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The Lagrangian
K-physics

B-physics

@ Another perspective:
meson lifetimes
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The Lagrangian

K-physics
B-physics

@ Another perspective: Properties of the ¢
meson lifetimes

myg = 1.27GeV B
r = (1.040-107'?)s cd
cr = 311.8um

mg = 1004 25MeV
T = (1.24. 10‘8)8 us
cr = 3.7m
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The Lagrangian
K-physics

B-physics

@ Another perspective: Properties of the ¢
meson lifetimes

@ Weak decays of mesons mg = 1.27GeV )
differ by orders of r = (1.040-107'?)s cd
magnitude? cr = 311.8um

mg = 1004 25MeV
T = (1.24. 10‘8)8 us
cr = 3.7m
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The Lagrangian
K-physics

B-physics

@ Another perspective: Properties of the ¢
meson lifetimes

@ Weak decays of mesons mg = 1.27GeV )
differ by orders of r = (1.040-107'?)s cd
magnitude? cr = 311.8um

@ How can the sdecay
weakly? m¢ > mg?

mg = 1004 25MeV
T = (1.24. 10‘8)8 us
cr = 3.7m
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The Lagrangian
K-physics

B-physics

@ Another perspective: Properties of the ¢
meson lifetimes

@ Weak decays of mesons mg = 1.27GeV )
differ by orders of r = (1.040-107'?)s cd
magnitude? cr = 311.8um

@ How can the sdecay
weakly? m¢ > mg?

@ Keep leptons untouched

mg = 1004 25MeV
T = (1.24. 10‘8)8 us
cr = 3.7m
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The Lagrangian

K-physics
B-physics

@ Another perspective: Properties of the ¢
meson lifetimes

@ Weak decays of mesons mg = 1.27GeV )
differ by orders of r = (1.040-107'?)s cd
magnitude? cr = 311.8um

@ How can the sdecay
weakly? m¢ > mg?

@ Keep leptons untouched

@ Introduce the CKM matrix mp = 100+25MeV
7 = (1.24-107%s us
ct = 3.7m
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The Lagrangian
K-physics
B-physics

Definition
d is the mass Eigenstate

Lyik = —UMyu— aneC— tmt — dmgd — $nes — bmgb
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The Lagrangian
CKM K-physics
B-physics

Definition
d is the mass Eigenstate

Lyuk = —UMyu— @neC — tmit — dmgd — $nss — bmpb
my O O u
= —(u ct)l 0 m O c
0 0 1 t
. . mg O 0 d
—(d sb)| 0 mg O s
0 0 mp b
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The Lagrangian
CKM K-physics
B-physics

Definition

d is the mass Eigenstate

d is the isospin partner of u

V: unitary 3 x 3 matrix VIV = 13
Cannot simplify: masses not equal

—IMyU — aNC — tmet — dmgd — NS — bmpb

EYuk =
mg O O u
= —(u ct)l 0 m O c
0 0 1 t
B B mg O O d
—(d $ )| 0 m 0 |Vvi|¥d
0O 0 mp b
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The Lagrangian
K-physics

B-physics

Properties of V
@ Cabibbo,
Kobayashi,

Maskawa

@ V complex:
3x3x2

o Wi=139
constraints

@ 5 phases
absorbed

@ 3 real mixing
angles, 1
complex
phase
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The Lagrangian

K-physics
B-physics

Properties of V

@ Cabibbo,

Kobayashi, _
Maskawa < cosfc  sinfc )

(2 generations):

—sinfc cosd
@ V complex: C €

3x3x2
o Wi=139
constraints

@ 5 phases
absorbed

@ 3 real mixing
angles, 1
complex
phase |
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The Lagrangian
CKM K-physics

B-physics

Properties of V Cabibbo

@ Cabibbo, (2 generations):

Kobayashi, _
Maskawa ( cosfc  sinfc )

@ V complex: —sinfc  cosfc
3x3x%x2

o Wi = 13: 9
constraints

@ 5 phases

-2 A AN (p—in)
2
absorbed —A -3 AN?

3(1 _ i) A2
@ 3 real mixing AX(1—p—in) —AA 1

angles, 1
complex
phase
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The Lagrangian
K-physics

B-physics

Properties of V

@ Cabibbo, (2 generations):
Kobayashi,
Maskawa ( cosfc  sinfc )
@ V complex: —slble B398t
3x3x2
o Wi=139
constraints )
@ 5 phases == A AX3(p —in)
absorbed —A -3 AN?
@ 3 real mixing AN(L—p—in) —AN 1
angles, 1
complex @ Diagonal entries dominate
phase

ot
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The Lagrangian
K-physics

B-physics

Charged Current

(u ¢ t )| s
b’
=(u e t WV s
br
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The Lagrangian
CKM K-physics

B-physics

Charged Current

d - u+W- Vpu
s — u+W~- Vi,
b - u+W- V13
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The Lagrangian
CKM K-physics

B-physics

Charged Current ® V1 =098,V;,=0.2

d - u+w- V11
S — u+Ww- V12
b — u+W- Vi3
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The Lagrangian
K-physics

B-physics

Charged Current ® V1 =098,V;,=0.2

@ charmed mesons:

d’ V2,G2 — 0.96G2
(uw e t )| s @ strange mesons:
by’ VZ,G2 — 0.04G2 longer
do lifetime

d - u+W- Vpu
S — u+Ww- V12
b - u+W~ Vg3
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The Lagrangian
K-physics

B-physics

Neutral Current

Neutral currents couple to right- and left-handed quarks:
d/
(d 3 B W(-35m +isin?oy) | ¢
b/
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The Lagrangian
K-physics

B-physics

Neutral Current

Neutral currents couple to right- and left-handed quarks:

dl
(d 3 b )yr(-35m +isin?oy) | ¢
bl
d
=(d S b)Vigr(-1155 + 1sin®oy)V | s
b
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The Lagrangian
CKM K-physics

B-physics

Neutral Current

Neutral currents couple to right- and left-handed quarks:

dl
(d 3 b )yr(-35m +isin?oy) | ¢
bl

—=(d sb Wiyn(—1 11— e + Lsin 2 6w )V

=(d 5 b)Vivys(-1s 4L 1sin 6y )

T w o T wnw o

V1V = 15: does not have a Lorentz index, only family index
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The Lagrangian
CKM K-physics

B-physics

And the up-type sector?
(4 ¢ | &
b’
=(u ¢ w)Vh| s
bL
=(u & &)V s
2
b
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The Lagrangian
CKM K-physics

B-physics

And the up-type sector?

— dL,
(4 ¢ | &
b’
=(u ¢ w)Vh| s
bL
(W T Lyviv| s
b
define: V3 = VZTV
VaVi = (VIVv)(vIv)f = viwiv, =1
— 1 matrix sufficient
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum

EM Interactions =
e — e
L — —-1R

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum

EM Interactions =

e — e
L —1R
- C
P e — ~e
R — +1L

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum

EM Interactions =

e — e
L —1R
- C
P e — ~e
R — +i1L
C e — ~ef
L — -1R )

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum

EM Interactions =

e — e
L —1R
- C

P e — ~e

R — +1L
C e — ~ef

L — —1R )
CP e — ~ef

R — +1L

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum po = vy, € Uy
L — LLR
EM Interactions =
e — e
L —-1R
- C
P e — ~e
R — +1L
C e — ~ef
L — -1R )
CP et — ~et
R — +1L

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum po = vy, € Uy
L — LLR
EM Interactions _ __
P B = vy, € Uy
e — e R — RRL
L —-1R
- C
P e — ~e
R — +1L
C e — ~ef
L — -1R )
CP et — ~et
R — +1L

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum po = vy, € Uy
L — LLR
EM Interactions _ __
P B = vy, € Uy
e — e R — RRL
L —-1R
- C ut — pyetuy
P e — e L — LLR
R — +1L
C e — ~ef
L — -1R )
CP et — ~et
R — +1L

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum po = vy, € Uy
L — LLR
EM Interactions o
P no = vy, € Vg
e — ne R — RRL
L —1R
- C ut — pyetuy
P e — ne L — LLR
R 1L
-7 CP 4t — Detvg
C et — qef R — RRL
L — -1R )
CP et — ~et
R — +1L

v,
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The Lagrangian
K-physics

B-physics

@ C: transforms particles into  E=RWALLEIEEIle])E

anti-particles
@ P: inverts momentum po = vy, € Uy
L — LLR
EM Interactions _
P no = vy, € Vg
e — e R — RRL
L —1R
- C ut — pyetuy
P e — e L — LLR
R 1L
-t CP upt — Dy ety
C e — e R — RRL
L — -1R _ )
CP e — ~ef CPT always conserved
R — +i1L

v,
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The Lagrangian
CKM K-physics
B-physics

Neutral Kaons Parity
K® = [sd_
Ke = —|sd)

-; strong Isospin anti-particle
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The Lagrangian
CKM K-physics
B-physics

K® = [sd_
Ko = —|sd)

-; strong Isospin anti-particle

Charge Conjugation

CK® = C([sd)
= |sd)
= —K°

CK° = —|sd
= —K°

not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

Ko = [sd_ @ (—1)¢ from
Ke = —|sd) Yim(m — 0,7+ ¢) =
(—1)°Y (9, 9)

-; strong Isospin anti-particle

Charge Conjugation

CK® = C([sd)
= |sd)
= —K°

CK° = —|sd
= —K°

not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

Ko = [sd_ @ (—1)¢ from
Ke = —|sd) Yim(m — 0,7+ ¢) =
(—1)°Y (9, 9)

-; strong Isospin anti-particle
- @ multiplicative:

Charge Conjugation P(p1p2) = P(p1) - P(p2)

CK® = C([sd)
= |sd)
= —K°

CK° = —|sd
= —K°

not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

Ko = [sd_ @ (—1)¢ from
Ke = —|sd) Yim(m — 0,7+ ¢) =
_1Y¢
-; strong Isospin anti-particle (=1)°Y (6, ¢)

@ multiplicative:

Charge Conjugation P(p1p2) = P(p1) - P(p2)

cke — c(/sd) o ! ORAC
= [sd)
= —K°
CK° = —|sd
= —K®° )
not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

Ko = [sd_ @ (—1)¢ from
Ke = —|sd) Yim(m — 0,7+ ¢) =
_1Y¢
-; strong Isospin anti-particle (=1)°Y (6, ¢)

@ multiplicative:

Charge Conjugation P(p1p2) = P(p1) - P(p2)

cke — c(/sd) o ! ORAC
= |sd) ° 7%u(p’) =u(p)
- _K°
CK° = —|sd
= —K®° )
not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

Ko = [sd_ @ (—1)¢ from
Ke = —|sd) Yim(m — 0,7+ ¢) =
_1Y¢
-; strong Isospin anti-particle (=1)°Y (6, ¢)

@ multiplicative:

Charge Conjugation P(p1p2) = P(p1) - P(p2)

. — @ Spinor: 7%) (DIRAC
CK® = Cg sd) equation)
= |sd) ° 7%u(p’) = u(p)
— o 7% (p’) = —v(p)
= K
CK° = —|sd
- _K° ’
not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

Ko = [sd_ @ (—1)¢ from
Ke = —|sd) Ym(m — 0,7+ ¢) =
1Y
-1 strong Isospin anti-particle (=1)°Y (6, ¢)

@ multiplicative:

Charge Conjugation P(p1p2) = P(p1) - P(p2)

A _ @ Spinor: 7%) (DIRAC
CK® = C(Isq) equation)

= [sd) ° 7%u(p’) = u(p)
_ = ° %v(p’) = -v(p)
_ o relative (—1) between
CK® = —[sd particle and anti-particle |
— _K°

not Eigenstates of C
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The Lagrangian
CKM K-physics
B-physics

CPK® = (~1)-(~1)(-K")

CPR® = (~1)-(~1)(K")

Dirk Zerwas Particle Physics: The Standard Model



The Lagrangian
CKM K-physics
B-physics

strong prod, weak decay
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The Lagrangian
CKM K-physics
B-physics

CPK® = (—1)-(=1)Y—K°) C(rtn) = nrt

— K° P(rfn7) = i(?r‘)P(ﬁ)
CPK® = (-1)-(-1(-K°) | cP(rtr) = 1

— K° : »
CP Eigenstates
(+1): Ky = \%(K‘Urlzo)
(-1): Ko = Z5(K°=K°)
strong prod, weak decay

Dirk Zerwas Particle Physics: The Standard Model



The Lagrangian
CKM K-physics
B-physics

CPK°® = (-1)-(-1)%(—K°) C(rtn™) = 7nat
— K° P(nfn™) = 5(%‘)P(ﬂ+)

CPK® = (-1)-(-/(-K) | cp(rtr) = 1

>

CP Eigenstates
C(n°) = C(y)*=1
— 0
(+1): Ky = L(K°+K°) P(m°) = -1
\? R CP(ntr— 7% = CP(xtn™)
(-1): Ky = ﬁ(K —K°) CP ()
strong prod, weak decay -1
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The Lagrangian
CKM K-physics
B-physics

Kaon mass: 494MeV

Ki — #tn™

7e = 09.10-1
Ko — #trx0
1 = 52-10-%s

phase space:

m(rtr~) ~ 280MeV
m(rtr=7%) ~ 420MeV

K5 was initially “overlooked”

ot
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The Lagrangian
CKM K-physics
B-physics

Time dependence
Kaon mass: 494MeV Decay is described by weak
_ Eigenstates with a well-defined
Ki — #trm T
lifetime:
¢ = 0.9.1010s vk
. Ka(t)) = |Ke(0)) exp—Ms
Ky — #nten expTst/2
7 = 52-1078%s Ko(t)) = [K2(0)) exp~™dt
expTLt/2

phase space:
strong as f(weak):
m(rtr~) ~ 280MeV

o _— L
m(rt7~7%) ~ 420MeV 'i = \/§(|K1>+|K2>)
- Ko = (K1) = [K2))
K> was initially “overlooked” : b

v
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The Lagrangian
CKM K-physics
B-physics

Oscillation

A(t): amplitude to produce att = 0 a K° and find at t a K°:

A(t) = (K°()IK°(t = 0))
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The Lagrangian
CKM K-physics
B-physics

Oscillation

A(t): amplitude to produce att = 0 a K° and find at t a K°:

A(t) = (K°()IK°(t = 0))
= ((Ka(0)] = (K2(D)N(IKs(t = 0)) + [Ka(t = 0)))
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The Lagrangian
CKM K-physics
B-physics

Oscillation

A(t): amplitude to produce att = 0 a K° and find at t a K°:

A(t) = (K°(t)|K°(t = 0))
= (K (O)] — (K2(OD([K(t = 0)) + [Ko(t = 0)))
S(K1(t)[Ky(t = 0)) — (Ka(t)|Ka(t = 0)))

Dirk Zerwas Particle Physics: The Standard Model



The Lagrangian
CKM K-physics
B-physics

A(t): amplitude to produce att = 0 a K° and find at t a K°:
(Ke(t)IKe(t = 0))
3(Ka(0)] = (Ka(©))([Ka(t = 0)) + [Ka(t = 0)))
= F((Ky(t)[Ka(t = 0)) — (Ko(t)[Ka(t = 0)))
%(exp_iMst exp—rst/z _ exp_iMLt exp_rtt/z)

A(t) -
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The Lagrangian
CKM K-physics
B-physics

Oscillation

A(t): amplitude to produce att = 0 a K° and find at t a K°:

Alt) = (Ke(t)|K°(t = 0))
= 3({(Ka(0)] = (Kz(O)])(IKa(t = 0)) + [Ka(t = 0)))
= F((Ky(t)[Ka(t = 0)) — (Ko(t)[Ka(t = 0)))
= %(exp—iMst exp—rst/z _ exp—iMLt exp—rLt/Z)
At)A*(t) = L(exp~Ts'+exp Tt —2cos(AML)exp~(L+Ts)t/2
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The Lagrangian
CKM K-physics
B-physics

Oscillation

A(t): amplitude to produce att = 0 a K° and find at t a K°:

Alt) = (Ke(t)|K°(t = 0))
= 3({(Ka(0)] = (Kz(O)])(IKa(t = 0)) + [Ka(t = 0)))
= F((Ky(t)[Ka(t = 0)) — (Ko(t)[Ka(t = 0)))
= %(exp—iMst exp—rst/z _ exp—iMLt exp—rLt/Z)
At)A*(t) = L(exp~Ts'+exp Tt —2cos(AML)exp~(L+Ts)t/2

@ s > I'|: decay with ',
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The Lagrangian
CKM K-physics
B-physics

Oscillation

A(t): amplitude to produce att = 0 a K° and find at t a K°:

Alt) = (Ke(t)|K°(t = 0))
= 3({(Ka(0)] = (Kz(O)])(IKa(t = 0)) + [Ka(t = 0)))
= F((Ky(t)[Ka(t = 0)) — (Ko(t)[Ka(t = 0)))
= %(exp—iMst exp—rst/z _ exp—iMLt exp—rLt/Z)
At)A*(t) = L(exp~Ts'+exp Tt —2cos(AML)exp~(L+Ts)t/2

@ s > I'|: decay with ',
@ oscillation with frequency AM = M| — Mg
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The Lagrangian
K-physics

B-physics

Number of events

Follow fermion line: transition
between generations inevitable!

d W-— S
b
A A e R Fr 2" "::‘ém
— + -
LI /Y S
' @ need interference term!
Need CKM non-diagonal: © AM ~ 3.5.10 eV

~ sin? 6

Dirk Zerwas Particle Physics: The Standard Model



The Lagrangian
K-physics

B-physics

All settled?

PLAN VIEW _ -

5TF

7 Ft to
internal 1arget Helium Bag

Scintillator.

Water
Cerenkov

@ BNL AGS 30GeV protons
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The Lagrangian
K-physics

B-physics

All settled?

PLAN VIEW 7

5TF

7 Ft to
internal 1arget Helium Bag

Scintillator.

Water
Cerenkov

@ BNL AGS 30GeV protons
@ K; die out (can be regenerated)

Dirk Zerwas Particle Physics: The Standard Model



The Lagrangian
K-physics

B-physics

All settled?

.
Scintiliator it ™Y
PLAN VIEW o
) N b
- A
& 9 Spark Chember
4 ) 7 |
sy “ﬁ
I =~/
i ”‘"""'
|

5TF

7 Ft to
internal 1arget Helium Bag

Scintillator.

Water
Cerenkov

@ BNL AGS 30GeV protons
@ K; die out (can be regenerated)
@ expect no 77~ decays at the K° mass (theoretically)
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The Lagrangian
K-physics

B-physics

All settled?

PLAN VIEW o

L.
! X W ‘
. A
| i /:{_;,'

57 Ft to
internal 1arget

Helium Ba
um a9 Scintillotor.

Water
Cerenkov

@ BNL AGS 30GeV protons

@ K; die out (can be regenerated)

@ expect no 77~ decays at the K° mass (theoretically)
@ experimentally: combinatorics
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The Lagrangian
K-physics

B-physics

All settled?

PLAN VIEW o

i
! X W ‘
. A
| i /:{_;,'

57 Ft to
internal 1arget

Helium Ba
um a9 Scintillotor.

Water
Cerenkov

@ BNL AGS 30GeV protons

@ K; die out (can be regenerated)

@ expect no 77~ decays at the K° mass (theoretically)

@ experimentally: combinatorics

@ use angle between beam and reconstructed 77~ system
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The Lagrangian
K-physics

B-physics

All settled?

PLAN VIEW o

i
! X W ‘
. A
| i /:{_;,'

57 Ft to
internal 1arget

Helium Ba
um a9 Scintillotor.

Water
Cerenkov

BNL AGS 30GeV protons

K, die out (can be regenerated)

expect no 77~ decays at the K° mass (theoretically)
experimentally: combinatorics

use angle between beam and reconstructed 77~ system
no peak expected
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484<m* < 494

My

494 < m*< 504

]

504<m*< 514

4

Ny

0
0.9996 0.9997 0.9998 0.9999 1.0000

cos 8

30

NUMBER OF EVENTS

The Lagrangian
K-physics

B-physics

@ PEAK!!
@ level: 1073
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484<m* < 494

My

494 <m¥*< 504

]

504<m*< 514

4

Ny

0
0.9996 0.9997 0.9998 0.9999 1.0000
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The Lagrangian
K-physics

B-physics

@ PEAK!!

@ level: 1078

@ CP must be violated!

@ CKM has a complex phase
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The Lagrangian
K-physics
B-physics

Kaon description

Ks = \/1-1+W(|K1> + €|K2))

\/ﬁ(e\m + [K2))
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The Lagrangian
K-physics

B-physics

Kaon description

Ks = —rt=s(Ka) +€lK2))
KL =

\/ﬁ(e\m + |K2))
CP violation in

Tta—
= Ve

= 2.268+40.023-10°3
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The Lagrangian
CKM K-physics
B-physics

Kaon description CP violation in

Ks = K1) + €K Re(£) = la-—
s WU 1) +€[Kz)) (%) |6'|_((7r07r0)|'5(7r+7r’)
KL = \/F( |Kl> + |K2>) rs(woﬁo)rL(ﬁ+7r*))

(NA31) = 23+6.5-10"*
(FNAL) 284+4.1-107*
M (rtn—)

el = s (NA48) 18.5+7.3-10~%
— 2268+0.023-10°3 | -

>

ot
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The Lagrangian
CKM K-physics
B-physics

Kaon description CP violation in

Ks = K1) + €K Re(£) = la-—
s WU 1) +€[Kz)) (%) |6'|_((7r07r0)|'5(7r+7r’)
KL = \/F( |Kl> + |K2>) rs(woﬁo)rL(ﬁ+7r*))

(NA31) = 23+6.5-10"*
(FNAL) 284+4.1-107*
M (rtn—)

el = s (NA48) 18.5+7.3-10~%
— 2268+0.023-10°3 | -

>

@ CP violation discovered
@ good for our existence
® ag(K°)!
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The Lagrangian
K-physics

B-physics

@ Flavour oscillation in all
neutral systems

@ Mpo ~ 5GeV > Mgo ~
0.5GeV

@ lifetime (tag)
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The Lagrangian
K-physics

B-physics

B-sector

@ Flavour oscillation in all
neutral systems

@ Mpo ~ 5GeV > Mgo ~
0.5GeV

@ lifetime (tag)

large production
@ dedicated machine: ete~
@ orpp
@ good PID

Dirk Zerwas Particle Physics: The Standard Model




The Lagrangian
K-physics

B-physics

® BABAR@SLAC PEP-Il

@ Flavour oscillation in all o BELLE@KEK-B
neutral systems @ asymmetric colliders

@ Mgo ~ 5GeV > mgo ~ o € :9.1GeV
0.5GeV o et 3.4GeV
oo o TAs:

@ lifetime (tag)

@ resonance b_t_) _
" 250 o reat
large production vertex detector

@ dedicated machine: ete~

@ orpp

@ good PID
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The Lagrangian
K-physics

B-physics

Back to CKM

@ V complex

@ VTV = 13: 9 equations

@ 6 equations with complex = 0
@ 2-coordinate plane: triangle

@ a, (7

Dirk Zerwas Particle Physics: The Standard Model



The Lagrangian
K-physics

B-physics

Back to CKM
@ V complex
@ VTV = 13: 9 equations
@ 6 equations with complex = 0
@ 2-coordinate plane: triangle

@ «, [,y

Unitary triangle

(ViV)sy = O
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The Lagrangian
CKM K-physics
B-physics

Back o CKW

@ V complex @ Amg

@ VTV = 13: 9 equations @ Amy

@ 6 equations with complex = 0 ® B° —

@ 2-coordinate plane: triangle @ B° — J/1Kg

@b, @ Bt - DK™
- - @B Tv
Unitary triangle

(ViV)sy = O
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The Lagrangian
CKM K-physics
B-physics

Back o CKW

@ V complex @ Amg
@ VTV = 13: 9 equations @ Amy
@ 6 equations with complex = 0 ® B° —
@ 2-coordinate plane: triangle @ B° — J/1Kg
@b, @ Bt - DK™
- - @B Tv
Unitary triangle @ overconstrained

(ViV)sy = O
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The Lagrangian
CKM K-physics
B-physics

@ relationship
angles-V:
Problem Solving 1l

o all
measurements in
agreement

@ no sign of BSM

@ impressive
progress in 10
years

@ DO like-sign
di-muons?
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