the World

in the offices of this corridor, all the funda
Wide Web were developed.

by Tim Berners-Lee in 1989, the effort
bilding 31 of the Computing and

Started in 19%0 from 2 proposal made
puilding 2 of the Electronics and

s first divided between an office in
Networking Division (CN) and one in
Computing for Physics Division (ECP).

In 1991 the team came together in these offices, then belon
ging to ECP.
It was composed of two CERN staff members, Tim Berners-Lee (GB) and
Hobert Gailliau (BE), aided by a number of Fellows, Technical Students,
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Sobota 7.10.2023

W
&[;E‘;\Tsdencc Gateway CERN
S5hod - @
Today, CERN inaugurates CERN Science Gateway, its new emblematic
centre for science education and outreach. It will be open to the public from

tomorrow, 8 October 2023.

Join us in celebration and watch the inauguration ceremony live today at
11.00 CEST: https://webcast.cern.ch/event/i1332909

CERN
2h-@
CERN launches Science Gateway

7 Today, CERN inaugurates its new emblematic centre for science education

\\T\\\,\\\\}\\f\\;\\?\\\\i . and outreach, CERN Science Gateway. The building was designed by
architect Renzo Piano and funded through external donations, with the
leading contribution coming from Stellantis.

CERN Science Gateway will be open to the public as of tomorrow, 8 October
2023.

Find out more: https://home.cern/.../cern-inaugurates-science-gateway...
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LHC
e . Obvod.26-66km : ==
¢ Urychluje protony-na energii 6 8 TeV (deS|gn 7 TeV)
o~ silné refativistické, rychlosti blizké rychlosti svetla
o celk. t&zistova energie srazek: 13.6 TeVa(design 14 sTeV)
e Dipdlovych magnetli: 1232 :
o . delka 14:3m, 35t, 2-in-1 design, 0.5M CHF.
o -B=8.33T;' R=2804m g
dil/[leplota: 19K, proud 12KA
e . V/segh magnetu: 1 9.6k
e Cehd: = 4332 'I\71CHF

¥ https://cds.dern.ch/record/2262862¢

. f|Ies/ferm|Iab conf-15-635-td.pdf &
https //hom‘e cern/resources/faqs/ €
cts-apds qures- -about-lhc Y



https://cds.cern.ch/record/2262862/files/fermilab-conf-15-635-td.pdf
https://cds.cern.ch/record/2262862/files/fermilab-conf-15-635-td.pdf
https://home.cern/resources/faqs/facts-and-figures-about-lhc
https://home.cern/resources/faqs/facts-and-figures-about-lhc

protons

antiprotons

ions

neutrinos to Gran Sasso
neutrons

e Fixed target areas

o North Area (French sector, high energy,
450 GeV primary, 120 GeV secondary
beams)

o East Area (Swiss, low energy PS Booster
24 GeV primary, ~1-8 GeV secondary
beams)

e Neutrino beams to Gran Sasso (IT)
e (not just) pre-accelerators for the
highest-energy LHC.

CMS

LHC

COMPASS

ALICE

3 Gran Sasso (1)
730 km

CNGS CERN neutrino to Le Gran Sasso  PSB proton synchotron booster
AD antiproton decelerator ISOLDE on line isotope mass separator
PS proton synchotron LEIR low energy ion ring




The LHC
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The LHC
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The LHC

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

Fill: 7547 E: 450 GeV

25-04-22 10:21:44

BEAM SETUP: PREPARE RAMP

Energy: 450 GeV LBl 8.20e+09 | B2: 6.68e+09

BIS status and SMP flags
Comments (25-Apr-2022 10:13:34) Link Status of Beam Permits
Beam commissioning Global Beam Permit
" . p Setup Beam
First ramp to 6.8 TeV with pilots

Beam Presence
Moveable Devices Allowed In

Stable Beams
AFS: MD_MKI_13inj_both

PM Status B1 ENABLED  [dyuBS]<YAVER:Y ENABLED
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Going to CERN
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Flying to CERN — with particle cameras!
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Excursion Day




The ATLAS Experiment
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The ATLAS Experiment

28



The ATLAS Experiment

Barrel Toroid

Muon Detectors

Inner Detector

Solenoid

Electromagnetic Calorimeters

ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Forward Calorimeters

Hadronic Calorimeters

End Cap Toroid

Shielding
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The ATLAS Experiment
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The ATLAS Experiment

I
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The ATLAS Experiment
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The ATLAS Experiment

https://timeline.web.cern.ch/timeline-header/143
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The ATLAS Experiment
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The ATLAS Experiment

m swissinfo.ch Swiss perspectives in 10 languages

N7 N £

A French President Emmanuel Macron, left, with Fabiola Gianotti, Director General of CERN, and Swiss President Alain
Berset in the ATLAS experiment on Thursday © Keystone / Martial Trezzini

L D) French President Emmanuel Macron spoke on
read aloud Thursday of France's ambitions to remain in “first place”
during a visit to the world's most powerful particle
accelerator on the Franco-Swiss border, where a
successor, even more powerful, is being studied.

November 17,2023 - 10:33 ® 2 minutes



The ATLAS Experiment
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The ATLAS Experiment

Barrel Toroid

Muon Detectors

Inner Detector

Solenoid

Electromagnetic Calorimeters

ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Forward Calorimeters

Hadronic Calorimeters

End Cap Toroid

Shielding
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The ATLAS Experiment

Barrel Toroid

Muon Detectors Electromagnetic Calorimeters

Inner Detector

Solenoid

ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Hadronic Calorimeters

Forward Calorimeters

CERN AC - ATLAS V1997

End Cap Toroid

Shielding
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The ATLAS Experiment

ATLAS Fact Sheet [£]

*Diameter 25 m -- Length: 46 m
+ Barrel toroid length 26 m

* Overall weight 7 000 tonnes

+ ~ 100 million electronic channels
* ~ 3 000 km of cables

Muon Detectors Tl Calomemese Liguiet Atgen Calorimete

Calorimeters

Measure the energies carried by the particles

Liquid Argon (LAr) Calorimeter

+ Barrel 6.4 m long, 53 em thick, 110 000
channels.

* Works with Liquid Argon at -183° C

* LAr endcap consists of the forward
calorimeter, electromagnetic (EM) and
hadronic endcaps.

+ EM endcaps each have thickness 0.632 m
and radius 2.077 m.

* Hadronic endcaps consist of two wheels of

thickness 0.8 m and 1.0 m with radius 2.09 m.

* Forward calorimeter has thiee modules of
radius 0.455 m and thickness 0.450 m each.

Tile Calorimeter (TileCal)

+ Barrel made of 64 wedges, each 5.6 m long
and 20 tonnes.

+ Each Endcap has 64 wedges, each 2.6 m
long.

* 500 000 plastic scintillator tiles.

Identifies and measures the momenta of muons

Thin Gap Chambers

ring and 2nd coordinate measure ment
(non-bending direction) at ends of detector.
440 000 channels

Resistive Plate Chambers
Fort
in central region.

+ 380 000 channels

* Electric Field 5 000 V/imm

ggering and 2nd coordinate measurement

Monitored Drift Tubes

Measure curves of tracks.

* 1171 chambers with total 354 240 tubes
(3 em diameter, 0.85-6.5 m long).

+ Tube resolution 80 um

Cathode Strip Chambers

Measure precision coordinates at ends of
detector.

+ 70 000 channels

* Resolution 60 um

41



The ATLAS Experiment — particle identification

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Tracking

Proton

(
1

\Phé)ton

Solenoid magnet .
Transition \ 2

Radiation
Tracker
Pixel/SCT
detector

.
»
L
.
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.
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.
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The dashed tracks
are invisible to
the detector
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The ATLAS Experiment
e

6000 Clenu

3000 védeckych autort
182 instituci z 42 zemi
1200 doktorskych studentu

https://atlas.cern/Discover/Collaboration
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Quarks, Leptons, Gauge Bosons and the BEH boson

L=~ Fu F"

2

4 LI/D)‘ +he wwu ‘
. T A

t L kﬁtj*ﬁ%‘kc ,,
+Ref-VE)

Force
. Carriers
_—
H‘ ;_l Z boson il phomn |

Higgs boson g
L | W boson | gluon
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Quarks, Leptons, Gauge Bosons and the BEH boson

\
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Quarks, Leptons, Gauge Bosons and the BEH boson




Kvarky a antikvarky

1
Up

Down

Quarks Antiguarks
2 3 3 2 1
Charm Top Antitop Anticharm | Antiup

Strange

Bottom

Antibottom

\ 5

Antistrange

!/
e

Antidown
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Hadrony, skladani kvarku u, d, s

Baryony = qqq

Mesony = q + anti-q

48



Skladani kvarktiu, d, s, c
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“Stabilni” castice: pozorovatelné v detektoru

F DG > SHORTCUTS ~

particle data group

Particle Listings

R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022) and 2023 update
it-off date for Listings/Summary Tables was Jan. 15, 2023. Files can be downloaded directly by clicking on the icon

stings click here

Expand/Collapse All

Gauge & Higgs Bosons
Leptons (e, mu, tau, neutrinos, heavy leptons ...)
Quarks (u,d,s,c,bt...)
Mesons (pi, K, D, B, psi, Upsilon, ...)
Baryons (p, n, Lambda_b, Xi, ...)

Searches not in Other Sections




“Stabilni” castice: pozorovatelné v detektoru

e Fotony, m=0
e Elektrony e, mc? = 0.511 MeV
o Pozitrony e*
Protony p*, 938.3 MeV
Neutrony n° , 939.6 MeV
Neutrina — malo interaguijici
Miony u* — doba zivota 2us, ct = 600m. mc? = 105.6 MeV
o 200x tezsi nez elektrony, pronikavéjsi, kosmickeé zareni. © @
e Piony, 140 MeV
o T* — doba zivota 26ns, cT = 7.8m
o T —rychle se rozpada
e Kaony @ @
o K' K:,cr=3.7m

o K9 anti-K° =
S
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“Stabilni” castice: pozorovatelné v detektoru

= 0.5M MV

w, ¢

.. et = 105, 7 MV

43¢ MV
439 Mc\/

140 MeV
135 MeV/




Casticova kamera

-

¥ (column number)



Bublinova komora

https://en.wikipedia.ora/wiki/Neutrino

LY Neutrino transformed
é ; into p-meson

Invisible neutrino

¥ ( ‘: - : S - : collides with proton

/The Neutrlno Event NG BN,
- “Now.13, 1970 — World's first - (o .

observatlon of a neutrino in a.
mT-meson

5 .. . hydrogen bubble chamber. . . = - ;.'. S

Collision creates

.

3 ‘\\ . a// .
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Data data data data data data data data data data data ...

ATLAS

EXPERIMENT,

b
/
/

Run: 451896
Event: 349429897
2023-05-11 11:46:34 CEST




Data data data data data data data data data data data...
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Data data data data data data data data data data data ...




Data data data data data data

t nbytes = 0;
t nb_nominal = 0;
t nb_nominalAlt = 0;
1 nb_ptcl = 0;
Long nb_truth = 0;
m_ToRunOver = nentriesNominal;
f (m_isMCsignal & m_runOverAllLevels)

m_ToRunOver = nentriesTruth;
if (m_isMCsignal && m_runOverPtclOnly)
m_ToRunOver = nentriesParticle;

m_ToRunOver = 200000;

-> InitLoop();

m_isData
<< m_ToRunOver <<

) ' << m_ToRunOver <<
m_h_sumWeights -> SetBinContent(1l, m_sumWeights);
m_h_sumWeightsSq -> SetBinContent(1l, m sumWeightsSq);

64 t jentry = 0; jentry < m_ToRunOver; jentry++
entry % verbose
cout << "Pro ' << jentry << "/" << m_ToRunOver << endl;

nb_nominal = 0;

data data data data data ...
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Data data data data data data data data data data data ...
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And now...
From Big Data
and
Big Experiments...
To Table-Top Experiments!
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Kom p I ex u ryc h Iovacu C E RN The CERN accelerator complex

Complexe des accélérateurs du CERN

CMS

Neutrino

LHC ! Area =1
: E
ALICE ™20, ™ _____i‘___________._: LHCb
TT41
‘ 4 TTa2
nN »’ AWAKE
HiRadMat
T
= MEDICIS
AD ELENA
ISOLDE
BOOSTER 1 A e
. 5 REX/HIE- i [EastArea !
10 " ¢ ISOLDE : '
< _ 20012015 | : /“C '
n_TOF T/ s > <t :
[ 2001 | g ) PS ] H
: oo !
LINAC 4 p
- CLEAR
LINAC 3 - LEIR -
Jons R =
httDS//home .Ce rn/SCIence/accelerat » H™ (hydrogen anions) b p (protons ) ions D RIBs (Radioactive lon Beams) ) n (neutrons) ) p (antiprotons) ) e (electrons) » p (muons)

ors/accelerator-complex

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator / CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //

n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform 61


https://home.cern/science/accelerators/accelerator-complex
https://home.cern/science/accelerators/accelerator-complex

CERN :: https://maps.web.cern.ch/
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CERN :: https://maps.web.cern.ch/

i

i
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East Area 2022

e Building 157 at CERN’s Meyrin site, large experimental hall housing also the
CLOUD experiment, T8, T9 and T10 beam lines.
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East Area

e Building 157 at CERN’s Meyrin site, large experimental hall housing also the
CLOUD experiment, T8, T9 and T10 beam lines.




East Area

e Building 157 at CERN’s Meyrin site, large experimental hall housing also the
CLOUD experiment, T8, T9 and T10 beam lines.
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East Area
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East Area 2022

e Experimentalni hala v budové 157
e Svazkoveé linie T8, T9 and T10, CLOUD experiment...
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East Area 2023

e Experimentalni hala v budové 157

e Svazkoveé linie T8, T9 and T10, CLOUD experiment...
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East Area 2023

e Experimentalni hala v budové 157

e Svazkoveé linie T8, T9 and T10, CLOUD experiment...
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East Area 2023

e Experimentalni hala v budové 157
e Svazkové linie T8, T9 and T10, CL

‘\'

L\ AW |
% 4 . |\ I8
o \e‘ \L

Y
i e ¥
\ Y W
) LS WA <
LA .

Oou

D experiment...
b _J-—:ﬁ"r

72



East Area: Sekundarni svazky castic pro testovani

stredné relativistické castice

| g
§ e
I . .- 8
..
24 GeV 1{ “

12 200 MoV == 1 oV
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Analyza slozeni svazku - war s

e Sekundarni svazek Castic o riznych
hybnostech ) /1 o me
e Dominovano elektrony, ale ty mohou byt L= YT p -[*

nezajimave — pozadi. M
i

_r
e
/ //7'\1‘
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— sl P
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I
mn o~ -
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Analyza slozeni svazku

e Jakeé je slozeni svazku?

e Bude v ném dost piont a mionu na
kalibraci odezvy detektoru na tyto
Castice?

e = |dentifikace Castic!

o pro budovany experiment.

Maspof svazku

—— | |

L]

mn -~
lexs”

Budouci experiment
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Installation :: Aerogelové Cerenkovskeé detektory

e Pruhledny material, v kterém zafri ¢astice, pokud se pohybuji rychlosti vétsi
nez rychlost svétla v danem prostredi: elektromagneticka razova vina.

e Aerogel: Nejlehéi pevna latka!

e Svétlo je reflexni félii odrazeno do citlivych detektoru svétla, fotonasobicu

(PhotoMultiplier Tube, PMT):
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Aerogel

e Nejlehéi pevna latka: World's Lightest Solid!
o https://www.youtube.com/watch?v=AedJ9g45PfD0&ab channel=Veritasium

P Pl ) 400/1201 - Chocolate.. > @) EB £ OWOAIE6
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https://www.youtube.com/watch?v=AeJ9q45PfD0&ab_channel=Veritasium
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Meet Mr. Permanent Magnet of 1.7T!
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Setup overview updated 2023

Aerogel Cherenkov Counters Time-of-flight

EM lead glass calorimeter ACT3 ACT2 ACT1 ACTO TOF1 TOFO0

PMT Lead glass D D D JC — 349cm — JC Beam pipe

}
BAN4@E

O O O

counters
. Beam
] Trigger
) PMT Aerogel Mirror scintillators Lead glass
/ old ToF 85




Setup overview updated 2023

PMT Lead glass

. hole

l counters
:) PMT

Aerogel

Mirror

han 4 : ACT-20

d

«— 349cm — Beam pipe

time of flight!

Trigger
scintillators
/ old ToF

Lead glass
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cout << "Event loop!" << endl;

for(int ientry = 0; ientry < _ent[0]; ientry++) {

if (ientry % verbose == 0
cout << "processing " << ientry << " / " << _ent[0] << endl;

_eventInfo -> GetEntry(ientry);

Long64 t RunNumber = eventInfo -> RunNumber;
Int_t EventNumber = _eventInfo -> EventNumber;
Int t SpillNumber = _eventInfo -> SpillNumber;

for (int ich = 0; ich < _nChannels; ++ich
if (_debug) cout << "getting entry for " << _treeNames[ich] <<
_reader[ich] -> GetEntry(ientry);

if (_debug cout << "done" << endl;

this -> ReadChannels();

if (! _isHodoscopeRun
if (! this -> PassedPeakCuts())
continue;




(ACT2+ACT3)/2 Amplitude

Pb-glass Amplitude

Soucasna analyza dat z vice fotonasobicu

ACT2+3 vs Lead Glass 408

IIVIIIIIIIIIIIIII

hRef_pbA_act23A
Entries 74948
Mean x 2.847
Mean y 3.153
Std Devx  1.341

Std Dev y

T YO P T N

Lead glass vs TOF 408

2 14 1
Pb-glass Amplitude

10

hRef_TOFPbA
Entries 74948
Mean x 11.84
Mean y 3.069
Std Devx 0.2812
Std Devy 1.109

Number of Events

DT730 amplitude for digitizer 02 channel=2

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Run 460 -600 MeV/c
Run 461 -660 MeV/c
Run 462 -690 MeV/c
= Run 459 +600 MeV/c
* Run 458 +660 MeV/c
+ Run 457 +690 MeV/c

Ll - Ll
200 400 600

T i
800 1000

1200
Amplitude (mV)

DT730 waveform for digitizer=00 ch=7

[ DT730_00_waveform_7

Entries 9518040
Mean 2117
| staDev 107 |
I YIS EOT SR T U 1 P | R B | T | -y b p]
50 100 150 200 250 300 350 400

time (ns)
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Mereni doby letu Castic = time of flight! LGPV |

qﬁé&\ SOV
S W ~

< \\\\\\\\\\\\\\ | (Ij | /lll///////////

W\

\\\

e L|ze pouzit k identifikaci Castic.
e Time-of-flight scintillators, 349cm apart.
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0:00:07 369
0:00:09 381

0:00:19 198
0:00:20 604
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14479 9O B8 QA= . 84%m

Mereni doby letu Castic = time of flight! LGPV |

ciopWelchys

e Lze pouzit k identifikaci Castic. T,
e Time-of-flight scintillators, 349cm apart. e,

0:00:07 369
0:00:09 381
0:00:117 678
0:00:19198
0:00:20 604




Vysledky 2022

e \Vertikalni linky: teoretické Casy pfiletu y a 1 za peakem elektronu.

p = 220 MeV/c (Neg) p = 220 MeV/c (Pos)

Q 2000 :,_ T T T T T T T T T T — 4@ [ T T T T T T T T T T T T T T
S = WCTE TB July 2022 § — WCTE TB July 2022
& 1800 4 Dam i C + Data

C —— Fit 2500— —— Fit
1600:— —— Fit-e",N=15554 + 125 - —— Fit-e*, N =22753 + 162

e ——— Fit-pu*, N =4424 +77 L ——— Fit- p*, N = 13277 + 127
1400 2000—

C ——— Fit-n*, N =371+ 41 , ——— Fit-n*,N=1123 + 42
1200(— — C 7
1000— — 1500 } {

800— = - ]
= & 1000— —
600 — - C ]
400 — 7 - _
. F J 500 — 1
200/— — u 1 N
0 :4 easak. | lesd Lo L - 0 Y AP 0 I .'q’ﬁ-- | L g ol o]
38 39 40 43 38 39 42 43
tit, [ns] tit, [ns]
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Vysledky 2023

108

102

10

—

WCTE TB2023 run 352, p=280 MeV/c Neg

I IIIIIIII

OI—&—H—I—H*—I [ IIIIII|
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Kladné nabité castice, vetsi hybnost 1000 MeV/c

e P¥i vySSich hybnostech Casy priletu elektront, mionu a pionu uz splyvaiji.

e Ale objevuji se dalSi peaky ve svazku pozitivnich Castic...
5 __
10°E S e+ u+T
.
41 B :’ .
YE o?
e,
?
102 I :'i QQI:::. '::Qi ég%%
# 5, fﬁf mﬁiﬁ***f*;ﬁ**gﬁ;***é oo B " b
i % : P *é jit f##‘}ﬁ{iﬁf
_I L1 | Iil | | | E; | | I’gl | I 1 1 1 | I | I L1 1 | 1 1 1 | 1 1 1 | 1 1 1
10 12 14 16 18 20 22 24 26 28 30

tror [Ns]
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Doba letu mﬁawwaﬁﬁ i

ciopWaichry

< ‘ \\\\\\\\“\\\\\\uulumml///////,,,////
e Pro znamou hybnost svazku Ize L
spocitat oCekavané Casy prilrtu
o Kdy doletl' elektron, mion, pion...?
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o mg?=0.511 MeV 0:00:21 9525
o m c = 105.6 MeV
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0:00:20 604
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Kladné nabité castice, vetsi hybnost 1000 MeV/c

10°

10*

10°

102

1

= S e+ U+ =
AT t-t.=4.21

- deuterony!

- :,i ; '::'2 1,1’9%

= i ;
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You identified and
found your own
particle!

The End
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Zdroje

https://home.cern/about/who-we-are/our-history

https://home.cern/news/news/cern/year-celebrate-cerns-70t

h-anniversary

https://visit.cern/science-gateway

https://home.cern/about/who-we-are/our-history

https://home.cern/news/news/cern/cern-highlights-2023
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https://home.cern/news/news/cern/year-celebrate-cerns-70th-anniversary
https://visit.cern/science-gateway
https://home.cern/about/who-we-are/our-history
https://home.cern/news/news/cern/cern-highlights-2023

Backup
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Cerenkovovo zareni

e Nabita Castice prekracCuje rychlost svétla v hmotném prostredi
o idealné transparentni médium

\Y; =c/indexlomu=c/n

svétla

(a)

Plane wavefront

\\\\\\\\

L&) Dipole
B ——
Uniform velocity

https://www.eso.org/public/czechrepublic/images/

https://www.nature.com/articles/s41598-017-08705-4 eso1841i/
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https://www.nature.com/articles/s41598-017-08705-4
https://www.eso.org/public/czechrepublic/images/eso1841i/
https://www.eso.org/public/czechrepublic/images/eso1841i/

Cerenkovovo zareni

> Pl o) 208/1008

https://www.youtube.com/watch?v=uYrhWO ZLYw&t=516s&ab channel=AlexLandress



https://www.youtube.com/watch?v=uYrhWO_ZLYw&t=516s&ab_channel=AlexLandress

Cerenkovovo zareni
Breazeale Nuclear Reactor Start up, £0akfEwsidiébn nd Shut Down (ANNOT... @ ~ @

Gamma radiation from the core can
hit electrons in the water, causing them
to move faster than light through water

Posunutim zobrazite vice

> Pl © 2:23/10:08 s
https://www.youtube.com/watch?v=uYrhWO ZLYw&t=516s&ab channel=AlexLandress



https://www.youtube.com/watch?v=uYrhWO_ZLYw&t=516s&ab_channel=AlexLandress

A typical analysis

Udalost v detektoru obsahuje
informace z jednotlivych poddetektoru
Jsou zrekonstuovany a identifikovany
fyzikalni objekty

o kandidati na elektrony, miony, jety, gamma,

tau, chybéjici pricna energie...

V ramci event selection jsou vybirany
objekty na zaklade jejich
pozadovaného poctu a vlastnosti

o podle ocekavani toho, co by mél do
detektoru pfinaset signalni proces

Zmerene spektrum musi byt
opraveno

o kalibrace, linearita, rozliSeni, efficiency (as
function of...), data/simulation agreement

Data / MC

201

F ATLAS p+Pb, Pb+p Pre-fit, 22 bjets, l+jets

F m:&ﬂi TeV, 164.6 nb™ e Data (1034) [l Fakes (140)
E_ J2/ndi=0.64, prob. 0.94 MWy b(35) W c (31)
F ¥'/nd1=0.64, prob. 0.9 I Wiv light (14) [ 21 b (11)
F  zic(6) I 21l light (3)
Diboson (0) Single top (41)
W (753)

OO0 — -

MhO O vRO® O
T TG I T T

50 700 150 200 250 800 850 400 450 500
Mass of hadronic top quark [GeV]
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A typical analysis

e Potrebuje

O O O O

preselecteted data sample
data quality, luminosity measurement
objects calibrations, reconstruction algos
simulation samples

m to optimize the analysis

m estimate signal

m estimate, understand and model

backgrounds

20

Data / MC

E Su=8.16 TeV, 164.6 nb™

\\‘II\‘HIl\H‘II\‘HIlH\

F ATLAS p+Pb, Pb+p

Pre-fit, 22 b-jets, l+jets
e Data (1034) [l Fakes (140)
B Wb (35 W c(31)
0 Wiy light (14) [l 20 b (11)
Mz c (6) I 21 light (3)
Diboson (0) Single top (41)
W (753)

x2/ndf=0.64, prob. 0.94

o T4

0
-8
.6
4
2

1
.8
.6

4

2

OO0 — -

FASEITERRERS

U g

700 150 200 250 800 350 400 450 500
Mass of hadronic top quark [GeV] 104



Invariantni hmota




Invariantni hmota

Mass - Z Candidate

Events

antiproton *

Ain 0.00295
Max 40.2

ET scale: 41 GaV

80 90 100 110 120 130
invariant mass(GeV)
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Invariantni hmota

p,w ¢ Jh

Events/GeV
3,
ml_I'I'ITITI

o
_|—|-|'|T|T|'| lllllﬂTl |||||ITI| lllllml |IIII|T|| IIIlIml T

10* uu widths:
JIY 30 MeV
10° Y 70 MeV

CMS Preliminary

\s=7TeV, L_=40pb

lllllll 1 1 lIlIlll 1

CMS Preliminary, \'s =7 TeV
Ljp =3.1pb™
o =70 MeV/c?
mI<1

1 15 12
1*p mass (GeVic?)

1 10

w*u- mass (GeV/c?)
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Invariantni hmota

Par top-anti top _
rozpadajici se na WhWb a DZero e)fperlment at
nasledné na 4 jety, Fermilab’s Tevatron, a
L e elektron a neutrino. proton-antiproton collider.
T W - SIERA2A
[T ¥
://// w+ v
-1{",/;’ 65 ~ P
e q
rz-’“/; g
- 3 b
bElor BT . , b
== . (Ge .
380 "2 1 ,
= Ul o

>
N
Q|

phi

— Red: EM Calorimeter

ns: - -
Mean: 0.779 Blue: Hadronic Calorimeter
Rms: 3.71 -4. . 2 =
Min: 000966 rellow: Missing Energy

: 639 i i
e mE_1:47.2 (neutrino signature)
phi_L: 195 deg
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Quarks, Leptons, Gauge Bosons and the BEH boson

Up Quark Charm Quark Top Quark
~0.002 GeV 1.25 GeV 175 GeV

’ O
Down Quark Strange Quark Bottom Quark
~ 0.005 GeV ~0.095 GeV 4.2 GeV

These are relative masses not size — they have no measurable size

Electron
0.0005 GeV

Muon
0.105 GeV

Tau
1.78 GeV

Electron Neutrino

w2 )

Muon Neutrino
~0

Tau Neutrino
~0

For reference:

Proton
0.938 GeV

Originally thought to be
massless but now not
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Top quark

Nl.l

1 t 9 t 9 i g 7
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Top quark

Events / GeV

BumpHunter
Significance
o

ttbar resonances

10°
102

10

ATLAS
{s = 13 TeV, 139 b ¢ Data
SR2b —— Background fit
Fit parameter unc.
----- 2TeV Z, X5
s — 4 TV Z 5 55

BH global p-value = 0.56
Most significant deviation
interval (5440 - 5820 GeV)

L

Il I 1 I L

ol lIIlIIIIIIIllIIll

2000 3000 4000 5000 6000

m{fc" [GeV]

o(pp = Z') x B(Z' — ti) [pb]

q t g t
YA Yo

g t 9 t
10 [ e ey
= ———— Observed 95% CL upper limit 3
. messeea. Expected 95% CL upper limit 2]
| — [ Expected 95% CL upper limit + io _
= % o Expected 95% CL upper limit + 2¢ 3
= .’~.’ = LO Z',,— tt (T/m=1.2%) cross-section x 1.3 ]
R S T NLO Z', ., tt (T/m=1%) cross-section 1
10—1 = ) “ee, mmemeas NLO Z',.,— tt (I/m=3%) cross-section =
102 T N e E
10°% ATLAS 70 =
F (s=13Tev, 1390 70N =
_l - I Ll ] 0 L I kS et 2 I | - l ] EL M B l N [ A ) ll L1 1 1 l i X1 | l—

156 2 25 3 35

4 4.5 5 5.5 6
m, [TeV]
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A typical analysis

e https://atlas.cern/Updates/Briefing/HI-Top-Observation

> _II\Illlll‘IIII‘IIIIIIIIII|II|IIII|IIII|IIII_
S 400 ATLAS Preliminary -+ Data
P - p+Pb syn = 8.16 TeV ] i 1
S 3500 165nb” [ Single top ]
N - 111b mujets [ W+b 3
- Post-Fit m W+c

300: | W-+light 1

- u Z+b 3

2502 O Z+c

[ | Z+light

] Diboson

Il Fake lepton 7

72 Uncertainty
---- Pre-Fit Bkgd.

2 L /%WW%

100 200 300 400 500 600 700 800 900 1000
Hy [GeV]

ATLAS

EXPERIMENT
Run: 313100
Event: 168745611
2016-11-18 22:14:23

Data / Pred.
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https://atlas.cern/Updates/Briefing/HI-Top-Observation

Experiment Kamiokande(-ll) :: 3kt H,0

+ ~2

¥)4‘ —> e 1)

— -
16053

L e

The detector of KAMIOKANDE -II. The dimensions are given in milli-

Neutrino identification

Figure 2:

meters.

https://articles.adsabs.harvard.edu//full/19
87ESOC...26..219K/0000220.000.html 3



https://articles.adsabs.harvard.edu//full/1987ESOC...26..219K/0000220.000.html
https://articles.adsabs.harvard.edu//full/1987ESOC...26..219K/0000220.000.html

Super Kamiokande :: 50kt H,0
Kamioka Nucleon Decay Experiment

https://www-sk.icrr.u-tokyo.ac.jp/en/sk/experience/gallery/
https://www.forbes.com/sites/startswithabang/2018/12/05/is-there-r
eally-a-fourth-neutrino-out-there-in-the-universe/

bl el
et bbbl



https://www-sk.icrr.u-tokyo.ac.jp/en/sk/about/history/

Hyper Kamiokande :: 250kt H,0

https://www-sk.icrr.u-tokyo.ac.jp/en/hk/about/detector/
https://www-sk.icrr.u-tokyo.ac.jp/en/hk/

YT :: Hyper-Kamiokande
https://www.youtube.com/w
atch?v=JFOE3D2z7L M&t=
12s&ab_channel=Hyper-Ka
miokande



https://www-sk.icrr.u-tokyo.ac.jp/en/hk/about/detector/
https://www-sk.icrr.u-tokyo.ac.jp/en/hk/
https://www.youtube.com/watch?v=JFOE3D2z7LM&t=12s&ab_channel=Hyper-Kamiokande
https://www.youtube.com/watch?v=JFOE3D2z7LM&t=12s&ab_channel=Hyper-Kamiokande
https://www.youtube.com/watch?v=JFOE3D2z7LM&t=12s&ab_channel=Hyper-Kamiokande
https://www.youtube.com/watch?v=JFOE3D2z7LM&t=12s&ab_channel=Hyper-Kamiokande

Water Cherenkov Test Experiment :: 50t H,O @ CERN

e Cil: porozumét interakcim
Castic vznikajicich v
neutrinovych reakcich.

e Pro kalibrace velkych
neutrinovych experimentu.

NuFACT-2021-09-08_LAnthony.pdf
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https://indico.cern.ch/event/855372/contributions/4452155/attachments/2304577/3921520/WCTE@CERN_NuFACT-2021-09-08_LAnthony.pdf

. ICECUBE
lceCUBE g == | =

50 m e e

T T

Amundsen-Scott Sou
Pole Station, Antarcti

A National Science Fo
managed research fa

!

IceCube Laboratory 86 strings of DOMs,

set 125 meters apart
Data is collected here and P
sent by satellite to the data
warehouse at UW-Madison

1450 m

60 DOMs
1 l on each
) string
DOMs :
141 are 17 {
Cube meters
- tactor apart e 2N
Digital Optical i | v
Module (DOM) 2450 m Uil |
5,160 DOMs =
deployed in the ice

Francis Halzen Antarctic bedrock
http://jointlab.upol.cz/kvita/idpacs2022.html :: https://arxiv.orag/abs/2110.15051
https://www.nature.com/articles/s41586-021-03256-1
https://sciencesprings.wordpress.com/tag/u-wisconsin-icecube-collaboration/
https://www.researchgate.net/figure/Prototypes-of-an-mDOM-left-and-an-D-Egg-right-fo

r-the-lceCube-Upqgrade fig8 351199668
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http://jointlab.upol.cz/kvita/idpacs2022.html
https://arxiv.org/abs/2110.15051
https://www.nature.com/articles/s41586-021-03256-1
https://sciencesprings.wordpress.com/tag/u-wisconsin-icecube-collaboration/
https://www.researchgate.net/figure/Prototypes-of-an-mDOM-left-and-an-D-Egg-right-for-the-IceCube-Upgrade_fig8_351199668
https://www.researchgate.net/figure/Prototypes-of-an-mDOM-left-and-an-D-Egg-right-for-the-IceCube-Upgrade_fig8_351199668
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4 Absohrift/15.12.56 ™

Neutrina:) v e

Cauvereins-Tagung zu Tibingen.

Abgchrift

Physikalisches Institut

der Fidg. Technischen Hochschule Zirich, Lo Des. 1930
Zirich Cloriastrasse

1iebe Radioaktive Damen und Herren,

Wie der Ueberbringer dieser Zeilen, den ich imldvollst
ansuhBren bitte, Ihnen des niheren auseinandersetszen wird, bin ich
angesichts der "falschen" Statistik der Ne und Li-6 Kerne, sowie
des kontinuierlichen beta-Spektrums suf oinen versweifelten Ausweg
verfallen um den "Wechselsats" (1) der Statistik und den Energlesats
su retten. Nimlich die Moglichkeit, es kbnnten elektrisch neutrale
Teilchen, die ich Neutronen nemnen will, in den Kernen existieren,
welghe den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
‘eleh von Lichtquanten wusserdem noch dadurch unterscheiden, dass sie
:.-“ Lichtgeschwindigkeit laufen. Die Masse der Neutronen .S

von derselben (rossenordmng wie die Elektronenmasse sein und

& nicht grosser als 0,01 Protonenmasse.- Das kontimierliche Wolf an Pa I

Spekctrum wire dann verstindlich unter der Anmahme, dass beim g g U |
Bota~Zerfall mit dem klektron jeweils noch ein Neutron emittiert
wied, derart, dass die Summe der Energien von Neutron und klektron
konstant iste

Nun handelt es sich weiter darum, welche Kriifte auf die
Neutronen wirken. Das wahracheinlichste Modell fiir das Neutron scheint
mir sus wellenmechanischen Orlinden (n¥heres weiss der Usberbringer
dieser Zeilen) dieses su sein, dass das ruhende Neutron ein
magnetischer Dipol von einem gewissen Moment a ist. Die Experimente
verlineen wohl, dass die ionisierende Wirkung eines solchen Neutrons
nicht grosser sein kann, sls die eines ~Strahls und darf dann
A wohl nicht grosser sein als e * (10°*° om)s

Ich traue mich vorliufig aber nicht, etwas iber diese Ides
su publisieren und wende mich erst vertrauensvoll an Fuch, liebe
Radioaktive, mit der l’hg", wie es um den experimentellen Nachweis
eines colchen Neutrons sténde, wenn dieses ein ebensolches oder etwa
JOmal grosseres Durchdringungsvermogen besitsen wirde, wie ein
gusa-Strahl, f
Ioh gebe su, dass mein Ausweg vielleicht von vornherein
wanig wahrscheinlich erscheinen wird, weil msn die Neutrone, wemn
she existieren, wohl schon Iingst gesehen hatte. Aber mur wer wagt,
und der Erngt der Situation beim kemtimierliche beta-Spektrum
wird durch einen Aussprech meines verehrten Vor im Amte,
Herrn Debye, beleuchtet, der mir Mirslieh in gesagt hats
"0, daran soll man am besten gar nicht denken, sowie an die neuen
Steuern." Darum soll man jeden Weg sur Rettung ernstlich diskutieren.-
Alsg, liebe Radioaktive, priifet, und richtet.- Lelider kann ich nicht
personlich in Tibingen erscheinen, da sch infolge eines in Nacht
Balles hier unabk ch

ges. W, Pauld
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e Pocatky neutrinové astronomie! :-)
e 1 Ergis a unit of energy equal to 10~ Joules (100 nJ)

form volume distribution. Additional support is provided
by the correlation in angle of the first two observed
events with the direction to SN1987A. The event burst
occurred roughly 18 h prior to the first optical sighting.'
Correcting for energy-dependent detection efficiency,
and assuming that nine of the twelve events are due to
vep t— e Tn, we obtain an integral flux of 1.0x10'? v,
cm ~?2 for the burst, where the v, energy (the observed
electron energy plus 1.3 MeV) is above 8.8 MeV. This,
in turn, leads to the v, output of SN1987A of 8x10°2
ergs for an assumed average energy of 15 MeV.

This observation is the first direct observation in neu-
trino astronomy, and coincides remarkably well with the
current model of supernova collapse and neutron-star
formation.® In that model an aged, massive star, having
exhausted its nuclear fuel, undergoes a supernova explo-
sion. In supernovae of Type II almost all of the gravita-
tional binding energy of the resultant neutron star,
~3x10°3 ergs, is radiated within a few seconds in the
form of 1038 neutrinos of all flavors with average energy
in the vicinity of 10-15 MeV. 122




