United Nations
The Abdus Sa’am Educational, Scientific and -
International Centre for Theoretical Physics

Cultural Organization *

N
@

IAEA

International Atomic Energy Agency

2043-15

Summer School on Particle Physics in the LHC Era

15-26 June 2009

Neutrinos in Gauge Theories

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

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



WP‘«L( s
(T 15 MFH LT 1o wswss VY Sy
We ﬁru_al ’LU L L‘W( 2 st Ve Ve
'to L)vs_ 255 ) [ groLU'I to Qﬁrrﬂ,\.m QSva(-r'ﬁqu' Baji__
(/() W2 Ao ha'}_ khow u.lle.d\‘%yv
_ 0, MgV A he ‘OQ‘ ~y W ( i)'f sLhoc.
R FREVE AN e
( e \%‘ , osxu’%howﬁ 0(9 M?.}V P%L,e_ foﬂt‘!ﬂ ’6-4*0‘—1
MU\_M\?M‘ , om% @FTOL" ,P@NWS )
(q_) ’TL" Sk’LSJZ—W W:{-’g\ \)ﬂ/ , &L“--O( (,;\PL G(‘MC&C/{/
]n,z) (,J"Q«‘}‘S ‘ ’\)rL A Rt HEAU’Y b I'S Q/H,LQZ‘\L..CS' y
o sk Gla B8

LA
odd t, SM o scdon Wt 5 CUR), To bt

MOL /Q/\D\_S [aphdnavga =44 (“M‘L"‘S J
Q-; Tyl ® Y "a\“‘—:’: Q'— £z, 44, 0O ) . U\'CL w A
/Q\QVJL fn ’PE.., /e'—é\(aw&l‘wm ‘w-*- Ymkgt/de_ 1{3% t{zg,‘

\(U-ng 5, AN C")‘ TQJ
3 AN AB At"“Az . v
) (,,) (‘GL/\L‘,) C '

/_\MAL! ~A, &
ngﬁr’l—h,t_.rl‘d,g_

/ £ 0 (5 dh
v 2GS h Jﬁ\/ﬂa o JQ,\:)\rL
- Yo masies



AP A4 1R eSS L My ortme chharedte.

(3) St aSSwmirg
o WA G ha v SRV 0wl WM,LG,M;M. e .. SM
arben & e B by heinbos (2ad o clepand
B Ly Ho castle He
o et AT s & g
RSV R opetons

.(f’- I;: -+ ﬁ"ItHC'P/;H + ..

4
f[\(i.-— Qus*’ ol w Gl A = , 5 7’2:
o Lx T B R & orgr
o A S e
G-IoH

I‘C{E—L" €H (\ALAV. €=t0c
£ 5 O ‘7{”"‘;
ooz Heth ! [ ozt 3 4477 ]
4 e abee A

M
1+ duts 1o Ale =2 s T oveg
‘OmouS‘S T+S ML’S’YL%L gﬁaws W N L 4

Lo mass S Mojorane Fois ot 55‘(&&17'4,(

ke ey e hiton (ETR T ovp s +h.



o atedh G
—(‘P—»s (5 Wy M“J’“ kors - !
w Ao to AuS i H. el 94?
/3'A g EkSL-VL Yo e Qhmabw C““mr&
s W
v L-*-lg Vi _x’e“ Lbs\ S ‘o}jg"\ﬁl ‘g\{»rﬂk \SM,
¥ fer X!
et |, Ban gegs srnto EL I L e

We
LW ge s TQ”"'

o ko premiY
a,ho_aﬁq-& Wr FMO&

IR S
Sl simply oo
qoege  JON 2 nd
o fent



LE pTow :a N SU\OEL(LS YARL ray ((,qw waw,cﬁs)

THhe  DeEFu T o UAY ~To BE  EXTEMED Faok (EQTow S

T TRE((L, SCHL A ‘(Pv (\-'\_'Ne_ﬂ-j , AS (Hf’(.,((f’ﬂ 3l

{o
~ ~ 5 =~

m2ze + gV 2

(}tko l"‘ﬂ-gf) (‘,\“j_-u - gaﬁugy (ufuac‘la-«)
TUus o€ cary THINK  OF LE ¢ Tom #  ACTIM G oA
THE sw%’éwF‘GLD .
AUT Ge AUGE ( VA AN CE A LonE ApHI(TS  Sokb Teaxs (n SUpERPSt

- C

LLES LHe LR D
LIwCE [ ond H A (ave TRE SAME CopueE  PRoPERTIES,
i N ts nNo T ~ ACC pensTAL
HUS, Leeron H P De
QY Pt e T (¢ s o owas fa SM
oNg  CAY (MPoSE THE LEPTor A By KawD (or

u ol E\L&—S t{' Mou/ ola (o ue.o]m'w- u #wi#fﬂf'

T T L S e O £, P> Uy

@&VL'@

oV “l’l—péw’f"a“ WL’.‘* ol se 49-»f9) . Bur THLS

g Als  THAT A mor€ ealn  TEAMINOLAY
wou LD LEQuU (e T ALl “K§5Hh- '3 ¥ gt AL

Su‘fENSL(MM@/TVL(C EXTQSMSIOM 9 £ S\L( WITH LEr Tom #
wosep Lo scthiy shke ) siwce  TRIS HipeTHESIS
| S AN W o (nbEPEDENT ASSUMPT o | TUAT HAS

WoTWi KRG 19 Do wi T £ M- GhlkGe  SYHAHETRY

_EfoNCLSE Sven  tn MS§H/ WT"Q&W* LE-« ol ove b"‘l‘“S/ o s

COV,QO(. Lave (:?;5 £o . (o You | G el odoich
J(“()l’“' %L PVOLEMS we  wawlel paze 1w Hs e T




Manw  o¢Tiows  To  GLwEMIE

TreErRE  ARE
A ,
. V\/\QSES ( S . R
~ ;e
>< ~ — ("X dt.c !— do
\ '\) 29 Fﬁ\} v ’,1:"‘ :J"\i "
|

<7 v
y4 X5 KA

MANEFESTA TR S I~ GLLlpins
}

MMy PoISBLe
e Q0 N CUT R Lewo DECAY

<
(hiso PSSIBHC oo DA T pess A udd
@Mqupa tS priisSepnT )
gne  of “HE  Mpls D9u 6TS MowglEN, (S TUAT

y
2V ma 38CC e Mo © To Q& [LARLE .



wHHNDED NEUTRANDS (ﬂn{) o EXTEADED  SH

T?Af?— d*a(.a(»;{'vlﬁ Q? v@ s [(3%543116;(‘.’ Lg( .FQ{
& e SM B

Ve U(L‘
_0(1_, Ulll |

(has Q ST AU

e ra cfions§ .

$pe faimin

ho SM gagr

b pirhealy koo - Tor

Cﬁ'\ﬂ L)!__ %;UJLIA-

LRV - o .
Lo Ty s O,

LE

Maprere  mess

-2

w*?/w ﬂ";(‘)) A D W= (ﬁi) : Sav\sm
el
‘DQ,SL'S lﬂjadn Haﬁ!,;fe,vub ha 265 ;-«.J-L,..')( (S \‘! J-vtﬁom,ﬁ,

ML‘Q = M’l. (S:J |
N S pgragen f T

i% PR (oCoom 30 B

} 1_(,@’3.[\/* {_\/"/\/,M) L Add chvepea
whore Nz ve + Va0, ( L owe:Df = C@)")

o plhes




QUGHT HArDED WEL TR wes  In VEEY)  Afounfy
CAUGE

......

e A WE s NETH Ox - Ter T 27 pHYS(CS THERE Mecx

TeeS® op THE ExisTEmCE  OF é—t)au'ﬁ Hé e DED
Tt S ppy oM MU W ATUAE of PpEATRUSO
rV\ASSES .

o TWE PensSle CTIVES {0 ANLVTn THEM  DIFcT LY SEEf
Te  BE ou e LLMITE D} AT PreseoT . O TAE SlHEn
WAD ~+UCNE (< Sore Hot & e wINESTUEATE
THEM o (T Mt SpECtrc TK?:WLE'ﬂ A PRC-To N S O

e pLTUowEw  WE po Mol HAUE A TUALY  AQreEs A PPLOACH &
T s @uite (=T o riue TAT Sone rumibew  HoveLs
et @ oavce G TR coupe  AmD
EXENSD  THE STamPATLD f"“’off y oFFer Soue
COLE S o A HES € Q)-Les'a:)p . WE WLl Touch
VER BrhiEfL Y A gew  of THESE
po 04 NG e tFineou CG THE IS Tene TED LE AD B
o ThE uAST L TEMaTURE o TTRE S et ,

prE Priac £ AL AVESUE Ane e (EFT . (LaHT
psTE BSOS of e SH  wiEnre THE
Qu AR« il LEpTowS  OF  orE RAL <
€L v (PTo " -
AN W\, 1 Vo Un
Sul), dor L V@), ol J
io\e, A/ | Cn 7,

Tuus | THE exlSTe wee OF  Vp (s UwEGD To THE
E:xlCTf“‘C’C' 2t Sa

EXE ] 'l'?x.e, GL\J;:E Ctuarg,m fLo-anj QFTa,L{T}&-{-X‘ 101’-“:1;’?"3. ‘%Uﬁ)cﬁaﬁ»
'-'“"‘—' X . F il Comdylnation .,.{_ B ok L,




- *‘[L -ful_hﬂﬁ-ﬁé""TﬂL tefncy.

ot SU-@) C Aot ge VECarmaf ¢l

u—-’TG 23 P rcied ) AS TollLe wSs
219 O | ©
9 ix3
0
0 LA
03)<L Ix O 2
cOLIR LEFT (Spspiv WY PELCKARGE pewen. STUFF.
|~ e !
Aﬂla
Jo y
5 = 0‘& X (q,/_," _1)@@4}2/;
In - 5
- pt
Er
Vo
e we S0 THE Cs'JJuGhT& o€ TWE LEPTOw S
fi]
::uBLeT v SUG) —seAce AP 00 LongnTd ~IFACE:
? <
Lz ¢ (L - e e
A o € .
wexT | We gMsty  THAT  THE sten  FeEnMiooS ot SM
- /
FoT (=T N T nE PAESERTAT O, Civery By TME

B S 4 reme TS pAnT of

.5
o 5 A (5D
w (1, &s, 1)
©¢, % 1) -
—_ A
(%5,4,-5)® (4, 1, 1)+ (5 %7

N/U/i@ef@ﬂu

QeHANiABLE THAT £ jnchuoly A[‘L Ani0 @L)C
- i C
CUAT AO Aoles @’(n,) ) Cen_)c ; C{L o

aut Tp\eﬂg 1 NeT SPACE for R‘lGEAL _ ha V\Ot\d‘(
Lo EO
Newbrinos As ww SHM Hee s a Stnglut p 4=V

T t>

A D



\J‘O""JEUE? ; © RTHe GO A

,,1_4' ‘e\w_g'f knje«’f‘ .

&Laws UQ.Jta ‘atcd
SOEN) ARe  (TEALT MG

Soke)
QMUPS L g e L Pace Oy
simee TS qers  guteay . cesurs BUE
v { ol { > o«
2z — U 2 S 2\-&-12” — (U 40 )(?—4’\2’ )
1
4 [ AL IR ATY

e
/ M U r'd Uéﬂ AL
CoporEX e panT { ] 21
:J:“::lﬂh 2! U B U
. éﬁ‘) « — I { {x
o' UIE

peAL et 9?_'1‘\'\-06,3 AL

iW 2n-8

pdCEnumen ;M C SHew)

WwE  HADE ©F bo M PoRTANT

TRAT SU& ¢ SOG)

THus ) wE Cae HolE

Qof)x SA® € So@

WE C AP o tE

& ALSe
s SUB), € sof) , Sue, ¢ 208
TS T loekes TWRAT e WAVE wioe SPAcCe
TO lFJCLMDt SM LT SOQ'O) 2
e WTRLLS ot The Conésfo @ PTENCE AnE  VTEAESTING
SE (L pes (ntBE Somg  ALPECTS of THE
W (T idond T TEW G

EL,(:(LP«»JT U~ DER-LT NG FonrmatlSe

oW EY 7T te7 AL MATHE HA T FL PETAILS
\E A DTATEMESTS | s
I

ég—w plals)
: P
. "y

&
b,

7
F: /{‘ 4 7
TEACTRRE 4B




i) OnpER Yo @noCeEd wE

y pEED A FE MATH

TRE ongss | C Po «~ ol wontl oF Pleots or

w - .

i

(0\) (99‘:‘“-“_“9'-' 2 ‘s 1ons

4 ‘ “
perdo TE + = (o) APSD - = (4> .

o Wt (~~5ipEn THE Q” vecions (W THE TeSo SPACE AS

i,;i;:l;;;.;a;_(i)@( s 2)2 | Jeli) el

¢ [{}
([,) (n_e-fru.‘scnﬁﬁ"r'ar’ o Splwy v SPwomial suce)

h—{
5’(9 éﬂ) 1S REPneJE~TED os THE 2 D(HENSIiowAL SPACE

oe sermonst  wiTK evEN  (on opb ) H et Hovs  Slaals .

é) ( e rRESETATL ot (@) )

) @) (& p et TED o THE  SuBsractS  wTH

Fi xED 1 ot He U S Sy

s+

y orecnnp b ) So@) hamdy w-;z.‘]

’________,_.__m-—f-"‘""_"-l

y "’J 2 L~ .DC)(-DL
"]‘Quﬂ- AN o 4 repvest Jfehoun bevee s (h* Ay M
Ceprasentafons o 506)

4 4 F{m\'\aus =3¢ L3 g1t GLET OF SUE)
—— Q munl siqns "
—_ 3,1 pan had SIENS bouBlET OF SL(@_J
. 4 -
rmab E&\ﬁ“("’& m*trpv{rd'hmm 'S ¢
g < 6) ) e
o oA e S CLET®F SUG) = (up) .
- ! - (drt)c ol FeSSlELY (em) C
4 : . | L ”Q ]




( '2 (:\d %amr&j 80(6) halm—d&a

h =% i

- e
TWE € VE” ArD ov0o Qm'-;df PIH. REPMESE & iaTiD & ANG
e gtk of SUB) :f; } fetd 4 SUE)
= & ceptd A SUD D T T a4 SUD

—— -
cue RYsLet (~TE ApreTAmoS  OF  SICGLETS ¢ EPTous!
(on A,..-ru,c—ﬁcws) THEGE ° F MieeTs 15 M auanks’

Con Pt pne S )

/ PHYSICAL
g 6?(6) | S 9@) CuAnle IDETLEWA T o
[
+ 44 o rﬂﬂ-)g

(te)

CAMGE = % (15t’st3m+ 9" Sigr 4 3 s«ﬂh) - j‘i (4”‘ glg,,,)

’LL yhove 46 spthS To SU(G) errzgc»LTaﬁq,s ,

T
>
S}

PSS g
. Ar st . ‘
Sylow  TREL 'g("s Sign + 25190 4 %m0 ) (5 AUNEAL  GHBWATIZ N OF Baws | .

K
L




U suatly The
A UNCEED Gaou P s THe

(ow cE ~oi & R(GES FIELDS.

MOST . Q(Fr( CC“..T ‘PHI’LT DF
oNE

THE GAUGE

To GHVE

& MEED J To

DS To JREF I
AD (usuALwme)

MASSES .

TN OEED (O"J
AN T

Sy mnt T ¥

®

aLSE To FL?(L“‘W‘J

SeAlar foTEVNTIAL  ARE

o GE  MBLCED

"‘H{.&MNE‘, TdE

fuc
blLE FleutT

| Hfo nTANT

pwolT DASV [£9 THESE
HQTFUA-TEJ)

pene , ME (£AVE  THE
o TTHE ¢TODY  #F THE LIEUATURE

Wi Qo

To Pt <

$TV DL T
e sEAnLH s, O

o Wi/ HER”

AND

gt FLEY Cnoud Sy (Load Luck !

EXGLOSE G stenct pocel  with oo bps ftd; bacd 2 506
D'CM'U-Q -ﬂa

8.t . DL”QS e e A costradats.
,_‘/.:cfa-w ' ko the f-fvlth dewy  yif
ZE\(H N Lﬂ— w SRLVE ’_‘2“5 ’ ’ZQQ,& CAWL‘t Lo ‘,‘eo'! j— L‘-Jul_o\_

Lﬂ.u s Fpe o le-\l—ﬁ’h‘a‘-\} j



A??@@UU\ N

1 NEMV‘UMS nop | THER HAN (EESTA T onS
e e —
WEA K [PTTRACTOS T Fensd (A G AR — (\/—/Jr STAUCTU g

_ gatmimo  enss To— LepTER NUH BER.S

/\“ggm»os e G

ELavor  eSCIL AT g0p  LLeTomCC  pIXIEG

n
[ LDS & STATES  — GonEmL PPRMUCAE = 2 FLbven CASE
/H'{'f,ﬂf’fvé-h:ﬂmw op TR pAWA T CUHMARLY oF PANEHETER
DSCLLepTT o007 fed RTIC

, onA NA ,uctiwumo)

3. M
(el & Comuar®2® Tl UR stiwon = MBJorswa MASS
ovep &V UYET - Cpeqmd — LeerostC ASPARETRY

4 NEd e S {© CAUGE o (€5

!

ﬂéﬂ-ﬂ(“ﬂ ot § fS- EFfeeTv T 0 PERAToRS '—I/SQEV

PLEfLEULT ) Mo WSSy THE

.Fg\,umvdg [tnd Le_{—f‘ rle{', S[«’(g A f@(o gF\ULQE Lroafs

?(@;SA 1&&@ {'w» 1o ‘wvth i g
[,\f;'j'f@‘h(‘ & J{?wgg . (‘WE‘.(}, ¢ /b
1 o be PUT‘“/{MW ol 5 $d

SOXNA’W“S Of, MR-VOLCAS , To \fﬁ--(:n,\‘\.l‘i. (aV V& Cf{_‘OL«,S
4= 'f‘eelc' g:{_ PLZ]SICS '(

WTLAL\\éE’ 3‘(8‘*&5&3 .

OL'-'\OL Lin 8Ql¢au.Q





