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Le Mode le Standard et ses extensions

CP violation




The 3Theorems of the flavour sector
(in spite of the many parameterdin )

+1 i"ij! jh—i—h.C.
(the 2nd line of page 1)

* Theorem 1Neglecting -massesle Ly anth  are separate
conserved (and CIB exact in the lepton sector)

Theorem 2In the quarks, all RBavor violations reside in the we

chalged-cuu[rgnctt?mplitude proportional to a unitary matrix
| V\,I ’

VaVaVaVs = Vj;A with VV' =1
a= s

*Theorem 3Neglecting! -masses, CI violated in as much as
V is OintrinsicallyO complex, i.e. a single pHaisenonzero

(*with some qualibcations - see below



Theorem 3Neglecting! -masses, CI violated in as much as*
V is OintrinsicallyO complex, i.e. a single pHaisenonzero

Proof:
@. Under a CRransformation

v(x,t) ! iyyow(" xt)*
A, 1) T Ag(™ 1)
Z (681 " Zo" x,t)

Wj(x,t) LWL (M xGt)
h(x,t) ! h(" x,t)

(a Lorenz index with adrequires an overall extra - sign if it is a space index

So that:
particle(p,s) ! antiparticle(" p,s)

*neglecting! G- G3s% ™ where# is a parametewhich may
be set to 0, maybe by a dynamical mechanism (the axion?)




@. Using the previous rules, the overallis unchanged*
under a CRransformation, except for

oW, @y Vd+ oW, RVTu" oW BV Tu+ gwWy eV d

Counting OintrinsicO phases: 2n quJJar)k phases
B
—_ A2
N(Man) =n o n(n! 1) : /

| 1
n(n" 1) <7 N(physphasey= n°! 1 (2n! 1) = é(nzl 3+ 2)

N(On n) = >

N 2

angles 1

s | Q.E.D.

phases

(*actually: L (x,t) — L(—x,t) sothatS= d*L is unchanged)




CP-violating observables

Useful to Ointegrate outO the heavy particl¥ @) to obtain
an L&' and repeat the logic just applied to the full SM Lagra
(a low enegy experiment is insensitive to Oshort distanceO physi

Which operators can give rise to observable CP-violation?
$ In order of increasing dimensionality (= decreasing relevance

dim 5: _quarks Electric Dipole Moments
Le' = pep! r0rFY + mpor  with w/m complex
dooutron(SM) " 1073%caem <

Oneuron(€XP) ! 6410 “e&cm# 10 11
2IMy

| de(SM) ! 0 against
de(exp) = (0.07+ 0.07)10 “%e&cm" 10 o4




CP-violating observablasntinued)
dim 6: _FCNC(®0)(®0) interactions

Considere.g., strangeness changing interaction

(1SE0) _ | (1S=2) , | (1S=1), | (! S=1;semikpt)
Lere = Lerr 7+ Lerr — + Loy +hc

L4S = A" d)(®7dL) <

L&E Y = " Bo( @A) (@) ¢ = g
Le(!ffS:1;semibpt.) =" \C(st,d.) (9 .
A relative phase between:

1.A and any of th&, (! (A)" 2 (B))

2. the By themselves
3.A and any th&

IS genuineand gives In principle an observabléeet

e’! ’ll




Case liqdireci

AKL —
el =]

nm+n —)

Ik 1 "S=2/"5=1

| = (2.236% 0.007)10°3

A(Kg —
A(KL"

)

n QOn O)

I I

O #I1Tg""

" 0" 0y

| = (2.225+ 0.007)10%3

(K! #1'9) _

KT KL # IS+

7 = (3.32+ 0.06)10 3
KT #1°9 (3.32+ 0.06)10

(The 2 system in an S-wave is a €lgenstate because of Bose statistic)

It follows that

CPHCP '+ H

and thatK_,Ks are not quite the sam&a¥, of lecture 6, but rathe

|KL,S >= |

(pIK® > + K >)

|pl?+ [0

1! Ik
1+ Tk

=1 ' x| = (2.232+ 0.007)10 °




Case 2direc)

! 00: IIK! 2IIK

1! 1o/ 41| =(5.01£ 07910 ° R, /!k) = (1.66+ 0.26)10 °

Case 3 not observed so faf (! !+ "" )

<Z CP-violations also observed$B=2/$B=1 and in$ B=1

Case lifdirec)
dl/dt(Bg(t)! "K9" dl/dt(Bg(t)! "K) . . .
A1 Tdt(By(D) | " K9+ dl /dt(Bg(D) | " Kg _ Sm2Fsin(Smi)
sin2! = 0.696+0.017! 0.029

Case 2direcy

(B! K’ "Y' T (Bg! K+"")
(B! K ")+ 1 (Bg! K*")
and in other channels as well

= " 0.095+ 0.013




The Flavour Precisiohests 2

( <Z = CP-violating measurements)

(! not included because of uncertain matrix ele

Observable elementary process | exp. eror | theor. eror
<7 Ik gd! & 1% 10 O 15%
KT 1 """ g# s! d## 70% 3%
<7 KO Oy s! d## 1%
| Mgy B! &b 1% 25%
<7 Acp(Bg! " ! &b 5% < 1%
By ! b! s+ $ 10% 50 10%
By ! b! s+H 25% 100 15%
By! b! d+ $ 10O 15%
b R 10%
b! d+H# 10O 15%
B! s 25%
B! gb 1%
bg! H 10%

A remarkable list of calculable loopfedts, with virtualWs
All agreeing with the SM (~2000)




The Flavour tests 2

VVT T =1 in particular:
VudVupt VedVep + ViaVip = O

represented as:
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(only using CP-violating measurement

a non degenerate triangle = @Blation




The Flavour tests 1

VVT T =1 in particular:

| VudVib+ VedVep + VidVip
represented in the
complex plane as:
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(only using CP-conserving measureme

a non degenerate triangle
= CPviolation (see below)




The overall fit
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The CKM description of flavour proven right
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A summary of the psent status

1 - We know the SM works quantitativelyin the full
quark sector (Anajor change in the 20600

2 - If thereareotherdegree®f freedomatthe Fermiscale
carrying 3avour (e.g.the s-fermions)unlikely that there
be no extra Bavour phenomena observable at some level

3 - We know all the 10 parametersn the quark sector(6
+3+1) and 7 (3+2+2)out of the 10/12 (6 +3 +1/3) in the
lepton sector (but no hard theory for them)




The persistent flavour puzzle

Horizont
symmetry

I

Many attempts

Can one claim anyeal success?




