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Introduction

B-mesons

@ Important system to test the flavour 8 meson
and CP-violating sector of the SM s

Quark-
antiquark pair

o After BaBar, Belle, Tevatron,
LHCb governs the experimental stage

o In the future:
Belle Il will offer new opportunities
along with the LHCb upgrade

Gluon

[ B — 7K channels play a key role in these studies ]
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Non-leptonic B — 7K decays

Eleftheria Malami (Nikhef) NP in B — 7K September 2, 2019 3/27



Connecting Insights in Fundamental Physics: SM and Beyond
B — mK Decays

@ Naively, we would assume tree contributions playing the leading role
but they are strongly suppressed by the CKM matrix element |V,;|

color b o
allowed N -

tree

@ Dominated by QCD penguin

o In the case of Bt — 7K™ and BY — 7°K®°
colour allowed electro-weak penguins (EWP) enter at the same level
as colour allowed trees, contributing O(10%) to decay amplitudes
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lllustrating contributions to B — 7°Ks as an example
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The decay is:

@ dominated by gluonic (QCD) penguins BUT
o electroweak penguins: also important
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0 0
B; — ™ Ks Decays

@ New Physics (NP) may enter through EW penguins:
thus, very promising decay

@ NP contributions: related to new CP violation sources
(probed through CP violating observables)

@ significance of BS — mKs:
the only B — mK mode exhibiting mixing-induced CP violation
outstanding role for testing SM with B — 7K system
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Amplitudes

@ Non-leptonic decays: challenging due to hadronic matrix elements
@ Flavour symmetries of strong interactions show connection between
amplitudes of B — nK and B — 7w, B — KK, from which

o either hadronic amplitudes are eliminated or
o determined from experimental data of the latter

In our analysis:
@ strong interactions theoretical assumptions: as minimal as possible

o use results of QCDF to include SU(3)-breaking corrections
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Hadronic Parameters

A= | Vis|
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o re’® and r.e¥: non-perturbative (difficult to calculate)
o we calculate them using B — 7w and SU(3) flavour symmetry:
ree’®s = (0.17 £ 0.06)e’(1 9£239)°

rei5 _ (009 L 0.03)61-(28'6:‘:21'4)0

{ [A. J. Buras, R. Fleischer, S. Recksiegel, F. Schwab (2004)] ]
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Electroweak Penguin Parameters q, ¢

[R. Fleischer (1995); A. J.
Buras, R. Fleischer (1998); M.
— Parametrization of EW penguin effects by: Neubert, J. L. Rosner (1998)]

- e
geiteiv = Pew + Py

T+C
w: strong phase (quite small) ¢: CP- violating phase
T: color-allowed tree contributions, C: colour-suppressed tree,
Pew: color-allowed EWP, PEW: color-suppressed EWP
i -3 Co(u) + CGio(p)
i iw o1 10( 4 .
e'fe” = — R, = (0.68 &= 0.05) R,
q o T s

[ C;(p): Wilson coefficients ]
@ The ratio has been calculated for the SM values of ¢ =0
@ Are there any deviations from the SM values?

o Do the deviations indicate New Physics?
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CP Asymmetries in BY — 7°Ks

@ The time-dependent CP asymmetry:

r(Bo(t) — n°Ks) — [(B(t) — 7°Ks)
F(BO(t) — m0Ks) + I(BO(t) — m°Ks)
= Aqok, cos(AMt) + Spok, sin(AMt),

Acp(t) =
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@ The time-dependent CP asymmetry:

r(Bo(t) — n°Ks) — [(B(t) — 7°Ks)
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= Aqok, cos(AMt) + Spok, sin(AMt),

Acp(t) =

@ The direct CP asymmetry: _
A = |Aoo|? — | Aco|®
T | Aool? + |Aool?
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CP Asymmetries in BY — 7°Ks

@ The time-dependent CP asymmetry:

r(Bo(t) — n°Ks) — [(B(t) — 7°Ks)
F(BO(t) — m0Ks) + I(BO(t) — m°Ks)
= Aqok, cos(AMt) + Spok, sin(AMt),

Acp(t) =

@ The direct CP asymmetry: _

A = |Aool® — |Aool?
"7 | Aoof? + |Ago?

@ The mixing-induced CP asymmetry:

(from interference between B® — B mixing and decay processes of
BY, BY mesons into K final state):

2|AooAo0| .
S = —=——=————=sin(26 — 2¢,.
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CP Asymmetries in BY — 7°Ks

@ The time-dependent CP asymmetry:
Acp(t) = r(B°(t) — 7°Ks) — I(B°(t) — n°Ks)
P T(BO(t) = 7OKs) + [(BO(t) — 70Ks)
= Arok, cos(AMt) + Srok, sin(AMt),

@ The direct CP asymmetry:

Aryrs = |Aoo|* — | Aoo|®
| Aool® + |Aool?

@ The mixing-induced CP asymmetry:

(from interference between B® — B% mixing and decay processes of
BY, BY mesons into 7°K; final state):

2|AooAo0| . =
S =" — 1 sin(28 —| arg[AnAj
i |Ago|? + | Aoo|? in(25 ok
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State-of-the-art analysis

@ How do we find the angles 2¢, 0y, = arg[AooAso] ?

o With the help of isospin relation

we construct triangles in the complex plane

3A3)2

A(BO — 7T_K+) +2A (BO — 7T0K0)

—(T+ C)(e" -

qeiqbelw)

[Y. Nir, H. R. Quinn (1991);
M. Gronau, O. F. Hernndez,
D. London, J. L. Rosner
(1995)]

o We get 4 possible combinations between Ay and Ao, thus 4 angles

o So, 4 cases for S;0Ks — 4 branches in the S, 0Ks — A 0Ks plot
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Isospin Triangles in the complex plane

3430 =A(B® —» m~KT) + V2A (B® — 7°K°)
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Isospin Triangles in the complex plane

3430 =A(B® —» m~KT) + V2A (B® — 7°K°)

3A32
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S5:0Ks — A0Ks plot
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S0Ks — AnKs plot
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S0Ks — AnKs plot
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S0Ks — AnKs plot
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Sum Rule

Using the information encoded in the CP-averaged branching ratios:

0 B(BY — 7t KO?) 750

A(I) — TEKF
SR P P B(BY — n=K+) g+
Lo+ 2B(BT — 0K ™) TBO  ,nOKO 2B(BY — 7°K?)

P B(BY s nmKT) P B(BY = 1K)
= O+O(r(2c)7p(2j) 9

which offers an interesting test of the SM.

AL |sp = —0.009 +0.013
AD |op = —0.15+0.14
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Can we resolve B — 7K puzzle?

1 change of data?

e prime candidate: branching ratio (due to large experimental
uncertainty on B — 70K?)

@ lowering branching ratio’s central value (2.5 o) gives consistent
picture with SM

1.0 —— — 1.0
—_—
H Isospin relation
08}
06
G f Current data
041 H 8
02 i 1
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Can we resolve B — 7K puzzle?

2 effects of NP?
@ very promising sector for NP signals: EW penguin sector
o affecting values of g, ¢

@ sensitivity to new CP violation sources

* NP scenarios with extra Z'boson
o links to anomalies in rare B-decays
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Using charged B — 7K decays

To determine g and ¢, we make use of the charged B — 7K decays
@ only direct CP asymmetry (not mixing induced)
o following similar isospin analysis for the charged case
343, = A(BT = 7 K®) + V2A(BT — n°K™)
= (T + C)(e" — ge™?e™)
Important ratio of branching ratio:

0
Rczz{Br(B—Mr K)

———~ | =1.09 £+ 0.06
Br(B — TI'KO)jl
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New strategy to determine g and ¢

@ Defining the angle A¢s/, and converting Az, to the quantity N

Az/2
T+C

c = +VNcos (AQ;3,/2>’ —j:\FNsm( ¢23/2>

Ad3jp = b3jp — b3,  VN=3

q:i\/N+1—2ccosv—2ssin'y

\,
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The picture we get for the current data

0.0

-180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180

6 [deg]
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Utilizing the mixing induced CP violation in B — 7K;

How can we get further info for the g, ¢ determination?
0
Using SgPKS = extraction of ¢gp phase

3.0

boo = (7.7 £ 12.1)°

Current data:

20 Sms = 0.58

with hadronic par. values:
contributions from CS EW penguins

s Ks
cp ~ converts to purple contour

isospin analysis contours
agree with R

0.0

L L L L
-30 0 30 60

¢ [deg]
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lllustrating a future scenario
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Conclusions
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To Sum Up...

Final Remarks

@ B — 7K decays: important to test SM and search for NP

@ There is tension in the data = Something has to happen

e either data should move to confirm the SM
e or maybe there is NP

@ We proposed a new strategy to determine g and ¢

@ Data from Belle Il and LHCb upgrade will allow
exciting new opportunities
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Thank you!
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