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Introduction

* Tree-dominated B° J/y Kq is the golden
mode for extracting sin(2¢,) from S, =

* Penguin pollution is believed to be
negligible, but a complete and reliable
estimate of Iits effect Is not yet available.

e This estimate Is essential for precision
measurement, ie., for revealing new
physics.
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Previous estimates

Boos, Mannel, Reuter (04): naive estimate

Only the u-quark loop from tree operators
was included. Penguin operators have
been overlooked---underestimate.

AS ;1 ks = Sy kg SIN2¢,)» O(10%)
Ciuchini, Pierini, Silvestrini (05): rely on
input of B°! J/yn! data to fix the penguin
amplitude AS,;  =0.000+0.017» O(107).
Theoretical uncertainty comes from exp
error---overestimate.



B-Bbar mixing



Ingredients of the CP Asymmetry Measurement

1. Determine initial state:
“tag” using other B

v
[(B°(An = f,)-T(B"(AD = ;)

Aep (A7) = F(EG(AI) — fep ) T F(BG(‘M) ~ fCP)

2. Reconstruct the final r

state system. 3. Measure Ar dependence

Different final states f-p provide access to different CKM elements
and hence different CP-violating phases.
Reason for tume dependence: one of the amplitudes 1s due to mixing.



Time-dependent CP asymmetry measurement
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Common formalism for P°P° oscillations

H=H,+H, i —
P | - P’ <> P’
Weak interactions induce < p0 _ f

Strong and EM 1interactions = -
P> f

(1) =a()|P°)+b(1)|P°)+ > c (]| f)
f

We can recast the formalism in terms of a 2-dimensional
vector space in which we only care about P° and P°

(1) _ o\ _(0])_ very important to
‘PD> - { U} =) ‘PD> N { 1}_2> € remember this!

- a(t) _ H, H, {ﬂ’(f) :fi a(r) 1
b)) \H, Hy\b1)) er\an) HFH



Results from 2™ order time-dependent pert. theory

Get specific form of H in terms of matrix elements of H,,.

o H, H,) (M M, i(T T,
_Hzl HEE _‘M 12 M 2 r 12 r
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mass matrix  crucial decay matrix
factor!

.1'1.{ 12 ;"L_f 1 = ﬂf 1*:_
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Solution to the eigenvalue problem

H—H“(l GJJF[O HIEJ_H“I‘FE H.I{hﬁvesmne

0 1 H,, 0 elgenvectors.
70 H \(p) 7\ 1
12 || P _ H_"fl p ‘ :; Jj:.f_ — Hl.:_H.ll
H 0 '. =
22 AR, ',

112, . . A2
- an 2] (i
P H,, M, 51,
To get eigenvalues of H, just add Hy;
1/2
Hy, +(H,H,) M. =M +Re(H,,H,)"

@ ID L. = I—HZIIH(HHHEJNE

AM =-2Re(H,, 21)“1 Al = 41111(H13H21)152




Time evolution of the mass eigenstates

We have obtained eigenstates of H in terms of superpositions

of the flavor-eigenstates:
""-,|q

)= ——(P")+a|P’))
1+|a‘( > EZ{M';—%TL}

0 0 i = b

)= ———(|P")-a|P")) P
1-I—|£E‘ )

12
Since these are the eigenstates of H, their time dependence is simple!
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Phenomenology of B °B° Oscillations

Oscillations in the BB and KK systems have very different
parameters! This is due to different CKM factors and
different intermediate states in the mixing diagrams.

Amp(B® — B") Amp(B’ — B")

B’ B’

(suppressed)
M,,: Dominated by 7f intermediate states; can be calculated
reasonably well using input from lattice QCD

I1,: Small! Few on-shell intermediate states that both B and B
can reach. (These are the states both can actually decay into.)



Computing the CP asymmetry for final states
common to B° and B’

Time evolution of tagged states
I
‘Bﬂ(f}> 2 gt {CDS AM r‘B”) i r‘B”)}
2
\/ v

‘ED(ID e_% '”"ﬂ(ms ﬁM'r‘EG) i tgin 2 I‘B*:')]
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Wehave used Al/T<<landset I'=I', =1, M= E(M L+ M)

" <fcp H BD(I)} |
(f H Eﬂ'(f)> fcp = CP eigenstate
CP _

v—Simply project above eq’ns onto this!

Goal: calculate <




Decay amplitudes for B(H)=>fcp vs. BAH)=>/fcp

(fe|H|B* (D)} =e
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The key quantity in these CP asymmetries is:
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Calculation of the time-dependent CP asymmetry

for | H|B )| ~[(fer | H| B (1)

(
(fer | H|B° @) +|(fer | H|B° (1))

_ F(EG“) — fcp)_r(gﬂ(r) — fCP)
[(B°(1) > fep )+ T(B° (1) > fop)

2

A, (1) =

2

A, (1) =S -sm(Am-t) - C-cos(Am 1)
2
& Im{,}) o = |/1‘2
1+ |Af I+]4
1 decay amplitude:
=1 = S=Im(1), C=0
A, (1) =Im(1) sm(Am -1)
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Angles of the unitanty triangle

Consider two complex numbers z; and z,.

- — |~ Efé-’l ol ;o
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Calculating A

(f W b {q u,c, b h
- RATATATATAVAVLY - - - -
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decay K-Kbar mixing

B’ > J/wK{ A=(-1)-

= Im(A)=sm(25)



Final states for sin(23) from charmonium

e To obtain interference between direct decay and decay after
oscillation. must use final states that both B® and B° can decay to.

B(B®) > J/yK® b Tl
—J/ nyE RO
—> (29K, _

0 0
— Z-:IKE d K K

Two distinct final states:
1. ntn (=2Ky)

— J/yK E 2. long flight-length &
interaction in calorim.
2K;

— 1K



Penguin correction



Sources of AS

Corrections to the B-Bbar mixing, to the
decay, to the K-Kbar mixing cause AS.

Will concentrate on correction to the
decay---penguin pollution.

If the decay Involves additional amplitude
with different phase

VCS*VCb! VCS*VCb o Vus*vub’ S
deviates from sin(2¢,), AS» O(r).

Direct CP asymmetry A deviates from O.

How small Is r?



Penguin pollution

g T L 7 VAN R gle) gL FR A1) gL
A — J/6K°) = VaVew (AG) o+ AD) o) +ViVaw (AS e+ AT )

* AWy, kg U-quark loop
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b ‘! u
o Ll -

« AU, «s. Penguin contribution through
th* Vts :'Vcb* Vcs 'Vub*vus



U-quark loop

U-quark loop Is small.

The gluon emission produces the color-
octet c-cbar pair. Needs one more gluon.

If it Is hard, higher order, negligible (30%).

If it IS soft, three-parton distribution
amplitudes are antisymmetric under
interchange of x. and x,,,- Vanish exactly.

The photon emission Is suppressed by

small coupling a (5%). v D




Leading-power
penguin
contribution at
O(ar,)
Factorizable
amplitude
Compute them
In QCDF

Nonfactorizable
amplitude
Compute them
In PQCD




Results
* Penguin pollution is of O(10-9)!

B(B" — J/4K")

+3.7(+3.7) _4
(66155 (15%)) x 107,

A cdecay = +2.4(41.2) —4
ASTiKs = ("2—3.4.;_1.1;.) x 1077,
decayv . =+6.6(+3.5] —4
-‘:IJ;-::.--HS = = (15-‘—5.?.;—4.1;.) x 1077,
Complete uncertainty Hadronic uncertainty

e Data B(B® — J/WK®) = (8.72+0.33)x 104

* A larger form factor FA{BK} can account
for the central value of the data.



Conclusion

Perform the most complete analysis of
penguin effect up to leading power in 1/m,
and to NLO in a.. It is of O(1073).

Previous estimate O(104) by Mannel et al.
IS due to the overlook of penguin operators.

O(10) by Ciuchini et al. comes from exp
uncertainty.

Our result provides a SM reference for
verifying new physics from B°! J/y K. data.
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