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B meson system
The short distance effect dominates in the oscillations.
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M2 = |V, m* l ~ AP\

So(x,) =2.5 < dominating
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top-loop dominate for M, —
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S,(x,) = 0.00024
S, (x,, x) = 0.0021

m,, can be neglected, 1.e. C,,=0

m%vA?ZWBSO (xt ) /7 0er)

Ng = 0.55 QCD correction
B.f,,” = 0.83(223+40)°MeV"~ for B, lattice calculations

(no experimental measurement on fy)
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absorptive terms (no top)
my, can not be neglected, 1.e. C;; = 0
A, =—A.— A, unitarity relation
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Weak eigenstates with definite masses and decay widths:
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B-heavy decays slower



For B,
experimental knowledge:
Am = 0.472x10" his™, T = 1.55x107 % s

AT _ 1 Tp| [(Amxr)]z3x10_3

T M,

Negligible decay widths difference.
SM

~4x107°

For B,
experimental knowledge:
Am =17.77x10" hs™!, T = 1.44x10 " s

£_ |r12|

r (M

(Amxt)| > 7x10

SM Non negligible decay widths difference.

~4x10°°



1 0 —igr |0
K= o [K7 #1260 K
€= ‘MIZHFIZ‘AM—F (1 +i 21\412) = arg r12'
4M 12‘2 + ‘rlz‘z 1391 e: complex

heavier meson decays little slower

For B
‘Bl(h)> - \5(11_ £s) HBO> - (H)(1-2¢5)e™" ‘EO>]
. =IImF12 by = arg My,.
by M,, £ real

heavier meson decays slower



B'atr=0 B'(t) = £,() B +(1-2¢5)e f_(t)B0>

/2
Batr=0 B(1) = (1+2¢,)e £ (1) B’ + £,(1) B,
1 iy _; Yy
=( +i‘%)e (e AhtB1>—€ AlBh>)
1 _ AT
Useful to know... \fi(f )\2 = 5 rt(Coshzt + COS Amt)

fi()f(t)==e I (smhAzrtHsmAmt)



Time dependent decay rates

Four kinds of decay final states:
- unique CP eigenstate,
e.g. Kand B = n*n™, B —= J/p K¢
- mixed CP eigenstate,
e.g. Kand B = wnn’, B,—= Jp ¢
- flavour specific, semileptonic and hadronic
e.g. Kand B — /*vX vs Kand B — (vX"
B—K'n vsB—Kn'
- flavour non-specific,
eg. B>Dna',—-Dnw vsB—=Duna',—> D'
B.—D K',— DK vsB,—D_K',— DK

-not possible in the kaon system-



Semileptonic decays:

A, =(0"X;V|H[B), A = (0" X;v|H,B")

Like for the kaon system
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(" X;v|H B ) = (" X;v/H, B )=0

No strong phase and only one diagram

‘A+‘=‘K—‘
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B’ atr=0— (X, vat

R.(1)= " X,uHy B)

L()A_+(1=2e5)e ™ A (1)

= (1-4e,) A £(1)°

B'atr=0— ("X, vatt

R.(t)=

+

X,uHy B (1)

(1+4ep) A, zf—(t)z

CP violation in B-B mixing Al (1) = R,(t)-R_(?)
RO+ R
L,

=4ep =Im—=
M,

= £,(t) X0 H, B +(1-2¢,)e " X,vH, B f_(t)2

~107 (B)
to ~10™ (B,)



Flavour specific hadronic decays:
A¢ =(K'n"|H,B%), Ac = (K x*|H, B’

Example o~ Y ~Z u
S g S

b+ u b u

d d d d

K™z*|H,,B’)=(K*x"|H,[B’)=0

_ W _
b ................ > S
t\f==--/' u 0 :
Ks: I=3/2 and 1/2 u,c, g\ - + v and Z" penguins
d - d

Two 1sospin eigenstates and tree + penguin contributions

most likely = |A|= |Ax|  CP in decay amplitudes



B'atr=0— K ntatt
- 2
R (1)=(1-4,) A > 1.1

Blatr=0—K'n at?
Reor (1)=(14e,) A ()

2
CP violation in B-B mixing

and CP violation in decay

2
amplitudes are mixed...

CPin decay amplitudes only can be extracted by ...

Blatr=0— K'n at ¢

for (=0 A (1) Fica 0= R ©
_ CP RKU‘H (t) + RKUT‘ (t)
Boatf=O%K_TC+att - )
R ()= A f.(1) _ \éK\z - \AK\Z
A" +A|

A¥; BABAR -0.133+0.030+0.009 BELLE —0.101+0.025+0.005
Observation of CP in decay amplitudes: much faster progress than K




CP eigenstates CP‘f CP> = Ucp‘f CP> ocp: CP eigenvalue of P

A =(fF|HyB°), A = (7 |H, [BY)

Blatr=0—fCP at ¢

Ree(1)= <" Hy B(1)

£6) T Hy B+ (1=26,)e™ P Hy, BY £(1)’

2

= Ao (1+2¢, ) f;‘“’ £.(6)+ f(1)

fCP

(1 283)

a1 deg) Lo fo(1)+ £(0)
A (1-4e,) { L f()2+ 1) +2Re[Lchf+(t)f_(t)*]}

CcP

>

L?P = (1+4e5)e™

N

CpP



‘fi(t)‘z =" (CoshAzrt + COS Amt)
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AfCP

R (t)=

(; 488) —Ft{IfP(t)_I_CP(t}

IfP(t)=(1+‘L§P‘2)cosh£t+2R L sinh 2L ¢
2 2

ICP( t) = ( ‘L?P‘ )cosAmt+2ImL§ sin Amt

Bat =0 — fCP gt CP violating term
A 2 /
fCP

, e‘”{lfp (t)+1¢" (t}

R (t)=



“CP conserving” part

19 (1) =(1+‘L§P‘2)cosh£t+2ReL?P sinh 2L ¢
2 2

“CP violating” part

pr(t) = (1—‘L§P‘2)cosAmt+2ImprP sin Amt

>

CpP

L;" =(1+4e,)e

>

CcP

Mixed CP eigenstates

-

() + £F), CP ) =
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Flavour non specific hadronic decays:

Example Af = <D§K+\HW\B§)>, A; = <D§K+‘HW‘E§)>
u
b < = C -+ — b
BSO ) ] DS K BSO _
S >1s S

Ay =(DSK"|Hy[B3 ). & = (DK [Hy[B3)
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B'atr=0— fat¢
Ri(r)= 1Hy ()

= () TH B+ (1=2¢,)e™® £H, B £(1)

A i)

I ()= (1+\Lf\2)cosh%t+2ReLf sinh%t

+

I'(1)

(1 —|L, ) cos Amt +21Im L. sin Amt

o A
L =(1-4gy)e” ' =t
= (1)
B'atr=0— fat¢

Ri(t)= fHy, B°(t)

R HOBUG)



B'atr=0—fatt

1,(1)

I'(1)

(1+\Lf\2)cosh%t+2ReLf sinh%t

(1 — \Lf\z)cos Amt +21m L sin Amt
Lf = (1 - 483)6

Four time dependent decay rates.

iy L7f

|



Standard model predictions

CP eigenstates generated by b — ¢ + W decays

B’ — Jhp K
CP(Jp K) = CPJ/p)xCP(K)x(-1)' = -1
[=1/2
0
B~ decay
Tree diagram (7): Gg V., V. V. V.,

b <

- C
> C
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Penguin (P): Ggxo, 5
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{V, V.Fm)+V, V. Fm2+V, V. .Fm> } V.
Fim?)=Fm2) =F
{V, V.Fmm»+[V, V. +V, V.]F}V. 'V,
VoV + V.V +V, "V =0
V., V.[Fm®-F1V, V4,

AJ/lpKS x [Vcb>|< Vcs + th* Vts p/ T] Vus* Vud



Final state interaction between J/p and K are elastic (?77).

Only one state (I=1/2) 1s involved.

Ajpkg o [V, V +th V.PIT|V, Vude"(S

w[ "+ Vy Vi PIT]V, V,, e®eocP

CPJpKy) = ‘AJ/wKs‘ B ‘AJ/wKs‘

Unitarity: V"V, + V., V. +V V. =0
V) V| =V, V| =AA2 << |V "V | = AN Vp2en?
V., 'V.==-V,"V_+ 004
arg V." V. ~arg V' V. + 1+ O(\2)

Penguin 1s suppressed by the strong interactions: P/T < 1



V:;)VCSVU*SVUd (1 - 610(10_ )) 0

Ajppk ~
A R R -i0(107)
T VcchsVusVud l-e
* *
~_ VcchsVusVud eie(jp
& %k
VcchsVusVud
i(HCP +2argV +2argV —2argV, -2argV )
From G2
0) .
q _ F 2 2 29 i(w=6cp)
My, = 1272 fu By mp my Ay MpSo(x,) €

arg M, = m—0,p +2arg A
=m—0p+2argV, —2argV,,



CP

>

L =(1+4ep)e™

KHD>
3

CP I

(1+ 48B)ei(Zarthb—2arthd—0CP)ei(HCP+2argVCS+2argVud—Zargvcb—ZargVus)

_ (1 + 483 )ei2(a£\/tb —argV, +argV, —argV +arg Vud—ar%)
—
This phase 1s invariant under
the redefinition of the quark phases:

=[5 or ¢,

With an accuracy of ~1073

cP_ i2p
LJ/wKS =€



Interpretation of f3:
P=argV, —argV, +argV  —argV +argV 4,

The first 2x2 submatrix is unitary to A*

V. V. +V V. =0+ OMN)
~1074

(argV 4 —argV )—(argV —argV. )=m
arg V. =~m—arg V,+arg V +arg V,

P=m+argV, —argV  +argV  ,—arg V,
=+ (arg V. ~arg Vi) ~ (arg Via—arg V)
=TT + arg VCd Vb —arg V, V'

B=m+argV_ Vcb* —arg V4 th* + O(107™)

—arg V4



(2m —arg V, th*) + (arg V4V, *
=m+arg V, Vb —arg thth =P
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“CP conserving” part

ICP(t)= 1+‘LCP‘2 cosh£t+2ReLCP sinhgt
+ / 2 / 2

~ 2
“CP violating” part
2
pr(t) = (1 — ‘L?P‘ )cos Amt +2Im L?P sin Amt

~ 2 sin2 B sin Amt

Time dependent

Initial B Rynk. (t) e_rt{l —sin2fsin Amt |
decay rates {

Initial B° Rynk. (t)xe o {1+sin2fBsin Amt}
Correct to an accuracy of 1073



Another way to look at it...

Boatt=O%J/1szatt

2
Ry, (1) = JK g Hyy B(1).
; e JWK s Hyy B, + e_Mlt<J/wKSHWB1>2

1
2 AJ/wKS

iAmt
s Mgk =

xe l+e Mk

h
Ak,
2

+2Reny, x cosAmt —2Immn;, x sin Amt)

(
xe \1 *+ Mgk

Nk 18 @ CP violation parameter like ), _ for the kaon system




AJ/wK

Mk = Ab
TpK

J/pr (1 2313) AJ/tpK
Apyi, +(1-2eg)e _Z¢MAJ/1pK
-1
1

LJ/wK

Ly, +
P -1
e*P +1
_ isin2f
1+cos 2P

P~

Nk 18 1s imaginary to ~107



2 .
+2Reny, x cosAmt —2Immny, x sinAmt

Ry, (1) e_rt(l + Mk,

B .2 .
ey 2P S - 2sin2f3 sin Amt
(1+cos2B)” 1+cos2p

-I't

= 1 —sin2 S sin Amt
1+0052[3’( P )

T
Ry (t) c (1+sin2Bsin Amt)

1+cos2p

If sin2p = O(1), B, and B, are far from the CP eigenstates,
(differen from Kg, K, ), although e = 0!



Dg K* | ﬂ —C

po 0T ¢ DK po | " U
S ~|s S > 1S
Vcb* V, % Tree-1 V. VCS* x Tree-2

Apqx+ Vi V.. x Tree-2

Ap-k+ - V. V. xTree-1

i(argV,, —argV, +argV, —argV,, )eiA ¢

=rxe ~i0cp

ViVl |Tree-2
ViVl [Tree-1
A PEN 02+ 1) )

AR

r= X

Tree -2
Tree-1

~0.4
A: Tree-1 Tree-2 “strong phase” difference

Only D.-K elastic scattering



From G: 5 2 Iy
M, =ﬁquBququw)g MpSo(x,) € (7t

argM , = —0O.p +2arg A,
=m—0qp+2argV, —2argV,

L =(1-4gg)e' A

Af
LD . (1 483) i(Opt+2argV, —2argV, )

X rel(arg Vub —arg Vus +arg Vcb —arg Vcs _HCP )eZA

(1 48B)7'€ i(argV,,—argV, +argVcb—argVCS+2arths—2arg/Vﬂ))eiA
——

This phase 1s invariant under
the redefinition of the quark phases:
=~y + 20y or — {5+ 200;

rei(—y+25y+A)

with an accuracy of ~10™



argV,, —arg V +arg V, —arg V_+ 2arg V. ,— 2arg V,
=argV,,—arg V, —arg V +arg V_
+2(arg V,—arg V_+arg V —arg V)

arg V. =—-m—argV,+argV +argV_,

=argV,,—argV,—argV +argV -7

+2(arg V,—arg V_+arg V —arg V)
—arg V.V, —arg V V- m+2arg V.V, —argV,
=207 — Y

Vcb* )
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Vts th*

arg Vts th* —arg Vcs Vcb* = 6Y




D ¥ K_ C ﬁ
> L2 A
— /’/ S S
0o b+ - u + 1 - —o b > | C
S - .l g S s
X
Vi V. xTree-2 V. V. *xTree-1
" *
Apgt k- V, V., xTree-1

Apg+ k- - V., V. xTree-2

1 i(argV, —argV, +argV, —argV,, )e—iAe—iHCP

r

(Ocp+2argV, —2argV, )
L ~ _el( CP ts th
DK~

x Lo
r

argV, —argV +argV  -argV, -0 )6_ iA

1 i(argV, —argV, +argV, —argV, +2argV, -2argV, )e_l'A
r

1 ei(—y+26y—A)

r



B atr=0—Dg K" at¢

Ry (1)=" 00 I 0+ 12 (1)
I>% ()= (1 )coshA—zrt 2rcos(y —20y - A)smhA—zrt
1>% ()= (1 = rz)cos Amt +2rsin(y — 20y — A)sin Amt




B atr=0— D K at¢
2
Rose ()= 22 T (1) 4127 (1)

12) coshgt - 21COS(}/ — 20y + A)sinhgt
r 2 r 2

1> (1) = (1 —~ 12) cos Amit +2 ! sin(y — 20y + A)sin Amt
r

Ry ()= "0 e {IX (0= 12% (1))

r,y — 20y + A,y — 20y — A can be determined: — y — 20y



B, — Jhp Kg: 2B

B, — D “m*,y + 2B
B, —= Jp ¢: — 20y
B, — D, K",y — 28y

v and f can be extracted.

Im Vi Vb*

v

V d V th th*

C



CKM parameters

Measurements CKM elements
Amy (B’-B oscillations) IV Vi |

Am, (B -B.” oscillations) IV, V.|

I'(B — D/v) V|

I'(B — plv) IV,

n, 1, K decays — sinf, = A = 0.22
unitarity — [V4l=1
Wolfenstein parametrization

V= AN
|Vub|=A7\3\/p2+r|2 _ n=n(1-222)
Vil =ANY (1 -p)*+7? D=p(1-22)

V.| =AN



1) Vub* Vud + Vcb* Vcd + th* th =0

Using the Wolfenstein’s parametrization (A, A, p, M)

Im »
n(1-22/2)
[
1
p(1-A2) vy *vy_

AN



2) Vud* th + Vus>|< Vts + Vub* th =0

A




arg Vig = =P
arg Vy, = 7Y
arg V,, = oY+

If we ignore the A’ correction, 1) and 2) are degenerate.



PEP II at SLAC

| PEPI
ow nerg{

Rm? éieV]

North Damping
(1% Gov
K ] Positron I?elum Line Positroln Source P"Equll
8-gun ’
a— : S 4 Detector
Linac
%Olt')e::tﬁev PEP Il High Energy Bypass (HEB)
njector
gmgh Damping Secet?ri;]}gcl:cl)ErP " i :EEP |
I ne 3
1.15 GeV )

( ] PEP Il Low Energy Bypass (LEB) ng (HE ) \—/

Saclor-4 PEP I
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I.5T solenoid |

BABAR detector D

DIRC (PID)

CsI(TT) EMC

Instrumented Flux Return

in the lab. frame w
e \L e B0>/
._ ......... > KS
Y'(4S) ~ boosted g <
BYBY system o

boost (remains always B°B?) Ar I



1/N-dN/d(At)

+ X =+1
O qxf ——

% 2958 events




sin (-2 arg V)

[—
]

0.5~

0.5

ALEPH
2000

OPAL
1998

CDF
2002

BELLE

2002

} (

¢

Average

Standard Model
prediction

sin 23 =
0.734 = 0.055



B, — nw, p, pp

s
b - u Vi, —Y
d > d
_ W _
b ................ > d
u,c,t "‘< Yy v and 7’ penguins Va— P
g u
d d

7T, PT: penguin contribution cannot be neglected
pp: penguin contribution seems to be very small



Processes we have looked at are:
B \ ’ T f cp_° \ ’ T f
o / B /

B
= — O
B ‘B\ B ;B\_
\\B/f \B/f/

CP

only for the neutral B mesons

Another way to mix tow decay processes

no phase

B/ b—c+W tree\Af
\ L /

b—u+ W tree
phase y

for both neutral and charged B mesons



Another way to determine y without new physics contamination
D' K*(—=K'n) D'K* (=K'
b+ b+
B, el
d >

V. V. xTree-1

C

<
~
~
~
~
~
~
~
~
~
~
S
»
>

oQwn|lc ol
Qwn| Oc|

V., V. xTree-2
D’—=Kr'n <D’  K-K mixing (GLW)
D'—K'K , <D’ D-D mixing (GGSZ)

D'—=K'n", K'mwtn<D" Doubblly Cabibbo Suppressed Decay (ADS)

strong phase

A
a I

Vcb* Vus x Tree-1+ Vub* Vcs x Tree-2
- J
~
weak phase vy
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different

strong phases
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Possible effect of new physics

Tree level decays Penguin level decays Box level decays
b,
W < > W """" 4 ﬁ’
u . ,,/', d . t q l q )
c ' s, d ds | w el
S u
b c,u



Tree level decays Penguin level decays Box level decays

b,s W
u Y dT e s [T fq.l
c SiLthl‘Q_l
e N et
b
unchanged + new particles
Phases

Lorentz structure of the amplitude modified
Absolute values



New phases 1n new physics loops...

(p, ) determination with loop diagrams
Amy + CPV(B—J1pKq, €x)
and
(p, ) determination with tree diagrams
CPV(B—DK) and I'(b—ulv)
would be different

Better low energy QCD theory for Bpfg?, By, ...

and

More statistics for CPV(B—DK) y determination
= LHCb experiments

« CPV(B,—Jpp) does not agree with the CKM fit
* CPV(B,—JAp¢) and CPV(B,—¢¢) are different



New Lorentz structure in new physics loops...

* Angular distribution of the decay particles in
B,—K*utu~ different from the SM: e.g. Agq of utu”

* CPV(B,—¢y)



And enhanced rare decays

* Br(B,—u*uw), Br(By—u*u")



Are they really signs of new physics?

68 % CL and 95% CL
DO: 6.1 fb1
CDF: 52 fb1

¢ SM prediction
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LLHCDb will answer.



