The Abdus Salam
International Centre for Theoretical Physics

Summer School on Particle Physics in the LHC Era

15-26 June 2009

Neutrinos and their manifestations

Francesco VISSANI

Istituto Nazionale di Fisica Nucleare
Laboratorio Nazionale del Gran Sasso (L.N.G.S.)
S.S. 17 Bis Km. 18+910, Assergi, 67010
L'Aquila
Italy

United Nations -
Educational, Scientificand .
Cultural Organization *

N
@

IAEA

International Atomic Energy Agency

2043-8

Strada Costiera | |, 34014 Trieste, Italy - Tel. +39 040 2240 | | I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



p eteine 2ot
r‘ﬂ\}\‘r V\AJS"S’) FPEVL\? MMW‘M , -(—‘QJ-A‘V h"‘}(“ja/
*\'Q,vm‘\f V\Aéévu‘-hf_ mpmafq_'if / ¢ s
- V& ‘:,_\_u:f
o ey 25t T
o LAchatls  SevEST
- )T:i g“"‘“ lla dveobee CQQ@(SJ_O«AJ (Jﬁ'/
(o e Y35 Ew{’& phun, @3 &wﬂf&‘dfw'—‘: Vo )
N‘wc&o/g, PPPRALE-SS, ( e Swn, Sokl
VLOL\.OH,«:JJL?/ tovr  @epse QMF;&,\,W%}@MMM”;
Ty cwrdse o %95"—‘&(‘5 Hhe ’F”ﬂ_
mf-_‘_'
P,}Mf Q£ view (fouc{" o, two
v Lelked d # end
N fﬁwﬁ- fnlifﬁSr“!Vg /('ﬂ.&/ﬁEA- )
R oo bdgeof stincbad
Ub(oatug (SM ) of &&w;m(’qv% r?v-ho&;
T bvactions bk e eecdl Hx

V'L&Uﬁ _C \M(M\'s Vdﬁﬁp\ W€ (AL ‘f:‘QJ M)



-

NE LT/ >
S N& EGJLVLG\L{

Sewce  T*C Gt P
AT oSt G o U
E,«JC‘V(C{((M

C(‘/A""(S ¥

b (D T =

Z,

SDQC\Q(}\H-(

oy ke AWA

p(zH)f&cfi v

orE W oueP
!
MC@LTV‘-/N%“ ALSe
MES ord

R

7"\" — /‘An ‘1)/,‘_
cs | owo ae S =y
Got @ THIV G Liee ‘*-—n—f'//u
6)  Tof PECTY
o
LN Y B

s begeb- b

THE GoT oM

q)a\/kCES

AS

Oé— Caly QF’

FomD A Moo ENGAL 6T |

ARR Y Awald  SPd,

7 G—'Hu((.§(o"’5

WITH  SPECAC

st RE TA Cke O
§tL(wrd v(%rcre,x" ! THE LE MLEF Yo (T
‘-‘g o Vol VESs NEUTR I oS / Tys CF& £ l’fq) :tg “"4(:
wuE  Hpbrosic  DECAY :
o TH . C(OL’+F34+P11) :me



wenle (o TEnaeTen

-4 7 -8 . =
LE;[O(FQV o (2 ggj ~ lo Crn - C")

L
g~ Qe S

eV
Hﬁ:\/r,(;m,
Cas 200
o T
- - v
l /0’3&%1 y mtctm (’G_LJ
- B e 2
>\’; U’f & lo /o

9
(or Q"*U""KS’"“/ Q@"qﬁ oo

Ly ?9‘7&/&:‘:

\

el v

foo N < ha U < SN YV < ahm v candrtfor < A TRl

reector

r-{,-L OL‘F{ Jows V"W)‘ ha {’”‘g,, ,(

LEMarS  onN

at Ao i‘«wgalr} L
W ¥ r’-(('.,u&j\ A L'?[ d:;laﬂf.&cl St e wu—
R S £'s S by
(o sty WV qnd  hedres 5o

[ ‘ Qlevgids L o~ lo TV TR ES
g_,'}r S{’Lﬂ 5/0\"\ 4 1 ™V /

. ‘—ua)‘ "(—Q\, (-LJ .y Potuf&k& -

l’\o_-r O\.BL“SL,J—L to

_"DN[oTivP. o yevh
Cxen CIE S (Y stimate ““ﬁ?ﬂ ﬁ. ST ‘Ys)%‘z




—_—

—=

s LeC us CwSoin Jo MeV Ve THAT  fesTerser

w (T H TineE ProTee s VA UE BAINC REACTION .

#\79., o= Q’Fh

i
C(‘r\uc’-r';e [% O()—Ca/g,k) St le (T 'S o~E o THE
C.N? ssep CRamFECS 0w Neulrox [» d‘&a’) .

-
 que  wumMpE~ oF  FrEE IS (8 A wlot ofF
e e (- thD gt ek nofet)
6 sy 2, 32
N:& « (0 « Lo x{[og.u-io _
7 19 - 3
— —d 2
TRE Cite SS S‘E-CHO.L) L £ Ao 6*“(0 i
THMS TRE  pMURpeR of ru’TéMC«T‘D""’S 1.5
7 gz
Y7
g M= o< O, -t [
o e A Celo? mn
w & ,‘56(7 T HAT we FLUENEE o Ly Setl D

B pRETTY  CARRE , @ oEN-To Béﬁ&obsww&bé cueTS o

) LeT ws ESTIHATE THE  FLuE~CE OF Lp  For B SN

THE EwEnGY of A4 CO%E
ol E  SolAm MHASS 15 :

GUAISE  (WTo 4 weuThewd

e E);N TS O [2.{0333‘(")11 1ot et R
& = 2. T lo ) * (¢
[ CAnmED AwAY DY THE £TYpES ©F weuT moS O~ o Hel/
Nw, MOT’O — YA
ol |
. 3¢

[[o
A TY Rl DLSTANCE (S DNA k()c - 03 e (Ir!o -2lo /=

THUS Tue Y FLUENCE (5 A

e N P S N

Rv oo TRETE

we  exvecT  fore HOWDAED of (W TERACTONS — THER
| )




(-3
S@frf\l& ))/u ©
R

Thee ol o & 9@ dite s NN ‘LLV‘i"‘JQ‘
HU&O"@ range s var- YOM?Q(%, g ven L'E]’

A fewm w,ét, x Qg%(/l% Ep > ) e Lqﬁdjﬁp

oS

‘PQ&V‘ g_,& CTW?"*(S (’3"‘-8/“/ .

ﬂguﬂ * ota(ww (o QJJ[LLMF.J' o

Thes =
Use Ho _qud'& os o Vu- M

%%w"& Wa_ .

éohugzr'l‘ﬁ-f ; gﬁfégol {ui | ,FW,,L‘ Com et Vag/

%gtlﬁ% LAV\OLL(%(OL"\-L-\GLr .

E AnTH

MuoNS CominNG  Frow gE Lol M e of GSH«c
=)

4 { n/ MU_ST 66 B - 7L

prilnls)y Yy Cor2 VE TED TS

ﬂf/v\(ou acd g{z{yw - [§éo

M.anw

ghU (el te 'f'os, Lué*fl\ euessy



. — ——,

]%\—M('LAQMMQ{AN / |

- | Ths Lagegees

\ g 0Fes

i \ (B'M wat) (j; ':LLFJ ﬁ”jﬂé“;aai’:i Si;s

[ Aoton g_ rbasach, rﬂto,

T(Lw) ,ad (I- Xﬁ)% 0{?
jﬁw {% ’@1_6/9) ésj‘

B y A— | Vs L5 o p
fuigin = THE SH o E Fare ordmees lh‘su‘*"‘”“”*ﬂw')
'\Jt_u\ |
wooAe : - TP,
s A4 T gz --‘ga(:, P ‘%
N~ | __,uuzﬁ,u ‘“—=——T°%5Lu&
P E I /u FL_' MW I}i
j\/\. 'Ve/

CIN e LT P2<<H?W/ T W - poaaaten Funtuer
ferroXitwTeEDd o B oSTANT
Al
L%
- = u),r}{‘ﬂu# U Yo LUy,

WHICU pentveS From

DEELJI-‘—\. ; H4C(F W(Yaﬂ, Mo \ed/& A 73

T we ser

Ge ., & |
no M, |

NoTe THAT THE SN (¢ preoceTe D |

ExEncese () Pemive THE ExPRESSon oF Mo (8¢ avaiiinc

lo&&@ [Z serTimG (P 4@):?5‘2@: !';tfiﬁeV)

- z ad g -
(l) Ewp THE exPnesliond OF G (N TEnms o8 07,



I\i(_b\& ( A N 1

p\E MAR kS N L\[r Pﬁ/’B

TP TEAACT Cars

PC.

— |

oS EAVYE

E_H, (V’-JH )

-

w g ) |
S)M-P. = SAL CK A{u@ Jw ‘ |

wLVL 2;:@"} .—52)
h G f A6

%7\@) (e

EV o
By declory 9@9—7 J° € (xe)
| ?@ - e@he® pxe)

@@)} 6y e 5 ﬁ@@a)“‘

“thows

|

{

A
' %4)4‘6\51 51}‘“\25"‘,@

3L

~A 1’6 e._v’awz_}gl-ypav, M

£ vt WIH

oy s ¥
orh

a - thjﬁ

& e
- I
§3:=r(:\
) 3
-
;
e
?Ig‘_
;7T
© 8
IS
<
mﬁ'}p
;."ﬁ
‘i{_\:u 5
yb%\?
U o~
NS N
IR

| 2
(xp) = A% 4 A‘/\&y) Jen (Zp ) .
gwd' —"JD 50{47 C[ A@F) J:U‘« f

10 V'S o lvadons s W, 4
g @x Wi
Al ool ‘ e e
‘PQ""" A% \/@,-c,:;n, pQM | o M\Lg TNMSE"\W
Cvt_‘/‘u_,m't (/SP/‘,_;—‘;\__,__
(
w‘.””‘ aprsite S /
P

— .
% WTA (i) q)t@jt (%?)E@ —>» —\E

viylehe P (aud C)

|

C C f\[”ﬁ ) f%{{v’dc-’—lﬁtq(

W w6 )“(%b?) ey
|

oo ekl

|
Tyepe!SE  Show” A e sgee Pyens with C

wd by Sege

wheve we



Seus rak ol S'L.Lus_L/& !ﬂl"-k‘-f” bt
AN,

ey oo s io{'\"-‘"ﬂ'&"‘ Sy . & ok
. ot v® ‘
2 9 / [ » ‘Mg_}\ﬂwcﬁ) H.._ 2l i o
*s 0
G sl = .
) o()tcﬂ ".-) FVL()—%h'f‘_ J&B,
PU_DO(”‘CA.& { /A (& VP()/'A' +;"j
o A dheechen oA phe gt
g st

ald m}t/&aﬂ?,—
@(% 'dl-pﬂ\5 S‘hr uu(‘,hzu/L nfk),.u"-‘?- { |

R
1o o bt o WQ
5!. )W@L

,&_
4o Va o Thus fﬂwu“a,
Now — ExsTmG

- e platad o ""M
= Comstvj; K. Diae  fee (“ﬁ?“"‘é?:"" ’
— =R 3 (z;@b/ﬁ n\\/{__ @ q{i:a d(/,q,)
’ A0 o (R )

s -7 M P S A



I ABEAVES R e e

D[.S'U,($3(Odd o 1V
e —_—

FinsT

AL HA Vio i oF THE C(ECTnem 0 (g BUTE o ¢

DECHT ((ﬁ?/?)

—

5« Ve PRASE  SPACE AT

ThE
s ko*: _ —_ (A/zm) ce +ve ) (S
QCTATED StmeLC
£, RAxHUH e - tERCH )

g D PoiNT d , i, €

THE hdx min
®) E.+ Bz Q(Em & b )

[t At
LdE, = dn, JG-e) - (@) AE

lPS A Qurek Pos | (Tl o

11

geLeves  TUAT Va

MASS STATES TRET  Ane  woT
e

(ND(U(DUALLA( OnE uas o SuH

THE ENCRGY L, (5 MHEMUED

pLoT THE SHAFE ot

( one [LEALST! cacy ) THAT e 5 HEASURE
eXP(:MMwT#L et ® Sisid FHAT
g EFfEenit speeTi A L EHBLES THE ORE OF ASINGLE Lk



’{;L o ve.gyohdaa,

M ok l,ggrh},& L
The wmh s (it
{Q sk o ) CDMQC’LV‘-’—E*( .
lea;ﬁ&ﬁ L
i
(g B |
45 ’s o P - petbino [Iq lﬁm_‘df} IZ N e jn et

_
[Wis w TheT, ASsumes  (LerTod sy
(of0 SERNATION 5 AS SulCesteD /E_Ci./ 2y
- ICINIARE (A1) oF ey > e e’ g
TAke s (MTo ACo UNT  THET i

_ | o
By Fros fp DVECAL NARR €

ALSO
ot A MEKE [ -
= 7




low  leeTow B GeSEnvATon  ARISES [N SH

——

I?’CZL@’QL 'l(—é;, @6@ H gLéﬁ
5

g e/ /

L'OZ Q @ (._ﬂ/ e \_rH't
- — e "
[_/‘.ar\&ru@(/],\f 5 Un CHA S GED

THE FEnH o Ao &S Are

D(,qfakuﬁwﬁ AL~ T

(N CORABAANT 23

A
W Ve o »

© \erz_

SYHMETH(ES [ I

SucCH

P P

we 3 ULylow #

Lo THE  BAcYod

ongte ba vy on
WE‘} % LY ho{i 32 Sep | 9

hmMLU’S
gL'Q\m;]VftA mr
v v@@
N |
jCC_ 3 "'é%’_ ‘ M 4/{1"_5 af] }L



L
1t Lald b led S Hose  glhat

Lk Posc® BT HACD
ﬁ'«u‘m P

Cotnt e -
‘J‘atp"'w I ’LQJ—U

da e ot B T
24 bor et ® &Wd(
! . SU@x SUBCx U,
Le. <

L UL Surpyse

Caww*h ¢
\ pfuch Gl
%LU y ACC’(QENTI’-‘;L SY MHETAES &
Tl e GO

AN
—_— A ‘ %ff}“ %15 , 9‘@( 4/42,) }
l /&LOO/K - %’/ e) - Z (% A(w‘ /h) MQA%'_QB

G .
\,\_)J.\M ” K‘LLH
S L CE e ol o e ks )
Wi — A/( Ilr A/L
J2
[i w;ﬁ o | " % ‘
“ AN Ao 1,\% XMFL Ny ‘& XI*VL

1



(1'Q mewohﬂ{ ver DKo 9(1 Qamm.p&M to @(:T)
2., |

Aronavies.

Tont ouruxGnJT/(‘ ARG ComSENVED
‘ Cts AL AT DEEINVVG 417, 0 a
gt J’L _%3/«6 ’Lf/L

1w e g e[l
9}1/8[’ = cf/ @;’ﬁ)m B ¥§ Z J

Vec AlSo 7 QuamTuq  F-T
@U‘T AXIAL

ot Cokes  FroM CAuGE Bolor { -

WHERE  WE SeE THAT THE h
LD A b e e o 4
e A A A
A v AL ‘{’L
. 3 . ﬁ c
, A 4, FHOP=,
+ OL feim Ha

'E)gl’_’,h.((gt: ":\(—om Cghs,nu.,(j\k;a 9{_ u.cyri‘“" Canvit tat

N s S A

G AR GE RTR AR AN
Nom~R B> RESaLTS

Ané cHinAl 3o

T que  SH, THE

wonl LYy  THAT A

o NG Gutn o
.

5(9¢L,§ CoA K GE (e VA g CE BT t.[(: {é— ¢ ;J Tuhl\fj

out 7o 86 zen” fon  ALL  Cur@ TS [ LoCAL SYrm dne SAE

TWE SUTw AT on L8 PIFFEREST FTon Glol@al SHmk.

7 L T durde |

J/ZL S JF\’Z&L + € e

W TI
wWHlLeg THE Arobra (&S piee  Jo & G ANE (ANCELCED
(ho Swrprde H.. Cr;u»r'e“-—g%; Ban e dtos ol ) THOSE  pu €
To Wt wo RAQI AT 509 AE  A0OT, Qiuce  THESE
Gu PLE oL To LEFT  FrELDS.

pay PEws So
pemEeeTEE, W EYER THAT A z’?ﬂ
) ! - A A
7% nt ’L)ép,)

A I :
LL'_ij RAE  AvoalY  FREE . THIE  HEA Ny

1T

THEY e MrIN  Good  SHRK. ALSe (M OFT  GruTexT



