=

[114]

united nations
educational, scientific
and cultural
organization

&

international atomic
energy agency

the |
abdus salam
international centre for theoretical physics

SMR.1317 - 13

SUMMER SCHOOL ON PARTICLE PHYSICS

18 June - 6 July 2001

FERMION MASSES AND THE FLAVOUR PROBLEM

Lecture 1

G.ROSS
Department of Theoretical Physics
University of Oxford
Oxford, U.K.

Please note: These are preliminary notes intended for internal distribution only.

strada costiera, | | - 34014 trieste italy - tel. +39 04022401 | | fax +39 040224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it






1.4

F'Q,nni'an H dses f‘l\c ﬁavou( ?YDL!%

G.G.Rusr, Trieste | as/6/0:.

g INTQO‘DuC‘nbN L Bc:’ovw( 'Hu. Shna(wd mﬂ[&, ¢ mages

- SnSy ( Gt‘fs , Su}l-(ﬁ'n-\.ﬁ :)
- onPosTE  (Technicolows , Exlended Te.

- LARGE NEw PMENSONS ("?«wc " .
*'ld\wo‘o’_\})

DetEenvATIioON OF THE Féemiom hass RATRICES

- Texthort 2¢ras v all Mot

o FAmuiy SymmermiES - Abehan

- Nal\, - ALC'l.'Oﬂ

~ Hievaechieal Lvealcvj m&cl)»;.fu!

e NEuTRInjo RhAaSSES

o GRAUD UNIFIED THESRIES (svs »)

* L[ARGE NEWN D)RENSIBNS v RagSEs

» STRNKS




i
® INTRODWCT)IDdN | v

The Stamdacd Model

SUC X Suf2) x oY)
X1 4 EYPE)

G w
”» ’ o Jg/-

+ 3 szhor:.l qnirks « 'o,(.JmJ

t 4 Higas oloublet ” ( ) 5”‘ (5)

J( * 0( Gaunge ? ’ev...kma ' fealar:
I
"y
y\./f\/
0(3)'.:”.],
uCDI' *
/
. owmel zeand
ETCIL S i\ auevald T
[ Gau ? e
,‘Lﬁ’,lef Shruchare ¢
; | Qo
ﬂPg,ame,l-uS- H;J"ng“-' CL._] \.)s "\e )9 v
. R°
Y mastes ¥ muking . ™0 S S» 2),2,2

).
LW

wuhy ?




e ITNTRIDWCT) D)

levw

The  Stamclacd Model

SUC X Su(2) x OCY)

a3 ¥ 1122
G w
Vo ’ ”» ) g/-

+ 3 Wv}";of:.! gquirks v lepdons

t 1 Hia; oloublet [[ ( ) :” [J)
¥ (“
i : ( Gange N wak'out ! v(fca'la(
| [
Lo+ o,
yu/f\/
UCDI' (%)

¢ Gange grop !

¢ Mulhplet shuchue ?

© A pramelen ! H2 .0y, 9«'-' ‘Lup)s e, o 1
I ) masses Vmu&u’sa_ ?? MV\.‘ y ) S" - ‘9

© gomky ?



I3

TUE BAasiC MavTEa STaTés OF THE STA«DARD MeoLL.

SU(2)
Up Ve v, v,
Down [~ e L K/ /L
= R tR i
Neutral *® i ® > :3;\“;:‘\’9' ry?
(@)
SU(2) 4 SU(3)

Down |-

Neutral ‘ A >
(b) Family
symmeiry?



Standard Model- The Lagrangian

Lsy= Ly +Lwp+ Ly + Ly

Lyym=Loep+ Ly, + Ly,

I

I
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am

y v A ABC 4B ,C —
Gj, = 0uA} —8,Af — fABCABAC A, B,C=1,.,8
Fuw = 0W; = QW7 - e™WoWS,  abc=1,2,3

B“y = a”Bu - aVBM

3
Lwp =Y (Llo*D,L; + &0 D,z; + Qlo*D,Q;

+8l0*D,d; +3lo*D,d; ) .

. ] 1
DuLi = (Bu +iWy + Syt B,) L, Wy = s We(z)re

Dyg; = (9, + %yzBp)éi ,
DuQi = (8, +iA, +iW, + :;-yaB,‘)Qi ,
Dyt; = (9, — A, + %y4B“)ﬁi ,

Dud; = (8, — A} + %ysB“)&i .

. !
[ = el + QYA + QT+ cc

= (D H)(D*H) - V(H) ,

V = —2H'H + A(HH)?

DuH = (9, +iW, + %yhB“)H

1
AI‘ = ‘Z'A;?(.’B)/\A ’
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Masses and Mixing
Angles

Huz ,Hy
ATAK X <
My “ c €
v? ? ® ® ®
» ¢ e 4
. ' R S “l‘. .'+. . N .%
- -10 -8 -6 -4 -2 0 2 [ m]
v 0 o e
. od s b
2V OSc»”ahonJ
’ A -3 a
A tmaghhene }S».‘ ~3.90 oy
Solay | T ’D-KOV’

0.973-0.975 0.217-0.222 0.0023-0.004-

‘ ] —— 0.21-0.24 1.2-0.9  0.038-0.041
. 0.006-0.01 0.026-0.04 1.14-0.84
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Beyond the Standard Model

 Further Unification - GUTs

e.g. SUB)XSUR)XU)cSUB)  4.9.54-5.

Unification scale | My = (1-3)1016GeV!

» Unification with gravity (strings)

V=Gymm,/r, Gyp’=1,

=M1 =10°Ge V!

- Effective Field Theory
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I',=>N,=2.984+0.008

Quantum corrections sensitive
to new states :

'_Iiheorg/ uncertain
, A =

Osaka 2000 (ADLO)

Measurement Pull Pull
32-10123

m, [GeV] 91.1875+0.0021 .05
I,[GeV]  2.4952+0.0023  -.42
Opa [MD]  41.540£0.037  1.62
R, 20.767 +0.025  1.07

o 0.01714 +0.00095 .75
A, 0.1498 - 0.0048 .38
A, 0.1439 - 0.0042  -.97
sin%g/s" 0.2321 £0.0010 .70
v, GV 80427 0.046 56
R, 0.21653 = 0.00069  1.09
R, 0.1709 =0.0034  -.40

ob 0.0990 =0.0020 -2.38

oc 0.0689 + 0.0035 -1.51
A, 0.922x0.023  -55
A, 0.631 ~0.026  -1.43
sin’6"  0.23098 + 0.00026 -1.61
sin“e,, 0.2255 - 0.0021  1.20
my [GeV]  80.452 + 0.062 81
m, [GeV] 174.3 + 5.1 -.01
40 (m;) 0.02804 +0.00065 -.29

3-2-10 1

N-I
w

I}



. Precision measurements severely
constrain possibilities

S ‘: Weak Isospin conserving

T : Weak Isospin violating

[ U=0 Comstratnt

- 8= -DO4 1 0,10
F T =008 & Q.11
- My < 217 GRV (05X)
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. Precision measurements severely
constrain possibilities

Light Higgs

A=5TeV, M,=0.3k__ ?77?

=P Physics BSM

Decoupling

: S, T ~M,»4naM?, M>>M, v

e.g. SUSY

M,, < 125 GeV (MSSM)

Non-decoupling|: Technicolour, 4® generation, g,

composite

...difficult ?

e.g. Topcolour <Ol t¢|0>#0 .. EW breaking

without new EW doublets

M, too large :

See saw M, =< Xt >< t t,p >/< X X g >

X : EW singlet, Q=2/3, <X Xg>=0.6TeV

8 = —-0u4 + BIG
T = -0.08 + Al

%, < 217 GEV (35%)

i

{—0,02804:0.000
i 0.02/8410.000

B8 ooy unoer

Preliminary
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Graham G Ross Grand !mified Theories Chapter 4
d W s d " d v
K% =K K= Y, K= émﬂ
W % Y
s W d S S
‘f . + .. o ..

e 16w ) Gl Lo (b) (0)

Fig (4.4) Quark graphs contributing to (a) K° + K°
(b) K+ pp (c) K+ Y.

All graphs of Fig(4.4) have 4 fermion fields. A fermion field

3
carries naive (engineering) dimension of 5 SO 4 fermion

fields gives a term of dimension 6. However the graphs are

contributions to the effective Lagrangian density and have
dimension 4 so the coefficient of the four fermions must have

dimension M"Z, where M is expected to be the largest mass in

the loop.- Thus is seems all diagrams should occur at order

GF//Z ~ ﬁwg-z- in amplitude, whereas the experimental results of

Table (4.3) indicate that the decay rates
T (K *uu) = 2x1075T (K »yy) = 4x1079T (K+suv) (4.65)
where t‘he process Kt+uv has the standard weak interaction rate

FrKtpv) = O(GFZ) and also the amplitude for K°-K° transitions

is of order
A(K°—K° ) = 0(GF2) (4.66)
Remarkably, this apparent discrepancy between theory and
experiment is resolved in the standard model because of the

Gl wechanism, which relates the coupling of the u, ¢ and t

139
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4 \? 42 d d
z | \/IRe(65): | ]/ [Re (522): \/ [Re (5), (6%5) |
0.3 1.9 x 102 7.9 x 1073 2.5 x 1073
1.0 4.0 x 1072 4.4 x 1073 2.8 x 1073
4.0 9.3 x 1072 53 x 103 4.0 x 1073
d )2 4)? d d
z Re (6,3)LL Re (613)LR \/IRe (513)LL (6‘3)1212'
0.3 4.6 x 1072 5.6 x 1072 1.6 x 10~2
1.0 9.8 x 1072 3.3 x1072 1.8 x 1072
4.0 2.3 x 107! 3.6 x 1072 2.5 x 1072
z |Re (8% iz,l \/ lRe (Ji‘z)inl VIRe (612)11 (812)grl
0.3 4.7 x 1072 6.3 x 1072 1.6 x 1072
1.0 1.0 x 107! 3.1 x 1072 1.7 x 1072
40| 24x107! 3.5 x 1072 2.5 x 1072

Table 1: Limits on Re (6;;) 45 (i), With A, B,C, D = (L, R), for a squark mass 7 = 500GeV

and for different values of z = m2/m?.

o [Pt | linGot)ia] | VIG68),,68)
03] 1.5x10°3 6.3 x 10~ 2.0 x 10~4
1.0 3.2x 1073 3.5 %104 2.2 x 1074
40| 7.5 %103 4.2 x 10™ 3.2 x10™1

3

Table 2: Limits on Im (6f2)AB (5‘112)CD, with A,B,C,D = (L, R), for a squark mass m =
500GeV and for different values of © = mZ/m?.

T | (553) LL l ! (5«‘53) LR |
0.3 4.4 1.3 x 1072
1.0 8.2 1.6 x 1072
4.0 26 3.0 x 102

Table 3: Limits on the |5§3l from b — s+ decay for a squark mass m = 500GeV and for different

values of z = m?/m>.

Snmminy 1 Gabnell ,Hasnen, SO’VQS'QP;:
rb -ph /9510 215°



Table 4: Limits on the |5ij from I; — iy lepton decay for a slepton mass 7 = 100GeV and for

different values of z = m2 /.

T I (‘Si?) LLI | (512) LR'
0.3]4.1x10"3|1.4 %10
1.0 {7.7x1073 | 1.7 x 10~
50 13.2x1072]3.8x10"¢

r I (513) LL I ' (553) LRI
0.3 15 8.9 x 1072
1.0 29 1.1 x 10!
50 1.2 x10% | 2.4 x 1071

£ ‘ (5'53) LL, i (5223) LRI
0.3 2.8 1.7 x 10~2

1.0 5.3 2.0 x 1072
5.0 22 4.4 x 10~2
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Determinghion 46 fle nass  wadnces
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