Why no flavour changing neutral currents?
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Charm

Strange particles live about 20 times too long; no strangeness changing neutral
are observed. In order to save the idea of a universal weak interaction, charm
hypothesized.

Charm does not exclusively couple to strange quarks, it also couples to down qt
about 5% of the time. If we only consider u, d, s, & ¢ quarks, then the relative st
of the coupling amplitudes is parameterized byGhbibbo anglgl..

\\ \\
\\ \\
At this point we must define up, down, strange, and charm quarks:
u = charge +2/3 quark with mass ~ 5 MeV
d = charge -1/3 quark with mass ~ 10 MeV

s = charge -1/3 quark with mass ~ 0.2 GeV
c = charge +2/3 quark with mass ~ 1.3 GeV
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These definitions are often referred to as the quark mass eigenstates. We are fiiee to

define either the “up” or “down” mass eigenstates as being weak eigenstates.
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Charm Couplings

If we choose “up”, then the up and charm mass eigenstates are weak eigenst:
definition; the down and strange weak eigenstates, d” & s”, are defined to be the
eigenstates coupling to u and c respectively:

d' s'
W+ W+

In terms of their mass eigenstates and the Cabibbo angle we have:
La) %:E:ose - sing, DRJIE
ES 0 3in6, cos6, 80
Measurements of the strength of nuclear beta decays relative to muon decays g
cos6. = 0.9735+0.0008,
measurements of the strength of strange particle decays give
sinB, = 0.2196+0.0023,
and measurements of the strength of charm decays give
sinB, = 0.224+0.016
cosf, = 1.04+0.16
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Semileptonic Charm Decays

d + d
c - detve codifvy
c gn@c et ¢ \Slrﬂc p
. +
_W < GE2 sinf6,
Gg2 sin26,. Ve Vi
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Hadronic Charm Decays

c - sud C > SUS

3 Gf cos’ 6, cos 6 3 G2 cof 6, sirfe,

S
cos‘ae/
C « u
W coe W+ Ksing,
d s

Must remember that quarks come in 3 colours

S S
cos(‘a// cosﬂé/
+ C u + C u
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Cabibbo Unfavoured Decays
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Spectator charm decays?

e :F(c 5 s'e+ve)+r (c = s’,u+ve) + (c — s’ud’)

= (Gé +G2 +3G,§)mc5= (G|:2+G|:2+ 3(3,:2)mr5

= F(T+ S vTe+ve)+F(r T v +ve)+r (T J v ud’)

m, =1777.03032Mev T =0.2906+ Q 001ps

Mo =1864 5+ 0 Mev  Tpo =0.4126% 0 02%s
m+ =1869 3t 0 VeV T+ =1.051+ Q01ps

m . =2284 9t 0 BVleV TAE =0.206+ 0 01%s
C

BR(DO Let+ x) = 6.75+ Q 2%
BR(ri . vreive) =17.83+ Q 08%
BR(D+ L et x) =17.2+ 1 %%

BR(1* ~ vu*v, ) =17.37+ Q 0%6

BR(/\; L et +x) =4.5+1 %
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Hadronic corrections

BUT quarks do not exist in isolation. When they weakly decay they are part of a
hadron (except for top quarks). This leads to two effects:

(1) Strong interactions affect the decay rates. These affects are similar to the Cpulomb

corrections and nuclear wavefunction corrections for beta decays.

(2) Annihilation andexchangelecays are possible:

e.g.
D¢ - v, annihilationdecay

C cof. 1 ll+
>— - - —< Gp2 co@@c
S Vu

D% Kt exchangedecay

COV U
¢ GE2 co$8; o0,
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Weak couplings for 3 generations

The couplings of all known fundamental fermions:
W W
SI
4-\/ CA-(
W W+
w+>

where the Cabibbo-Kobayashi-Maskawa mixing matrix is

'13'% % C12C13 S1£13 s.§°
IZSEFG‘Slzczs C1528 1@ C1625S & 6}'35 S 63
HJH ES12523~C1£ 28 1§ —C15 23S £ &3 @'35 C 63

The notation for the CKM matrix varies. In this cagecosd;, 5=sing;, and there

are 4 parameter®;,[ B ., 8,5 6,5, andd. The additional quark mass eigenstates are:
b = charge -1/3 quark with mass ~ 4.5 GeV

t = charge +2/3 quark with mass ~ 175 GeV
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Lepton Mixin

The charged lepton mass eigenstates are:
e = charge -1 lepton with mass ~ 0.511 MeV
U = charge -1 lepton with mass ~ 106 MeV
T = charge -1 lepton with mass ~ 1.8 GeV

If neutrinos do not all have the same ma _

then their mass and weak eigenstates im = 1o
differ, and neutrino oscillations may occul »~ |
There is now good evidence thatthe S . [ LSND
neutrinos do not all have zero (and henc E v, =7,
equal) masses, but the situation is not ye  _|
clear enough to identify the mass o
eigenstates. '

vo oL Atmospheric |
M, = Vy

i Solar MSW
v, = 1y
16 (Just So)
: R ,1,1 s B
_E- ] il
mtu“ T 1072 107" 1
sin’2d
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Generations and Weak Isospin

The weak interaction couples the fermions in pairs, and the pairs are usually d¢
as belonging to different generations

1 2 3 T,

Vel VuO V[ +%
R & -1
ug eg Otg +%
wH sH b -1

scribed

The relative assignment of the quark and lepton generations is just according tp their

Mass.

This two-state pairing is reminisent of the the two spin states allowed for a spiph 1/2

fermion, or the 2 isospin states of a nucleon (proton and neutron), so we define

all

known fermions to have “weak isopin” 1/2, and the “up” type fermions are asgigned

T,=+1/2, and the “down” type fermions are assigngd-1/2.
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The group describing the spin states of a fermion is SU(2). So an SU(2) gauge
Is the “obvious” theory for the weak interaction. A gauge theory needs bosons to
transfrom between all types of “charge” in the theory, i.e.

W T=+1{(Ts=",) - (Ts=-1,)}, e.q.

N
w+>

W°: T5=0 EQ+1/2'1/2)_J'1/2+1/2)D{(T 3211/2) - (Tsz"—'l/z)}’ €.g.

Vv
Vua( u

wo™

theory
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