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Motivation

 The Standard Model (SM) is very
successful in describing the world at
particle level

« Almost all SM predictions seem to fit
experimental data precisely... Almost?
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The Flavour Anomalies

(maybe only “local” anomalies... )

> 3.5¢ enhanced B — D) 7v rates
3.30 suppressed branching ratio of Bs — ¢u™ 1~
~ 30 tension between inclusive and exclusive determination of | V|

~ 3o tension between inclusive and exclusive determination of | V|

> 30 anomalies in angular distributions of B — K*/{

2.60 lepton flavor non-universality in B — K(*)u+,LL_ vs. B— KMete™
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The b—s transition
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Testing for Lepton Flavour Universality

Smoking gun to overcome theory uncertainties

* Angular observables might have residual
uncertainties from form-factors

e = e

| haons _ ularoevbies
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—
Testing for Lepton Flavour Universality

Smoking gun to overcome theory uncertainties

* All SM forces couple universal to the
lepton flavour

[PDG2020, Prog. Theor. Exp.

J/Y — ee/J[b — pp

He

Phys. 2020, 083C01 (2020)]

BESIII

. T = Welr [ = VeVt G-/ gy o %AE.PP”&‘? PPNP 75 (2014) 41)
* Only differences from mass/phase-
T — eVeVT/N — €VelUny . gr/gp - LEP, BaBar

space
W = v, /W = py, k—e— ATLAS-CONF-2020-014,LEP
* Most data seems to support the SM W — 11, /W — eve e
NP models can introduce flavour W eve/ W = T LER, LHC, Tevetron
dependent couplings ZoTr/8 e ~
Z = pp/Z — ee g LEP
* Non-universal flavour couplingwould . . . . . . . . . .. . .. . T
. . 0.85 0.90 0.95 1.00 1.10 1.15
be a strong sign for physics beyond Br
the SM ! L
(c) SM example ﬁ (d) NP example [7
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—
Most simple approach: Ratio of Branching Ratios
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Rk analysis
Results for RK

* All measurements in agreement with

recent results and SM arXiv:1308.01848
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Testing for lepton flavour universality in angular observables

Smoking gun to overcome theory uncertainties

« Performing the angular analysis separately for electron an muon modes

« Largest discrepancy in muons mode with 2.60 while 1.10 in the electron mode
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Overview of the b—sll Puzzle

Combining the results

« Effective Hamiltonian approach
1G
V2

,Heff:_
! \

left-handed part

« Effective Operators O
« Effective Couplings Ci

e Combine measurements and fit for

Co = C" + ¢

b s b s

ﬁ

-
O~ Oo.10
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—
Combined Fit for New Physics

Fit for New Physics
LFU ~3¢ pull from SM
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LFU in tau decays

Discussion

* Most new physics models imply large
contributions to the tau modes

» New Physics may couple to mass of the 7
— enhance sensitivity by |m/m,,|* ~ 286

» Both Z’ and leptoquark models predict large
enhancements [ 1704.05340]
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—
LFU in tau decays Prediction of the b—szz branching fraction

Motivation for B—>K+*zz

« Strong hints for new physics in b—sll
decays

* Deviations occur dominantly in muon

modes T Ry &Ry 20

[ RD(*)&RJ/LP 10
W Br[Bs~>171]

B Br[B->K"11]
B Br[B-Kr17]

" Br[Bs=>o¢11]

Br x 10%

* NP couples to mass?

« tau modes could be dominant

B(BT — KT77)M < 1.44(15) x 107’ A
Some models may lead to a strong enhancement
B(B — Kt rH)MFVY <2 x 1074

Only experimental constraints by BaBar with

B(BT — KTrT77) <2.25 x 1072 at90% C.L..

- _/
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—
Lepton Flavour Universality in Rp*

«) B(B— DY) rp)
Ry’ =
B(B — D) uv)

* Tree level decay

V + o+
. W+ v HT v a v
 (Clean theoretical observable N i
< < < < b S C
q

 Neutrinos in the final state

B
\4
L ol
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Lepton Flavour Universality in Rp*

Present and Future
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—
Belle Il Early Physics program

Rediscovery and performance studies

- Belle Il (Preliminary)

i f Ldt=346"

« Validation and performance studies

- Ny, = 28536 = 282

* Rediscovery for B—Xsll and B—K Il soon J/p — ete”

Candidates / (5.0 MeV/c?)
3
8
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[ Belle Il Simulation [
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—
Belle Il and LHCb Projections for b—sl|

Combined Analysis Individual Measurements
1.0} flavio vo.22.1 | § 0.6: 0 g 0.3: .
€ T Belle Il 2019 5 = Belle Il 2019
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—1.0|
« Already with a few ab-1 Belle Il might be able to

—20 15 —1-°CN;g-3 0.0 05 confirm the b->s anomalies
9

J. Albrecht et al., Future prospects for exploring present

day anomalies in flavour physics measurements with Belle ¢ Be”e ” haS exce”ent eleCtrOn momentum
IT and LHCb resolution and neutrals performance
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Summary and Conclusion

Prospects for b—s#7 decays at Belle Il

 LFU tests in rare decays provide excellent
tests for new physics

« Belle Il can probe unique channels and
provide an independent validation of the
current anomalies

 Inclusive analyses, full event interpretation,
very good electron and neutral particle
efficiency
« Discovery of b—szr could be in reach of
Belle Il if anomalies persist

« But not only Belle Il also the LHC
experiments will be able to shed more light
upon the anomalies
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—
B—K*ll Analysis at Belle

Belle Analysis

Events / ( 0.0025 GeV/c?)

Pull

Similar electron and muon performance

limited statistics

Neural network based reconstruction in
order to maximise efficiency
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Angular Analysis

Parametrisation of the differential decay rate

d*(r +T)

9 9

dcos 6y dcos by do dg?

K@IZ-:

Wilson coefficients:
perturbatively calculable

Form-factors:
non-perturbative estimates
from LCSR, HQET Lattlce

mendous effort since past

\_

shortd|stance + long distance

~

S/ =
i\ Non-factorizable
contributions:
ala) _

/

b ‘%‘} s

no quantitative computation

/
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T 327 <
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d(F+T)/dg?
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i

d(Fr+T)/dg?
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Angular Analysis
Full expansion of the differential decay rate “clean” observables
p/ __ S=4578
=4,5,6,8 —
| VF( = F)
1 o iy in? 2 | form-fact tainti
dr /dg? dcos 6, dcos Ox dd A = 1(1 — F;)sin” Ok + F cos” Ok cancel form-factor uncertainties

1
+ 1(1 — F,) sin® O cos 20,

— F; cos® Ok cos 20, + S sin? O sin® 0, cos 2¢
+ S4sin 20k sin 26, cos ¢ + Sssin 20k sin 6, cos @
+ Sgsin® Bk cos B, + S; sin 20 sin 6, sin ¢

+ S5 sin 20k sin 26, sin ¢ + Sg sin® O sin® B, sin 2¢ ]

using definitions of

SoPS = 5 — Ai(Acp + kAp + Ap)
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—
Most simple approach: Ratio of Branching Ratios

The new Belle result

« Separate results B% and B*

SM prediction by: |10.1007/JHEP10(2016)075
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Testing for lepton flavour universality in angular observables

Smoking gun to overcome theory uncertainties

« Testing for LFU can overcome this with
very clean observables ” o
Q, =P —P;
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