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The Emergence of the B Anomalies

An impressive amount of discoveries

) ...and with our ever more increasing
and observations of rare decays has X
L i data sets, the B anomalies start to

been made with increasing data samples
) emerge
in the past ...
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SuperKEKB

€
.‘ €~ ; Belle Il
P = ;
New beam pipe Supel’KEKB
& bellows

Add / modify RF systems
for higher beam current

Low emittance positrons

to inject , _Positron source

Damping ring ’

o

Low emittance gun

New positron target /
capture section

i

Low emittance electrons
to inject

Coherent and well defined initial state and

no additional interactions
Low (physics) backgrounds
Excellent neutral reconstruction (v, 7%, K?)

Absolute branching fractions can be

measured.

Systematics quite different from hadron
machines. If NP is seen by one of the
experiments, confirmation by the other

would be important.

But: Small cross-section;
ete” — T(4S) - BB~ 1.1nb



The Belle |l Detector

K¢ and Muon Detector

EM Calorimeter

Belle 11 collected over 200 fb! with
world-record instantenous luminosity
(> 3 x 103*ecm2s71).




B-Tagging at Belle Il
Inclusive Tag
A = 0(100)%
Consistency of B,
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o Semileptonic Tag —
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Hadronic Tag
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Exact knowledge of Btag\< Y

Tagging enables us to measure invisible final states.



Exclusive B-Tagging at Belle Il

Exclusive Tagging:
The Full Event Interpretation (FEI)

Comput.Softw.Big Sci. 3 (2019)
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e (0(200) classifiers.

e O(10000) automatically e Up to 50 % improvement over the previous
reconstructed decay channels. algorithm.


Comput.Softw.Big Sci. 3 (2019)

b — cTv Transitions - R(D™))

€ B(B—=D® 1y
¢ R(DM)) = B((B:D(*)ZV))

e Not a rare decay, but challenging to
reconstruct due to multiple neutrinos
in the final state.

e Challenging B — D**/v background.

e Multiple measurements available
from LHCb, BaBar and Belle
available.
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Current tension with the SM:
e R(D): 140
e R(D*): 2.90
e Combined: 3.40



b — ctv Transitions - The Normalization Channel - Preliminary

o Measurement of normalisation channel with 34.6 fb~! using hadronic tagging.
e B(B® — D*{v) = (4.51 £ 0.41sat & 0.275ys £ 0.45,,)%.

e Dedicated studies to improve the Egcp reconstruction.
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b — ctv - Prospect for Belle Il

e Inclusive B — X.7v measurement
complementary to exclusive
measurements.

e Long time no update.

e Work in progress, stay tuned!
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https://arxiv.org/pdf/2101.08326.pdf

T Decays to Tackle the R(D™)) Puzzle
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e When Belle Il will collect data at the
lower T resonances, the ratio

—e—i Y(18) CLEO 2007
Y(1S) BaBar 2011
R’T;ezr(T—}TT) (fzeu) (LR Bapl
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can be measured.

Y(3S) GLEO 2007

e Orthogonal probe to the operators Y(38) BaBar 2020
governing R(D™)) decays.

e < 0.5% precision on R(T) helps to
shed light on the R(D*)) anomaly ..
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https://link.springer.com/article/10.1007/JHEP06(2017)019
https://link.springer.com/article/10.1007/JHEP06(2017)019
https://indico.meson.if.uj.edu.pl/event/1/contributions/84/attachments/20/24/tamponi_meson_2021.pdf

b — sy Transitions - First Results

e Belle (Il) can measure the inclusive

e Excellent probe for new physics. decay B — Xev
Y-

e Large uncertainty in the exclusive e Untagged analysis, where we look

measurements (e.g. B — K*v) due oy 2112 i anerEe

to form factors. monochromatic +.
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Transitions - R(K) and R(K*)

SM is lepton flavor universal, and predicts this with high accuracy

)yt p— A c
Ry = % = (1 £ 0O(1072))sm. LHCb observes tensions in both

e Rik:3.1c in q2 S [1.1,6]GeV2/C4. 2103.11769
o Rk+:2.1—230 in g% € [0.045,1.1]GeV?/c* and 2.4 — 2.50 € [1.1,6.0]GeV?/c*.
J. High Energ. Phys. 2017, 55 (2017)

e Belle Il needs a substantial fraction of its final target luminosity to contribute

significantly.
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https://arxiv.org/pdf/2103.11769.pdf
https://link.springer.com/content/pdf/10.1007/JHEP08(2017)055.pdf

ransitions - Angular Analysis

e P! observables are free from form
factor uncertainties.
e Both Belle and LHCb (¢ = p) report
P tensions.
e LHCb 2.50 in 2 € [4,6]GeV?/c*
e LHCb 2.90 in ¢? € [6,8]GeV?/c*
e Belle 2.60 in g? € [4,8]GeV?/c*

e Belle (1) has access to
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Observables Belle (0.71ab-1) Belle Il (5 ab!)  Belle Il (50 ab—1)
P! ([1.0, 2.5] GeVZ/c%) 0.47 0.17 0.054
P! ([2.5, 4.0] GeV2/c%) 0.42 0.15 0.049
P! ([4.0, 6.0] GeV2/c%) 0.34 0.12 0.040
P! (>14.2 GeV2/c*) 0.23 0.088 0.027
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b — s¢¢ Transitions - BT — K*{"/~ Preliminary measurement

e 9.67%3 4 0.4 signal events (2.70 significance) with 62.8fb™1.
e Not sufficient to extract key observables.
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Transitions - B — X./*¢~ Simulation

e B — X0 with X — Knm,n < 4

and Xs — 3K
e Complementary information with 500
different hadronic uncertainties. fe"e" Simulation
& 250 b or
o Ldt=1ab" B — X1
e Two methods: > 0 Wsigna
e Sum-of-exclusive modes (right). = E,BP
. . : . - @
e Fully inclusive using tagging. o 150
e Sensitivity on forward-backward g 100
. . >
asymmetry and branching fraction w50
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2012.15394 1, Prog Theor Exp Phys (2019) |

Observables Belle (0.71 ab—1) Belle Il (5 ab—1!) Belle Il (50 ab—1)

Rx, ([1.0,6.0] GeV?/c*) 32% 12% 4.0%

Rx, ([> 14.4] GeV?/c*) 28% 11% 3.4% "



https://arxiv.org/pdf/2012.15394.pdf
https://arxiv.org/abs/1808.10567

Transitions - B™ — KTvi with inclusive tagging ehys. rev. Lett. 127, 181802
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e Small theoretical uncertainty due to 1 23 s

. . pr(K*) [GeV/c]
absence of charged leptons in the final

state. Prog.Part.Nucl.Phys. 92 (2017) e Events tagged by identifying
e Not observed yet, theory predicts SM signal track, and reconstrucing
branching ratios of: the rest-of-event.
o B(B — Kvv)sw = (4.6 +£0.5) x 107°, e Signal selection utilizing event
* _ —6
o B(B -+ K I/I/)SM = (8.4:|: 1.5) x 10 ; topology — mva method.
e which can be enhanced by NP connected B8 BoowB 9
to the anomalies. eg. see Phys. Rev. Lett. 127, 181802 N\ 2
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://www.sciencedirect.com/science/article/abs/pii/S0146641016300588?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Transitions - B™ — KTvi with inclusive tagging ehys. rev. Lett. 127, 181802

e Validation with BT — KT J/W(— puu)

sample.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

e SuperKEKB is providing data with world record instantenous luminosity and
Belle Il plans to collect 50ab™! over the coming years.

e Belle Il will provide complementary and unique measurements for semileptonic
and electroweak penguin decays.

e The work on analyses has started, developing new techniques and delivering
(preliminary) results with small data samples, and ready to scale with more data.

Belle Il is getting ready to shed some light on the anomalies!
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