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® C,P: Violated maximally in weak interactions
® CP: Symmetry of nearly all observed phenomena
® Slight (~0.2%) ¢fP in K' decays (1964)

® Sizeable C# in B decays (2001)

® Huge Matter— Antimatter Asymmetry
in our Universe Baryogenesis

CP7T Theorem: (P T

Thus, C;ﬁ requires: » Complex Phases

» |nterferences
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Standard Model C%D: 3 fermion families needed

v H(M?) - HM?) - J # 0
H(M]) = (m] —m}) (m} —m.) (m] —m)
H(M)) = (m; —m}) (m} —m}) (m; —m))

_ 2 c _ 216 —4
J =c,c;Cp 8, 8, 8, SN0, = ‘A A 77‘ <10

- Low-Energy Phenomena
 Small Effects ~ J
* Big Asymmetries Suppressed Decays

- B Decays are an optimal place for C%D signals
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ap T(P>t)| # |T(PoTF)]

I ewﬁ 2}“‘ T(P—)f) =T el ol T, £ &
d d u nt

_('W\_‘ d} CP

b_’f’m LS = = —ig, id ~ig, 5,

i, ° ?g}f T(P—)f)lee e +T,e “e
r(P—>f)-T(P>f) 2T, T, sin(¢, —@,) sin(5, -5,
F(Pof)+T(Po>T)  T2+T,2+2T T, cos(¢, ~¢,) cos(5,~5))

One needs:

= 2 Interfering Amplitudes
= 2 Different Weak Phases |sin(¢,—¢) 0]
= 2 Different FSI Phases sin(5,-8,)= 0]

Flavour Physics & CP A. Pich — Natal 2011



eI e v ML AT
S S VU A olp = (1-5)/(1+5)

(K°|H|K®) ~ S AN SGry) 1 (Opsey)
ij

4

<OAS=2> = as(ﬂ)_2/9 <IZO‘(§L yadL)(EL yadL)‘K0> = (ngz( fl?j

*

N=V,V IfiEml.z/Msz (i=u,c,t)

= GIM Mechanism: A, +A.+A, =0

(M, —M, ) /MKO = (7.00£0.01)x10"°
" C/j): Im)\, = —Im\, ~ pA’°4°
= Hard GIM Breaking: S(7,7;) ~ r t quark
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4
e e §
T ke
s oot & S ow o a g/p = (1-5)/(1+ &)

(K°|H|K) ~ SN X SGr) my {Oasey)
ij

4

<OAS=2> = as(ﬂ)_2/9 <EO‘(§L 7/adL)(EL yadL)‘K0> = (EM?( flgj

N=Va Vi 5 n=Emi[My (i=ucn
clk’) =|K°) . PIK)=-|k") . cP|K’)=-|K")
KLy =S ([K)F|RY) . P kL) =+ [KD)

\K§> ~ ‘KIO>+§K‘K§> ] \K§> ~ ‘K§>+§K‘K1°>
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7/
d u. G, t S —E—MIVYMP_SV 0 )
’V\é ’ §W’ u c ty Ao g ‘KS,L> ~ p ‘KO> =g ‘K0>
CEE T il = (1-5)/(1+5)

KO—)ﬂ_l+VZ (5 > ) : ]Z’O—>7r+l_17[ (s > u)

D(K; > 2 1'v)=T(K] > 7' IV) | pP—|qf 2Re(%)
D(K} > l'v)+T(K) > z7%) |pP+lgPf 1|5

= (0.332+0.006)%
Re(zx) = (1.66 +0.03) - 107

T(K, > n'z") N

_TK,>r'7) _ )
T(K - 7°7") £

T TKgortn)

- €k Tloo =

Er =(2.228+0.011)- 1073 &%

n|(1-p)4*+022] 4 B, =0.143
g, =(43.5% 0.5) Buras et al
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T(K —)7Z'+7Z'_) , T(K _)72_072_0) ,
77+_ = L — I~ gK—i-gK = L — ~ gK_ng
T(Kg—>nn) T(Kg > n'r)
1 ’ NA48. NA31
Re(g}(/gK) ~ — [ = (16.8£1.4)-10™" ’
6 n,_ KTeV, E731

w
=|

Re(ey /2 )y, = (19 %3') 107

Flavour Physics & CP

= Short-distance OPE

Ciuchini et al, Buras et al

» Long-distance yPT

Pallante-Pich-Scimemi
Cirigliano-Ecker-Neufeld-Pich
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=(0.508£0.004) ps™

MBg /FB;’

AM , =(17.

AT, /AM,

= 0.771£0.007
78+0.12) ps~

Nmb/m <1

Re( £ ) —0.0009 +0.0009
d

Flavour Physics & CP

(%D very small

Vud VJ; ™~ Vd Vcb

Via

(B |18 ~ Pl 6500 |38

My, /T
Vi

AFB?/ FB? =(0.092

9/ p|—

S

Vip ~

= 26.210.5

+0.051
—0.054

>l

Jr

2 2
1l ~m./m,
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5  Gof g
187)

AF/AM%FIz/MIZng/th<<1

‘BO (t)> g,(t)

7o)

/2 g,(?)
q

Flavour Physics & CP

AMEMB+ —M

s

SEE
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Time Scales: Oscillation ~ sin|(x—iy)T¢/2]

A
AR A
AM AT "
S : X=——
I 2I°
1000 1500
|AZ] (um)
= KO: x~y~1
= DO%: x~y~0.01 Slow oscillation (decays faster)

= By: x~1, y~0.01

= B.: x~25, y<0.01 Fast oscillation (averages out to 0)



BO

T[B°(t) - f] ~

T[B°(t) > f] ~

|2

1-| 5,

C; —
1+| pg

o

Al' <K AM

Flavour Physics & CP

N | —

/

/

T, >T[B' > f] ; T, >-T[B">f] ; p,=T,/T,
T. >T[B’ >f] ; T.>-T[B">f] ; p:=T./T;

CP CP
e (IT P +IT: ) {1+ C; cos(AM 1) — S, sin(AM 1)}
e (| T P +|T, |2) [1-C; cos(AM 1) + S, sin(AM 1)}
21m| 4 —2Im|? J
S. = mippf) =_1_|pf|2 . S. = qu’Of
b+ P I - E
q Vi Vig _ o2t y z{ﬂ (B;’)
P thth : 0 (Bf)
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/

/

0 — — _
B® ey { T, >T[B° >f] ; T, >-T[B'>f] ; p,=T,/T,
\ / T. >T[B' >f] ; T, >-T[B">f] ; p.=T./T;
EO
CP CP
T[B(t) = f] ~ %e—“ (ITeP+ITe ) {1+ C; cos(AM 1) — S, sin(AM 1)}
_ _ 1 — .
MBY()—f] ~ et (|TF 2 +|T, |2) [1-C; cos(AM1) + S, sin(AM 1)}
21m| 4 5 —ZIm(p J
c =Bl g (ppf) R e o ¢
S Y Y V) S e oY

Tr=nT 5 Te=nT 5 ps=1/p;

CP self-conjugate: f =7, f C,=C; ; S;=5
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B emp f CP self-conjugate: f=n;f

\ / 0 VeV e ., (o &
=~ ~ * T 9 ¢M~ 0
BO P th th 0 (Bs)

q Assumption: Only 1 decay amplitude

b
q' %
W Ab—>q67q’ _ qu VQQ' — o %
q AE—njqq' qu qu’
F(BO—>f)—r(E°—>f) T g 1
— — = sin sin t X =¢, +
F(B°—>f)+r(30—>f) s MoTD

Direct information on the CKM matrix
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B) > JY K, B) »>ntn By — p'Kg
¢ =0 p~pP+y=1—« oy
_ C u i ; u
b ~H S b h d} T b h d

ciCco|lw

4 <
Vi

|
N
>~ A

b
Vie ™

d}n'
"

0
<5}

L

Vi Vig ~ AN (1—p+in)

Vi Vig ~ AX (1—p+in)

*k%
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I'(B* > JwK)-T(B° > JwK,)
I'(B° > JwK)+I(B’ > JwK,)

= 1, sin(23) sin(AM t)

o O

C]ﬁ Signal

S o O A

-0
-0

lsd
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]
o
o

)
<

HFAG: JWw K, ,.v(2S)Ks, y. Ky ,n. K

sin(2p) = 0. 672 + 0.023
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V.,V ~ AN (p—in)
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= Time Evolution

= Transversity Analysis: B—>VYV

= |sospin Relations (Gronau-London)

= D'-D’ Mixing (Gronau-Wyler, Atwood-Dunietz-Soni)
V2T(B" > D)K") =T(B" > D°K")+T(B* - D' K")
J2 T(B) > D)K,) = T(B* - D’ K) + T(B® - D" Ky)

= Dalitz Analysis

SU(3) Relations: B-o=nK,=nmw, ..

Flavour Physics & CP A. Pich — Natal 2011
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| fitter

ICHEP 10

sol.w/cos 26 <0
{excl.at CL > 0.95)
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If

a=87.8%£3.0°; f=224+0.7°; y=69.8+3.0°
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Tree-level determinations Loop processes
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/

/ 7.5 c signal

Br(B) > 7 K")-Br(B), > 7'K")

AB) - 77K*) = _
¢ Br(B) — 7 K*)+Br(B > 77K")

= 0.098£0.013

X . .. Br(B"—>72’K")-Br(B- > 7'K")
AB* > 7'K*) = = —0.051+0.025
Br(B" - 7°K*")+Br(B~ - 7°K")

A(B) - 77K*)— A(B* = 7°K*") = 0.149+0.028
Difficult to accommodate in the Standard Model (but huge uncertainties)

New Physics ?
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DO: ;~u® Asymmetry B° Mixing
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CDF Run Il Preliminary L=52fb

0.6 — 95%cCL
0.4 — SMprediction B, — J/v ¢

f . ASM (NP
QPs = Q7 + Qg

3 - ASM L NP
21j5 S 2ljs _()S

£

B (rad)
Coverage adjusted 2D likelihood contours for B and A’

P-value for SM point: 44%
(0.80 deviation)
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=

T~ F (Vi Vg omiMy ) (7 r,00) (2[5, 7.4, ]K) |,

Br(K* — 7" ) = (18+0.8)x10"! ~ 4*[? +(1.4—p)’]

Buras et al

Br(K, — 7' v7) = (24+£04)x107"" ~ 4%y’

Long-distance contributions are negligible
T(K, > 7’vi) =0 C7f7

= BNL-E949: few events! Br(K* > x'viv) =(1.73%]43) 107"

= KEK-E391a: Br(K, > z°vv) < 6.7x10°  (90%C.L)

NA62, J-Pargc, ...
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Standard Model Mechanism of C/f?

Complex phases in Yukawa couplings only:

_ @ ¢(+) w ¢(0)T
L, = E (u;,d)), | ¢y 5O der + ¢ et u, | + hec.
ik -

- [{#%)=vi2]
L, =- (1+%) % {c7j'L ¢ diy + ) uly + h.c.}
(q) <

Ci diagonalization Ny,

H) (-
L, = - (1+—j {djL my dg + U, m, Uy + h.c.}
Vv J J

__& f m
Loe =55 Wi Zj“ wy" (1-ys) V; d, + he.

v, op
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= Flavour Structure and C%D are major pending questions
* Related to SSB Scalar Sector (Higgs)

= |Important cosmological implications (Baryogenesis)

= Sensitive to New Physics

- C%D is highly constrained in the SM: 1 phase only

= Many interesting Cﬂ’ signals within experimental reach
= Better control of QCD effects

= Challenging future ahead:
BES-III, LHCb, NA62, J-Parc, Super-Belle, Super-B, ...
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Kim 09

Aubin 09
RBC/UKQCD 09
RBC/UKQCD 07A, 08
HPQCD/UKQCD 06

our estimate for Nf=2+1

ETM 09D
JLQCD 08
RBC 04
UKQCD 04

Flavianet Lattice Averaging Group



AM , = (0.508+0.004) ps™
d

ALEPH ”?ﬂl(?«jﬁ‘}
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CDF?2 observation (2006)
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Fig. 86. Decay time distributions from BABAR [1110]. (a) B® — ptp~— decays (b) BY — ptp~ decays, and
(¢) the asymmetry (N — N)/(N + N), where N (N) is the number of signal BY — pTp~ (BY — ptp™)
decays. The dashed curve shows the fit result for all backgrounds, and the solid curve shows the fit result
for the total.
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