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1. Cabibbo angle

“strange” particles

Since late 40’s :

- particles that often create V-type tracks
- easy to produce (always in pairs)
- slow in their decay
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1963 Cabibbo  strong interaction (mass) eigenstates (d and s)

weak interaction quark eigenstates (d’ and s’)

(two sets behave like two alternative sets of unit vectors)
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Mass states Weak states

First Second Second

d cosf, —sinéd, d’ d’ cosf, sing, d
S sing,  cosé, s’ s’ sinf,  cosf, S
mass mixing weak weak mixing mass
states matrix states states matrix states

Two-family mixing among quarks
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Neutron Decay

n—s p+ e + V,

Lambda Decay

A—sp +e + V,

(usd)

|
(udd)
[..d.:’ — sind. s’ [o-sd' + cosf.s'
' |
uE.fd L
( ud) ) {ugdl .
p+e +V, p +& + ¥V,
Initial state Final state Initial state Final state

Neutron ' Proton
cosh, e \\‘{\E_ Electron
_ V. Electron
-4 e
AR-ER T 870y m antineutrino
The neutron decay amplitude is proportional
to cosé,, the amplitude of the state d”in the
d quark. The decay probability is proportional
to the square of the amplitude:
d cosé,
18/04/2009 s siné,

Lambda | Proton
sinfl. W x‘< € Electron
~ V_ Electron
! = T ) od -]
APl Sy antineutrino
The lambda decay amplitude is proportional
to sind,, the amplitude of the state d”in the
s quark. The lambda decay probability is
proportional to the sguare of the amplitude.
W r
siné, d
cosé, s’ 5



2. Cabibbo-Kobayashi-Maskawa matrix

1973 Kobayashi & Maskawa : - extension of Cabibbo matrix
- 34 generation of quarks, before discovery of charm !!

/
d ‘/u d ‘/u S ‘/ub
L .
S — ‘/;::d ‘/;s ‘/;_‘:b
/
b Wd W‘a Wb

where e.g. Vuj = amplitude of quark mass eigenstate j (=d, s, b)
Into the quark weak eigenstate d’

[ i.e. V,q=c0s0O;, Vs =5sinb; ]

parameterization: - 3 angles 0; with i,j= 1, 2, 3 (the generations of quarks)
- one phase 8,5 (e¥3)accounting for the observed CP-violation

18/04/2009 New determination of |V_ud| - N. Severijns



Unitarity test for all rows and columns of the CKM matrix

from B decays

from K decays

10.97418(27)||0.2255(19)
0.230(11) 1.04(6)
| 0.0081(6) 0.0387(23)
\ )
1.0020(60) 1.13 (13)

0.00393(36)
0.0412(11)

0.18

\
0.59(32)

5 (0.9999(10

5 1.14(13)
5 0.59(32)

[ C. Amsler et al. (Particle Data Group) Physics Letters B 667 (2008) 1 ]
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3. The V,4 matrix element 3100
| “c Mg KTtV "“Rb
“0 2AI" *Cl “Ga
3000} “Ar “Se “Mn*Co
1. superallowed 0* - 0* transitions .
@ 3080 |
tiz, Qec, BR & | }i {{ ; } ¢
30701 E
V4| = 0.97418(26) | ‘1& it L]
3060 . . . , , . .
( Towner & Hardy, PR C 77 (2008) 025501 ) > 10 15 20 25 30 3
Z o f daughter

2. free neutron decay

Tn » An 2 A=0a/0y
Vyq | =0.9743(19) Wl a3

(e.g. Severijns, Beck & Naviliat, Rev. Mod. Phys. 78 (2006) 991 )

3. pion decay 7 — ey, - 1., BR

V4| =0.9728(30)

(D. Pocanic et al., PRL 93 (2004) 181803)

(2.6033+0.0005) X 107 s

T

BE=(1'03eF0°004"" F0°002"") X 10—
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4. Ft-value of 0* = O* superallowed beta transitions

ST

s ps ok (1+ 7))
.

W’*‘_‘5;0+_”3+ = U“-¥0+_)0+ (I T QI/() a 9-5) (T+98)|=

- radiative correction S, +8,+ 83 (order a, Za?, Z%a®)

leading order a: exchange of y or Z-boson between p and e-

- nuclear structure dependent radiative correction
- Coulomb (isospin) correction &V + 8V

- difference in configuration mixing
- difference in radial part of wave functions

- nucleus independent radiative correction : 0.02361(38)

( Towner & Hardy, PR C 77 (2008) 025501 - Marciano & Sirlin, PRL 96 (2006) 032002 )
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5. Ft-value of T =1/2 mirror beta transitions

K

Fmr = frt™ (1405 — 00)(1+0f) =

L SN GEViaaCr (1 + AR) (1 + %02)

calculated ‘ /

_ CAI\/I GT
N. Severijns, M. Tandecki, T. Phalet and I.S. Towner, P CV M
Phys. Rev. C 78 (2008) 055501 F
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Phys. Rev. C 78 (2008) 055501

3H I1C 13N 150 1?F 19N321N323Mg 25A| ETSi 29P 318 33CI 35Ar

N. Severijns, M. Tandecki, T. Phalet and I.S. Towner,
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K

ffm” _ f le” (1 £+ 57\8 _ 52:)(1 -+ 5%}) —

T~ Ve GLVZ 021+ AY) (1+ &2

t1o, Qec, BR calculated ‘
_ CAMGT
N. Severijns, M. Tandecki, T. Phalet and 1.SNJowner, P = CV M

Phys. Rev. C 78 (2008) 055501

- : N\ | | K
’lt.%ns_m = flghfr'.ms_:h(] + Q}{_% o Qgi)L] + QF) (I + \)3) — ‘r

2 v
should be constant for all T=1/2 mirror decays ! .
_ from experiment
(test of Conserved Vector Current hypothesis)
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't.g\'omm, = \;I‘\‘izmsja,(I + QK?J - Q%)(] + QB ( ‘3) : : :

\ \ G VZ,CE (14 Ay)

should be constant for all T=1/2 mirror decays ! >
from experiment
2 K
Vud —

FtMr G2 C2 (1+AY%)
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6. Fty-values for T =1/2 mirror beta transitions

19N e 21N\ 3 29p 3BAY 37K
J 1/2 3/2 1/2 3/2 3/2
Ft (s) 1718.4(32) 4085(12) 4809(19) | 5688.6(72) 4562(28)
ap, 0.5502(60) *
A, -0.0391(14) ¥ 0.681(86) ¥ | 0.430(22)
B, -0.755(24) ©
579 1.5995(45) 0.7136(72) | -0.593(104) | -0.279(16) 0.561(27)
Ft, () 79 6177(30) 6203(47) 6536(606) | 6128(49) 6004(146)

1) N. Severijns et al., PR C 78 (2008) 055501

2) F. Calaprice et al., PRL 35 (1975) 1566

3) P. Vetter et al., PR C 77 (2008) 035508

%) G.S. Masson, PA. Quin, PR C 42 (1990) 1110

5) J.D. Garnett et al., PRL 60 (1998) 499

A. Converse et al., PL B 304 (1993) 60
6) D. Melconian et al., PL B 649 (2007) 3370
7y including weak magnetism (cf. ref. 8)

8) 0. Naviliat-Cuncic and N. Severijns, arXiv:0809.0994 [nucl-ex] & submitted
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7. V,q from T =1/2 mirror beta transitions

19Ne, 2INa, 2°p, BAr, 3K 7200 , , — :
U 7000 - -
6800 |- -
‘» 6600 |- . -
o
[ 0 -
[} 6200 53 -
confirms CVC at 3.5 permille level 0000 = + '
5800 ' | l —

15 20 25 30 35
Mass number A

&

K
Vid =——m —
T (Fg")ag GF CF (L+AR)
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8. Comparison with other values for V4

1. superallowed 0* - 0* transitions

‘Vud ‘ — 097418(26) Towner & Hardy, PR C 77 (2008) 025501

2. T=1/2 mirror beta transitions

Naviliat & Severijns, arXiv:0809.0994 [nucl-ex]
& submitted

3. free neutron decay

‘VUd ‘ — 09743(19) e.g. Severijns, Beck & Naviliat, Rev. Mod. Phys. 78 (2006) 991

and Particle Data Group, Phys. Lett. B 667 (2008) 1

4. pion decay " — et v,

‘VUd ‘ — 09728(30) Pocanic et al., PRL 93 (2004) 181803
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9. Conclusion and outlook

Conclusion:

- new method to determine V4 using T = 1/2 mirror beta transitions
- result has similar precision as value from neutron decay

and is compatible with the other values for V4

Prospects for further improvement:

- new and more precise measurements (mostly t;», Qgc) leading to
the Ft values of the T=1/2 mirror transitions are needed
- new precision measurements of ag, , Ag, ... Inthese transitions

- very sensitive transition: 1°Ne
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/
1973 Kobayashi & Maskawa : d

- extension of Cabibbo matrix S,/’
- 3"d generation of quarks !! -

where e.g. Vuj = amplitude of quark mass eigenstate j (=d, s, b)

‘/Tu-d ‘/u S
‘/C:d ‘/c S

V%d V;ts

into the quark weak eigenstate d’

€12€13

12

etélg

v

S12823 — €12C23513€ 7% —C12893 — S12023513€" 712 ¢33

with: 3angles, Cj =CO0S0;; and

S512C13
—S812C23 — €12823513€ 12 (C12C93 — S12S523S513€ 17

‘/ub
ch:b
Vi

Sij = Sineij

(i,) = 1, 2,3 [ the generations of quarks | )

and

@ a phase accounting for the observed CP-violation
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