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Short recap and today’s learning targets

Last time we discussed

* Phenomenology of neutral meson mixing and oscillation in the Standard Model

* Differences between the mixing parameters of ditferent neutral mesons and its experimental

implications (mass differences, width differences, time-dependent behaviour)

 Flavour tagging and how it can be used to experimentally measure flavour mixing and oscillation

Today you will ...

* learn about the different types of CP-violation in the Standard Model
* explore the phenomenology of CP-violation in charged and neutral meson decays (kaons, B mesons)

* learn about the experimental measurements of CP-violation in the different meson systems



CP violation

* (P asymmetries arise when two processes related by CP conjugation differ in their rates

« (P violation is related to a phase in the Lagrangian = all CP asymmetries must arise from interference effects

e Full time evolution formula

20[PO(t) » f] = (1 + |Af 2) cosh(yI't) + (1 — |/1f|2) cos(xI't) + ZRe(Af) sinh(yl't) — Zﬂm(lf) sin(xT't)

2T[PO(t) » f] = (1 + |Af _2) cosh(yI't) + (1 — |/1f|_2) cos(xI't) + ZRe(/lfl) sinh(yI't) — 27m(/1f1) sin(xT't)

* Let’s take B-meson decays as an example

A¢: B - f amplitude

7:B% - f amplitude of the CP-conjugated process



CP violation: phases

* Two types of phases appear in the decay amplitude: CP-odd and CP-even phases

* CP-odd phases:

* complex parameter that changes sign under CP transformation between Ay and Af
«  linked to W* boson interactions = known as weak phases
* CP-even phases:

* phases can appear in decay amplitudes even if the Lagrangian parameters are all real

* contributions from intermediate on-shell states
* do NOT change sign under CP transformation between Ay and Af

* in meson decays the intermediate states are typically hadronic states with the same flavour quantum numbers driven by

the strong interactions = known as strong phases



CP violation: amplitudes

It’s useful to factorise an amplitude in three parts
* magnitude q;
« weak phase ¢;

« strong phase §;

If there are two such contributions to an amplitude we can write

Af = alei(51+¢1) + azei(52+¢2) — alei(51_¢1) + azei(52—€b2)

f

We always choose a; > a,
as

Tf:al' br = P2 — P4, Of = 0 — 01

For neutral meson mixing we can write

Mgz = |[Mpgle'Pm, g5 = |Tgple’®r

Op = arg(MBEFJ;E) = ¢u — Pr



Types of CP violation

* Each phase is convention-dependent but ¢, §; and 6y are physical
« Phenomenology of CP violation is very rich in neutral meson decays: mixing can contribute to the interference

* Three types of CP violation mechanisms depending on which amplitudes interfere
* Indecay: interference between two decay amplitudes
* In mixing: interference between absorbtive (on-shell intermediate states) and dispersive (off-shell intermediate state) mixing
amplitudes

* Ininterference between decays with and without mixing: interference between direct decay and first-mix-then-decay amplitude




CP violation

CP violation in the kaon system is somewhat different
Lifetimes of the two neutral kaons are very different 7, /74, = 550

As a consequence, it is useful to identify the mass eigenstates rather than the flavour-tagged decays
We define

1—4 1—¢€
f f

— e =
€r F =1+

Historically CP violation was first observed in the K; —» n*m~ decay and we denote €,+,- = €,

Neglecting direct CP violation in kaons (Af //Tf - 1K |q/pl - 1)

. _1=a/p
I 14q/p’

q
1=
iyl = |




CP violation in decay

* In charged particle decays this is the only possible contribution to the CP asymmetry:

DB o ) = T(B o f) _ |Ap-/Ap] 1
PTTB S fOHATB > ) A4 +1

* Using the equation from slide 5 we obtain for ry < 1

Ar = 21 sin ¢y sin 05

»  We need two decay amplitudes (ry # 0) with different weak phases (¢; # 0,7) and strong phases (&7 # 0,7)



CP violation in decay: comments

Ar = 21 sin g sin ¢

To have large CP asymmetry we need each of the three factors not to be small

Similar expression holds for the contribution of CP violation in decay in neutral mesons decays but with additional
contributions from mixing

Another complication in neutral meson decays is that it is not always possible to tell the floavour of the decaying
meson (e.g. if it'’s a B® or BY) which can be a problem or an advantage

In general, strong phase is not calculable since it is related to QCD
* not a problem if the aim is to demonstrate CP violation
* problem if we want to extract the weak phase ¢

* in some cases, the strong phase can be measured experimentally, eliminating the source of theoretical unceretainty



CP violation in decay: measurement

* (P asymmetries in charged B mesons has been observed in several decay modes
 Example: charmless three-body decay modes B* —» K*fn*n~,B* » K*K*K~,B* » n*K*K~,B* - nintn~

measured by LHCb
_TB = f)-IB">f")

A =
F T TB~ > ) +T(B* - )
LHCb: Phys. Rev. D 90 112004 (2014)
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O 14} Combinatorial{ (D %g
S 12 Boabody 1 S 14
S I 1 Bk © 1.2
~ 0.8 [ |\ =Bontntn {4~ 1
8 0.6 | 8 038
S 0.4 < 00
T 02 B i 2 02 ~. 4 1
O' : S N A MR | vt e e Y 1 o T TR ar Tl et et U e WY R M T R e e Tl O
© Y51 52 53 54 55 51 52 53 54 55 © 51 52 53 54 55 51 52 53 54 55

m(K mtnt) [GeV/c?] m(K't'n") [GeV/c?] m(K K'K") [GeV/c?] m(K'K'K") [GeV/c?]

1U


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.90.112004

CP violation in mixing

3+ 1
p

In decays of neutral mesons into favour-specific final states (A = 0, and consequently 1 = 0)

In semileptonic neutral meson decays, this is the only source of CP violation

[(B°(t) » I*X) —T(B°(t) > I"X) _1—|q/pl*

A= 5B > x) +TE© - x| 1+ I/l
Using (g)z _ Mps — (i/2)Tp5
p Mps — (i/2)Tpp

We obtain for |Tp5/Mp5| < 1

Asy,(t) = —|Tz5/Mpp| sin(¢py — ¢r)



CP violation in mixing

Ast, = —[Tpz/Mpp| sin(éy — ér)
The Ag (t) quantity which is an asymmetry of time-dependent decay rates, is actually time independent

The calculation of |T5/M, 5| is difficult because it depends on low-energy QCD

The extraction of the value of the CP violating phase ¢, — ¢r from a measurement of Ag;, involves, in general,
large hadronic uncertainties

CP violation in mixing is measured via semileptonic asymmetry

T, »1*ym™) —T(K, > I"vir*) _ 1—|q/p|*

0L = MK, - ltvin~) +T(K, » Ivintt) ~ 1+ |q/p|? ~ 2Re(ex)

Different from that in the B system because the decaying meson is the mass eigenstate rather than flavour

eigenstate and therefore has different dependence on q/p



CP violation in interference of decays with and without mixing

CP asymmetry in decays into final CP eigenstates

Situation relevant in many cases is when one can neglect the effects of CP violation in decay and in mixing

|/TfCP/AfCP|z1 lg/pl = 1 |/1fCP|=1

If we further consider the case where we can neglect y (y < 1) then

F(Eo(t) — fcp) - F(Bo(t) - fCP)
[(B°(t) = fcp) + T(BO(X) = fcp)

As, () = = Im(4s,, ) sin(Amgpt)

These approximations are valid in cases where |[35/Mp5| < 1 and a, < a, which lead to

_ M;E _ e—i¢M % — e—Zi(pA
’ Af., ™~ ¢, (associated with a;)

q
p M

o]



CP violation in interference of decays with and without mixing

q M;E —iqu AfCP _2i¢A
— = = e , = e
p |M§E Af.., T ¢, (associated with a,)
M A
Tm(A;,.) = m( b5 ) = — sin(¢u + 26)
o |MBE Afcp

* Measurement of a CP asymmetry in a process where these approximations are valid provides a direct probe of the
weak phase between the mixing amplitude and the decay amplitude

« For the decays where we measure decays of the K; and K5 mass eigenstates into final CP-even eigenstates we obtain

2
mass — 1_‘(KL_)]CCP) — 1_/1fCP — |E |2
fee ™ T(Ks - fep) 1+ Afep Jep
fop=mTnT = A = l€x |



The neutral kaon system

K° — K°: (theory and) experiments - 1 — |q/p| = 7x1073 (small CP violation in mixing)
 Final state f =t

« Kinematical allowed phase space much larger than any other decay channel

* CP eigenstate (eigenvalue +1)

*  |Agzl = |Apz| (very small direct CP-violation — experimental and theoretical fact)

*  Agg almost real (small interference CP-violation — experimental and theoretical fact )
* Small CP violation in mixing — [P,) and |Py) ~ CP eigenstates with eigenvalues +1 and -1
* Py - nm very much suppressed than P, - nm = P; decays much faster than Py
* |P,) and |Py) renamed |Kj) (short) and |K;) (long)
e AT=T,-Te~ T T = (T, +T15)/2 ~Ts/2

K = pIK®) +qlK®) =~ 272(IK%) — |K®)), |Ks) = plK®) — qlK°) = 27/2(IK®) + |K))




The neutral kaon system

 Time evolution starting from pure |K°) (~ from pure |K°)): hyp. CP ~ conserved, decay in i only

AT ¢t ATt _ T,
T — ZReAf sinh—— =~ 2e 2

5 I = (1 — |/'lf|2) cos(Am t) + 2JmAssin(Amt) = 0

H = (1 + |/1f|2) cosh
0 1 2 . —I't 2 —I'ct 1 2 —I'ct
I'[K°(t) - nr] =§|Aml e "(H+ D~|Apzl?e™s zEI(WI?[IKS)I e”s

i> The kaon decays as K

 Time evolution in general from pure |K°) (f not necessarily CP eigenstate, CP violation allowed):

1, 2 _ [(FIFCIK? [ _ 2 _ _
C[KO() > f1 =5 |Af[ e " (H + 1) = e TSt + [ "e T + 2fngle T cos(py — Am t))|
2 2(1-46,)
physical phase
=(f|}[|KL)_| lei¢f_1+/1f_)| |2_FLBR(KL—>f) T, o
Ny = (FIH|Ks) = Ny — 1= A Nl = [sBR(Ks — f) L=1D q (CP-violating parameter)



Neutral kaon time evolution

9 O/./'/\ \ T T T T T T
LN i decayas K f=mnn
'\ N\ .'
\ N !
b A/
\ N 7
X
6.0 | ~-- N\ A
NN __interference
\ Y2 \ '\-\. o
AN RN decay as K|
3.0 F I\ \\ \\ ~\‘\_ - e ]
\ Se \ : N
\ ~ - \
N R N N ‘-.
N O RN
0.0 | ISy i 1
4.0 8.0 12.0 16.0 20.0 240

1
g = — =~ 9.0x107 115
I's

T, = 1 ~ 5.2x1078s
I

Am = 0.53x1010 51

5L == 33)(10_3
s = 6/V2
(Ibf - 43.50

[{f|H|Ks)|? = 10° scaling factor



Neutral kaon decay modes: K

Non leptonic

Non leptonic
with photons

Semileptonic

Other rare

Mode Branching ratio (exp.) Branching ratio (theo)
(" K, - 70 (30.69 + 0.05)% )
ntm~ (69.20 + 0.05)%
ntnm° (3.573:5)x1077
>' 00! < 2.6x1078 1.9x107° <
ntny (1.79 £ 0.05)x1073
oyy (49 +1.8)x1078
\ %% (2.63 +0.17)x10°° y
ntety, (7.04 + 0.08)x10~*
tutv, — ~4,7x107%
moutp” (2.9113)x107°
utu < 2.1x10710 5.1x10712

\ ete < 9x107° 21x1071*




Neutral kaon decay modes: K; (most relevant)

Non
leptonic

<+—

Semi-

«—

leptonic

Non
leptonic+—
with y

Mode

Branching ratio (exp.)

(K, - n°1°70

(19.52 + 0.12)%

\

ntn n” (12.54 4+ 0.05)%
mtm (1.967 + 0.010)x10~3
[ (0.864 + 0.006)x10‘3<

ntetv, (40.55+ 0.11)%

rtutv, (27.04 + 0.07)%

Ontety,

(5.20 + 0.11)x10°°

&

T
> Tty

moyy
mlyete”

Yy

(4.15 + 0.15)x10°° <
(1.273 + 0.033)x107°
(1.62 + 0.18)x1078

Mode

Branching ratio (exp.)

4 + -
K, »eTey

(9.4 + 0.4)x107¢

(5.47 £ 0.04)x10™*

utu~y (3.59 4+ 0.11)x1077
7 utu~ (6.84 + 0.11)><10"9<
ete~ (9+8)x10712
mlete” < 3.8x10°10
mutu~ < 2.8x10710
. V¥ < 3%x107°

Semileptonic

——>

with y

— Rare

J




Neutral kaons and CP violation

K — mmr decays

K > n*tn—, K% - 970

nrr final states superposition of |I , 13) =10,0), |12,0) (not I = 1 for Bose statistics)

Amplitudes of K° to 27 states with total isospin I: Ay = (0,0|H|K°), A, = (2,0|H|K°)

Isospin decomposition*: A(K® - ntn™) = = (A; +V24,) and A(K° - °=0) = = (V24, — 4p)

strong and weak phases CP conserving amplitudes
It is possible to show that 4 ; Ao = (0|H|K®) = aoei(50+"§/0) M .
must be single-phase amplitudes . ap~20a, experlmental
(assuming CPT symmetry) A, = 2|H|KO) = ayeid2t¢2) (and theoretical) fact

> Aol = 4ol 142] = |4,]

* Valid in the isospin limit (quarks d and u have equal masses)



Neutral kaons and CP violation

K — mmr decays

 Experimentally K° decay as K or K|
* CP violating quantities (here |0) and |2) mean [0,0) and |2,0)):

Because |0) is a CP eigenstate, |Ag| # 1 and Jm(4y) # 0

_(O|H|Ky) pAg+qAy 1+ 4 e . .
€= = &= — = denote CP violation in mixing and interference, respectively
(O|H|Ks) pAg—qhy 1—4g o e .
€ # 0 implies CP violation either in mixing and/or interference
2|H K O|H [Ks) — (O|H | K )(2|H | K _ _ .
o = QIEKOIEIKS = OIREIKD@IFIKS) o) 6042 singon — o

V2(0|H|K;)?
g # 0 implies direct CP violation

21



Neutral kaons and CP violation

* Assuming (2|H |Ks) < (0|H |Ks)

2N, +
e~ 2 - oo witn g TR ORI
 Tee = Moo O ) N 0T (mOnOH Ky T
&'~
3
. |n+_,00| and ¢, _ oo are observables measured
« from the proper time evolution of the 2 decay rate
* from the branching ratio of K 5 to 2w and 7 ¢ (|77+_,00 |)
« From regeneration effect*
« PDG fit to all the measurements to date (NA31, CPLEAR, NA48, KTeV, KLOE)
Ins_| = (2.232 4+ 0.011)x1073 _=(43.5+0.5)°
T+ P+ (41— = ¢y from CPT invariance )
100l = (2.220 £ 0.011)x1073 oo = (43.7 £ 0.6)°

* Not discussed in these lectures



Neutral kaons and CP violation in mixing

* Measurement of |e| from the measurements of |77+_,00|

_ 2|n4-1 + [nool (valid because ¢, _ = ¢y and Re(e'/e) K 1 see later)
- 3

€]

* Measurement of ¢, from
204t oo
¢ 3
Regeneration effect (KTeV)

(valid because ¢, _ = ¢y and Re(e'/e) K 1 see later)

- PDG fit
le| = (2.228 + 0.011)x 1073 b, = (43.5 + 0.5)°



€ prediction in the Standard Model|

« Relation between € and 6

<€

5. = Ipl* —lql? > 2y =~ 22 =
: "Tpde (148 L 5~ 2Re(e) = 2|¢| cos p, = (3.232 + 0.016)x10~3

~

1+ A l.
= = ¢8 y
5 1=, and € = |¢|e
* ¢ predictable in SM
Using the formalism of the neutral meson oscillation and 5~ — Jm(My24047)
the relation valid for kaons I}, = Ay4y is possible to Am (AoAF)
demonstrate

The amplitude 4y x V5V, 4 (tree-level) and the hadronic matrix element simplify in the ratio

* M, is the dispersive amplitude of the box diagram

e Amis measured



The neutral B system

« B%— BY% theory and experiments — |q/p| = 1 (no CP violation in mixing)
« Final states

«  Almost the same for B® and B°

» (P-eigenstates with both eigenvalues, or non CP eigenstates

« Large variety of phase space availability

* Small CP violation in mixing — |P;) and |Py) ~ CP eigenstates with eigenvalues +1 and -1
* Almost no difference between Py and P; decay (experimental and theoretical fact)
* |Py)and |Py)

* Al' = FL — FH ~ 0

*  We can speak in terms of BY (B?) decays.



The neutral B system: time-dependent asymmetries

« BY— B?: theory and experiments — |q/p| = 1 (no CP violation in mixing), AT = 0

« If f is a final states common to both B® and B°

1 2
F'B(t) » f) ==|Af| e TE(H+ D
2 | f| where H =1+ |/1f|2, I = (1 — |/’lf|2) cos(Am t) + 29m(4;) sin(Am ¢)

_ 1
LB - f) = 5|4 e e - 1)

* Time-dependent asymmetry

V= 1+ |2
F(B°(t) —» f) —T(B®) > f) .
AW = T @00 S T S ) - Sinemst) = G cos(Ampt) L
C —
T 25|

« If fis a CP eigenstate, A(t) violates CP: Sy # 0 interference CP-violation, C; # 0 direct CP-violation



Measurement of the CKM angle y

*  Weak phase between b — ¢ (Cabibbo—favoured “fav”) and b — u(Cabibbo — suppressed “sup”) quark transitions

Via V{Zb)
Vcd c*b

e Measurement

¢ processes receiving contributions from both Cabibbo-favoured and suppressed amplitudes

+ study the interference between the two amplitudes

* Gronau-London-Wyler method (GLW)
* Build observables of “fav”-"sup” amplitudes interference from the decays
B* - D°k* B*->D°K* B~ ->D°K~ B~ - DK~ B* > D.pK*
« DY DY =flavour-specific D final state (e.g. (~) D® > K™n*, D° > K*n™)
*  D¢p = CP-eigenstate D final state (e.g. ntn ™, K*K~, Ksn©, ...)

N.B. no need to study time-dependent asymmetries (charged B mesons)



Measurement of the CKM angle y

ep)

* Only 1 tree-level amplitude in “fav” A(B* - D°K™) = |A ple'+D A(B~ —» DOK™) = |A_ple'®-»
and “sup” /B\\ Vi Vi -
|A+5| — |A—D| = |Afav|
B+ ufavu
|A+D| = |A—5| = |Asup|
/ K*
* (P - conservation in strong/em *
Iinteractions A(B+ IR DOK+) _ |A+D|eiyei5+D
6+5 = 5—D = 5]: /E\ VJ
Orp = 0_p = &5 \

B+ Ilsup

 Notation }
g = |Asup|/|Afav| v

53565—5f




Measurement of the CKM angle y

BE - D pK*

AB* - DepiKY) =—[A(BT - D°K*) + A(B* - DO°K™)]

* hyp. 1: no D? oscillation

r—\N|r—\

* hyp. 2: no CP violation in D decay A(B™ - DepiK™) = \/_E[A(B_ - D°K™) + A(B~ - D°K )]
Observables
'(B™ = DcpsK™) + (BT = DepiK™)

['(B- -» DO9K-) + I'(B+ - D9K*)

Repy = 2 =1+ 12+ 2rgcosdgcosy

['(B™ = DcpsK™) —T(BY = DeprKY) +2rgsindgsiny
['(B~ - DcptK™) + T(BY > DepiK*t) 1412 + 21 cos Sgcosy

Acp+

(B~ ->D°K7) T(B*-D°K™)
" T(B~- > D°K-) T(B* - DYK%)

Ip



Measurement of the CKM angle y

* Gronau-London-Wyler method (GLW)

«  Experimental difficulty due to small rz leading to large uncertainty
* Angular solution up to a four — fold ambiguity
DY oscillation cannot be fully neglected

*  GLW example (BaBar)

* Measure Repy, Rep—, Acpas Acp-
* Extract the parameters y,65,7p

» Decays: B¥ > Dh* withh = K,n

Dcp+ [K*K™]ph* [m*m~]ph*

Dcp- [Ksm®lph®t  [Ks¢plph*  [Ksw]ph* (Ks > ntn~,¢ - K'K~,w - ntn~n")

Non - CP [K~m¥]poh~ [K*m " ]g0h™




Measurement of the CKM angle y

*  GLW example (BaBar) %
>
(]
D° mode N(B* — DK*) N(B* — D7*) =
()
K*K- 367 + 27 4091 =70 S
L 110 £9 1230 = 41 Z
K9m® 338 = 24 4182+73 £
ng 116 £ 9 1440 = 45 3
K¢ 52 + 4 648 + 27
K @t 3361 * 82 44631 * 232
9000 * g o
o F E >
>8000= b) B*— Dh* = 3
© 7000 D —Kn 3 S
= 6000 = =
(e C - (e
S 5000 = =~
24000 = z
53000 E =
> F . m
12000 3
1000 sosopsvrrroreesepesverres E
525 526 527 528

mg (GeV/c?)

40 | =
s 8) B DK E
-  D—KK, E
250 Donm E
0 i i . L. -
5.25 5.26 5.27 5.28
mg (GeV/c?)
401 ' R
s ¢ B —DK E
g o i
300 D — Kn', =
25 D — Kl® -
20— D — K0 =
158 E
5 H\L %Hh ,,,,,,, N
BN Y P R N
5.25 5.26 5.27 5.28

m; (GeV/c?)

V(/2 + P - P/ EZ — P3

Events / ( 0.0008 GeV/c?)

Events / ( 0.0008 GeV/c”)

PRD 82 (2010) 072004

40 E
350 b)) BT - DK :
30; D> KK, i
25— Don'n =
20— =
15+ E
105 E
Skt Ll rellT . 1, 29, =
0 ) . . . [ . . . ] ) ) h
5.25 5.26 5.27 5.28
m, (GeV/c?)
408 | R
S
C 0 ]
30? D— KSTEO, i
25F- D — Ko, =
20 D — K0 b
15 E
ot N
;. 4 tg N
Oii Lw o W“f TT* ‘ 'Ll%fw A T e
5.25 5.26 5.27 5.28
my (GeV/c?)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.072004

Measurement of the CKM angle y

PRD 82 (2010) 072004

° GLwexample(BaBar) ElSO_llr|l||[||1||||||r|||[||1||r||||r_
Acpr =025 %0. + 0.02 , 57160 —95% CL -
cp+ = 0.25 = 0.06(stat) = 0.02(syst) o 160 T :
Acp_ = —0.09 £ 0.07(stat) = 0.02(syst), 140~ .
Rcp. = 1.18 = 0.09(stat) = 0.05(syst), 120~ -
Rep— = 1.07 = 0.08(stat) = 0.04(syst). loop- :
J ]'EI T | T T T | | L | L | T [ T T 1 | L | T T T | T [E 80: —:
< 0.9 | 3 g :
~ TE | - 60 =
0.8 B N i
0.75 = 40 -
0.6t E 200 -
0.5 = N -
: . _I L | I 111 | 1 1 1 | 111 L1 | I 1 | 1 11 | 1 11 | || I_
0.4 E % 20 40 60 80 100 120 140 160 180

0.3\ T = v[°]
0.2 - y mod 180 [°] '

015 = 68% CL [11.3, 22.7]

0:— _|_95 Tlol__l_ll__l_l = [30.8, 99.2]

20 40 60 80 100 120 140 160 180 [157.3, 168.7]
v [ 95% CL [7.0, 173.0] 32



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.072004

Measurement of the CKM angle y: combination

* Other methods are analysis of multibody decays of D mesons (Dalitz analysis)

« Combinations of the results make use of all the possible ratios from various types of methods
104——— e

- | _
S Fﬂm |
| ] 5‘ Moriond 2024 | |
—, 0.8 i ; B?— D;K* I
' [ B - DI K+rtn— |
] 1Bt - D°K** -
0.6- 1Bt —» DK+
— 65 9+3.3 © o [T B® — DOK*°
Y = 735 [ B — DOk
] ] Combined
0.4 - I
O AUIRARI W oot s 42 SSEES AL NS W 68.3% |
0.2 1
0.0 L] 2olnolnleto s b




The CKM angle y and the unitarity triangle
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CKM fit (CKMFitter)

1-5 T T T | 1T 1T 1 | T T T, I e ] T T 1 1T T 1
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Summary of Lecture 13

Main learning outcomes

« What are the different types of CP-violation in the Standard Model
* Phenomenology of CP-violation in charged and neutral meson decays (kaons, B mesons)

* Experimental measurements of CP-violation in the different meson systems



