Oscluziont el Neuteinl  peusz]

Il comcette  di buse e che ¢ westr Veunolno
proioﬁ( (e rilwcﬂ() come  auvlostal dJi Sapore

o'ox((e (\At?ﬂl%fdﬂ( AeLoh A( Corrcuke Carica. (M aSsoc(aion@
ad w dato (QP‘{oMQ Care.

Lo fropasatioue toa  produtions e tilovamouto,  Spesto
o disfaute  Woacroscopite date lo pecele  wtermdtont
AQ( V[Qu'(vi\l\(/ ayuilue PQ\‘O' m  Yerwmeu( J%{(
avtostate  di  wassa.

\( \M'LSWO&ClA (e C{oed‘e Jue '/aasé/ tmvuiﬁe (LMJWr{»(rm}a\
tra (vt S’to\ﬁ/ (’vkoce d Jyeuovmo\,w At oscillation(

oNi -
PROWETTE ot [
\»\\‘.
W+ \\/QQ\\
. N o ©
Vo oo
6:0 ¢ b \/‘71?/3 S D VQ

t



Osciciariom  Neo  JOOTO

o A t:o Qe MOUJY\K\AO uiOMG PYOJOH‘O Com( au!(osira*o
A sapoie o7 e ol wiowmeu o F RW’IEI’)

|(\“JV:0]> = V> = | Vel0)> = Ue1 v, o+ U:2|V2> +Uzg(\/s5

o Questo  stafo  eudue Clawol( avtostate di Hawilfowimma

OWfTo ot euersio

SN

* "'Got * ‘Gt % -
[Ve(t)> = U€4 e 4 U > et Usalw>e G

1 P>>W|\Ii \MZ' S
- _ 2 2 2 A M'\I(
Jwe  C=(pwi)’ n pro 2 prIE

SOS&V&\)QM(XU dwc[ﬁc t Com (m J(sfau’w\
Percorso L (\Ifx) N {rova!

(CL_ —(\-f'L

[VelL)> = U, 1,5 £ Up, [0, € =¢
( DWs.

+Ue2l'\/3> e eC



LCL P\‘O[ouloi(i{\o(’ CI/\Q C{U(’S{‘O M@VF&V“V‘O J(\)él/f“ (e che
omdi  posse  esSte rilevato) Come  Un wevtrivo 4

Sapore A¢ ¢ data da PM'-

b\MuL LB‘M;”_
(VOJ \/e(L)> = (UMU(M +Ud20e) ¢ e¢ +Ud~°>033 e ‘ )

FOLC - \<\’a| VeL)> i =dye- ¢ Z@e [Uo\t Uei U NA S %W}L 1

(<)

+2 le[uﬁuau .)\)eﬂsm 2 %L .

L()

.bdll'éﬁrmffam Je(l’w\pm"tv\ o Fe vedicuo
C"\C (¢ OSC(“M’HUM( Uown J[f@mo{ouo dally {asi di

HA‘)UFOJ/[“. “1 4, . Jast' d¢
lM &(At't( U = \/PW’S ' F\/ P\, e > < Mot}omm\.

oo @
Ne(‘( C)Sti((ﬁiov{( emfm QWP (m Cow[otum’{(oua

% *
oniupi =\ \I(u' mt =\ \/f,é

=4



FQ\' SQW«QUC(J(&’ (“ous((l(’rim/mo i caso con So(u\memfe
2 stali ln realta” wolti  cas: qves{‘a ¢ o huoua

cxpproSS(Ma%E()me (amcllla PQscl«c' dy € PfC‘Colo)

2 Dtk L
SOPT AUV WeWI Ve =BV P\Ie\le('—) 4 - S 2942 St ‘sz
. 2 B‘M 4L
oscllatione Vo=V P\;’A\IJL\ S22, S QGZ

T‘auid\Mu :

° P\/QVQ + P\),/\‘Ve <= 1 CO\M@ C( Sl' QSFQ{»{\O\,

o L‘(‘Aw'pmm delloscillagione ¢S24,

- Nwe, L L
e La duse @ Q- TCL WE"

0
Luwolneﬂa\ J( dSciUm}iovu:

(n

Lﬂ‘» _ 4
osc

) 2
W,

VlUWler((‘awon*et dgc D,,Q v 2.49 C[Me\ﬂ
N eV
P a

AN\
g d By
“t| /N N\ U

0.5 1.0 1.5 2.0



Se L < Z»c)sc QMOFOL (IOSC('((G'{IOMQ uou

l/laL MOJU J(' aeure : Sc’lzf@21 «d

\ .
l. quuoulamo\ Clde OQQSCN\JE (le\/olu%(‘o ne Me(

\J\)d\o do {re du\osfa{( A Wassa @ H ;

Gy, © DE
o\‘\l vy T
o\)( “CVG / VCEKU?) / HG: 0o, (:z
o o

Ridefuewelo Ve € o oS ot

o
CB

lu\ &Q(W\'\\I\.L CMU(L I’JaSe Ai SQPGVC '\/w-’-(Ve,Vr,VT)lUVc
A UUNT vy = H, v

AKX
NC( CASo SQM‘\MRMJW 262

2
'3,24 w529, BWr Sin 2912

H 4G ¢C
W - B‘MM N

AQSCVNQ (Q OSC(([U\’{COV\( \/e é—>'\ly V\@(. \)Uo{‘o



PROPAGA%IOMG vdl NCUTRIML  NCGL(p  MATCG RIA

| weotiini A bassa  amegin (G eT)

o cose il debolersa  delle  interarioul olehdls,
PoSSoumo aﬁmversm %Yﬂ\/la{( o!igjmwﬂ(e I/leu@ Maﬁria
(al 25w g1 o JYeno\ o C‘AU!C’4Q ( Sole),

Le wirartouc ¢l waleriale  hanuo pero”  Un

33\-\(&0 nella profegatione .
SO((LW\QU\{‘Q (0 SCG{UQ\‘(V\% élaS‘(ECo MO%*‘(\(’MQ (m
Co ereu Lo A(((o S{\(A-\“O I"{’> T o Wﬂ(> )

l[’ossd)((@ processe d Scoﬁeﬁwo elostico souo

Se V= Ve o anclye -
VR Vﬂ '\/e

%§ WE

m S S [ — > V.

U Y=e U d 0 ‘ e
L'QHQ‘((O (,{( c((/eﬁ‘to e (Wox un PoJV@VU(\'a\Q “ Kw
qu (Q OSC('(((A%(\()‘M" quc((o CL{Q Colr +0\ e (01

diffestnra DV =V(ve) = V(v) |




NQUG o((\-HQr(‘Hau {( Cou\&v‘\j’\/*‘o a{ovuJYo qllo %
St CO‘"‘C@((U\ (e' (o SJTCSSU per ‘(J@( ( Meu“(m() e

So(dMQV\*Q Olueuo clouu 0 d“‘ LV‘{‘U‘O&’HOV\e CatCa Cown @li
d@tt\‘om'. b\/; \E (’,F Ne(;(")

Ne e \d JQMS(J(G‘ di Qleﬁrou(.
Nella  waferia ([Hawi“wiau\a CJ(‘UGu{‘m qu(\/IJ{;

(’FMl) _—24@29 b, Siut 20
2 $C “C
- (K] =\ nwdy
H\y H ) QLMSMZDn _%‘Meti)-'.[%% s 28,
Au&O\IquN
4 Z "
A (n) (4]

- - + -_ -

Ci X = 4 q\((fu,ﬁ(x)) 4—( c SMZQ‘Q) \)

Avtostati

V)5 = cos IR Ve > + s (¥ [V, >
Vy (R)> = -sim 8(%) > + G5 X (%>

, {‘am 2 e
. Snm?2
Swm 29(x| = Nel) M?. 8122 20 \L 7 fam 2 - Ne®

COUML)I(G S(;m &Y Ne>N¢ of



ﬂ‘)Q\' Ne(‘ﬂ:o — (9(2\: 912 (COWIC ue( VUo\lo),

R bwu 20 (M
n ()Er Ne(?(\ =N S = o — H - HZZ) =0

e
RSonAVEA — 202 G € o # |
‘V\ Oluegko Cato WM ~ (# o ) € (0“'1‘2)0(0 A

\MeSCaluweu%o eHeH(vo d(i\l@\/lkv\ 9[;():3‘“: i .
M
|'\/z>‘—'\:r12— UV,D - |Ve>).

11} P€r )\J(,(x]>7N¢m - Smzd¥y &1 =+ (9(1).@—2-

N " Ne



APP((C N} (oue MBU\Y'W\( Sc)(m[x(

eCoMSiJ(r(mMo (a .braieffoyfa\ S (O, Meuf\{m
F““’("“O al coutho del Sorec e didfo ks di wol,

l\“tzolho)\/’ = - (Vo>

Ro

NelRo): ob

° SUWO\A;dv\o C[Ae f@r =0 Ne(d) >2 M:S .

= T ¢ v v

=2

Quindi  allorique  [Vey € o ow Auvostate di Y

. ASSUM'«AMO chg  Nelr) Cobabyi thal)AECa\wm{a

((?w*mwcmk@) Tispe“o al Cicl{ d: oscitlah‘ovw.

r H
\\A quedo Cajo (J Sjta%o MMgMe 1V, >.

) Au(/\ [(Sond Wka Tees (NQ[VM, _ M;es)
,'\IS(\}G)> :éqw>-l\je>)



o Ala S‘('V\e/ a T- EQ & lin Ne(ﬁe):o

ed  wetino @ ue[l[au\tas*m\to
abf@}fq{a A

l * L~
1V (Ro)> = |V, 2 = (@ 3y N> - Sind, [v,> & Moosm

che Quuge ow osela piv” ne J“Wd{ﬁ"
VerSo (o\ &Qwa.

@UQSKO ¢ CQJ(&C&O HS\W [H(‘IA‘/\Gje\p gMir\Ao\/—\\(/dHeuSJ(eihl

0 SUUM J:ﬁm S\ e o,vi\AJl'

O | g
P = St dy, ¢ Pv,, = Co5°dp

A'\A“W\C\'\(’,- qVQ S*O g\‘(k \/al.(ﬂQO VQ‘ 0~ QCCONtP Cl/\Q
Ne(a) =) M;es CIAQ Ol/N'e Sl P(Cc olo (deuol)a‘l(d‘la') .

¢ dr

@U?S*o Jiveuale o(d((‘gwcva‘)(a o(?( M?J\s'\\z\( Sd{ut( ¢ (JaUa
%VV\'t:U“\Q NQ(Y\ ,



PA(?AHC-I[ZI D Uscichgione  pel

MV
s 2 (pp6 2022)
’>\M?z4 z (7,'53 t 0,1‘6) x 10 e\/
2 S R
10 : (_ 2,53+ 0 U3 )x 107 o\ noerdel rdecing
B\Mzsz =
2 BN ] ‘Y
NO: \\.2((,53 1 0,033) « 407 e\/ Nosunal ”“’e"f“‘ﬂ
o Iy = 0.30% £ 0,01 |0+ 0539 to0w
Swm Uqp = 0. 20,013 U 923 -
NO = 0,54 o621
. = 2
S(Vlz 9412 = (?/20 iO/O:}) x'402 6 - «{/% +01: U (rad)
m2 t Normal Mass . Inverted Mass
Hierarchy 1/(‘ Hierarchy
1L
W
N m3 I

témgl ~ 7.59 x 107 %eV?
()

N

. ) A 1

|6m32,| = 2.43 x 10 3eV?

|6m2,| = 2.43 x 10~ 3eV?
\ 9
 re————
fom3, ~7.59 x 10726V

I

\]
I 13

§iccio Cw\euu*o VA Jeukm

\l; '- 8-13@ i




Fenomenotoctn  det NewteMt o, g zom)

\IQJ[(OLMO ¢ Primc('fa((‘ ‘{f[’i a{[ proce ssc uJ(c'(('{“ra{(- per
(0 wesora  dei [)f«rawfri dell osc ¢ (latione e wufr(vt(,

NCUTR(N\ SoLagl

' (’IOCQSS( de -&usiome a“livn‘lermo Ae( QO(Q p;oo!ucm
netiini  eleflronicc Ve

Lo “Stondack Solar Made(” (SHM)  wodellitta
(@ divamica  inlerua A sole e (0 varit reatioud

0‘( *XNS(()\AQ, C{o\scuma eyoalu(Q Ve (oA WMha

Sva Q“Crtoia J{if((«( CLM var{a o(o\ 0G «o “(%}{QU.

EG ~ Q¢ — 1% HQ\/

v
Predice 'meoﬁ“( d -\'(vsso di vevhind per
Castuna  euerqia

Sferiwm(‘a(wwm‘\e  Tve  che raﬂmﬁro fra
L Koo d weultal Ve osSeruate  sulla Yesra
¢ qulle  PREDCTYO  Jolle SSM e <o

P |Hanestawe - 0zvt0m Sople dcton

Ve

RSCET: SAGCE @ 059 to0e Gallee GNO: 0,532 0.05



‘L \\So(av VleutV‘W\O PYC’MQ‘MI/ Cra Sg(e%me per
G(qut WoJ(iVO Ro%v{, Una Po)S{Iq((i{‘w ora ClAQ
L SSM SosSe comtt{ o (asfvo{is(c a), uu alta
Ga Cl/!Q ( l/l()uttim( OSCi((o\sgcro.

FU YESG(\O AO\“leSVQViIMQVl\{O SNo , cho WS U fAva
L SMosso A Btte e 3 ¢ gt di pedtiw

CC - Vet d — prpt € J: dedterio
NC: V)("'CA -2 fi‘ﬁ{"\/x

. \ X =@ H
ES © Yt e€ - \te

elostic S(aHer(mg

SO Ao cl/le Cb\,c / Cbm ~ 0,35 e cle
d,, e compaible  con (o reditime do SSh.

L(A Sp(UOMIwe era e ( eutring oscillay,.
N, Ccos2or

¢ Per C’,(,i_ basse ME(U) < Nr(:, o b G G
Q Uon C‘(, (‘e‘HQ‘&\O HSM , C((/\u\d\ O5C(Ual{o

Cowe ML\ \on\o:

0 N .
FVC"Wg I_\JL( - Slu 2317 S TZ%“ = - 455“'\22912
s
~ 057t

Wedia Su L wel Lo @JamJQ Y



o Peor CSQ alte NC(O\ > Ne e MSW ¢ dttive

2 P, = s 28, ¥ 03
0 Pe,- emr@(g (\/\Jmmeolic St ottlevne UW \/a‘c)ve

wlerwmedio |
( . - -
¢ Lo\W\o n\lmm\e e ‘912 = ‘9@ (w"?"h SOM)
NGUWWI ATMO SFECRICY

| RAGCG) Cosmicl (m(w(palmw(e pra{o\«i) / ortando
con @(5 stiefc alis Je(((o&wg{em vroa\ucam cdem di

AT ow, cbe pol decadouo Qrfv\c(pq(womﬂ (W WilSonc ((,K-‘

PO( C{Ufjh 0(@(0\10[,1() M \MUdV\{ 4 V[(U&Y(\A'\ /I ‘

,Wf"b }4+ \/’, —D €+\/c '\7,/ '\/,,. ef(e‘Lero.

Lo spettro  d enegia Ve
do £ GelU ad euvorgie altissing
Wa Con Ul —"(USSO fewpre

GeV)'

: Wwope
U tapparte  dor flossi
VotV
£ o 2 a  basje uary L,

Ve 1V,




La J(g\(am(a Wic(;\ petcorion
k& dac  wegtrwni € (la(*e%%a
L@ (A(H‘q‘twas{m\ (La;m n 10 G(m) o
i( diawetro Jella tora per (

Opposte: Lo ~ 10K,

?Wmhm}o Lose (W~ 2.43 Q@ Cou G~ 1 eV

INTTHTIAY
2 SRV o 1 §
Ay, vES 0 VT L v 25 e d 10 K
Sl 3 e\’ L;Z S TN
’b\M%Z n 7S K‘10 e —D 0 = ¢ '2540_3 N _10 le

{GU(S‘VK ¢ (CA "'{(\H(’IQV\Q(A . MaSSa (‘il(uUM{C . Bw;f‘ho s{(ri(o,
(
= POSSC(MMO 0 Syeruart l()S‘(((lq'\L(‘o\,\Q (fq(
Vi‘ —DVQ (0’ {/\',4 - V,z) = AM@A& Ti((umu\ke'.
CIAQ C{HT(AV[ rSduo (0\ %6‘ A 82 = (9an

IL calcolo  aalle fiewe co-to dell'augd az(qué/
dell Sfat(ro i entria e JQ((IeX—&eﬁO dellon  waleria
della terra

\‘(ev«e 0Qrvato  Uu o(ej(iat del Slusco e \//,{\7/,



Nevietvi na  Acccterayor
cutelv

. oad d | :
((J(re proJrovu | o fra
F(l(‘_emclo Colly a{ %Qtto J( | o
Un o ot
S Produce ol
tm‘dhd«to\ riv\c(ra(weu"h P .
ule s f Wvon( ¢ neuhrin A
0(1316{' decadous
vest

—f

+
P
= Ji K
7 N 0 /
f Carn
Sceclieado (\QMQTQEO\ e o
Ce(ql

050 o d Atense un
[l

{~( 0 Cou('Wﬂ{“ di

st
C
Can( \Mmbt)meh k) .
o a-lnet
(:" N dLIo(J[S\O\V\ AT/ W oY
AASCL
\/}" g Vr" O.A/eS&‘. Gﬁmvmalﬁo v
CLCCC(" ra\‘ W (

dotre (4 ferra
‘s&abﬂ‘ﬂ\ L _—
K . vagane  rilevall (a v
¢

' 73
e wSvr
detecte di o{ekec*or/ CL\e
ueviring

-------------------------------

{l “Saport”,



Per ergie G Gl ¢ DW= MMy, & 25 <107 ¢V
- Pr(W'o pi(‘Co L: E’ic v Soo o
de oscillatione >

H(Sumuu 1uiMA( C)Sfiumfl\(ov\i Vp = Ve oo \7]‘ — Ve ,

ConiSpaM(hki 4 U, /
Qg (Tek, NovA)  wisvrane  \u—p Ve (C“"@"{O (913).

Table 14.3: List of long-baseline neutrino oscillation experiments

Name Beamline Far Detector L (km) E, (GeV)  Year
K2K KEK-PS Water Cherenkov 250 1.3 1999-2004
MINOS NuMI Iron-scintillator 735 3 2005-2013
MINOS+ NuMI Iron-scintillator 735 7 2013-2016
OPERA CNGS Emulsion hybrid 730 17 2008-2012
ICARUS CNGS Liquid argon TPC 730 17 2010-2012
T2K J-PARC Water Cherenkov 295 0.6 2010-
NOvA NuMI Liquid scint. tracking calorimeter 810 2 2014-
DUNE LBNF Liquid argon TPC 1300 2-3
Hyper-Kamiokande J-PARC Water Cherenkov 295 0.6
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Name Reactor power (GWyy,) Baseline (km) Detector mass (t)  Year

KamLAND various 180 (ave.) 1,000 2001-
Double Chooz 4.25%2 1.05 8.3 2011-2018
Daya Bay 2.9%6 1.65 20x4 2011-2020
RENO 2.8%6 1.38 16 2011~
JUNO 26.6 (total) 53 20,000
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