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Rozpad neutronu

Neutron - Elektron




Beta rozpad



Beta rozpad @ i

Problém: pozorované
spektrum energii elektronu z 0
beta rozpady bylo Siroke, #
neodpovidalo oCekavani
jedné energie, kdyby Slo o
dvojcasticovy rozpad
A->A e .

Dano zakonem zachovani
hybnosti a energie.
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Neutrino — teoretické predpoved’ 1930

Offener Brief an die TGrunpe der Radioaktiven bei der
Gauvereins-Tagung zu Tubingen.,

Physikalisches Institut Wolfgang Pauli
der Eidg. Technischen Hochschule Zirich, Lo Des. 1930
Qirich Cloriastrasse

| 14ebe Radicaktive Demen und Herren,|

Wie der Ueberbringer dieser Zeilen, den ich muldvollst
ansuhdren bitte, Ihnen des nZheren auseinandersetzen wird, bin ich
angesichts der "falschen" Statistik der Ne und Li-6 Kerne, sowie
des kontimuierlichen beta-Spektrums auf cinen versweifelten Ausweg
verfallen um den "Wechselgats™ (1) der Statistik und den Energlesats

su retten. Nimlich die Moglichkeit, es k¥nnten elektrisch neutrale
Tellchen, die ich Neutronen nennen will, in den Kernen existieren,

welgche den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und °



Beta rozpad

Problém: pozorované

spektrum energii elektronu z
beta rozpady bylo Siroke,
neodpovidalo oCekavani
jedné energie, kdyby Slo o
dvojcasticovy rozpad

A->A e

V .\

Neutrino: neutralni, velmi lehka a velmi malo

interagujici Castice.

# |
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Beta rozpad

Rozpad volného neutronu

Proton

Neutron - Elektron

(o) Elektronové
antineutrino




Objev neutrina :: 1956

e Reaktor Savannah river
e 5x10" neutrin/s/cm?

e Clyde Cowan, Frederic The Nobel Prize in Physics

Reines.

nature View all journals ~ SearchQ Login

Explore content v About the journal v Publishwithus v Subscribe Sign up for alerts 2. RSS feed

nature > articles > article

Published: 01 September 1956
TheNeutrino Access to this article via Palacky

University Olomouc is not available.

FREDERICK REINES & CLYDE L. COWANjun.
Change institution

Nature 178, 446-449 (1956) | Cite this article
Buy or subscribe
2805 Accesses | 128 Citations | 60 Altmetric | Metrics

© An Erratum to this article was published on 08 September 1956

Editorial Summary

The neutrino — the mystery and

EACH new discovery of natural science broadens our knowledge and thediscovery .
; ical universe: ; Photo from the Nobel © University of California
deepens our understanding of the physical universe; but at times these in 15208, ihysicists were confuseitihe . ) c Y
advances raise new and even more fundamental questions than those phenomenon of § decay (in which an Foundation archive. Regents
which they answer. Such was the case with the discovery and investigation electron is emitted from the atomic Ma rﬁn L Perl Frederick Reines
nucleus) seemed to violate conservation %
This is a preview of content, access via your institution e eI PSSOl S oy Prize share: 1/2 Prize share: 1/2

https://www.symmetrymagazine.org/article/neutrino-turns-60
https://en.wikipedia.org/wiki/Cowan%E2%80%93Reines neutrino experiment



https://www.symmetrymagazine.org/article/neutrino-turns-60
https://en.wikipedia.org/wiki/Cowan%E2%80%93Reines_neutrino_experiment

Objev neutrina :: 1956
"o —= r;- 6_' )')e,
EF——? e ‘?/*C-_)’g/f
e

n a4 = 406”\6/{ 7 /lMCA +8/
Cd @,
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Rozpad neutronu

Neutron

Elektron
o

Elektronové
antineutrino

Proton
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Odbocka: Razova akusticka vina

e Letadlo prekraCuje rychlost zvuku

https://physics.stackexchange.com/questions/282353/how-does-particle-speed-affect-cherenkov-radiation

https://en.wikipedia.org/wiki/Sound_barrier

12


https://physics.stackexchange.com/questions/282353/how-does-particle-speed-affect-cherenkov-radiation
https://en.wikipedia.org/wiki/Sound_barrier

Cerenkovovo zareni

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

\Y; =c/indexlomu=c/n

svétla

(a)

Plane wavefront

Uniform velocity

https://www.nature.com/articles/s41598-017-08705-4

13



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/

14


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
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Interakce neutrin

e Meérime castice, které v
interakcich vzniknou

e Druh neutrina je spjat s
druhem nabitého leptonu




Interakce neutrin
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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



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/

Oscilace neutrin

e Neutrino puvodniho druhu s “letem” a

interakci v hmoté méni svij typ.

Neutrinova pfechazeji v mionova apod

Druh neutrina pozname v interakci

S elektronovym se poji elektronové apod
Oscilace tak Ize pozorovat a méfit

Dulezita ¢ast Standardniho modelu

Dochazi k oscilacim podle sou¢asné teorie?

Oso»’/au M/fr«‘m
Y
€
v >
¢
Mo

W e
\Y
\]z 4—» N
V
5 voz\

W Looking at the flux of 7/, as a function of distance and energy

W Some z,’s disappear due to neutrino oscillation

Medium baseline

Short baseline

. o AmjiL| | o AmRL - AmiL
P 5 (LE)=1 —Emz 26, cos* ;5 sin? =5 | sin26;5 [ cos?6;, sin? 2 + sin’ 0y, sin’ T

IN
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N
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B. Roskovec - UCI
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o8l ! Near [ @
06 | Daya Bay
0.4
02
0: i . . KamLAND
102 10" 1 10 Likm]

EMeV]

Daya Bay Oscillation Results
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Super Kamiokande a neutrina z urychlovacu

e Oscilace neutrin zkoumany i s uméle vytvofenymi neutriny ze svazku ¢astic na
urychlovacich.

Super Kamiokande

Near Detector

Mt. Noguchi-Goro
2924 m
Mt. Ikeno-Yaina

1360 m water equiv.

<+«s {1700 m

=

Neutrino beam

Vv___ e

295 km

AT

23



Super Kamiokande

Photo from the Photo from the Nobel Photo from the Nobel
Foundation archive Foundation archive. Foundation archive.
Raymond Davis Masatoshi Riccardo

Jr. Koshiba Giacconi

Prize share: 1/4 Prize share: 1/4 Prize share: 1/2

The Nobel Prize in Physics 2002 was
divided, one half jointly to Raymond
Davis Jr. and Masatoshi Koshiba "for
pioneering contributions to
astrophysics, in particular for the
detection of cosmic neutrinos" and the
other half to Riccardo Giacconi "for
pioneering contributions to
astrophysics, which have led to the
discovery of cosmic X-ray sources"

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

Tékaéki Kajita Affhu‘f B. McDonald

Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded
jointly to Takaaki Kajita and Arthur B. McDonald
"for the discovery of neutrino oscillations, which
shows that neutrinos have mass"

24



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

26


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

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 27


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

East Area Secondary Test Beams

g
P

24 GeV 1{ “

](—;l 200 MoV == /’éa\/
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Analyza slozeni svazku pro WCTE

Maseot
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Analyza slozeni svazku pro WCTE

e Bude ale v sekundarnim svazku dost
pionu/miond na kalibraci odezvy
detektoru na tyto Castice?

e Potfeba nejprve zméfit slozeni svazku!

e Identifikace Castic.

17w
levs

30



Analyza slozeni svazku pro WCTE

e Bude ale v sekundarnim svazku dost piont/mionu na kalibraci odezvy detektoru na tyto
Castice?

e Potfeba nejprve zméfit slozeni svazku!

e Identifikace Castic.

Maspf svazku

mn -~
lexs”

L]




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

32


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

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

i

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

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.

— |
N |

e —
| RADIATION
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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

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 2022

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

FREE ZONE '8
ACCESS AREA A LIBRE ACCES
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Installation :: Aerogel Cherenkov Counters

e Transparent aerogel produces Cherenkov radiation when a particle with velocity above the speed of
light passes through.
e World's Lightest Solid!
o https://www.youtube.com/watch?v=AeJ9q45PfD0&ab_channel=Veritasium
e Light is reflected by thin foil mirrors to PMT on both sides.

41


https://www.youtube.com/watch?v=AeJ9q45PfD0&ab_channel=Veritasium

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

P Pl ) 400/1201 - Chocolate.. > @) EB £ OWOAIE6

42


https://www.youtube.com/watch?v=AeJ9q45PfD0&ab_channel=Veritasium
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Fotonasobice....A jejich vymeéna:)

https://www.youtube.com/watch?v=AUMeRy8Z70U&ab channel=JiriKvita

46


https://www.youtube.com/watch?v=AUMeRy8Z7OU&ab_channel=JiriKvita

Meet Mr. Permanent Magnet of 1.7T!

47
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https://flic.kr/s/laHBgjAMSAQ
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https://flic.kr/s/aHBqjAM8AQ

Setup overview 2022

Time-of-flight Aerogel Cherenkov Counters Time-of-flight
EM lead glass calorimeter TOF1 ACT1.15 ACT1.10 ACT1.06 TOFO0
o ) QOO ] oo
Beam

\ |/

O O O

Legend

Beam

) PMT Aerogel Mirror Scintillator Lead glass
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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 59




Real Experiment
2022




T9 Control Room 2022

e |ncoming spill sound;)
o https://jointlab.upol.cz/kvita/TB T9 beep.wav



https://jointlab.upol.cz/kvita/TB_T9_beep.wav

Vystup z fotonasobicu 2023

Digi 1 Chan 5 :: TOF-21

waveform
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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 64




Setup overview updated 2023

‘ ....... ‘ s Digi0 Chan 4 : ACT-20

PMT Lead glass D D D

d

\ C «— 349¢cm — \ C Beam p|pe

time of flight!

Digi 1 Chan § :: TOF-21 Digi 2 Chan 0 :: HC-00 . B 600 — Digi 0 Chan 3 :: ACT-11 — .
- e e, ] (S = e I e ——re—ee— )
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Example amplitudes

run 251 :: 2023

Jiri
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(ACT2+ACT3)/2 Amplitude

Pb-glass Amplitude

ToF, no cuts on peaks 2023

ACT2+3 vs Lead Glass 408
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Doba letu = time of flight! L OPBOOODY |

o B

W,
aw \ (|) "y, <
\ ///y,//\\
5 ",

Time-of-flight scintillators, 349cm apart.
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Results — Example TOF distributions 2022

e Theoretical vertical lines for the p and 1 TOF shifts after the fitted e peak.
e TOF peak positions: a possible beam bias between Pos and Neg momenta?

Events
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Preliminary tof fit, ~no evidence for bias in neg. p 2023
e require simple [ACT2+ACT3]/2 < 3. to remove most of electrons

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

108

102

10

—

OI—&—H—H—:{—| [ III|II|




Results — Example TOF distributions 2023, 1000 MeV/c
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Results — Example TOF distributions 2023, 1000 MeV/c
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Results — Example TOF distributions 2023, 1000 MeV/c
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You found your
particle!

The End
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Backup

Cerenkovovo zareni
o rozpad protonu, detekce neutrin, identifikace
Castic.
Neutrinos not dead!
NejlenCi hmotné Castice v mikrosveté
Nejmeneé interagujici.
Neutrina
o ze Slunce
o z atmosféry (z kosmického zareni)

o Astrofyzikalni, kosmologicka
o UrychlovaCova, reaktorova, geofyzikalni...

Studium oscilaci neutrin a (naruseni)
symetrie mezi ¢asticemi a antiCasticemi.
Neutrinova astronomie

o nejen Cekani na dalSi supernovu:)
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DUNE, ProtoDUNE
a neutrina z urychlovace ve

americké laboratori
FERMILAB

Sanford Underground
Research Facility

Fermilab
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. 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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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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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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"Abschrift/15.12.5

Offener Brief an die Qrunpe der Radiosktiven bel der
Gauvereins-Tagung zu Tibingen.

Abgchrift

Physikalisches Institut
der Eidg. Technischen Hochschule
Zirich Cloriastrasse

Liebe Radioaktive Damen und Herren,

Wie der Ueberbringer dieser Zeilen, den ich huldvollst
gnsuhren bitte, Ihnen des niheren auseinandersetszen wird, bin ich
angesichts der "falschen" Statistik der Ne und Li-6 Kerne, sowie
des kontinuierlichen beta-Spektrums auf cinen versweifelten Ausweg
verfallen um den "Wechselsats" (1) der Statistik und den Energlesats
su retten. MNimlich die Moglichkeit, es kbnnten elektrisch neutrale
Teilchen, die ich Neutronen nennen will, in den Kernen existieren,
welche den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
‘eleh von Lichtquanten musserdem noch dadurch unterscheiden, dass sie
:.-it Lichtgeschwindigkeit laufen., Die Masse der Neutronen

von derselben Orossenordmung wie die Elektronenmasse sein und

s nicht grosser als 0,01 Protonenmasse.- Das kontimuierliche

Spektrum wire dann versténdlich unter der Amnahme, dass beim
bota~Zerfall mit dem hlektron jeweils noch ein Neutron emittiert
wird, derart, dass die Summe der Energien von Neutron und Elektron
konstant ist.

Zirich, Lo Des. 1930

Nun handelt es sich weiter darum, welche Kriifte auf die
Neutronen wirken. Das wahrscheinlichste Modell flir das Neutron scheint
mir sus wellenmechanischen Ortinden (niheres weiss der Ueberbringer
dieser Zeilen) dieses su sein, dass das ruhende Neutron ein
magnetischer Dipol von einem gewissen Moment at ist. Die Experimente
verlineen wohl, dass die ionisierende Wirkung eines solchen Neutrons
nicht grosser sein kann, sls die eines «Strahls und darf denn
A4 wohl nicht grosser sein als e ° (10°*° om),

Ich traue mich vorliufig aber nicht, etwas Uber diese Idee
gu publisieren und wende mich erst vertrauensvoll an Euch, liebe
Radioakt’ve, mit der l’hg_o, wie es um den experimentellen Machweis
eines colchen Neutrons stinde, wenn dieses ein ebensolches oder etwa
Jomal grosseres Durchdringungsvermogen besitsen wurde, wie ein
gumn-Strahl

Ioh gebe zu, das= mein Ausweg vielleicht von vornherein
wanig wahrscheinlich erscheinen wird, weil man die Neutronem, wemn
she existieren, wohl schon Ifngst gesehen hatte. Aber nur wer wagt,

und der Ernst der Situation beim kanimi‘u'lioho
wird durch einen Aussprech mcines 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 zur Rettung ernstlich diskutieren.-
Also, liebe Radiosktive, priifet, und richtet.- Leider kann ich nicht
personlich in Tibingen erscheinen, da sch infolge eines in der Nacht
vom 6, mum 7 Des. in Zirich stattfindenden Balles her unsbk&mmlich
bin.- Mit vielen Orilssen an Euch, sowie an Herrn Busk, Huer
untertanigster Diener

ges, W, Pauld

http://library.cern/archives/history CERN/historical images/month-88-years-ago
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Neutrina:) COSMIC GALL

Every second, hundreds of billions of these neutrinos pass through
each square inch of our bodies, coming from above during the day
and from below at night, when the sun is shining on the other side
of the earth!

—From “An Explanatory Statement on Elementary Particle Physics,”
by M. A. Ruderman and A. H. Rosenfeld, in American Scientist.

Neutrinos, they are very small. . “
They have no charge and have no mass Wol £ an Pauli
And do not interact at all. gang
The earth is just a silly ball
To them, through which they simply pass,
Like dustmaids down a drafty hall
Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantial wall,
Cold shoulder steel and sounding brass,
Insult the stallion in his stall,
And, scorning barriers of class,
Infiltrate you and me! Like tall
And painless guillotines, they fall
Down through our heads into the grass.
At night, they enter at Nepal
And pierce the lover and his lass
From underneath the bed - you call
It wonderful; I call it crass.

https://twitter.com/mcnees/status/1
co Ul 334877571079671810
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Neutrina:)

Offener Brief an die Grunpe der Radioaktiven bel der
Gauvereins-Tagung zu Tubingen.

Abschrift

Phyasikalisches Institut

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

liebe Radiocaktive Damen und Herren,

Wie der Uebarbringer dieser Zeilen, den ich huldvollst
ansuhbren bitte, Ihnen des n&heren auseinandersetsen wird, bin ich
angesichts der "falaschen" Statistik der N- und Li-6 Kerne, sowie 86
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Neutrina:)
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Neutrina:)
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SN1987A 24.2.1987 :: 170kly
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SN1987A 24.2.1987 :: 170kly
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SN1987A 24.2.1987

hts:/n.iied|a.r/iki/SN 1987A



https://en.wikipedia.org/wiki/SN_1987A
https://www-sk.icrr.u-tokyo.ac.jp/en/news/detail/324

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

VOLUME 58, NUMBER 14

PHYSICAL REVIEW LETTERS

6 APRIL 1987

Observation of a Neutrino Burst from the Supernova SN1987A

K. Hirata, ® T. Kajita, | M. Koshiba, |**> M. Nakahata,® Y. Oyama, ®

N. Sato, © A, Suzuki,

PTM. Takita,® and Y. Totsuka @
University of Tokyo, Tokyo 113, Japan
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Experiment Kamiokande(-ll) :: 3kt H,0

e Pocatky neutrinové astronomie! :-)
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Experiment Kamiokande(-ll) :: 3kt H,0

Pocatky neutrinové astronomie! :-)
1 Erg is a unit of energy equal to 1077 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 10°® neutrinos of all flavors with average energy
in the vicinity of 10-15 MeV.
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Experiment Kamiokande(-ll) :: 3kt H,0

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 10°® neutrinos of all flavors with average energy
in the vicinity of 10-15 MeV.




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

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.




Proton

e Nejjednodussi a nejCastéjsi jadro atomu ve Vesmiru
e Stabilni
e Palivo hvézd, ve kterych vznikaji t&€ZSi jadra a energie

https://home.cern/news/news/physics/proton-century
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https://www.forbes.com/sites/startswithabana/2017/09/05/the-suns-enerqgy-doesnt-come-from-fusing-hydrogen-into-helium-mostly/



https://www.forbes.com/sites/startswithabang/2017/09/05/the-suns-energy-doesnt-come-from-fusing-hydrogen-into-helium-mostly/
https://home.cern/news/news/physics/proton-century
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https://en.wikipedia.org/wiki/CNO_cycle

Fyzikalni program: Oscilace neutrin

e Zde ilustrace na mérfeni oscilaci reaktorového experimentu Daya Bay a JUNO.

W Looking at the flux of U/, as a function of distance and energy

W Some 7,’s disappear due to neutrino oscillation
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B. Roskovec - UCI Daya Bay Oscillation Results



Rozpad protonu?

e Mozny v nékterych teoriich za souCasny
Standardni model mikrosvéta.

e Hledejme tedy!

e Kdyby byl pozorovan, je to naznak nové fyziky!
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