Venice
February 1999

v Masses:

a Theoretical
Perspective

G. A’Itarelli
CERN/Roma Tre



e CONCEPTUANL "
A T OfF vy
IMPACR PrECENT

4,9
ON _
Yiew -
" c PHYS
PARY I CLE



A DOUELL APMDAW ID P/)ﬂﬂou. f’mnc'

mor\ ABOVE. :

E GeV/ QUANTUMN GrAVHITY
0,0340( SUPENRSTR/INV/G TUEORY”

GUTT (Vv masies, pdecay.-)
==—1—RWN I ' | ! |
SR AVITY UNDERGRIUND EXP'S

ot cosnie RA? PETE(TONS
= - J‘A'\"EL\..)TE!' (Coé’\: le.-,
+aur( me Below/
(5
< | SEARH FoR HIGG&S
2 FOR SM XA oM/,
N EXPLORING | PROTECTED

THE FLAVOUR | SU\Z/@ U/ 1)
n’w\'\g (2?;-) PO (HIRAL .

S7nn,
PROTECTE) 67 ~mbn /)
Sus” ‘ﬂAng—u”

q
1
| : -é)louian.:f O(A‘)»@ +Of/\)£3+
-

—  THE LoV bNClG‘7 THEOLY
IS AN EFFEWTIVE

THeEO ¥ [/\a G\NNH]



HINTS JN FAVOUR oF SUSy

S UMIFILATION OF (oufLINGS

o) ¢ %t3) Flom l(mE) 5im'd (u3)
_._/{ :3 PRL‘-‘chd fbm;—): |
.%Efew " QDZ«OM) STy —— low ENERGY
e M % (mi)=0033t0002

& (m2) «0.))9+ 000y MsSsH. “}(W:): 0129+0 010

s 20 |
o A “00D Cod DARE MASTER CANDIDATE
A NCEUTRAC/IMJS . A SUPERPOSITION OF
%2, E« 'T'?-_,
) hfjjss'mo;

® AGRECHENT WITH E-W PRecrfion) TESTS

CEOQ NMOT T00 LIGHT S-PARTNERS
L vow ESTasLISKED B> DIRCCT LMIT

SUsy RAD. (0RR'S — SM RAD. (opA's
WITH ™y CIGHT (~ 400Ge) )

Lb INDICATED BY THE DATA
LHC ww TFewe vus/



Ve _ /Y, |
(V),.) = (J (Vl UUt-U+U=1

Ve | Vs
W!?{;lk )SOSPIN U pmss
FIGENSTATE S
El GENSTATES ’

(%) (%) ,.f;

U MmxinGg MATRIXY OF V's

IN BASIS  WHELCE me_‘leGONAt

[ANHLOG{OUI TO \/Ckl“\ FOR D-Gdﬂflj{

(2

L



V NASSES ARE VERY SMALL

bfmoLO ¢y .

FoR G‘\AFF/CMH}TQ’) SrABLE Ve

L m o, 5X 6 eV
Shhhle ( -

ALYO -
[CP. M NORE  SEQUENTIAL Yy
WWTH MMy, <€ LGV

[oney Zsteric” yly  WITH
No WEAk IWT!( (No Zaw// ﬂLLOWEﬂ]




Y MASSESL PNp  CosMolLOGY

fE‘Qf = L BH: ..Ql\z-'!d__}_(_e_l/
o 3

Ho = 100k k‘“ls/chnC‘

_ FAVOURED ¥
ﬂ ﬂ _ﬂ., =1 (lNFL/?TI o/ 7)

Ex _fL,\ ~ O(ovouo” _(2, ~ozl,+ow+2
» !

ALxAzore! .Rk ~ (124005
h ~ 071202

Ny < 0.3l _Q,,-L P 0.0 =00k

AT DEWOLING (T~ MeV) -

My _ 3 (Vz LICHT MEUTAM
Ny 11 WITH WM, < HeV

’"gfv boo fom? =2 My N 410 Jom®

ﬁ/ = Ny MV = 140 Mv/ow3 _(n‘ﬂ]m




SaME
EVIDENCE Fop S # ©

OWI)TH ,Q_A:x.-o 1T 1S ~No MORE CAEAR
TUAT HoT DM 1§ ACEGYVED

o_Slv CouLD B¢ nALc .

.
. -
-
» A
H
.
.
.
.

Flat-
-1F Univee

Figure 2: Supernova Cosmology Project results.

“n’l\""ﬂ'n =)+0.21¢ " 1$  INDICATED
Ly Ask ACousT/c PEAL 1A CNA [t[ﬂ)(cu E-]






YV MASSES => VR OR /l/ Ok 8OTH

MOST Lik€l? ROTH

DIRAC v MASS -\;;W)UR +I-.C.ﬁ-

BUT:
WITHIN ERLH  GENERATION FERM/OX/

HASS SPREAD IS NOT THAT LAAGE:
) = TREAb 15 NOT THAT LARGEE

W -5 MV ¢ ~4 GV + )35 G
J -8 s ~01 L -5
e -05 po~0A e 2

WHiLe mm =< _o(e.V)_

— | C.

IF L CONSERVED =  ApD)TionA L
ENORMOUS SPREAD OF YJkawA's
MORE APPFALIN G ALTERVATIVE .

V'S ARE LjauT  BECAUCE  THeY ARE
WW

L VioeaTED = VU MATJORAAIA




IN SM. TUERE IS NO LOKENTT
)N V. , DM <G ©/ELATOR
(ComMT 1BLE  WITy  SY/Z)=Sule/x U/g
THAT VIOLATES B AMd/or L
EXCEPT V; Ve
FOR EXAMPLE .

W+U — 7 +

IS Ok (9.3, CoovR = 3+3=6+3 )
_ 7

BVT : X d°u z*uw = vm 6
L T
(( “suls) poetre
M s Mo

[SAME N Susy wTh R-fARITr WNSERV'N]

BuT 9F 1);z IS INTRODUCED

THEN VRT Vo 15 Su Sule) » Vi)

Vet A AL = 2 1
WITH Vi L ConserV wer AvTorame./



;
GUT's MAke v MASSES VERY PLAnsidie
- et R S I S N O D R T S T
® L (avp B) VIOLAT IO nJ /S'

A GENERAL PROPERTY OF GUT/

® LARGE Meur OFFERS A
NATURAL NEWANISM FOR

MV VERY JSMALL - My ~ =

M
| %9
NO Vp Z ScALL\fR:Ft/
NON - RENOXM. OPERATOALS -
| | T - ORDINARY
s o= Vi Ay Vi HOHER
bal=2 M o P15 Y
% - x 2 U” = <°”‘“°>
WMy ~
M P Poor, ”r

® V, FRiseNT (N SO(o) Eb ...

SEE-SAW MECHAN|ISM
> M, ~ M;— My DIRAL V-malS
™ M~ Reur po



SO(A0) |s VERY IMPRESOIVE -

ONE WHOLE FAMILY A A
SINGLE SOH0) LEPRESANTAT ION

AL o> 5 £+ 40 + A

Sol40) Ju(s)
1700 STR)KING AOT TO BE A S|6w.

S0(o) MUST BE PELEVANT AT
LEAST AS A CLM)‘)FIM}T/M GRAJP

FOR (EXAMPLE WL Covld HAVE

50(40) _—> S—LUE)X’ ,/[H) —

L Bl?Ok(-.’n) AT ”t.ur

_.___; Su(s) ® suly) @ (1)

ONL-—JYALL BRCOEING  FROMN NQ)T To ”W
(<°°° PREDICTION OF CoUPLING VwIF. /Ct-}’)’)
S0(10) —> SUI) ®Fu(2), B U (2, —

j—; 5b{l3)<3 Lt(1) @S‘um & LYY,
Ly > S”



Ste-sAL  MECHAN)SM
Yanagida ;  Gell-Mons, zwua, SCoons ey

V, Ve ALLOWED By SUlz) @ U)
G (pRae Madorans mask M
DIRAC MASS M BY MIGls paUBLET]S)

Ve l)g
VL O m
( ") o> m
YR 'mb | M sEETET?
CICENVALVES

:

VQ%&E = );%,, / Uhew/,,l' M

SIGA] 1ARCLEVANT
FOR FlRM1on) S



ALSO, THIS ZeKo m
woud ge Fuep upl m, M
NOT 87 TRIAET AIGES 1T Dopes

( SRONTANEOVS & = TRIPLET TR
EXCLWDED f7 [T AT LEP)

DEnmne) &Y BOVBLETT Witk
nVon  RENER7. CeUPLIVGS

ab }/[_HH
aLMgz p
M, ~ Av
[

AGAIN — of 0/-%7”-2-2——)



IN GENERAL  BOTH  Op ~ ' AT HE
M

AND TWE S€C—SAv) MNECHAN)
ARE e PeRATIVE -

T T | T a2 L
ImV=vm Mmoo+ )V
L Y L .L D D L m

THE 2 TeRNMS RAVEE THE JRNE
FORM = THE JANE  TRONSF.
PROPERTICS UNDER  w'=Uw,
BUT  DIFFERENT ORI GINS

fe.g, iN GUT's ’"D RELATED
70 0{ g f DIRAL NAm;f'{
THEY (AN BE OF CoMpPARORBLE
OR O0F VERY DIFFENT J72E
Ce'i' A/Nz,ur Ve 4//7')70 j



MORE  FUAVOURS  (e.q. Ve, v. v, )

N — T —— ™ N N et N e Ve Nt Wl N I O e

og——\{’RM\P—I‘ YJRM\?VR 'f'll.C
4 ?
DIRAC MATORANA
Mt NOT HERMIMAN, NoT Symn. =M Syma.

EQ.S OF MoTionN FOR Y{Q
(’N STATIC LIn/7T '3"9’-0)

S22 my - NPT =
VY _
yT - N"/MD\K;
= yY T M-
LPR’ LVL. /W\D M
By €ELM/NATION OF Vo

T T,
Yem¥, - Yemh ' m Y

-
LL‘»M -—+h0N i

/" "R
EFFECTIVE LIGHT L MASS
MATRIY



Y MASSCS

V[OL/’ITED $7

UNL] K€ LY

L Vi.:)LATED

N vR ANYD vg
NON RN Sec-SAW
PNTL'R”(’/W
v M
)k AV \(Y o ( ’2)
J/ TR L L%
T y,p%, T 19
m, = U AU Vo4 v m Ny
M
LARGE M —* frpLe My
NGU / HP&M(,L



Y -0scLeAaTioN DATA V99

g. Win 99

o Vit v e e NS <

\Armosmcp/c m__vm{ g Sk, NAtto

W ~ 380" e
\)/&-—a \)/,V A\ ”» |
NOT MUCH Vc-)/')'/\l)" (CHooz)

MAXIMAL MIXING & Sabld s oq'

abw ~

WARNING: -

EXISTENCE OF
OSCILL'MS : Soup

JLEY VALVES
Dgg—? A\M"’, G : NAY CHANC
M

TWO POLIIBILITICS « ( Bekeold F oL, Barbivid

~]o

21

) VACWN osciLc. ﬂmfwfu 0 65-10 .
HAXIAAL MIXIAG - 20 0,35}

Jum

L U 6
8 MSW  (Snaw O ) A'Mruw." 710 c\/

Sl - = 55)0°
(Lnsd | ot wnpirnen.  pstecarses




£ ALSO cauep "BIMIXING" 2.3 .

Vdcwvn (Osc's
DOUBLE MAXYIMAL MNIXING [Foﬂ c v’:}

[F WMy > My 2 M,

Lw o omy 350077 eV (006w

an 3

* ¥ : )
W, ~ ;:[ . 006 eV ( ey

= M=~ 05 10%cv . M, r
SUPPARTS RG\ATION WITH GUT s |

.
Amg'm ~ WM, ~ 05 (0710 .V?

m, 0§-1075 eV
| ) A ,
D M (13.9072) (_’41_.)
m3 _ mt

VERY ATTRACTIVE |



Snaw Avclé MSwW

+ _ 2
A]M; o Wl.:'-—w,»u m:' ~ &.)o ée?/
uwm :

m, ~ 2.1 1077 eV

> » P"‘"z [™.
—* - S\ian ~ 004

RELATIN  WiTH e Ny o

Wi
INBICATE D

RAMR/ Pott/Bly WITH

C
OR Mp n 0.Y
W



THE U MATRIX

®@ 3 {LAavours
@ 2 frecavenyc s
@ M0 @5 avy For Agiu f(HoOZ) caw Be

@ MAXMAL MIXING FOR BV, /vag{g
5';'«9 ATFROX
,_\AI &\ue3=0 CHOOT
/Ve\ c =5 o [ Y, \
il = (%% Y92 -ln || ¥
V| | SIr < ;'/fa-/ \ Vx/
MAXIMA L

NOTE 1 - CFP NEGLECTED
_ (U géAc) AVari MG

¢ SOME  SIGNS ARE CONVEXTIOMA

'P(Ve(_? V#) = p('Vgavf = ..).;—. 5;”1265;”24_{0“
P("/-"’Vr) = ‘“”LAM:I« - f,-‘rl'u‘l&? sin Dsom

T
B = ML A s MM |

Suwn

LE G



. Haws, Noxagave, Saxatka: 1962
U BY ANALS GOV [ T9o Vcw
D SAME  GENUERAL FoRrM

e.q. Malam

i f2 9\ () 0F e-.;J A ° o
U: -Ji12 ¢t O O y '3) o Gy a3
Q o 4 -Sue"é C,‘s O *.f]_} (23

0
(<0293 5253 Sz e ?

a T - 213 Cas
A Tttt G (g
On . ~ J 2 S. ~ 1 s -~
F /z . 5)3 0 ) 3 J i/ S)ezJS , J 0
cL.% :Cr a.,l'; C)a=sc
(8

“
= | Ity CCy —Sy

SJANE Af ABOVE
($Sr ©<S¥ ¥ ) PPART Fron s16ms

2
VENT) 0N
NOST GENERAL My o

l\!'
e T, . T
wm, ~ W;-HF’MJ"' U [ e T, ]U
1. t'p':h L m}
'm,, L. o |
INnAalIecs

% ) ” ’ 3”’4\"”4‘5
INEW Faean's aopcp 70 SH- Fe#rvtr



d m
ﬁND U 'kg - ( ! W )
w3
THen Wy, = U m*s 0T
~ , 7
M,C-HM,_S (m "M‘Q_)CS l G“'MQ_)—C:E
| ‘L Vi I' Ve *
m3 m,s wn,_cl' o |
M, < L "5_"" e |
| (
| = ..M-’-'-...'}- 1 lM’-(’( 4-..15 M,
-9 2 1 =
) (
i
THIS )s N BASIS WHERE 2 DIAGONA L
CHARGEY

NOTE ’, MV )S’ f?’NHETRIC LE PTONS
= |

M, 15 TME EFFECTIVE
(LIGHI V MNaTRIY 1hor 0,

e
- S¢é-
L'w, L —25m, = MDM—)MT
J
R

(91RAC)



orR LXAMPLE : ASSUME /”43’»} ) /

BY NEGQECTIVG SMALL TCEAMS
OF OKDE'R | AM)/L/»,.;

Jdin O
3 |
MV = O
™3
IN BASIS
| C o dan — WHERC W,-
m, = U wy, 2 WY = Sagoma’
| ©
_om [T 7
2 o g 4
! \
O l(-—-4 4 ;
det(23] = ©

NOTE : THIS IS AP CPCUPENT DFs

| (an(wcf SEL. MSW: 3 duie.
Va.

/



ZEROTH OADER APPLOXIMATION

w
[ ¢ -5 o

Uzl % “r -V
.r/ﬁ ‘AMi '/ﬁ

BAS)S OF mg DIAGONAL.
- T
MV :.:.U D\ég v

double s l single
Mdiag maximal § = — imal C.
" miring ~ VE | 'miing 7
[ma) > 0o 0 o 0 0 0]
A | Diag[0,0,1] 0 1/2 -1/2 0 1/2 -1/2
Im, ) [o -1/2 1/2] 0 -1/2 12
| 0 1/V2 1/V2 1 0 (]
y\| B! | Diag(1,-1,0} [l/ﬁ 0 (] [o -1/2 -1/2
m,[u]mL V2 0 o 0 -1/2 -1/2)
>>||M3[ [1 0 o0 1 0 o]
B2 | Diag[1,1,0] 0 1/2 1/2 0 1/2 1/2
| 0 1/2 1/2] [o 172 1/2
.

)Wl,lx Cl | Diag[-1,1,1] | | -1/v2 _1/2  -1/2

0 -1/V2 -1)V/2
[-1/J§ -1/2  1/2 ]

-1 00
0 10
0 01

jh“h'ﬁ —
(:ﬁ 1/vV2 1//8 1 0 0
, C2 | Diag1,-1,1 V2 12 -1/2 0 0 -1
,’Nﬂ 7 well-Ll [1/\& -1//2_ 1/4] [o -1 o]
| 100 100
C3 | Diag(1,1,-1) [o 0 1] [o 0 1]
010 010

G.A. FFeruallie I

Table I : Zeroth order form of the neutrino mass matrix for double and single max
ing, according to the different possible hierarchies given in eq. (6).

G.A., F.Fervelio T Jup-pl/930%F353 PLBE39(I063)N2
a #* z ' //9303544 THEP 'Hms{)u
I / 7812475 |




A _HOT _PRoSLLh

FIND A A 'ru;e/n EXPLANATION
O LARGE v mIXINGS

MANY MATRICES //uz/uwcp
°-q.

vopg -~
m, = /MDN m

Lw BASIS WHERE %e DAGOWAL

V. 2 GUTS w Jd
M /WD : V- Wlp,’”‘

L

J‘/1ALL MIXING S

| 4[' Moo O TrALL
WHILe VY nixve( LAl



3 DL_C.LNCQA"L” 24 .2

Ll m-uum-. EPRE ‘h_ ik 26 R

ATTRACTIVE  BECcAUSE  ©F MWor DA,

/mt/ = oA A-3 eV =5 (120103

V-LESS  pousle ﬁ-DE‘CAY-?-\m‘i} O.vbeV
Qe

WM, = mMcamys < 0UbeV

Q) M'::.-M-,_ C:U.S't

L 'D‘MM A ,Q-’o-— ,0-” ,/!




LIMIT FRoM % BOV (AL=-2)

(A,Z)-——B(A,Z+2>+e’ re”

w d w d w

PROBABLY  Wp N HEAVY Emoval

To B¢ DISReCrARDED2

2 |
ee _ _ |
My. _=§ ere m < o1 eV
A STRONG ConSTRAINT ON  THE
MASS OF LGHT NEVTRINCS oM
THE SEE-SALD MEHAN)SM .



FOR [my|~[ma|~|ms[ 2 A eV
ONLY ONE  POSLIB)LITY
BIMIXIN & (C'i EQUIVALE VT Cl)

double single
Mdiag maximal maximal
mixing mixing
0 0 0 0 0 0 ]
A | Diag[0,0,1] 0 1/2 -1/2 0 1/2 -1/2
0 -1/2 1/2 0 -1/2 1/2 |
0 1/V2 1/V2 1 0 0 ]
Bl | Diag[1,-1,0] | 1/V2 0 0 0 -1/2 -1/2|"
1/v2 0 0 0 -1/2 -1/2]
1 0 0 1 0 0
B2 | Diag[1,1,0] 0 1/2 1/2 0 1/2 1/2|
0 1/2 1/2 {0 1/2 1/2

C1 | Diag[-1,1,1] | | =1/v2 1/2 -1/2

-1/V2 =~ -1/2  1/2

— e ——

[ 0 1/V2 1/\/5}

[ 0 -1/V2 -1/V2

C2 | Diag[1,-1,1] 1/vV2 1/2 -1)2

1/vV2 -1/2 1/2

C3 | Diag[1,1,-1] 1

Table I : Zeroth order form of the neutrino mass matrix for double and single ma>
ixing, according to the different possible hierarchies given in eq. (6).



A MIDEL WMWY /5 SPLE o STATE
T DIFFICVULT TR KAL) 2C
Friksadd thllma_

ASIINE Than I Al Ao"fﬂox,_

1
T o
DEMocATIC

IN JAMCE BASIS FrFop v's

y ie. V& M
wm | = (\4 > D)AGONAL /W BAYIS
1 - WHALE q,[ Dot

THEN IN BANS  WHERY € prAGomaL
mp = Um, UT g APIX

N . BIMYI XA G
| Vi W
U = [ '\F': -1 Simm Z\_SAJ'"‘
6 Vo 6 — LYy !
I N & :\%g ]
i V3 w3l = Pl



NATURAL MODELS WITH (M, [¢wy )= my )~ 2eV
ARC  MFFILULT TO NS TRUCT

FOR  THIS THE MOLIT FPROMISING  WAY
\IC THAT THE  TEXM

Os = LT%‘:L H H

IS DOMINANT [ No DIRECT comieesion

WITH | MD);mo ( WH/CH- /S fKEfuh@Bl?
RIE LARCHICAL  AND HORE AL I1MED
By qUT!y) ]

A JTYNNETRY |5, WNCEIED TD SUAlONNs
CQUAL MASSES FoR V'S 1d Sonh. Uk

Disere e _ Now A BeL) AN
nohdfa"'ro\, Nuuinov | Na.e°7 , ’5‘0{3)
ch’cnula

BML'm" HOJL/k(M/&L‘
R.L. Wy |

o 1
NOTE: _YU M W |o'3a._.,v . 709 Low ?
AeV



SIMPLEST STRATEGY [CA. FFrubo]

@® Oy 3 LIGHT Vs
6 SO0(10) = Vg + ASSURC SEC-SAW 0ommANT
® FoR U, d 2 Djrac MATRICES: Tk

37 GeneRATION  EVGENVAWE DWIWANT.

dY = d\'&g_{_m;]

4V (% o ) 4% (%w\,)/ ' (0%)

@ NATURAL TD AJfunE THIS 1S ALSo
TRVE FoR  J¥ [9MALST Solto)- M:..m:]

c’vm (0 )
OMV
® THEN , AFTER SEE-SAW : M= m"H’ v

FIRE ’UA/LD NEAR Durwrﬂnaef i, m
ARE WYNPLAVS I BLE

0q. For pagk nATTER Bz 15-Y
(W an(WC«] m

-1
= My, 1S HIERARUICAL Too _é_"j_{,rzm lo

diaa[mv] N (o() M.})



® f NO FinE TUANED DECCNERAOIC S |
THCN WE WNEED porH (ArRGE
My -wy SPUTTING  Anp LAALE
MIXING W 23 rceror

{mg > VjAWg,g; o é-)the.V

. : _5
My @ VA\M‘LM a 2-]97%eV ov ~l0 eV
MSw Vo

@ TUE "THESten” THAT LARGE Aufn
IMPLIES SHALC 23 MIXING IS

IN GENERAL FALSCE

ALL ONE NEEDS g Mocéfzﬁxo



G’X Ar« PLL ’

X =
(25

Dcl: N')_g =9

Efa,a/uu/k&\m . 0 A+xT

N)'X.fmg L oSy 28 = _4X ‘L_ _
| - @7‘3(?1
foR X~/

LARGE  SPLITTING AN D
LARCE  [T]XNV G

Jo we WD A MEWANISM
ToR Db [23] 20 AUTOMAT)IC



ONC  Poss)BL M(wAN;sn GA. F,ﬁﬂ}lgﬂ
e =t /

WE FAveuRr IW31>> [""' l-ﬂ q 98

ASSUMG  THAT U BASIS WHERE mf DIAG -
1'_i?.sc.m /LE'FT

Y= (232) = VAL V(e W

O X |-
THen Fo;z"_'A GEATCRIC M1
—
vT -) v, O © <«
mV = MD M )’MD = Conrk (0 x* X)
O »x 1

IN rFAacCT M T U p N"J)UT |

" {ooo

J ALTS A O 0 ©

A PRIJC TOR © 0k
k=),

-th
ONGC FINDS St )

T T G
X fim Zb o 223 — 0L cIx151.6

0 = [(‘ “5 O_k Sy == XNt
L=

SC cC -—.Sy
SS; CS{/’ Cv CZ: 4/")4'2("




INTERESTING  © B CNVA TLon -

MyIn& CodLn B envravcp 0BGV
v/ PownN  FRI?  GUT ALY

(1] S . . - . . .
4 6 8 10 12 14 16
10910‘

Figure 5: An ezample of the renormalisation-group enhancement of the 2 x 2
light-neutrino mizing angle, starting”from a small value at the GUT scale. We
assume initial Yukawa couplings hy = hy = h, = 2.0, corresponding to a large value
of tanf.

7(%/ ,..q.omhm'l/ LOL,"J&M/ﬂhau

v — - - t ' by wt ..-m
il §,= 8, (S %) P ten
, T ’r;\r"" N;3_ 212 |
Sim 19 Yueawa m.s(mH ' m)..
- 25 Cﬂh,L’hr ‘) ( Y

Chenrowse, Plo. Cermike D5

Lv\uu-q’ Bo~, (Mroltolv /93




e~ =]
INTERESTING  © 8 SERVA TLon -

Myin& CodLn B envrAanvcp BV
Ivvwinec. Pown  FrOS?  GUT JCALL .

— 6 8 10 12 14 16
10910‘

Figure 5: An ezample of the renormalisation-group enhancement of the 2 x 2
light-neutrino mizing angle, starting”from a small value at the GUT scale. We
assume initial Yukawa couplings hy = hy = h, = 2.0, corresponding to a large value
of tanp.

7.Lf£(’,.;=/ Lumhm'f/ Laf-\,n)o\uo/m&)

v _ _ L. Y\ wi,._Mm
%“i: 55= P 51 ) (13- )?“33 =
_ /r 'T,PI | ;3 - 2 2 :
5;,\,}23 7uuwa M. s (an"’m
2% Cnu,bur ‘
-C\nenzewj’b:/ f,eucmlb 5%
lirang , Bot, fantodeons 793

t:}'



NOTC . WE WORKED JA BASS wrg D1AGONAL

R,

BUT THCE JRANE TEXTURE GouLd BE TAkCA

FOR BOSH Mg Awd m, (AT LEAST oue)
Pcc °oR A, LARGE

0 [Ooo'\ o 00
W'ezlooo o:c
OACBL_‘ 0 A, By

AFTER  DIARNALISATION 05 M7 .

va"’ “""‘""Wt(o O O
o X 4

l)(l — 'A!BV"'A.) Bgl

‘AVA’Q* 67B¢ l

THUS: WNo JNCRCASE OF THE NUMBER
OF FPARANETERS TD FIX R>
HAND.



IMPORTANT  REMAR k

LEFT-HAMDED QU AREKS .« SHMALL MXINGS
. r ‘5 .‘ )
V = Ui Wy = 4 A AX V"”Z)

CknmM

)L::Ifn@cxb_u, :—-;)\ A ADE
A~03 , f;-_.{»,.,o_u “Ax (’_f_"‘l) _.Ahz. y

(.

BUT KICHT-RAMDED QUARKS (AN HAVE
LARGE NIXIWWGS (UNENOWAL )

N SU(S)  TYE OPPSSI17E  fS
NATU RALLY TRUE FOR  LPToAll




IV STULY) 5,;, 10, 1 {:{am’@ 1,2,3

. . CAv BE DIALONAL)SED
my — 40, 40: H By Rorm Tron OF 4o ¢

J
md, — 5 JOJ- H
My, — E ’f/' H (oirac v )
fr = Aty g e,
MLL —6 5;- 'S—: ch LB .?IAQ-:__
1 J By eo7. of ho
mv ¢ ‘-FLL"'\‘\/C

L"?'“' vV mabnar

N TUI¢  BASIS IF mc,u;ag

T | T X 2

MJ Wy = ch QL“& & V(M
T T R 2

\%ﬂme = W We S U CLj9W§ U

V nIX)N ¢
RATR ) y



;{‘/ G.A. ’F.Fcfug,:ol
WE FAVOUR A CLASS OF MNodELS

NS . Drawmvure
,“)HCRL . H:?::f::m ‘Rou;; AEBrf?/n}',BJlK,SJY/'

@ "y, ™M, ARC /\/tAﬂ D1 ALINVAL

@ M, has Lark< RIGHT- HANOED
MXING S

O THE ﬁPIAoX//?AIE Su(r) RULATION

= M d AL, LEFT & R)C—h)‘)

—=-—

/rw)u (6§ LARGLE  LEFT-HAMDED

MXINGS /N M, |
‘ SubDekt [23) =2 O AfﬂTt))?A’LL?’
NOTE: By R-H MIXWG WE REAN
OFF JMAGoNAL TERNS THAT
A owLy BE DIAGONALISED

By A RH RoTATION %4

ABOVE  STATEMENTS AL
VAL)D A SulS) Z#/S

(ﬁ GIVEN B, ,40;, CONTAINS
BOYH  R-H . Aap LW Férmrons ]



CERN-TH/98-410
DFPD-98/TH/53

A Simple Grand Unification View of Neutrino Mixing and Fermion Mass Matrices

Guido Altarelli
Theoretical Physics Division, CERN
CH- 1211 Geneva 23

and
Universita di Roma Tre, Rome, Italy
Ferrucdio Feruglio
Universitd di Padova
and '
LN.P.N,, Sezione di Padove, Padua, Italy .

Assuming thres light newtrinos and the sec-eaw mechasiera we premsat & ssmiquantitative
model of fermion masses based on (SUSY) SU(5) and sbelian horisental charges. A good
description of the observed pattern of quark and leptan masses is obtalned. For peutrince we
naturally obtain widely split masses and wmm“aam
of SU(5)-related uymmetncmmnrmfadth.dww

o0
N
o)
T
3
@)
N
1N
7a)
j~
<t
N
T—
| R
E
e
=
=

CERN-TH/98-410
DFPD-98/TH/52
December 1998



Ao MORE MMMALISTIC VIEW

ALL MATRICES ARG rnnCETRIC AP
NeARLY D1AGoNAL (LEFT-RIGHT Smneier?)

LARGE T OMIXIANG IS OBTRPIAED
Br A FLUCTUATION oF w07 Jo

PNA4LL NUMBGRS .
¢.9. ._cz 9;_%.. O 055

" mn
2 0.5 ~ (M~
= \Z ' (m)
Auto 6/?1- ﬂND Q V. rron  haRlE)
LePTON DIp G. AN Fx.o/? oy oW ﬂD%

J | .;,., ol
Gov\rm ~ 9/41 T 9;»1' S‘J (IMJ}

FoR Mode RATC  HIERARCHIE! (e.q. MSW
Bemed THAN VO) CovLs  WNORK
Babu, Pute, (V1L 2es



EXAMPLE (23 SuBMATAIX.: )
FOR L1MPLIC)T Y

_ z c | /90
AT ORDER  2€p0 M, (o

1F M ois ceminse = omy, ~ (9)

ASSURME R  (CHAREKE) LEPTONS.

é Foo 4 A ~

?E'GEMVﬁwi;z /t

THC S7rMdm . MATKIX n, DIAGON!' B7
V+M U = o - - A
RTe™ JA*F M,,e Al VR’UL'(J c

IN BASIS  LMERE WM, D) AGowAL :

m, - --C:r g)( (c -J‘) _c .rc)
S dek 23] =0 | 526 25¢ ~2re

CLARGE FoR r~l1-1

leou Ta Vs, L§Q., , \2011 s 5
Lo!a.,?ou 99



SunnAaty AND CoNc,quoM_

@ YV 0sCicaTons 2 ProBABLY yego !
= VYV MASES

@ DATA ST CRupe

YA\VES OF AW(M;M Am;w‘, ¢
LwSp ? W Svo

® Y MASICS INDICATE ,E’ (adorana vis)

My ~ N reaLe o Kk
™ M~Naur
N Wivpow oN GUT/,

BARYOLENESIS vip LG PTOGCENEDN,

@ /I L%I) =2 3 LeHr v's EnvovgH
(NO NEED OF JSTeRne v.r)

® V AS ko7 DM T (m |22 my |~ 26V

MopeLS /NvoLVE m, ~ L” ALHH
M
+ DISCRETE oA MW ABCUIAN FANN? [»hn.

vmss-zf pecay : IF |Upyl=0 = BimxinG



RORE L\kGLy ?
@ HIERANLHILAL v MASSES . ey my s> gy |

X
\m3~ Amhbm ~ 0.0¢6 .V
SMALL Casnolo g/ AL RGUEW‘”‘/"E_

NODCLS @ Vp + Sce-sAw
y | . /

m HIERARCHIAL  ()é\F
DIRAC 147 4 Je: FOR 9,

: 14 O
/L?f mpMAL N( om“,)

?
M., - o M~ My ALSO Hmm»wmmy

| (Lﬁncﬂ: SALITTINGS  AnD mch-.r)

(-_‘) JMLM[ZJ]:O |
EIT}/&.’)? ; AL 67/ I NYYInC) Srraue

O, A M
.. Y o
LARGE 6; Ly M FLUCTUATLIA

(.S‘OL./-);G . MSW )
or RH 9 Miwes LARGE
— suly)

RHO( s o L”e
(foLA/L: Mrw op I/O}



