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Introduction

@ Key Observable: Time-Dependent CP Asymmetries

F(BO(t) — f) — [(B°(t) — f)
— f

Ace(t; ) [(BO(t) — )+ [(B°(t) )

@ In case we can neglect the lifetime difference
Ace(t; f) = C(f) cos(AMgyt) — S(f) sin(AMgt),

@ Theory Prediction of C(f) and S(f) in general difficult
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Some “Theory”

@ The decay amplitude for B — J/yK°

A(B® — J/pK®) = (Ve Vi) AP
(Vi Vi) AY) + (Vop Vi) A + (Vi Vi) AL

@ CKM Unitarity yields
VibVie = — Ven Vos — Vi Vi
@ Eliminate Vy Vi
Al MJ/wKO)—(v Vi) A
+(Vuo Vi IAY — A] + (Ve Vi) AT — AY]
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A(B® — J/PK®) = (Vap Vi) [AD+ AL — AT 4 (Vo Vi [AY — AL

@ |dentify the contributions with different weak phases
AB® — J/ypK®) = A1+ ceae”]

@ with
A= (VeV} )[A ] and
267 A - Aff’ o ViV
A9 L A9 _ AW ’ Voo Vi

@ ¢ ~ 5%: This is why the mode is golden!
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Impact of Penguins

@ In general we have (r = Penguin over Tree ratio)
AB® = f) = As[1+€"re”
AB’ =) = A [1+ere]

@ Insert the time dependent B° state and f = f

[IF, 8] = AR + A2 = Rl e Tt + Rl g Tit
A(1)]2 — [An(t)2 = 2™ [Af cos(AMst) + Al sin(AMst)]
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@ In terms of the params of the amplitude
and the mixing phase ¢

[[f,t=0] = R + R, = 2| A¢? [1 + 2rscos fscosy + r,?]
Al = —2rssinf;siny

Al; = [sin ¢s + 211 cOS 0 SiN(s + ) + rF sin(¢s + 27)]

AN — [A(t)P _ Afcos(AMst) + Al sin(AM;?)
A(D)2 + |A(t)2  cosh(ATst/2) — Al sinh(ATt/2)

Al =C(f) and A, =S(f) Ar~0
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@ For J/VK: Standard Model Expectation r;wx < 5%:
C(J/YKspL) =0, S(J/vKsL) = —nspLsin2

@ Penguin contamination small, suppressed by ¢
@ Is it really small ?
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e If there is new physics in B°~B° mixing:
$g =20+ ¢y
@ “True value” of 5 from | V,,/ V| and ~

(SiN28) e = 0.7673%2+001  and
(¢a)upko — 20ime = —(8.7758 £ 3.8)°

@ Reliable Calculation needed:
@ Is this “new physics” or is it ony “oversized penguins”?
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Precise predictions |I: Theoretical Attempts

@ Try to calculate the relevant matrix elements for r;
@ Corrections to the mixing phase from charm loops

2 2
A%le] ~ 2T n<m2°>z—4><10_4
ms My,

@ These are calculable and safely small
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@ Up quark penguin corrections to the decay rate
@ Almost impossible to compute!
@ Perturbative (un)reasoning:
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@ Use u=mpand k* = M7,
This yields a tiny number
@ As a rule of thumb:

Perturbative Estimates tend to underestimate ....
S(J/V Ks) = (sin28)g — (2.16 +2.23) x 10~*
C(J/WKs) = (5.0+£38)x107*

@ This is far beyond the current experimental accuracy
@ Hard to asess the uncertainties of this estimate
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Precise predictions Il: Using Data

@ Use of data: Using Flavour Symmetries
@ Problem: Flavour SU(3) is severely broken
@ Two Strategies:

e Assume SU(3) relations,

but leave (generous) uncertainties

e Try to get a hand on SU(3) breaking (see below)

@ In the case at hand:
Compare b — scc with its SU(3) friend b — dcc
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Penguins in By — J/¢K;

@ Remember
AB® — J/pK®) = A1+ ce"ae”]
@ Parametrize (¢4 = B — B Mixing phase)

S(J/V Ks) = sin(¢g + Apq)

2cacos fsiny + €2a° sin 2y
1 4+ 2eacos ) cosy + e2a? cos 2y

tan Ag¢g =

Thomas Mannel, Uni. Siegen Theory Review of the Golden Modes



Using Flavour Symmetries
By — J/v¥Ks

Precise predictions II: Using Data Controlling SU(3) Breaking

@ “Control Channel” for B® — J/yK°: B® — J/¢7°
V2A(B® — Jfur®) = A [1 - de” e |
@ Measurements (HFAG Uncertainties!):
C(J/¥r®) = —0.10+£0.13,  S(J/yr°) = —0.93+0.15

@ SU(3) limit: Identify the hadronic amplitudes
A’:@A d=a 0=4¢0
VCS

@ Of course, this is debatable ....
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@ Aside from the CP Observables we have
(¢: Phase Space Corrections)

- 2 |BR(Ba— J/WO)] Vog A ‘2 ®yyyko
e |BR(By — J/YKO) | | Ves A | @0
~ 1-2dcost cosvy + a?
1+ 2eacosfcosy + 282’
: ke | Vg A 2
@ Note that in the SU(3) Limit: | 25| =1

@ Include “some SU(3) breaking effects” by assuming
Vcd.A‘ _ fé:K(Mg/qp)
Voo | ~ 15 (MB,)

(Values from QCD Sum rules and from pole extrapolation)
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@ Use C, Sand Hto extracta — aand ¢ — 0
@ Extract A¢y

14 e —

Agy(deg)

PO i S B

[ “package
1 6 1 L
90 120 150 180 210 240 27¢C 90 120 150 180 210 240 27

6’'(deg) 6(deg)
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Results for B — J/vK

@ Using SU(3) for aand 6: |A¢y € [-3.9,—-0.8]°
@ Allowing 50% SU(3) breaking in a and

6,0 € [90,270]° indepedently: | A¢4 € [—6.7,0.0]°
@ Hints at negative A¢y
@ Softens the tension with the SM fit
@ However, still quite debatable SU(3) assumptions

@ This is likely much larger then the perturbative
estimate! (Ala Boos, Reuter M.)
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Future possibilites

@ Assme a future reduction of uncertainties on CP
observables by a factor of 2

@ Assume a reduction of the uncertainty of v and on
the BR’s by a factor of 5

@ Scenario (a): “High S™:
C(J/yn%) = —0.10 4 0.03, H = 1.53 £ 0.03 £ 0.27, S = —0.98 + 0.03

@ Scenario (b): “Low S”:
C(J/y7%) = —0.10 £0.03, H = 1.53 + 0.03 + 0.27, S = —0.85 + 0.03
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Ad,(deg)

package

el
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L e B L B e
cov b b v b by vy by
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Controlling SU(3) Breaking

@ SU(3) has SU(2) Subgroup: Either I, U or V spin

@ Pattern of SU(3) breaking:
| Spin is a very good symmetry
U Spin and V Spin are equally bad
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U Spin and U Spin breaking

@ U Spin: d and s form the fundamental doublet
@ Parametrizing U Spin breaking
£59 = mydd + msss

_ %(ms + my)(8s + dd) + %(ms — mgy)(8s — dd)

1 o1
= §(ms + myg) qq + 504manq

@ Structure of the breaking: Triplett (j = 1,/, = 0),
Hboreak = %Am qmsq = EB(()1)
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@ Advantage: s and d have the same charge:
Electroweak Penguins are singlet

@ Hadronic B-decays: H.x doublet under U-spin
@ Relatively simple goup theory
@ ... Currently under investigation ...
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@ To first order in U-spin breaking:
(Flo(0)[)) = (lOO)li) + (—i) / d*x (f| T[O(0) Horea (X)]11)

O(x): (Irreducible U Spin tensor) operator
|}, |[f):  U-spin symmetric states

1), |f): States including U-spin breaking

@ Classify the states

@ Use Wigner Eckart Theorem ...
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Simple Example: B~ — J/y(7/K)~

Interesting because:
@ Related to the golden modes
@ Factorization does not work (neither naive nor QCDF)
@ All observables measured

Decay BR/10~* Acp
B~ — J/YK~ | 1026 £0.37 | 0.017 +0.016(x)
B~ — J/¢n~ | 0.48 +0.04(x) | 0.09 £+ 0.08

Table 1: Data taken from the PDG. (*): Inconsistent
measurements, error enhanced by the PDG.

Thomas Mannel, Uni. Siegen Theory Review of the Golden Modes




Using Flavour Symmetries
By — J/vKs

Precise predictions Il: Using Data Controlling SU(3) Breaking

U-spin limit:
@ Only one amplitude, with two CKM structures
@ Predicts

Acr(J/yK™)BR(J/YK™) +
Acp(J/r )BR(J/Yr) = 0 2 0.22 £0.17

@ Not conclusive at the moment, due to uncertainties
@ Naive factorization does not describe the breaking

well:
BR(B~ — J/YK) | Aeg |2 FB*K(MEW)
BR(B- — J/¢m) | Aes FB=m(M3,,)

<= 11+£01~18+0.3
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U-spin breaking:
o |J/YZ-)=1/2,+1/2) = no AU = 3/2 breaking
@ Results in

K-‘r
<B+|Heff|J/wﬂ+> = ZAqs (Aq,1/2 + A2’1/2>

gq=u,c

@ Doubling of amplitudes, 7 hadronic parameters

@ Possible strategy: Ay 1/2 < Ac1/2 expected
e consider A ; , only = 5 parameters, 4 observables
e not fully determined, study correlations in 2D-plots
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PRELIMINARY fit results. Plotted: ¢ = A;UZ/ACJ/Z.
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@ Observable missing = only correlation, no best fit s

Precise predictions II: Using Data

du € [-7/2,m/2]

Using Flavour Symmetries
By — J/vKs

Controlling SU(3) Breaking
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@ Real part finite, Imaginary part ~ 100% correlated
with |Au,1/2|
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PRELIMINARY: A simple future scenario (cexp/5).
Plotted: ¢ = A2’1/2/AC,1/2.

oy € [-7/2,m/2] du € [7/2,37/2]
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Conclusion

@ Perturbative Estimates may be misleading!
(typically underestimate the effects)

@ If there are large non-perturbative contributions,
SCET/PQCD/QCDF Ansétze will not yield precise
results for an SM test
— may be an interesting lab for QCD studies.

@ With sufficient ammount of data (LHC-b and SFF):
(Approximate) Flavour Symmetries will be the way to
test the SM

@ Flavour Symmetry breaking can be studied
systematically

@ ... and possibly identify “new physics”
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