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® Symmetrien und Erhaltungssatze

a \
® CP-Verletzung (1)

® CPT-Theorem

® Symmetrieeigenschaften der 3 Wechselwirkungen

Erinnerung

m Schwache Wechselwirkung an v17

® | eptonfamilien

® geladene und neutrale Strome

® von der Fermitheorie zu massiven Austauschbosonen
® Universalitat der schwachen Kopplungskonstante

® Quarkmischung: CKM-Matrix, CP-Verletzung (2)

® Neutrino-Quark-Streuung
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Von der Fermitheorie
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Schwache Prozesse
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welitere nichtleptonische Prozesse
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Basisdiagramme
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Quarkmischung

kdnnen Pion — Zerfall beschreiben
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‘gedrehte Quarkzustande
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Bestimmung des Cabibbo-Winkels
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(2 Winkel)
Cabibbo-unterdruckt
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FCNC sind verboten
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CKM-Matrix
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CKM-Matrix in Wolfenstein-Form

It is known experimentally that s13 < s93 < 519 < 1, and it is convenient to exhibit
this hierarchy using the Wolfenstein parameterization. We define [4—6]

_ ’V’UJS‘ Vcb
\/‘Vud’2 + ’VuS‘2 | Vs
AN (p+i7)V1 — A2\4
V1= A2[1 — A2)\4(p +i7)]
These relations ensure that p+if = —(V,,4V.3)/(VeaV}) is phase-convention-independent,
and the CKM matrix written in terms of A, A, p, and 7 is unitary to all orders in .
The definitions of p,  reproduce all approximate results in the literature. For example,

p=p(1—X/2+..) and we can write Vogpy to O(A*) either in terms of p,7 or,
traditionally,

s93 = AN = )

512 = A

?

813€i5 — ij — A)\S(,O + i??) — (11.4)

1 —\2/2 A AN (p — in)
V = ~\ 1—A\2/2 AN? + 0. (11.5)
AN (1 —p—in) —AN? 1

K. Nakamura et al., JPG 37, 075021 (2010) (http://pdg.lbl.gov)
July 30, 2010 14:36
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Unitaritatsdreieck

B=0,
(0,0) (1,0)

Figure 11.1: Sketch of the unitarity triangle.
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The CKM matrix elements are fundamental parameters of the SM, so their precise
determination is important. The unitarity of the CKM matrix imposes » , Vi; V). = d;i
and ) ;i Vi Vk*j = 0;. 1lhe six vanishing combinations can be represented as triangles in
a complex plane, of which the ones obtained by taking scalar products of neighboring
rows or columns are nearly degenerate. The areas of all triangles are the same, half of
the Jarlskog invariant, J [7], which is a phase-convention-independent measure of C'P
violation, defined by Im [Viijl 5‘@] = ‘]Zm,n EikmEjln -

The most commonly used unitarity triangle arises from
Vud Vap + Ved Vap + Vea Vi = 0, (11.6)

by dividing each side by the best-known one, V.4V (see Fig. 1). Its vertices are exactly
(0,0), (1,0), and, due to the definition in Eq. (11.4), (p,7). An important goal of
flavor physics is to overconstrain the CKM elements, and many measurements can be
conveniently displayed and compared in the p, 7 plane.

Processes dominated by loop contributions in the SM are sensitive to new physics, and
can be used to extract CKM elements only if the SM is assumed. In Sec. 11.2 and 11.3,
we describe such measurements assuming the SM, we give the global fit results for the
CKM elements in Sec. 11.4, and discuss implications for new physics in Sec. 11.5.

13 KT2012 Johannes Bliimer IKP in KCETA
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| excluded area has CL >0.95 |
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Figure 11.2: Constraints on the p, 77 plane. The shaded areas have 95% CL.
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CKM-Matrix aktuelle Werte

These values are obtained using the method of Refs. [6,95]. Using the prescription
of Refs. [102,118] gives A = 0.2246 + 0.0011, A = 0.832 + 0.017, p = 0.130 £ 0.018,
n = 0.350+0.013 [119]. The fit results for the magnitudes of all nine CKM elements are.

0.97428 + 0.00015  0.2253 + 0.0007  0.0034770-09016

Vernm = | 02252+ (()).é)o%gg 0.97345t§;§§§2 0.0410t%;8080é%30 (11.27)
+0. +0. +0.
0.00862Z0 90020  0-0403Zgg007  U-999152Z¢ 600045

~»

and the Jarlskog invariant is J = (2.911’8:%?) x 1072,
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