Particle Physics II — CP violation
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Plan

1) Wed 12 Feb:
2) Mon 17 Feb:

3) Wed 19 Feb:
4) Mon 9 Mar:

5) Wed 11 Mar:
6) Mon 16 Mar:
7) Wed 18 Mar:

Anti-matter + SM

CKM matrix + Unitarity Triangle
Mixing + Master eqgs. + B’—=J/yK,
CP violation in B, decays (I)

CP violation in B and K decays (II)
Rare decays + Flavour Anomalies

Exam

> Final Mark:

= jf (mark > 5.5) mark = max(exam, 0.85*exam + 0.15*homework)

= else mark = exam

» In parallel: Lectures on Flavour Physics by prof.dr. R. Fleischer
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CKM-matrix: where are the phases?

e Possibility 1: simply 3 ‘rotations’, and put phase on smallest:

c1o  Spp 0 C13 0 sy3e 1013 1 0 0
Vekn = —s12 c12 0 0 1 0 0 co3 893 | =
0 0 1 —513€13 0 3 0 —s93 co3
C12€13 512€13 513¢
—512€23 — €125235: C12€23 — 51252351: 523C13
512523 — C12€2351: —C12523 — 512C€2351 C23C13

e Possibility 2: parameterize according to magnitude, in O(}):

” Vid Vie Vi 1 1y2 v A Cin))
w Vea Ves Ve | = L) AN

A Ly
------ Ve Vie Vi AN(1 - p A2
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This was theory, now comes experiment

e We already saw how the moduli |V;| are determined
e Now we will work towards the measurement of the
imaginary part
I % * *®
- Parameter: n - VadVun + ¥d Yo + VgV =0

— Equivalent: angles o, B, vy.

(P-M) )

e To measure this, we need the formalism of neutral
meson oscillations...
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Neutral Meson Oscillations (1)

Start with Schrodinger equation:

Zd_zi = Hip= (M- %F)z/* _ ( M-I My -3l >1/,

[ * T J _ L

Find eigenvalue:
M~3T =X Mp—3Tn | _,
Mjy—iT% M —iT—X |~
Solve eigenstates:
|P1) = p|P°) —q|P")
|P) = p|P°) +q|P")

we find p and ¢ by solving

]\'I—%P A[12_%F12)<p) <p>
2 2 =\ —_—)
( Mpy — a4, M —i0 q £\ ¢

q

p

b(2)

(2-component state in
PO and PY subspace)

W(b) = (“(t))

[SY
[\

[ My —
VM —

bl ol
ik
=%

N

Eigenstates have diagonal Hamiltonian: mass eigenstates!
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Neutral Meson Oscillations (2)

e TwoO mass eigenstates

|Pr) = p|P°) + q|P")
|Pr) = p|P° —q|P")

e Time evolution:

—imgt— 1 0 _ 1
|Pg(t)) = e | ut=slut| pr(0)) 1P = oo [Pm) + |P)]
|1Pp(t)) = e met—abulp(0)) 1P = ;—q[|PH>—|PL>J
N— B
———

‘Po(t)> _ %(e—imHt—%rHt+e—imLt—%rLt> ’P0>+2ip(e—imHt—%FHt_e—imLt—%FLt) ")

e Probability for |[P9> > |H)> !

e Expressin M=my+m, and Am=my-m > Am dependence




Meson Decays

e Formalism of meson oscillations:

‘PO (l‘)> = % (e—z’mHt—%FHt + e—imLt—%FLt) ‘P0> i Zi <e—imHt—%FHt B e—imLt_%FLt) ‘p0>
p

(PP = lg_(1)P (’)

q

E_Ft 1
|g:t(t,)|2 e (cosh BAFt 4+ cos Amt)
e Subsequent: deca
9 decay PO __ f
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PO—f

Notation: Define A and A.

Af)= (ITIPY)  A(f) = (JITIF)
AP = (TP A

(f) = {F1T|P?)
and define the complex parameter A; (not be confused with the Wolfenstein parame-
ter A !):

A J&
Af =~ /\fzia Af =

)

Aj= i (3.14)

F Af

TR
b

The general expression for the time dependent decay rates, I'po_((t) = |(f|T|P°(%))|?,
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Some algebra for the decay P° > f

‘PO (t)> _ %(e—z’mHt—%rHt_I_e—z‘mLt—%rLt> PY) _I_Qip(e—imyt—%FHt_e—imLt—%FLt> P°)

. — . —
Prost) = 142 ((on0Py GoPlo-OP)ER001 (00-0)

_ . Interference
A(f) = (FIT|P°) | [ACS) = (IT]P7)
q As
A, — 220
Y
PO >f PO>P0 >f
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Some algebra for the decay P° > f

Lpo_p(t) = [Af® (lacOF + [APlo- (O + 2R[A ;g7 (1) g-(1)])
2
- olq ‘ — . — .
Lpo_p(t) = |Af|® , (lg— (O + AP lar (O + 2R[Afg (1) 9" (1)])
2
Tpo_f(t) = |Agf? p (lg—(OF + AP la+ (O + 2R[A g+ (1) 9" (1)])
Ppo_f(t) = [Af*  (lo+(OF + ArPlo- (O + 2R\ sg} ()g-()])  (3.15)
. e 1t 1
lg=(t)]? = 5 (cosh EAFt + cos Amt)
e Tt 1
gy (t)g_(t) = 5 (sinh §AFt + i sin Amt)
e Tt 1
gi(t)g (t) = 5 (Sinh EAFt — i sin /.\mt) (3.16)
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The ‘master equations’

—T't ('direct’) Decay Interference

B

((1 + [Af]?) cosh %Af‘t + 2R\ sinh%AFt — (1 — |Af|?) cos Amt + 23\ s sin Amt)

Lpo_f(t) =

Ppo_s(t) =

)

The sinh- and sin-terms are associated to the interference between the decays with and
without oscillation. Commonly, the master equations are expressed as:

Niels Tuning (13)



The ‘master equations’

—TI't ('direct’) Decay Interference

B

((1 + [Af]?) cosh %Art + 2R\ sinh%AI‘t — (1 —|A\f|?) cos Amt + 23\ s sin Amt)

Lpo_f(t) =

Fpo_f(t)

The sinh- and sin-terms are associated to the interference between the decays with and
without oscillation. Commonly, the master equations are expressed as:

Cpo_f(t) = |Aff (1+ |Af]%) E;Ft (cosh %Art + Dy sinh %Aft + C'y cos Amt — Sy sin Amt)
2 —I't
Lpo_s(t) = |Af]? § (14 |)\f|2)eT (cosh %Aft + Dy sinh %Al"t — C'y cos Amt + S sin Amt)
(3.18)
with 2R, EWE 232,
s YT ST irar (3.19)
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Classification of CP Violating effects

1. CP violation in decay J (P’ — f)#T(P°— f)

This is obviously satisfied (see Eq. (3.15)) when

2. CP violation in mixing

Prob(P" — P") # Prob(P" — P")

e
p

3. CP violation in interference

D(P°5% — f)(t) # T(P%p% — f)(t)

I\, = S £0
g (:D 4f)
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Meson Decays

e Formalism of meson oscillations:

7o) -

1 (e—imHt—%FHt _I_ e szt——FLt) ‘P0>
2

2

q (e—imm—%rm B e—imLt—%FLt) P

e Subsequent: decay

o) = 1 (oD Glo )@ s (09-0)
PO >f PO> PO
_ . Interference
A(f) = (fITIP%) | |A(S) = (TP
qA;
N, — =1
T p A,
‘ e—Tt ( direct’) Decay Interference
Tpo_p(t) = |Aff

4 cosh —

Aft
5 +




Classification of CP Violating effects

1. CP violation in decay J NP — f)#T(P°— f)
This is obviously satisfied (see Eq. (3.15)) when
A
A # 1.
2. CP violation in mixing Prob(P° — P") # Prob(P® — P°)
e
p

3. CP violation in interference

['(PYp% — f)(t) # T(P~pP" — f)(1)

~ q.*_if)
IA, =9 (22L) £0
/ (p:lf

. Niels Tuning (17)




Now: Im( 2

oy

1. CP violation in decay NP — f)#T(P°— f)
This is obviously satisfied (see Eq. (3.15)) when
Af
A # 1.
2. CP violation in mixing Prob(P° — P") # Prob(P® — P°)
‘g‘ £1.
p

3. CP violation in interference

['(PYp% — f)(t) # T(P~pP" — f)(1)

We will investigate Xf for various final states f 2P F= ¥ (g¥) -Té 0
4 f



Z

. .
.J—| |
""ﬁ '\.\

CP violation: type 3 A =S (%

[(P°~p" — f)(t) # T(P°p®) — f)(1)

I po t)y—f — Fpo .
Aop(t) ( (t)—f

— FPO(t)—,f + FpO(t)_,f

5 et 1 1
Tpo_s(t) = |As (1+ \/\f\z)( 5 (('nsh §Aff + Dy sinh §AF1‘ + C'y cos Amt — Sysin Ann‘)
9| P 2 5 e Tt 1 1
Cpo_f(t) = JAF2 |5 (1+ 0 5 (msh 5AFI‘ + Dy sinh —Al't — Cy cos Amt 4 Sy sin Amz‘)
q ] 5 5 J
Camy L I-P 23
TUIEIE T T T

~ Lpoy—y =Lpoy—y  2C;cos Amt — 25y <in Amt
- Tpogy—s+ I pogny— s ~ 2cosh %Aft + 2D smh %Aft

Acp(t)
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Classification of CP Violating effects - Nr. 3:

Consider f=f:

Upoy~r —Upoy—y  2C; cos Amt — 25 sin Amt
[pogyg + Cpogy s 2cosh 2ATt + 2D sinh Al

Acp(t) =

If one amplitude dominates the decay, then A, = A

—3A s sin Amt
cosh ATt + R\ sinh ZAD't

Acp(t) =

3. CP violation in interference

['(P°-p% — f)(t) # T(P~pP" — f)(t)

qu)
3A, =3 (125 o
! (PAf

N Niels Tuning (20)




CP violation: a famous example

e The golden decay B—J/WK,

Niels Tuning (21)



Final state f : J/WK,

Interference between B%—f.,and B0—B0—f,,

- For example: BY—J/WK_and BO—>§0—>J/LIJKS

— Lets’ s simplify ©...
1) For B? we have:

2) Since fqp =_pre have:

3) The amplitudes |A( B'—J/wK,)| and |AB'—J/wK,)| are equal:

V*cb

J/p

aMaY

Ks

Q vl

Vo

—
>

d

d

b
BO -c'ﬁ< BO
VCS

9
p

A 4 A
/lf:q 45,

pA pA =T

=
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Relax:

B92>J/WK. simplifies...
B 2"}1\/\f _— 1 — |/\f‘2 g, _ 2\\5/\f
DY A Y A Ve

B Upoy—p — Dpogy—y ~ 2C cos Amt — 25 sin Amt

[ pocy—r + L pogy— g - 2cosh %AFIL. + 2D sinh %AFt

2= AT=0

Acp(t) = =S Apsin(Amt)

Niels Tuning (23)



A for BO — /KO, Ap===L

y) _(9) J/wKS_(Q) AJ/wKO(p)
JIYyK, — N A = A —
pP B “J/yK, P B J /KO q K

S w00 L VOO




A for BO — J/yKO

Time-dependent asymmetry

A (1) =—sm?2p sm(Amt)

« Theoretically clean way to measure 3
» Clean experimental signature
« Branching fraction: O(10-4)
« “Large” compared to other CP modes!

Niels Tuning (25)



Remember: C and P eigenvalue

e C and P are good symmetries (not involving the weak

interaction)
— Can associate a conserved value with them (Noether Theorem)

Each hadron has a conserved P and C quantum number

o
— What are the values of the quantum numbers

— Evaluate the eigenvalue of the P and C operators on each hadron
Ply> = ply>
e What values of C and P are possible for hadrons?

- Symmetry operation squared gives unity so eigenvalue squared must be 1

— Possible C and P values are +1 and -1.

Meaning of P quantum number
- If P=1 then P|y> = +1|y> (wave function symmetric in space)
-1 |¢y> (wave function anti-symmetric in space)

if P=-1 then P|y> =
Niels Tuning (26)



Remember: P eigenvalues for hadrons

e The nt meson
— Quark and anti-quark composite: intrinsic P = (1)*(-1) = -1
— Orbital ground state > no extra term

- P(nt)=-1
Meaning: P|a*> = -1|a*>

e The neutron
— Three quark composite: intrinsic P = (1)*(1)*(1) = 1

— Orbital ground state 2 no extra term
- P(n) = +1

e The K,(1270)
— Quark anti-quark composite: intrinsic P = (1)*(-1) = -1
— Orbital excitation with L=1 2> extra term (-1)1
- P(K;) = +1

Niels Tuning (27)



Remember: C eigenvalues for hadrons

e Only particles that are their own anti-particles are C
eigenstates because C|x> = |x> = c|x>

- E.g. a%n,n’,p%¢,0,9 and photon

e C eigenvalues of quark-anti-quark pairs is determined by
L and S angular momenta: C = (-1)4%5

— Rule applies to all above mesons

e C eigenvalue of photon is -1

— Since photon is carrier of EM force, which obviously changes sign
under C conjugation

e Example of C conservation:
— Process a® > yy C=+1(x® has spin 0) 2> (-1)*(-1)

— Process n® - yyy does not occur (and would violate C conservation)

Experimental proof of C-invariance:
BR(n’—yyy)<3.1 10 Niels Tuning (28)




Intermezzo: CP eigenvalue

Remember:

- P2=1 (X2 -X 2 X)
- C=1(y2>2y2y)
- =2 CP?2 =1
CPl|f>==]|f>

Knowing this we can evaluate the effect of CP on the KO
CP|KO> = -1|K%>

CP| KO> = -1|K? >

> KO is not CP eigenstate, but flavour eigenstate (sd) |

Mass eigenstates:
|Ks> = p| K> +q|K>
|IK.> = p| K> - q|K°> ( S(K)=0 > L(zz)=0 )

K> (CP=+1) —xnx (CP=(-1)(-1)(-1))=0  =+1)
|K,> (CP=-1) — mxx (CP = (-1)(-1)(-1)(-1)'=0 = -1)

Niels Tuning (29)



CP eigenvalue of final state J/yK%

« CP |J/y>=+1|]/y>
« CP |KO%> = +1|KO>
o CP |J/yKO%> = (-1)'|]/yKO>

/’LJ/ o == VKV cs cd
- I/tb td cb cs /Vc:* I/cd

_e_zlﬁ Relative minus-sign between
state and CP-conjugated state:

Ly, (0-Tym ()
Ll ,(O)+T 5. (0)
ACP (t) = = Sin 2ﬁ Sln(Amt) Niels Tuning (30)

A1) = = Im(A,)sin Am¢




¢ ¢ MESONS
(including possibly non- g g states)

CP eigenvalue of final state J/yK% | mas  1°¢r9=0a—)

S(/w)=1, L(3/)=0 :
e CP J/lp> |J/1p> C eigenvalue (-1)L+S =-1} CP|3/y>=+|1/p>

P eigenvalue (-1)*(-1)t=-1
+ CP |K0%s> E +1)KOg>
o CP |J/yKO%> = (-1)'|]/yKO>

*

A - _ I/tb I/td I/c%* csl/cd
ke vy \va |\,

*

_e_zlﬁ Relative minus-sign between
state and CP-conjugated state:

Ly, (0-Tym ()
Ll ,(O)+T 5. (0)
A-p(t) =—sm2p sin(Amt)

ACP (t) =

= Im(A,)sin Am¢
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CP eigenvalue of final state J/yK%

« CP |J/y>=+1|]/y>
« CP |KO%> = +1|KO>

. CP |I/yKO.> —@lJ/wKOS>

A / V KV CS cd
J/YK,
! I/tb td cb cs /Vc:* I/ca’

:

(S(B)=0 > L(J/yK%)=11)

—2if Relative minus-sign between
state and CP-conjugated state:

o rg%fa)—rgef(r)
T, (04T, (1)

Acp(1) @m 2 sin(Amt)

= Im(A,)sin Am¢
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Time dependent CP violation

« If final state is CP eigenstate then 2 amplitudes (w/o0 mixing):
BO>f and B9->B0->f

Amplitude 1

BO - BO oscillation is periodic in time = CP violation time dependent

Amplitude 2

d Ks
B? O +
b 3/
(8" — J/z//KS)—I‘(EO - J/szS)
A (8) = — - —sir{2 fsin Ami
r(8 — J/z/JKS)+F(B - J/wKS)

(i=e"2-> §=90°)
(9=2p)
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Time dependent CP violation

« If final state is CP eigenstate then 2 amplitudes (w/o0 mixing):
BO>f and B9->B0->f

Tpo_p(t) = A2 (lor @) + APl ()] + 2R )g’ (1) g (1))
. oTt ¢
g+ (t)]? = 5 ( 1 + cos Amt)
gi(t)g-(t) = e;” ( 11 ;\mt)
g+(t)g (t) = e;” ( — isin Amt)

2

I(B—J/yK;)=

Ae'”’"'“(cos% Q@B) %)

(B — J/yK —F(EoeJ/ K)
( 4 S) v =—sir@inAmt

(i=ei"2> §=90°)
(¢0=2P)

ACP (t) =

r(B°— J/¢K3)+r(§0 — J/wKS)

Niels Tuning (34)



Sum of 2 amplitudes: sensitivity to phase

e What do we know about the relative phases of the

diagrams?
BO > f BO > B0 f
b Ve c - v, t cpv= g —
c b th td d
c J/w < < < - e
Bod Bod W Vcs
b Vcs ; t b p
d = > d Ks d B @ P > C /Y
th th Vcb
p=p
¢(strong)=¢ Decays are identical ¢(strong)=¢
. eak)=0 K% mixing exactly eak)=2
v (1)): Hweak) cancels V_, w(weak)=2p
\B°(t)>=g+(r)\B°>+%g_(r)\ﬁ> o(mixing)=rm/2

~

B (1) = 2.0[5")+ Lo 0]

lpo (x, t) — e—imt—t/Zr

B°>cos(Amt/2)€+i(}'i)\ﬁ(’)sinmmt/z)] /
0.. ,p

There is a phase difference of i between the B° and[?]B°

: . Amt . .
g (t) =e M2 sme Niels Tuning (35)

—imt ,=TU2 o Amt

g+(t) =e e




Sum of 2 amplitudes: sensitivity to phase

e Now also look at CP-conjugate process

e Investigate situation at time &, such that |A,| = |A,]| :

N(BO® > f) « |A|2 « (1-cos¢)2+sin2g
= 1 -2cosp+cos?p+sind
= 2-2cos(n/2-2p)

oS 1-sin(2[:3)i_|,

App =2l G2
=2 sin2p)

BO—>f BO—>f

T

N(B® > f) « (1+c0os¢)2+sing
1+cos(¢) = 2+2cos(n/2-2p)
« 1+sin(2p)

e Directly observable result (essentially just from
counting) measure CKM phase f directly!

At =m/2Am) = —"1 =sin(23)
Ny  +N5
= B'—f

Niels Tuning (36)



Remember!

Necessary ingredients for CP violation:
1) Two (interfering) amplitudes

2) Phase difference between amplitudes
— one CP conserving phase ( ‘strong’ phase)

— one CP violating phase ( ‘weak’ phase)

2 ammplitydes
EDINEGISES
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Remember!

?
@
S
v
1
n =
§ &
N
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What do we measure?

wt wWo We measure quark couplings

'
s
e

U Qs . . .
> > There is a complex phase in couplings!
_/IZ'J' _/vz;

i =i h
€ o € 9 Visible when there are 2 amplitudes:
matter anti-matter

M B>f) = |A,+A,ei(®+3)|2
[(B>f) = |A;+A,e(99)|2

Niels Tuning (39)



B-system - Time-dependent CP asymmetry

B'—J/wK,

NBO—>f VRO . ,
A-p(1) = = sin(2/)sin(Amt)
Ny  +N5
—=f B'—f
. "
< 200~ -B° tags BaBar
(—]
< [ B’ tags
£
S
=

Raw asymmetry
[—)
= tn

=
th
L l 1]

5
At [ps]
BaBar (2()()2) Niels Tuning (40)



Consistency with other measurements in (p,n) plane

4-fold ambiguity because we measure sin(2p), not p

WS 771 T " T
| e s L0ms] | &\\ 1 Prices measurement of
[ \/ Z sin(2B) agrees perfectly

"B sin2p 1 with other measurements
\ 1 and CKM model assumptions
without sin(2§ Y _ ]

“F The CKM model of CP
violation experimentally

’Yl 0 -_ .................. L T o Confirmed With high
.......... | precision!
05 NESER. O \de
_‘| —

G
| Moriond 05 ;

_1.5 1 1 1 1 I 1 1 1 1 i L 1 1 1 I 1 1 1 1 I 1 1) 1 1 \ L
-1 -0.5 0 0.5 1 1.5

(0,0) (1,0)

Method as in Hocker et al, Eur.Phys.].C21:225-259,2001 Niels Tuning (41)



B. — J/yp : B analogue of B® — J/yK9

Replace spectator quark d 2 s
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B0 analogue of B% — J/yKO
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Remember: The “B.-triangle”: [
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ﬁs. B. — J/yp : B analogue of B® — J/yK9

Differences:
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Bs: Bs0 — J/y@P
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“Recent” excitement (5 March 2008)

FIRST EVIDENCE OF NEW PHYSICS IN b ++ s TRANSITIONS
(UTfit Collaboration)

M. Bona,! M. Ciuchini,? E. Franco,® V. Lubicz,>* G. Martinelli,*> F. Parodi,® M. Pierini,'
P. Roudeau,” C. Schiavi,® L. Silvestrini,® V. Sordini,” A. Stocchi,” and V. Vagnoni®

We combine all the available experimental information on Bs mixing, including the very recent
tagged analyses of Bs — J/¥¢ by the CDF and D@ collaborations. We find that the phase of
the B; mixing amplitude deviates more than 3o from the Standard Model prediction. While no

single measurement h

the combined result. | This is a first evidence of physics beyond the Standard Model.

eement with
This result

disfavours New Physics models with Minimal Flavour Violation with the same significance.

In the Standard Model (SM), all flavour and CP vio-
lating phenomena in weak decays are described in terms
of quark masses and the four independent parameters
in the Cabibbo-Kobayashi-Maskawa (CKM) matrix [1].
In particular, there is only one source of CP violation,
which is connected to the area of the Unitarity Trian-
gle (UT). A peculiar prediction of the SM, due to the
hierarchy among CKM matrix elements, is that CP vio-
lation in B, mixing should be tiny. This property is also
valid in models of Minimal Flavour Violation (MFV) [2],
where flavour and CP violation are still governed by the
CKM matrix. Therefore, the experimental observation of
sizable CP violation in B, mixing is a clear (and clean)
signal of New Physics (NP) and a violation of the MFV
paradigm. In the past decade, B factories have collected
an impressive amount of data on B, flavour- and CP-
violating processes. The CKM paradigm has passed un-
scathed all the tests performed at the B factories down
to an accuracy just below 10% [3, 4]. This has been
often considered as an indication pointing to the MFV
hypothesis, which has received considerable attention in
recent years. The only possible hint of non-MFV NP is
found in the penguin-dominated b — s non-leptonic de-
cays. Indeed, in the SM, the S,z5 coefficient of the time-
dependent CP asymmetry in these channels is equal to
the S.zs measured with b — cés decays, up to hadronic
uncertainties related to subleading terms in the decay
amplitudes. Present data show a systematic, although
not statistically significant, downward shift of S;z5 with
respect to S.zs [5], while hadronic models predict a shift
in the opposite direction in many cases [6, 7].

From the theoretical point of view, the hierarchical
structure of quark masses and mixing angles of the SM
calls for an explanation in terms of flavour symmetries
or of other dynamical mechanisms, such as, for example,
fermion localization in models with extra dimensions. All

such explanations depart from the MFV paradigm, and
generically cause deviations from the SM in flavour vio-
lating processes. Models with localized fermions [8], and
more generally models of Next-to-Minimal Flavour Vio-
lation [9], tend to produce too large effects in e [10, 11].
On the contrary, flavour models based on nonabelian
flavour symmetries, such as U(2) or SU(3), typically sup-
press NP contributions to s <+ d and possibly also to
b < d transitions, but easily produce large NP contribu-
tions to b > s processes. This is due to the large flavour
symmetry breaking caused by the top quark Yukawa cou-
pling. Thus, if (nonabelian) flavour symmetry models are
relevant for the solution of the SM flavour problem, one
expects on general grounds NP contributions to b < s
transitions. On the other hand, in the context of Grand
Unified Theories (GUTs), there is a connection between
leptonic and hadronic flavour violation. In particular, in
a broad class of GUTs, the large mixing angle observed
in neutrino oscillations corresponds to large NP contri-
butions to b <> s transitions [12].

In this Letter, we show that present data give evidence
of a B, mixing phase much larger than expected in the
SM, with a significance of more than 30. This result is
obtained by combining all available experimental infor-
mation with the method used by our collaboration for
UT analyses and described in Ref. [13].

We perform a model-independent analysis of NP con-
tributions to B, mixing using the following parametriza-
tion [14]:

2ign, ASM =28, +A£lpezi(¢f"’—6,)
Cp, e = ASMe-2if, =
_ (BJHS"B,) i
(B|He'|B,) '

where HfW! is the effective Hamiltonian generated
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B. 2 J/yd® : B, equivalent of B> J/yK, !

e The mixing phase (Vy): o/~=28

BO > f BO >

Wolfenstein parametrization to O@’):
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B. 2 J/yd : B, equivalent of B> J/yK, !

e The mixing phase (V.): o.=-28,

BO > f BO> B0 > f

° E oo b ———e— < f ®
BS B Vcs*
s w
b Ve s t b c
S > > S [0)) S > > >— > c J/w
Vts th Vcb
Wolfenstein parametrization to O(’):
1 1
[ 1- A= o ) AN (p—in)
| 1
B Qg AQA 1-2p+in)] 1-=X =) (1444%) AN
S
1 1 1
\Am = (1= W) (p+in)] (AN 4 JANL=2p + in)]) 1- S 4PN )

e —
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B. 2 J/yd : B, equivalent of B> J/yK, !

e The mixing phase (V.): o.=-28,

BO > f BO> B0 > f
_ V', _ - v
b : Sy b & Ve fcp
B B W Ver
b Vcs ; ()] > i b c J/p
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Measure y: B9 - DK”7/+:both A .and A~

r(B->f)=

I(B>Ff)=

NB: In addition B > D#K”*:bothA,and A+ e Toning (51



Measure y: B, > D#K/* - first one /i D /K"

b \————
Vb
S
* 3 * 3 iy
I/cbl/us X A VubVCS X A’ €

This time | Af|=|A;|, so |A/=1!
(AD;M) B (‘-”ub‘-’;’;) (*4‘2) A, = 141
Ap-+ ViVis/ VA p Ay

e In fact, not only magnitude, but also phase difference:

M — |‘4D;Ix’+|€-z‘(65—“.f)

AD:,_ K+t |AD5_ K+t | Niels Tuning (52)




Measure y: B, > D K”/*

B%, = D.,K* has phase difference (5 - y):

AD;KJr _ AD;1<'+|€Q-(55_7)
AD; Kt AD;K+|
Need BY > D_*K- to disentangle § and y:
)\D_I{+ _ ( g ) (.4 D> K'+) _ ";2"}8 ‘;b‘:’; 442 ei(—Zﬁs—v +55))
s p/ BO\A DK+ Vis Vi 1 IV Vs 1Ay
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Dok p/ BE\Apt - VieVir | 1V 11 A,
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i 1. CP violation in decay J (P’ — f)# T (P°— f)
i This is obviously satisfied (see Eq. (3.15)) when
i Ay
i 1, # 1.
2. CP violation in mixing Prob(P° — P°) £ Prob(P® — PY)
H £1.
p

3. CP violation in interference

['(PYp% — f)(t) # T(P~pP" — f)(1)
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