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beta isimasinda agiga ¢ikan elektronlarin kinetik enerjilerinin 9)

> (CONTINUOUS) (DISCRETE)
®
15 yil boyunca siiren arastirmalar:
1911-1912: Van Bayer, O. Hahn, L. Meitner <> Z. Physik 12 (1911) 273.
J. Chadwick 1914 > Verh. Deutsch. Phys. Ges. 16 (1914) 383
1927 Ellis & Wooster = Proc. R. Soc. London. Ser. A 117 (1927) 109.

Observed Expected
spectrum of electron
energies energy

Number of electrons

Endpoint of

A->B+C
(A4,Z2)-> (A, Z+1)+e”

Elektron tek enerijili bir degere sahip olmasi gerekiyor!
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ENERJi KORUNUM YASASI CIGNENMEKTEDIR! ®

Niels Bohr, 1929,

“B-ray spectra and Energy Conservation, 1929 unpublished manuscript”:
N. Bohr collected works, Vol. 9, Nuclear Physics (1929-1952).

“Spin istatistik problemi”: Atom ¢ekirdegi proton ve ?

elektronlardan meydana geldigi diistiniiliiyordu. Li (6 proton+3 elektron) ve )
N (14 proton + 7 elektron) bu durumda her ikisinin Fermi-Dirac istatistig@ine uymasi
beklenirken, deneysel veriler Bose-Einstein istatistiginin gecerli oldugunu géostermekte!!”
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Notrino Hipotezi
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J. Chadwick, 1932, Nétronun kesfi:

Nature 192, 312 (1932)

Ettore Majorana, Werner Heisenberg, Dimitri Iwanenko, 1932,
notron-proton modeli
W. Heisenberg, Z. Phys. 77, 1 (1932); D. Ilvanenko, Nature 129, 798 (1932).

Enrico Fermi, 1933-1934,
beta bozunumunun dinamigini agiklayan

kuram Il Nuovo Cimento, volume 11, issue 1, p. 1-19 (1933). Nature dergisine
gonderilen makale “contained speculations too remote from reality to be interest to the reader...” gerekgesiyle
kabul edilmemistir.

proton
neutron
LA RICERCA SCIENTIFICA > - electron
ED IL PROGRESSO TECNICO NELL' ECONOMIA NAZIONALE .
Gy ~1.17 10 GeV? neutrino

Tentativo di una teoria dell’ emissione

H = Ggpy,ney*v + h.c.

dei ragg “beta”

Nots dol prof. ENRICO FERMI

4-Fermion Hamiltonian (V x V)

Rinssunto: Teoriz della emissione dei raggi P delie sostanze radicattive, fondata sul-
€1

Fipotesi che gli elettroni emessi dai nuj non esistano prima della disintegrazione

ma vengane formati, insieme ad un neutring, in modo analogo alla formazione di

un quanto di luce che accompagna un salto quantico di mn atomo. Confronto della
10 on Vesperienza
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“Fermi’s theory of beta decay”

http://microboone-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=953;filename=FermiBetaDecay1934.pdf;version=1

FERMI’S

conformity with the proposal of Pauli, that not
only an electron but also a new particle, the so-
called ‘“‘neutrino” (mass of the order of or smaller
than the mass of the electron and no electric
charge) is emitted in @ decay. We base the pro-
posed theory on the hypothesis of the neutrino.

There is an additional difficulty for the theory
of nuclear electrons in that the present relativistic
theories of lightweight particles (electrons or neu-
trinos) are not capable of explaining, in a satis-

factory manner, how such particles can be bound
aeahibe of o1oo]

Teclisa o o

It seems appropriate, therefore, to assume with
Heisenberg,? that a nucleus consists only of heav
articles—the protons and neutrons. Nevertheless
in order to understand that 8 emission is possible,
we want to try to construct a theory of the emis-
sion of lightweight particles from the nucleus in
analogy with the theory of emission of light
quanta from an excited atom by the usual radia-
tion process. In radiation theory, the total number
of light guanta is not constant. Light gquanta are
created when they are emitted from an atom, and
are annihilated when they are absorbed. In anal-
ogy with this, we wish to base the 8-ray theory
on the following assumptions:

(a) The total number of electrons, as well 2
neutrinos, is not necessarily constant. Electrons
(or neutrinos) can be created or annihilated. This
possibility, however, is not analogous to the crea-
tion or annihilation of an electron—positron pair.
If one interprets a positron as a Dirac “‘hole,”
one is able to understand that this latter process
is simply a quantum jump of an electron between
a state of negative energy and a state with posi-
tive energy, with conservation of the total number
(infinitely great) of electrons.

(b) The heavy particles (neutrons, protons)
may be treated (as by Heisenberg) as two internal
quantum states of the heavy particle. We formu-
late this by the introduction of an intrinsic coordi-
nate, p, of the heavy particle which can assume
only two values: p=1 if the particle is a neutron,
—1 if the particle is a proton.?

2 W. Heisenberg, Z. Physik 77, 1 (1932).

? Translator’s note: The choice of the sign is clearly
arbitrary. However, Fermi’s choice is opposite to the one
which is more commonly used today. See F. Mandl, I'ntro-
duction to Quantum IField Theory (Interscience Publishers,
Ine.,, New York, 1961), p. 79.

THEORY OF BETA

DECAY

1151

electron and a neutrino.

a neutrino. Note that by this,
:harge is assured.

{(e) The Hamiltonian function of the systen
consisting of heavy and lightweight particles must
be so chosen that each transition from a neutror
to a proton is associated with the creation of ar
The reverse process
(change of a proton into a neutron) must be as
sociated with the annihilation of an electron and
conservation o

VII. MASS OF THE NEUTRINO

The shape of the continuous 8 spectrum is de-
termined from the transition probabilify, Eq.
(32). We want to discuss first how this shape de-
pends on the rest mass of the neutrine, g, in order
to determine this constant by comparison with

empirical curves. The mass, g, is contained in
the factor p.2/v.,. The dependence of the form
of the energy distribution curve on p is most
pronounced near the end point of the distribution
curve. If E, is the maximum energy of the 8 rays,
then one sees without difficulty that the distribu-
tion curve for encrgy £ near K, up to a factor
mdependent of E, behaves as

E)[ (K-
+2uc* (Bo—E) T,

B2 v, = (puc*+Ey—
(36)

In Fig. 1, the end of the distribution curve
for p=0 and for large and small values of u is
skefched. The greatest similarity to the em-
pirical curves is given by the theoretical curve for
p=0.

H Small

E.

F1G. 1. The end of the distribution curve for =0 and for
large and small values of u.

Hence, we conclude that the rest mass of the
|1eulrmu rs either zero, or, in any case, very small
he mass of the electron.® In the
fo]lomu}, caleulation, we make the simplest hy-
pothesis that u=10. Then Eq. (30) becomes




G. Gamov, E. Teller, 1936

H(x) = Yizsyrap GPOM(x)0'V(x) + h.c.

0-1, YarOapBrVaVs, Vs

Fermi ve Gamov-Teller Hamiltonian’lari uzaydaki donmeler (space inversion) altinda
degismezdir (invariant) = Parite, ayna simetrisi (Parity) korunumludur!

?
Hangi terimler daha baskin? S, V mi yoksa T, A terimleri mi? ®
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H. Bethe, R. Peirls, 1934,

notrinolarin tesir kesiti ->
Nature 133 (1934) 532 — o~ 10% cm?

The “Neutrino™
Nature 133, 532

Bir hedefe bombardlman edilen her pargaak hedefte beII| bir ke5|t
goriir. Bu kesite yonelen her pargacik hedef madde ile etkilesir.
Dolayisiyla gelen pargacik ne kadar biiyiik bir kesit goriirse etkilesme
oIaS|I|g| o kadar buyuktur

tions — one can com:lude that t.here is no practically possible way of Dbsen]ng thF‘
neutrino.

H. BETHE, R. PEIERLS

An illustration may show that a serious practical question
is raised. Just now nuclear physicists are writing a great deal
about hypothetical particles called neutrinos supposed to
account fgr certain peculiar facts observed in ﬂ'—ray

. We can perhaps best describe the neutrinos as

of d15bc11cf in neutrinos is scarcely enough. Dare I say thac

experimental physicists will not have sufficient ingenuity to

make neutrinos ? Whatever I mavy think, I am not going to be

ured iInto a wager against the skill of experimenters und eets L .

the impression that it is a wager against the truth of a theory. Vasat ener_“l' bir notrino

If they succeed in making neutrinos, perhaps even in develop- k Tollale, Bi
imdustnzl agphcauons of them, I suppose I shall have to ursun icinaen nin

b

eve—thoug
quite fair.

A. Eddington, The Ph|Iosophy of Phy5|cal Suence 1939

il Pbyi”g isikyili hicbir etkilesme
olusturmadan geger.




E. Majorana, 1937,
Nuovo Cimento 14 (1937) 171

TEORIA SIMMETRICA D ELL' ELETTRONE
E DEL POSITRONE

Wotas di ETTORE MAJORANA

A symmetric theory

Suntoe. - 5

[ &

i N o

The fact that the reduced formalism cannot be applied to the description of p ve and
negative electrons may well be attributed to the presence of the electric charge, and it does not invali-
date the statement that, at the present level of knowledge, eqs. (12) and (13) constitute the simplest
theoretical representation of neutral particles. The advantage, with respect to the elementary inter-
pretation of the Dirac equation, is that there is now no need tc sume the existence of antineutrons
or antineutrinos (as we shall see shortly). The latter particles are indeed introduces in the theory of
positive f-ray emission{3); the theory, however, can be o sly modified so that the f-emi

both positive and negative, is always accompanied by the en 1 of a neutrino,

Translation by L. Maiani }\
http://www2.phys.canterbury.ac.nz/editorial/Majoranal937-Maiani2.pdf

Glinimiiziin en 6nemli problemlerinden biri!

"There are several categories of scientists in the world; those of second or third rank do their best but never get very far. Then there is
the first rank, those who make important discoveries, fundamental to scientific progress. But then there are the geniuses, like Galilei
and Newton. Majorana was one of these.” E. Fermi

®
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Muonun kesfi, 1936-1937, cosmic rays ¢alismalarinda gozlemlenmis, kitlesi
105.6 MeV, yuklu (+, -), spin %, ortalama 6mrii 2.2 10 s.
Phys. Rev., Vol. 51, 884 (1937),
Phys. Rev. Vol. 52, 1003 (1937),

Pion’un kesfi, , muon parcaciklari pion bozunumlarindan g2

elde edilebilecegini gdstermislerdir: Nature, 159 (1947) 126. V4
T2>W+V

Kiitlesi 140 MeV, spin 0, ortalama 6mri 2.6 10 s (yiiklu pargacik igin).

Pion’un bozunumda muon’un enerji dagilimi sabit oldugundan (tek enerijili), pion’un iki-cisme
bozunmasi gerekmektedir. Boylece pion muon’un yanisira bir de Pauli nétrinosuna bozunur.

.........

Note: notrinolar heniiz deneysel olarak gézlemlenmis degil!
Umut KOSE 12



Muonun kesfi, 1936-1937, cosmic rays ¢alismalarinda gozlemlenmis, kitlesi

105.6 MeV, yuklu (+, -), spin %, ortalama 6mrii 2.2 10 s.
Phys. Rev., Vol. 51, 884 (1937),
Phys. Rev. Vol. 52, 1003 (1937),
Pion’un kesfi, , muon parcaciklar pion bozunumlarindan g
elde edilebilecegini gostermislerdir: Nature, 159 (1947) 126. : "
T>W+V 1950
Kiitlesi 140 MeV, spin 0, ortalama 6mri 2.6 10 s (yiiklu pargacik igin).

Pion’un bozunumda muon’un enerji dagilimi sabit oldugundan (tek enerijili), pion’un iki-cisme
bozunmasi gerekmektedir. Boylece pion muon’un yanisira bir de Pauli nétrinosuna bozunur.

, Phys. Rev. 74, 500 (1948), Muon’un bozunumunda ortaya ¢ikan
elektron’un enerji dagilimi sabit olmadigi yani siirekli oldugu i¢cin (beta bozunumunda ki gibi), muon
elektron’un yanisira iki tane notrino’ya bozunur.

WD e+vey

Decay electron
momentum distribution

ERLAE: e me o g
" Somple 1 %
500 21 kG /}/ i\ ﬁ
[ /
o 400[— b :2. = {{ 4 !
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1
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Momentum in units of m#c/2
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Notrinolarin varligi icin ¢ok gii¢lii kuramsal kanitlar vardi,
ancak deneysel dogrulamasi hala yapilabilmis degildi.

B. Pontecorvo, 1946, v+37Cl > e +37Ar

Report PD-205, Chalk River, Canada.
Cl-Ar metodu R. Davis tarafindan kullanilarak 1955-1958 yillari arasinda Nukleer
Reaktorlerde ve 1968 yilinda Giinesten gelmesi olasi nétrinolar iizerinde ¢alist1. ilk
calismasinda sonug¢ basarisizdi (nedeni daha sonra anlasilacagi iizere: lepton korunumu!),
ikinci calismasinda giinesten gelen nétrinolar gézlemlenmistir. Uzun zaman fizik
diinyasinda yeni problemlerin giin yiiziine ¢ikmasina neden olmustur: Giinesten gelen
notrinolarla ilgili yapilan “Teorik hesaplama” mi yoksa “deneysel sonug¢lar” mi hatali!. Solar
Notrino Problemi! 1989 yilinda Kamiokande’nin elde ettigi sonucglar tartismalara son
verecektir.

E. J. Konopinski, H. M. Mahmoud, 1953, Baryonlar

p, nicin 0, leptonlar e, u~ ve v icin 1 antileptonlar e*, u* ve Vicin -1 | Phys. Rev. 92, 1045 (1953).

Umut KOSE 14



NOtrino’nun gozlemlenmesi:
Fred Reines & Clyde Cowan, 1956

"uuo.wmu
”’*’IJH LNV lrnl'&"c F" OIJ116 MW -TH 56 14 13%])

P OO =

~TiA llll.llll!(“ Beicrdant . Tuanamie

] S s — .._ ——— -

4B

rlammgramm

PROF W. rauu

1930 > 1956 hipotezden gerceklige




T. D. Lee, C. N. Yang, 1956,

literatiirde gucli ve elektromanyetik
etkilesimlerde parite korunumuna kanit sunan bir¢ok deneysel conug olmasina

karsin, zayif etkilesimlerle ilgili hi¢cbir veri bulunmuyordu!

PHYSICAL REVIEW

. NUMBER 1 OCTOBER

Question of Parity Conservation in Weak Interactions®

T. D. Lee, Columbia University, New York, New York

of tl v |:L‘-1t1u__

grounds of angular momentum and parity
that the ¢ are not the same partic
a rather puzzling situation that has bee
discussed.*

examined. Possible

PRESENT EXPERIMENTAL LIMIT ON
PARITY NONCONSERVATION

If parity is not strictly conse all atomic and

nuclear states become 1111\Lure:. i i
the state they are usu 2 BT W ilh small
: 5 . The

-.11.1:111111\ that characterizes T.hl.. der,r!“e ui violation of

Umut KOSE 16



C.S. Wu et al., 1957,

R. L. Garwin, L. M. Lederman, M. Weinrich, 1957,

- . . Observations of thhe Failure of Conservation
Experimental Test of Parity Conservation

of Parity amnd Charge Conjugatiom in
in Beta Deca}r* Mieson IDecays : thhe IWlIagnetic
Moment of the Free IWiuon™
. Wour, Coleer L7 paf v, Wew ¥ k, New ¥ :

Rocriiariy K

AMBLE k.
National Bi

T to refute pa
1 number o rirmert
r wrotld
aTy
In beta

_:u‘1_i i of v : irmpli
arized nu 2 > from
n & C - 7 is i

ntation

l"ll
mved in be

ITY LA S
been observed in the

el

W. Pauli V. F. Weisskopf’a gonderdigi mektupta C. S. Wu’nun deney sonucunda herhangi bir asimetriyle
karsilasmayacagina dair bliylk miktarda paraya iddiaya girmeye niyetlendigini dile getirmis. Deney sonucu

yayinlandiktan sonra gonderdigi diger mektupta, yasadigi soku ve iddiaya girmemis olmanin mutlulugundan
bahsetmistir.

R. Feynman’da girmis oldugu iddiada 505 kaybetmistir.

Umut KOSE 17



T. D. Lee, C. N. Yang & A. Salam & L. Landau, 1957,

Lo10s, B i B IL NUOVO CIMENTO Vor. V. N.1 17 Gennaio 1

On Parity Conservation and Neutrino Mass.

LWTIRTE

riant  fo th
it meutrino intera

) In o far
i ald then

Nuclear Physics 3 (1957) 12T—I131; North-Holland Publishing Co

ON THE CONSERY, ON LAWS FOR WEAK INTERACTIONS

L. LANDAU

Institute for Physical Problems, USSR Academy of Sciences, Moscow
Received 9 January 1957

Abstract: A variant of the theory is proposed in_which pon-conservation of parity can be
introduced without assuming asymmetry of space with respect to inve

Various possible consequences of non-conservation of parity are co ed which

pertain to the properties of the neutrino and in this connection some processes involv-

ing neutrinos are examined on the assumption that the neutrino mass is exactly zero.

H(x) = Xisyrap GipOn(x)e0"(G; — G';ys)v(x) + h.c.

! ! Notrinolar kiitlesizdir, zayif etkilesimlerde ya sol-elli (left-handed),
ya da sag-elli (right-handed) nétrino/antinétrinolar bulunur.
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M. Goldhaber, L. Grodzins, A. W. Sunyar, 1957,

Phys. Rev. 109, 1015 (1958).
Helicity of Neutrinos™

M. GOLDHABER, L. GroODZINS, AND A. W. SuNvAr

Brookhaven National Laboratory, U pton, New York
(Received December 11, 1957)

COMBINED analysis of circular polarization and

resonant scattering of < rays following orbital
electron capture measures the helicity of the neutrino.
We have carried out such a measurement with Eu'%®™,
which decays by orbital electron capture. If we assume
the most plausible spin-parity assignment for this
isomer compatible with its decay scheme,' 0—, we find

that the neutrino is “1eft-handedi” ie., op,=—1

152mpy 4 e~ — 152gm "4y RTT - 152gm ", 152 4 y

[z
V"% | ANALYZING

2]
/// v MAGMNET
Y

VAR
H..}‘L___-

YIELD WITH
Sma Oy SCATTERER

NON-RESONANT )
BACKGROUND %

COUNTS 7 MINUTE

Y

Smz Oa
SCATTERER e+ Pb SHIELD

. |,

I 1 - 1
22 24 26 2B 30 32 34 36
PULSE HEIGHT IN VOLTS

F16. 2. Resonant-scattered ~ rays of Eu'®™m, Upper curve is
taken with arrangement shown in Fig. 1 with unmagnetized iron.
Lower curve shows nonresonant background (including natural
background).

-ﬁ—_ Mu METAL SHIELD

FiG. 1. Experimental arrangement [or analyzing circular polar-

ization of resonant scattered v-rays. Weight of Sm:{); scallerer: Umut KOSE
1850 grams.




K. Nishijima,1957 Phys. Rev. 108, 907 (1957) ve J. Schwinger, 1957 Ann. Phys.

2, 407 (1957),
Bruno Pontecorvo,
1957, zh.Eksp.Teor.fiz,34 (1957)247, V=V

1959, K3Td 7. 37, BHIN. 6, €. 1751-1757 (1959)
e ,v.icin1, et v,

o o —_ " " + —_ )
icin -1 u,vyicinl, p” ,v,icin-1

)
®

Cevaplanmasi gereken soru: Burada ki v, ve v, nétrinolari ayni mi yoksa farkl

parcaciklar mi?

Cézﬁm y6ntemi: (benzer bir yontemi M. Schwartz dusunup hayata gecirmistir)

* Pion’un muon’a bozunumundan elde edilen nétrinolar = yeterince kiitleli bir
detektore yonlendir, nétrino etkilesimlerinden elektron veya muon olusacak.

» Esit sayida elekron ve muon gériilmesi takdirde = sadece tek tip nétrino vardir.

* Sadece muon olusuyorsa = muon nétrino elektron nétrinodan farklhdir.

L. Lederman, M. Schwartz, Jack Steinberger at BNL, 1962,
Phys. Rev. Lett. 9, 36 (1962). Accelerator nétrino fizigin baslangigi.

Umut KOSE 20



R. P. Feynman, M. Gell-Mann, E.C.G.Sudarhan, J. Schwinger, 1958,

PHYSICAL REVIEW VOLUME 109, NUMBER 1 JANUARY 1, 1958 Chirality Iilvariance and the UniversaI ANNALS OF PHYSICS: 3' 407-434 (1957)

Theory of the Fermi Interaction Fermi Interaction
R. P. Fevmon Axp M. Gero-M

California Institule of Technology, Pasadena, California
(Received September 16, 1957)

A Theory of the Fundamental Interactions

The representati
cqu:mon and th gra
i |\'alcn\ to equal amounts of
servation of leptons. (The ref

cannot be extracted from ex

A. Einstein

an effort to find a descripti

]
then not conserved .
; within the framework of the th

e with the

JEa T &, = 2@y ny + Yy TeL + Vv )
n-p+e +v vV+p-on+te
{[(pLy nL)(eLy VL)_I_hC] H_+p—)v+n v+n_)u_+p

[(PLy“n)(ry®vey) + hoc.] w“oe +v+v o ptoet+v+y
+ [(eLy v ) (Viy%u,) + h.c.] Yukarida ki etkilesimler gozlemlenmis

(Vviy%e ) (éy®vy) + h.c.] yuklii akim (Charged Current) etkilesimleri
(Vy“m) By ®vey) + hoc.] vdie s vie e +tet 5v4+Vv

~ a > a
(PLy“n)(ALy“p)l} Yiiksiiz akim (Neutral Current) etkilesimler
ongorilmiis ve gozlemlenmis degil!

+ [
[
[
[

_|_
_|_
_|_
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P. Higgs phys. Rev. Lett. 13, 508 (1964), R. Brout & F. Englert phys. Rev. Lett. 13, 321 (1964)
1964,

Sheldon Glashow, Abdus Salam, Steven Weinberg, 1967,

Gargamelle Deneyi CERN-PS, 1973

vy +p () > v, + hadrons

] o / s
8 "o\" ¢ . f f, A
. o.‘., o Y ; S ’ i
. . .’dé. . ..“ -: W .-. % : SR e LR
p ! .. "_‘ 3
o VR ' Y
M. L. Perl et al. 1975, Phys. Rev. Lett. 35, 1489 (1975). Kutlesi
1776 meV, spin ¥ lepton, ortalama omru 2.9 1023 s. Uciincii nétrinon varligina
isaret ediyor.
Donut deneyi, 2000, \

Umut KOSE 22



C. Rubia, S. van der Meer, 1983,
M(W?) = 80.4 GeV and M(Z°) = 91.2GeV spin-1, gauge boson. 1984

Yuksiz, KUtlesiz, spin-1/2, sol-elli parcaciklardr.
Ve, Vi, vt Olmak Gzere 3 gesit notrino vardrr.
Sadece zayrf kuvvetle etkilesirler.

Beta bozunumunun giiniimuzde ki gosterimi

e T hadrons
Yiiklii Akim (Charged-
N(p,n)
ve v Current) etkilesimleri
Ve V1 hadrons
Yiikstiiz Akim (Neutral-
Current) etkilesimleri
Ve Vi N(p,n)

Umut KOSE 23



Higgs parcaciginin kesfi, 2012, Phys. Lett. B 716, 1 (2012),
Phys. Lett. B 716, 30 (2012). Kiitlesi 125 GeV, spin-0, gauge boson.

CAITLAS %
EXPERIMENT \
http://otlos.ch 4

un:
Event: 44097939
-10- 114:

Notrinolar kayip
enerji olarak
karsimiza ¢ikiyor.

o Y I‘ i
Higgs > WW - 2jets + L+ V) o . occm '
https://cds.cern.ch/record/1631397 e

Higgs — 1t —» pu+ v, + hadron

http://cds.cern.ch/record/1633370?In=en

Umut KOSE 24
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ATLAS/CMS gibi deneylerde kayip enerji
olarak karsimiza ¢ikan nétrinolarin
kaynagi nedir?

?

)

25
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13.7 billion years

R. W. Wilson & A. Penzias, 1965, Kozmik mikrodalga arkaplan isimasi, :
T,~2.725K. |
Her 1 cm3 hacimde, biiyiik patlamadan arta kalan enerjili yaklasik

bulunmaktadir. Su ana kadar relic notrinolari gézlemleyebilen bir
deney yok.

Nobel édiilii; yontemi ve gozlemlemeyi basarabilecek ilk gruba verilmek
icin hazir bekliyor. @ >
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Patlama Oncesi
February 19:84

Yildizlarin devasa gaz veya toz bulutlarindan R PSR R
olusmasinda ayrica biiyiik kiitleli olan yildizlarin, ol i
kiitle baskisini dengeleyebilmek icin merkezlerindeki SRS

yakitlari harcamasi sonucunda kendi icine ¢okiip '
patlayarak, slipernova, ~10 MeV enerjili notrinolar

yayilir.

Pat%wa esnasmda

__‘_.4~’¢'

Energy (MeV)

Galaksimiz igerisinde
her 50 yilda bir

stipernova patiam
olabilecegi tahmin

Patlama sonrasi

M. Koshiba, V4
Kamiokande deneyi phys. Rev. Lett. 58 (1987) 1490

- '
Kamiokande 11, IBM 8 ve Baksan 5 adet SN1987A dan gelen V12574
nétrinolarin etkilesimini gézlemlediler. 2 Neutrino Astronomy Buyik Macellan Bulutu
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Light Element Fusion Reactions

prp—H+e +y, pre+po H+v,

90 73% 0.25%

IH + P —3He + v

He +*He —*He + 2p
He + “He —"Be +

15.07%4

Be+e& —'Li+y+y,

v

Titpooata

Diinyaya ulasan (.- enerjili nétrino
akisi

: - Ray Davis, 1968, Homestake
5-20 MeV Madeni,

vie 2v+e

/4

solar neutrino

Event/dayibin

problem

22400+230 solar v events
(14.5 events/day)
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‘[Atmospheric neutrinos

noétrinolar salinim yapiyor!

300 2000 MeV
~100 /(m2:s)
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O—» Neutron

2. Electron
A

« ANti-neutrinog

Gamma

Pure electron antineutrino beam
with an energy

1 GW niikleer santral igin:
1GW - 10° W (joule/s)
200 MeV eneriji/fission
- 200 * 10° * 1.6 10? joules
- 3.210 joules
~6 V. /fission
-6 *10°W /(3.2 10! joules)
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(bu bozunum zincirlerin %90
Uranyum ve Toryum bozunumlaridir, 15TW’lik enerji)

5 1010 s-'m=2 n6trino ulasmaktadir.

Mass Pb U Th U/Pb

RO llk defa KamLAND deneyi tarafindan

Mertle T 08 em o0 o gozlemlenmistir, Nature 436, 499-503 (2005).
Umut KOSE
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yaklasik olarak 150-200 gram
Potasyum (K) icermektedir, bunun 20 mg beta
bozunumu yapan izotopudur. Ortalama
agirlikta bir insandan yaklasik olarak giinde
yayilarak evrenin en
uzak noktasina dogru almis oldugu bilgiyi
tasir.

150 gram da yaklasik olarak
454 mg K bulunur, bunun

53.1 ug K-40 izotopudur. Giinde
milyonlarca nétrino yayar.
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Hizlandiricilarda tipik notrino hiizmesi olusturma prensibi

Helium bags Decay tube Hadron stop Muon detectors

Reflector ey /K - decay{"* :' 7

CNGS (CERN neutrino to GranSasso), 400 GeV proton, ~0.12MW
ICARUS, OPERA deneyleri

Booster beamline, 8 GeV proton, ~0.05MW

NuMI beamline, 120 GeV proton, 0.25MW
MINOS, MiniBooNE, Nova deneyleri

30 GeV proton, ~0.2MW, T2K deneyi
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CERN to GranSassg (GNGS) neutrino beam facility

LAquila
2370 m a.s.l.

UTRINOS TO GRAN SASSO External
pund structures at CERN ces buildings

1038 m a.s.l.

Underground
Laboratories

SPS tunnel

LEP/LHC tunnel

Gres Sasse (D)
T ki

CNGS nétrino beam video klip https://cds.cern.ch/record?&ﬁ%ﬁ)ﬁE



Neutrino experiment running around the world

Maiorana* w Borexino
4 ® ' Cuore*

; L
%’_:?B'ZZNe Double Chooz KamLand
M:,n; ; Gerda K2K
Exo-200 Icarus Super Kamiokande

fvlg ?/A < Katrin* T2K
LVD

Opera

Particle accelerator
Nuclear reactor
Sun/Atmosphere

Nuclear decay
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"Quarks. Neutrinos. Mesons. All those damn particles
you can't see. That's what drove me to dnnk.
But now I can see them!"

Aksirana tiksirana kadar ayran ™
icseniz de goremezsiniz!
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http://www.sciencecartoonsplus.com/contact.htm

NV(E)‘}(I)V(E) * Oy * tar%

Notrino akisi (sizin notrino kaynaginiza bagli) dedektor

Notrino tesir kesiti, 1038 cm?

\
\ cosmological
\

i galactic SN

=" relic SN

Umut KOSE
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. IceCube notrino gozlemevi,

324 optik sensor

Gunes sisteminin disindan gelen 28(+9%*) adet
yuksek enerjili (TeV ve PeV mertebesinde)
notrino etkilesimi IceCube tarafindan

gozlemlendi! M.G. Aartsen et al.

http://www.sciencemag.org/content/342/6161/1242856
decpenian] (22 Kasim 2013)

5160 optik

Ornek: 250 TeV nétrino etkilesimi

8 adet
string
480 optik

sensor g
-

RRRLEL T
e -

A
"'1_. £ b Al B Al
-

rEEER L N T
-
ST e ey
e T e
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Bosnia &
+—Herzegovina

(7))
L
o
!
-
=
<

l,lalu
editerra

© Frangois Montanet
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1977 yilinda Carlo Rubbia tarafindan onerilmis ve 1991 de 3 ton prototype ile testler
yapilmis, 2001 yilinda 600 ton ICARUS detektorii Pavia/italya’da insa edilip test edildikten
sonra 2008’de Gran Sasso laboratuvarina nétrino fizik calismalari igin yerlestirilmistir.

MicroBooNE, LAR1, LBNE, LBNO, LAGUNA projelerinde kullanilmasina karar verilen bir
teknolojidir.
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Super Kamiokande,

50,000 ton ultra saf su, 13,000 PMT, 1996
yilinda Kamioka Mozumi madeninde faaliyete
basladi.

Proton bozunumunun yanisira solar,
atmosferik ve supernova nétrinolari tzerine
cok onemli calismalar strdurilmektedir.

42 m

P

melers
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neutrino oscillations

v v LS ey .- L\ A

;-”a:aAab'?Wﬁv"’?"_'v:'-"l"'“‘,'/‘-""‘
e e B s P T

T TV N b
verrzeeaa et i

111
!

The announcement of the discovery of

Zenith angle dependence
( Multi - 5’{3‘#")
UPL‘ED““S Down -going
m X*(shape)
=2.8 /4 dof

.._L)_L = +0D.13
TDown 0.93 —002

{a) FC e-like Dot

MNumber of Events

X* (shape)

= (). 54 t0.06

—0. 0%

Mumber of Events

X UP/I-'nmn s}rst_ error :fnr - like

Hux calealation ---- £ 174 - o
Tkm vrock above Sk - L& )1. a x

Energy calib. for A} - 07x -
MNon L Background -----< 2/

Prediction (

Pata (

217

o NOtrinolar Kutleli!!
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Super-K [+l1+lIl+1V Data — Make Use of All Potential Signals

. 4 -
e R TR L Saili-Ga £-aLE 0F B0y & b Sy i -y e Fai-Gae -l 100y 8 J U S i
o - -

—
:"_*_"‘—i— ="_.__._'-‘-|.h . - EE o

cos zemith
mm Data

mm Unoscillate
mm Oscillated

Electron ap

T
Luit- Far g mu-ie

+
7 =

. .I. - - * . u -
. . ; ;
lapton momantum (Mel) t cog renifh l i penilk
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Appearance experiment

Vu oscillations

=
\J
=
i
i
i
i
11
VAN
1]

CC interaction of v, producing the charged lepton © = detection
1) No v, in the initial beam

2) Energy of the beam enough to produce 1t lepton

3) High efficiency to detect it

Disappearance experlment

CC interaction of Vu measured both where oscillations do-not/do occur

1) tiny effects: very good knowledge of the beam, and good control of detector systematics
2) useful to have ‘near’ and ‘far’ detector of the same type (mass scaling with L2)

3) look for spectrum distortions
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Emulsion Film teknolojisi

View size: 120x150 um?
Red frame: ~30x40 pum?

Wl Hr s ‘ "
| | 1

0 | nwn
1 w T

st
panti!

Chorus deneyinde
emulsiyon film icerisinde
gerceklesen notrino etkilesimi

Bir emulsiyon film
tarama ve analiz

. istasyonundan
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00 urm

Ve+ N —oe +X

. )
\\
. i \
\‘\ \ . ~
S
y
= ;‘ '._.,,’1 fectron
/

K\‘

1 "
AR
/W/\/\ 1\

daughter

vi+N->1 +X
T op +vr
p” > +1n°
n’ > y+y

vi+N->1 +X
T o p tvptvy

vy = v salinimindan gézlemlenen 1% ve 31 v etkilesimi
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Octant (a)symmetric contours:

solar 8x10-°

atmospheric

2.5 x 10-3eV?2 .
atmospheric

- 2.5x103 eV?

IH

m All limits are at 90%CL
unless otherwise noted

19 . | i
10 1074 102

tanZ0

Particle Data Group
http://pdg.lbl.gov/

om?/10~° eV?

7.54*026 . (NH)

same (IH)

Am2/1073 eV?

2.43%006 ,  (NH)

2.42+007 (IH)

Sin26,,/10°1

same (IH)

sin?6,,/101

sin?6,,/107?

2.41%025 |, _(NH)

2444023 | (IH)

or

* Hintfor0,<m/4at2c

Hint for 0.p = 1
No hint for NH vs IH




Anomaly

1. LSND deneyi, Los Alamos, 1993-1998. v, — V, salinimi, E,~ 30 MeV, L~ 30 m. ?
Beklenenden daha fazla nétrino etkilesimi gézlenmesi,

2. MiniBooNE deneyi, Fermilab, 2002-2012. LSND’nin sonucunu test etmek igin ®
design edildi. v, - v, ve v, = v, salinim sonuglan,

3. Niukleer reaktorlerden ¢ikan nétrinolarin akisi yeniden hesaplanmasi, %3.5 lik
bir artis bulundu. Bu yeni hesaba gore daha 6nce yapilan kisa menzilli reaktor
antinotrino deneylerinin sonuglarinda ortaya ¢ikan sonuglar,

4. Gallium solar nétrino deneyleri

Yukarida sirali deneysel sonuglarin aciklanabilmesi igin 4t nétrinoya ihtiyag var.
Bu nétrino Z bozonuna baglanmadigi i¢in STERILE nétrino adi verilmektedir.

Beyond Three-Neutrino Mixing

Doganin bize sdylemek istedigi R S
bir seyler mi var?

Amgo,  Amipy Amgpy,

Jy-mixing
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[

¢ Understanding of the universe.
s Why matter formed in the early universe.
** Dark matter.

% Ucten fazla nétrino var midir?

s Sterile nétrino var mi? Varsa kag tane?
Hafif veya agir kiitleli?

s Nétrinolar kendi karsit pargaciklari midir?
Dirac veya Majorana type?

s*Nétrinolar kiitlelerini nasil kazaniyor?

s Nétrinolarin kiitlesi nedir?

s*Kiitle hiyerarsi? Inverted or not inverted?

**CP, CPT violation?
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Notrinolar maddeyle etkilesimi cok zayif oldugu icin, ntkleer
reaksiyonlardan olusan notrinolar higbir sekilde durdurulamaz. Bu demek
oluyor ki, nukleer faaliyetlerde (fission temelli ntkleer silah, niikleer
deneme testleri) bulunan llkelerin bunu gizlemesi imkansizdir. Yapilacak
herhangi bir test sonucunda olusan anti-notrinolarin yakalanmasi ve sismik
dalgalarla karsilastirilmasi yeterli olacaktirg

1kton TNT = 4200 Giga-joule
10 saniye icerisinde 10-20 kton’luk TNT den yaklasik olarak 8 1023 anti-
notrino yayilacak.

Umut KOSE
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e.g. w')

1T
W T
Source — —

(v,)

B. Kayser style diagram

cosd, sing, 0) cosd, 0 singe™ 0 0
U=|-sing, cosd, O 0 1 0 0 cosd,, sind,,
0 0 1) -sing,.e’ 0 cosh, |0 -sind, cosé,

P(V N Vﬁ) —sin® 26 sin2(1.27 AmZL) Iki notrino cercevesinde
¢ E
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Uc nétrino cesnisini gozéniine alindiginda ndtrino salinim olasihig

2 a2 . g Amé L 2a o
P(//# — U,) = 4(1%51)5)%8111 4—Eﬂ % (1 | An, (1 — 25%))

, ‘ Ams. L . Ame L . Amc L
+8(1l361)‘813‘6"23((’"’1‘2(’"23 COS 0 — 512813523> COS l; SIT1 1 ]{l SI1I1 T_}

AmsL . Ami L, AmsL

1F

+4575C15 {(' ,Cs 4 512534513 — 2C15C23.512523513 cos 0} sin”
Amssl: . Nmi L aL

8-S 8 e — @i — =
1313~ 23 4b 4b

—8(' ('1)(')351 )513‘5 23 sin J Sin ——=— §in ———— sin —————
4F 41F

Aan
1F
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Dublin
IRELAND

Elektron notrino’nun kitlesi,
3H—> 3He+ v, +e”
B-bozunum spektrumunun end-point
bblgesini hassas olarak dlgmek [Pan it
gerekmektedir.
m(v,) <2.2 eV (95% C.L.)
Muon notrino’nun kitlesi,
T U +v,
PM , muon momentumunun hassas bir
sekilde 6lctilmesi gerekiyor:
m(v,) <170 keV (90% C.L.)
Tau notrino’nun katlesi
T"—=>nNn+ Vv,
nt toplam kutleyi hassas 6lgcmek
gerekecek.
m(v,) < 18.2 MeV (95% C.L.)
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CR-v connection: rationale for neutrino astronomy &

ICECUSE

UPPSALA
UNIVERSITET

the sources of UHE CRs also produce neutrinos

Source region, e. g. p
surrounding dust clouds, e v§
i

Source, e.g. Galaxies...

Su mova, %= absorbed on gas, dust, CMB

Interstellar
Active Galactj Nucleus AGN dust clouds
Gamma RAy Burst GRB es:;ﬂ::tnients
« CRs
7 N, = deflected, lose pointing

P,

Fluorescence
= | de_lector

Intergalactic'd ; Air shower / '
magnetic fields v ? . UHE CRS point

b = very rare
\\/ N ry

N ‘ Undergrouﬁp

detector |
Air shower array —=—*4 ‘ ‘

_ [ « UHE CRs interact with CMB
/ e . - 4 = GZK mechanism
Protons / charged particles

Air shower
Atmosphere

to observe the UHE universe — need a messenger unaffected by gas, dust or
magnetic fields — the neutrino

Recent results from IceCube / Olga Botner
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