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Relevant decay processes
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Amplitude structure

The amplitudes are calculated using QCDF

Beneke et. al. 0308039 [hep-ph]
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The infrared divergences in T and P have the same structure
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Amplitude structure




Amplitude structure

Spectator scattering

1




Amplitude structure
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Penguin contributions
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Annihilation contributions

Weak annihilation topolgies are affected by LCDA end point singularities
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Data can be used to get bounds for these
contributuions

GTX, T. Huber 2111.06418 [hep-ph]

For decays of B mesons into pseudoscalar-pseudoscalar final states
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Another possibility is to construct observables with low sensitivity to these contributions



Optimized Observables
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U-spin related channels



Optimized Observables
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Optimized Observables
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S. Descotes, J. Matias, et al 2011.07867 [hep-ph]

Only the longitudinal component is factorizable (vector-vector final states)
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Optimized Observables

Under the assumption of U-Spin symmetry in the sources of infrared divergences we
expect that they fluctuate in the same direction in numerator and denominator

nigive SU(S) : Lgsugs — 2355 1.90, S. Descotes, J. Matias, et al
Theory 93 2011.07867 [hep-ph]
. fact : Dy = 19,272 3.0
prediction ac SU(B) SR —6.5 7 A. Biswas, S. Descotes, J. Matias,
QCD fact : I = AGES 2.60, GTX

2301.10542 [hep-ph]

0 10 20 30 40 50

L

KK



Optimized Observables

Experimental measurement

B *0 7 %0
BamRTRT — 0.0758 + 0.0057(stat) £ 0.0025(syst) + 0.0016 (f—)
BBS—)'K*OR*O fd
LHCb [1905.06662, 0708.2248]
Measured longitudinal polarisation fractions
fL(Bd - KO*K—O*) fL(Bs — KO*K—O*)
0.73 + 0.05 0.240 4+ 0.040

LHCb [ 1905.06662], BABAR [ 0708.2248] LHCb [1503.05362]
S. Descotes, J. Matias, et al 2011.07867 [hep-ph] -

Lo, =443 £0.92

50

2.0 o tension = ‘hh

KK



Optimized Observables

B(Bs — K'K"%)  |A%|? 4 |A5)?
B(By — KOKY)  |Ad|2 4 | Ad|2

Lk = P(mKO ; mKO)

SM 3.88 exp -
L% = 26,()0413'59 L = 1458 £3.37 24 o tension

| L
10 20 30 40

KK



Optimized Observables

By = K (*)Ogb processes
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Optimized Observables

By = K (*)Ogb processes
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Optimized Observables

B(Bs— K*°¢) f
B(B; — K*0¢) {5

LK*qb — p(mK*o, m¢)

Measured longitudinal polarisation fractions
fr(Bs — K%¢) fL(Bs — K%¢)
0.497 + 0.017 0.51 £0.17

BABAR 0808.3586, BELLE 1308.1830, LHCb 1403.2888, LHCb 1306.2239
+7 06 exp —|—6 07 1.48 o

A. Biswas, S. Descotes, J. Matias, GTX
2404.01186 [hep-ph]



Pseudoscalar-Vector final states

B(By — K%)= (4.287271) x 1076 B(Bg — K%)®P = (7.3+£0.7) x 107°

BABAR 1201.5897, BELLE 0307014

BB~ — K ¢)™ = (4.67738)x107°°  B(B™ — K~ ¢)®P = (8.870%) x 107°

BABAR 1201.5897, BELLE 0412066,
CDF 0502044, CLEOZ2 0101032

B(Bs — K*K%)*P + B(B, — K*K")*P = (1.98 4 0.28 + 0.50) x 107°
B(Bs = K*K% 4 c.c.)™ = (8. 35+g 22y %1076

A. Biswas ,S. Descotes, J. Matias and GTX
2404.01186 [hep-ph]

Complementary observables are required experimentally to define
the corresponding optimized ratios



Processes considered

Observable
10°BR(B,; = K° K9)
10’BR(By = K*° K*9),
10°BR(B; —» K° K°)
10°BR(B; » K*° K*°),
10°BR(B; » K*°¢),
10’BR(B; » K** ¢),
B
Lk

Lk ¢

Observable
105(BR(Bs; —» K*° K°) +c.c.)

10°BR(B; » K°¢)
10°BR(B~ - K*~ ¢)

10°BR(B™ - K~ ¢)

SM (QCDF)

1.0919:22
22T
2.80%989
4361223
4.53%2-48

219135

19.53%2:4
26.001388

22.04%7:98

SM (QCDF)

0.83%9:32
4287211
49471234

4.671228

7.340.7
496168

8.810:7

Experiment  Deviation
1.21 + 0.16 0.40
6.041 152 1.80
1.76 + 0.33 1.60
i Ay 0.90
4961538 0.30
5.561278 1.30
4.43 4+ 0.92 2.60
14.58 + 3.37 2.40
8.80%5:37 1.50
Experiment Deviation

1.98 + 0.28 £ 0.50 140

1.30

fully
consistent

1.50



A new puzzle in hon-leptonic decays?

The New physics explanation can only be addressed by combining at least two
effective operators (Q,, Q) or (Q,, Q,) inthe b »d and b-»s transitions
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Conclusions

Non-leptonic B meson decay processes suffer from big
uncertainties on the theory side (power corrections).

An open problem is how to address the (power suppressed) annihilation
divergences from first principles.

An possible approach is to construct optimized observables which relying on U-
spin symmetry are relatively insensitive towards power correction uncertainties .

Examples of these observables are the ratios

B(By; — KO K0())
B(By — KO0() [{0())

which are in tension of the experiment up to the 2.6c level.

The tensions can be addressed in terms of NP in two operators: Q4, Q6 and Qsg .
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