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Standard Model- The Lagrangian 3**

£>YM = C-QCD + £ / w +
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Masses and Mixing
Angles

v 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



Beyond the Standard Model

Further Unification - GUTs

e.g. SU(3) X SU(2) X U(l)c SU(5)

Unification scale Mx = (l-3)1016GeV!

Unification with gravity (strings)

V=GNmjm2/r,

1019GeV!

Effective Field Theory
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rv=>R,=2.984±0.008

Quantum corrections sensitive
to new states :

Excluded X \

Osaka 2000 (ADLO)

m2 [GeV]

r2 [GeV]

R.

<
Ae

\

sin^T
'nw|GeV:

Rb

Rc
»0,b

Ao,c

Ab

Ac

s . i n 2 e ^

sin^9w

mw [GeV]

mt [GeV]

Measurement

91.1875 ±0.0021

2.4952 ± 0.0023

41.540 ±0.037

20.767 ± 0.025

0.01714 ±0.00095

0.1498 •- 0.0048

0.1439 :: 0.0042

0.2321 ±0.0010

80.427 0.046

0.21653 x 0.00069

0.1709 ± 0.0034

0.0990 ± 0.0020

0.0689 ± 0.0035

0.922 ±0.023

0.631 ± 0.026

0.23098 ± 0.00026

0.2255 0.0021

80.452 ± 0.062

174.3 ±5.1

0.02804 ±0.00065
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Precision measurements severely
constrain possibilities

S : Weak Isospin conserving

T : Weak Isospin violating
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Precision measurements severely
constrain possibilities

Light Higgs A>5TeV, MH^0.3kmax???

Physics BSM

Decoupling!: S, T ~ MZ
2/4TTM2,

e.g. SUSY MH < 125 GeV (MSSM)

Non-decoupling : Technicolour, 4th generation, q,l
composite

...difficult?

e.g. Topcolour <O|tLt R|0>£0 .. EW breaking

without new EW doublets

Mt too large : See saw Mt =< xLt R>< tLtxR >/< xLx R >

X : EW singlet, Q=2/3, < xLx R > « 0.6TeV

l.C

Preliminary

10
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Graham G Ross Grand Unified Theories Chapter 4

d W s

s w d

(0

Fig (4.4) Quark graphs contributing to (a) K° + K°
(b) K + MM (c) K + YY-

All graphs of Fig(4.4) have 4 fermion fields* A fermion field
3

carries naive (engineering) dimension of y, so 4 fermion

fields gives a terra 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~2, where M is expected to be the largest mass in

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

4
G //2~ ^ *n amplitude, whereas the experimental results of
F

Table (4.3) indicate that the decay rates

= 2xlO~5r(K +YY) = 4xlO-9r(K++uv) (4.65)

where the process K+>yv has the standard weak interaction rate

r(K++jTv) =

is of order

0(G 2 ) and also the amplitude for K°-K° transitions
F

A(K°-K° ) = 0(G 2)
F

(4-66)

Remarkably, this apparent discrepancy between theory and
e*periment is resolved in the standard model because of the

CIM mechanism, which relates the coupling of the u, c and t

139
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X

0.3

1.0

4.0

X

0.3

1.0

4.0

X

0.3

1.0

4.0

1.9 x lO-2

4.0 x lO-2

9.3 x lO-2

"*(*)L
4.6 x lO-2

9.8 x lO-2

2.3 x 10"1

v
4.7 x 10~2

1.0 x lO"1

2.4 x 10"1

M«0L.
7.9 x lO-3

4.4 x lO-3

5.3 x 10"3

1
5.6 x 10"2

3.3 x IO-2

3.6 x lO-2

v
6.3 x IO-2

3.1 x IO-2

3.5 x lO-2

2.5 x lO-3

2.8 x lO-3

4.0 x lO-3

^|Re (Sf3)LL(Sis)RR

1.6 x 10~2

1.8 x lO-2

2.5 x 10"2

J\Re(5?2)LL(8?2)RR

1.6 x IO-2

1.7 x IO-2

2.5 x IO-2

Table 1: Limits on Re (Sij)AB {$ij)cDi
and for different values of x = m^/rh2.

, B,C,D = (L, J?), for a squark mass m = 500GeV

X

0.3

1.0

4.0

7
1.5 x 10"3

3.2 x IO-3

7.5 x lO-3

/ IT««« 1Sd \

y 1 ^ ' L R

6.3 x 10""

3.5 x 10""

4.2 x 10-"

/1 T<v»» / Xd \ ( xd \

2.0 x 10""

2.2 x 10""

3.2 x 10-"

Table 2: Limits on Im fS^) (̂ 12) 5 with A,B,C,D = (L,/?), for a squark mass m

500GeV and for different values of x = rnj/rh2.

Table 3: Limits on the

values of x = m?/rh2.

X

0.3

1.0

4.0

I(*)J
4.4

8.2

26

1.3 x IO"2

1.6 x lO-2

3.0 x lO-2

from b -> 57 decay for a squark mass rh — 500GeV and for different



X

0.3

1.0

5.0

X

0.3

1.0

5.0

X

0.3

1.0

5.0

4.1 x 10"3

7.7 x 10"3

3.2 x 10-2

15

29

1.2 x 102

2.8

5.3

22

1.4 x lO" 6

1.7 x 10"6

3.8 x 10~6

8.9 x 10-2

1.1 x lO"1

2.4 x lO"1

!(«.)„
1.7 x lO-2

2.0 x lO-2

4.4 x lO-2

Table 4: Limits on the ISfA from lj -+ la lepton decay for a slepton mass m = lOOGeV and for

different values of x = rn^jrh2.
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