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SuperKEKB

Peak luminosity world record 3.81 x 1034 (cm2s?), December 23, 2021.
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Belle Il detector

KL and muon detector: ]
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- large missing energy final states (i.e. dark matter, b - svv, etc.) 4
- precision 1 physics


https://docs.belle2.org/record/2895/files/Lepton_identification_Moriond_2022__v2.pdf

Anomalies In flavour

Anomalies have been reported in many processes involving both quarks and leptons

* In the quark sector anomalies have been observed for example

T
 iInb-clv < v,

« R(D)=BF[B- Dt*'v]/BF[B-DI*v, (I=e,n)], ~1.40 /W

. R(D')=BF[B - D'T"vJ/BF[B - D'V, (I=e, )], ~2.70 5 <
* in the R(D)-R(D") plane ~3.3c0 q q
inb-sll

. R(K)=BF[B* - K'Ww*]/BF[B* - K*e*e] ~3.10 bW s

. R(K®)=BF[B° -, KU\ ]/BF[B° - K"%*e] ~2.2-2.50 ) .

* In the angular observables of B - K'u*u ~3.40
e Inthe BRvs g? of B_- Uy ~3.60

* In the lepton sector anomalies have been observed for example
« In the anomalous magnetic moment of the muon (g-Z)Iu ~4.2 0

* In the anomalous magnetic moment of the electron ~2.50




Our interpretatiqn of ._the _q_uestion asked
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SM predictions

Rg+[1.1, 6.0]°M = 1.00+0.01ggp Rg+[1.0, 6.0’ = 1.0040.010gp ﬂ

Assuming V-A currents

qu,(BS) ~ RWK(B) R(Ab) R(Ab) e N RK

B(B — Duwv)
(1/€)
: 2
Rip B(B — Dep) 0:9060(2)
RE’);”{B B(B, - Ds’mf) 0.9960(2) continuum model | 1 2 3 4 Average | Ref. [7] | Ref. [8] [ Ref. [16]
’ B(Bs; — Dev) Ra, (SM) 0.31 | 020 [0.28 [ 0.28 | 029+.02| 029 | 031 |0.34% .01
(/1) B(B — DT}?’) -
R R 0.295(6)
(/1) B(Bs — D,T7) .
, 2¢
Rb’sf')s B(Bq N D,q;'_ﬂj) 0 ‘)5(6)

1909.02519 2012.09872 1605.07633 1502.07230



Lepton Universalityinb — s
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Lepton Universalityinb — s
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LU inb — s - high g2

LHCb [EPJC 77 (2017) 161]
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LU in b — s with b-baryons

m(pK) < 2.6 GeV/c® ¢ €10.1,6]GeV/c?
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LU in b — s - others B)decays

Lower yields, but experimentally clean R(Knr)
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b— s angular analyses

“Easiest way to by pass the charm loops contaminations”
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R and R . at Belle and prospects for Belle Il

arXiv:2103.11769, arXiv:2110.09501

S M BaBa}" ) IlfA1<B:’“j 6.0GeV/ct
R K(*) 0.1 <¢><8.12GeV/c* R gf)‘i:il]‘;(“lcevzlﬁ
= M —_— Belle . N S | Ry, Belle i
B(B - K®ete) 10< ¢ <60 GeV/et P 10<¢* <60 GeVet
— -2 —e {2 R, LHCb 9 fb"
1+0(107%) <> 310 Lucven 0.045 < ¢ < 6.0 GeV?/c*
q? € [1(1.1),6] for R(K™) 11< ¢? <60GeVct = 1.50 R,QLHFb9m' .
JHEP 2018, 93 (2018) 03 1 E "I T T IRKWB
From the Belle Il physics book, 1808.10567
Table 67: The Belle II sensitivities to B — K (*)/+¢~ observables that allow to test lepton Belle II will prOVIde
flavour universality. Some numbers at Belle are extrapolated to 0.71ab™!. an |ndependent
Observables Belle 0.71ab ! Belle L 5ab | Belle L1 50ab | measurement to
Rr ([L.0,6.0] GeV?) 28% 11% 3.6% confirm (or not) a
Rk (> 14.4GeV?) 30% 12% 3.6% tension with few ab™!
Ri- ([1.0.6.0] GeV?) 26% 10% 3.2%
Rp- (> 14.4GeV?) 24% 9.2% 2.8% of data.
Rx. ([1.0,6.0] GeV?) 32% 12% 4.0%
Rx. (> 14.4GeV?) 28% 1% 3.4%
15



https://arxiv.org/abs/1808.10567

B . K®II at Belle Il
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Lepton Universalityinb — ¢
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Decay anatomy
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b— ¢ angular analyses

K [ER | [ | - =
e D" rest frame ) “ - |
Use T — 3nv.decays and kinematic reconstruction .. o — T = |
to measure the three decay angles U =iy

A 0.10 -
Possible extensions here using ratios of tauonic _ “ # |
mode and muon/electrons modes ' -~

X ﬁlmi'
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b— ¢ angular analyses

We could explore baryons as well
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b— ¢ angular analyses
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R_and R_, prospect for Belle'll

New hierarchical algorithm, the Full ~200 boosted decision trees (BDTs) are
Event Interpretation (FEI, used to reconstruct ~10000 B decay

Comput Softw Big Sci 3, 6 (2019)) to
improve the full reconstruction of decay * — Sllextices
chains with tagging. N Y

Displaced ” Neutral 1 chains reaching an overall

Clusters

reconstruction efficiency of up to 0.5%

=
o
S

X e --=-- FEI
-520.40* " E e 1
= 1 “wm
" é 0.30 ] \_\\
= o fr/‘ © 0.20 =t
’ 7]
28 'é:'_ED.lO* ———————
BST D(*) H 000 LA L | 3> K T | I | | A
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P D Purity in %
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e \\‘ i e _ - cznfﬁuime?&l r:c ttttttttt d
S Cosl ¢
B £ ~0 E Ng, =38545 + 1161
Lag D g 06 Prag > 0.5
3
o
e o4
‘J"i'Jr ™ 2
[}
a0
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v
o

5.265 5.270 5.275
My (GeV/c?)

Essential observable at B factories:
For correctly reconstructed B mesons

M, = E P ] » M__(beam-constrained mass) peaks at M,



https://link.springer.com/article/10.1007/s41781-019-0021-8

R_ and R_, prospect for Belle Il

X) (had FEI, lep 7)

18f ——

R( , ]

160 R(n) (had FEI) \ R(X) [and in general inclusive
— 1.~ R(D) (had FEI lep 7) : processes] is unique at Belle I,
&, 14f ---- R(D) (SL FEI, lep 1) : although it is a very difficult
2 19l R(D) (had FEL lep 7) . measurement to be achieved for
g R(D*) (SL FEL lep ) the first time.
£ 10 ™= R(D*) (had FEI, had 7)
§ N - Few ab™ of data will suffice to
> clarify whether the anomaly on
% R, -R,. has a statistical
E

(fluctuation) or systematic origin.

Dedicated measurements at
Belle Il to reduce/evaluate D**

pollution possible.
Data sample in ab ! 23




Other channels with missing energy.

Belle Il experiment well suited and equipped for studies with missing energy
» precision studies of channels such as B- v (I= e, Y, 1) are exclusive to Belle Il

= _ B 1
£ 40.0} o610
.. B’ o T B —T V: E
" o+ * Channel sensitive to new Z 35.00 W75 &
charged fields, for example a £ =
charged Higgs, H* g 300/ 115.0 £
- Q
o * Provide complementary = 25.0¢ 1125 £
_____________ approach to measure the 5 - ligi &
H* CKM matrix element |V |. e T &
— F ] 3]
+ Challenging measurements: 5 15.0 .
& v few tracks and missing 3 10.0; 50 E
i o
energy from neutrinos. 5 50 25 &

9 Belle II |
i 10 50

Integrated Luminosity [ab ']

* Belle Il will also offer unprecedented precision to B — K*tt (or LFV modes B - Xtl)
B(B" — K*77) (had tag)

ab™! ”Baseline” scenario ”Improved” scenario

* Many models predict LFU violation in the third generation

* SM prediction at the level of 107, while experimental upper 5 <2.0x 1073 < 6.8 x 107
bound 2x107 (ArXiv: 2110.03871 , PhysRevLett.118.031802). 10 <18 x107° < 6.5 x 107 o4

. . . =4 -3 [ —4
« Belle Il is well suited for this measurement. 20 <16x10 <53 x10



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
https://link.springer.com/article/10.1007/JHEP10(2015)184
https://arxiv.org/abs/2110.03871
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802

* Channel connected to flavour anomalies and with unique access to Belle Il

* Small SM expectation (see Buras et al. 1409.4557) ~4.6x10°

* Previous measurements at Belle and Babar used hadronic and/or semileptonic tag
* In Phys.Rev.Lett. 127 (2021) 18, 181802 we introduced a novel inclusive approach
 The signal is reconstructed via the “signal Kaon”, the track with highest p_
<10-2 i SlgnaIJ

BB B(-Kvwv)B aq

& @ 7

» All other tracks and clusters associated to the other B and use BDT (2 in cascade)
with kinematics, event shape, vertexing, to suppress background
* Final signal reconstruction efficiency ~4.5% (~10x Had/SL tag)

5

pr(K") [GeV/c]

25


https://arxiv.org/abs/1409.4557
https://inspirehep.net/literature/1860766

e Extract signal from simultaneous maximum SM Averag—e
likelihood fit to on-resonance + off- resonance " S
data in bins of pr(K+) and second BDT B . Bellell (63 ! (Inélu'siv‘e)
I - 1.971% This work ’
e Results: i Belle (711 fb-1, SL)
—— e e 3 D
. s|gna| Strength ﬂ 4 2+ 2 : 1.0+£0.6 PRD96, 091101
o l . Belle (711 fb~!, Had)
° Upper lelt @ 900/0 CL : 3.0+1.6 PRD87,111103
I
BB — Kuvb) <4.1x107 1ot Babar (429 fb!, Had+SL)
T R S w i N
e corresponding BF: 0 2 4 6 8 10
e +1.6 =5 —
B(B — Kvp) = (1.9719 x 10 10° x Br(B* K * v)

Is this going to be another anomaly?
e Comparing theory and experiments:

e Inclusive method offers 20% —350% Expected sensitivity at higher luminosities

sensitivity improvement over previous Do T T oo o
approaches BT = Ktwi 055 (0.37) 028 (0.19) 0.21 (0.14) 0.1 (0.08)
B — Kvp 206 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
See E. Manoni, Moriond EW presentation B*Y — K*fwvr 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
BY — K*%vz  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
*
B(B>K7vv

After the BF is measured, can open the way to new LFU ratios: 'RV”

I
' 26
(*)
L___BB>K"I) !


https://docs.belle2.org/record/2960/files/BELLE2-TALK-CONF-2022-033.pdf

LFU In leptonic T decays

LFU = couplings of leptons to W bosons is flavour independent ge = g, = g

e T
W~ W
ge gu
Ve Vr
- - - - gP’ B(T_ —+ M _E;;""'r)
Hints of a new fundamental interaction that violates LFU? %) “ B s R
arXiv:2105.06734 7 e
[]_U()ﬁj s e .
000’ ® Global fits to 7 — ev and 7 — uvv ratios — 20 tension with SM
= oo ® New Physics could enter in a variety of ways: LFU violating Z’,
(A} S— singly charged scalar, W' + many more
=000 e Will this tension become more significant with better precision on
~0.004 - - R“?
~000+-0.002 0. 0002 0004 0.006 0.008 Belle 1l can provide answers, however LID systematics needs to be kept
o under control: this is the most delicate part of such a precision measurement

With a cross-section 0=0.9 nb (compare to ~1nb for B-pair production), pairs of T are copiously produced at Belle I
- Ongoing work to test LFU, will match and possibly exceed BaBar precision 27


https://arxiv.org/abs/0912.0242

Conclusions

* Additional LFU tests, whether branching ratios or angular analyses will
* Probe topologies with different backgrounds
* Test the consistency of measurements.
* Cancel hadronic uncertainties

» Belle Il and LHCb have complementary approaches and very different physics reach and
potential(s). Both experiments will provide the needed inputs for the field of flavour
physics (and beyond) to progress

Thanks for your attention!
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LFU In hadronic T decays and Vus extraction

® Methods for the Vs parameter extraction:
1. 7 exclusive

. Tt
2 tag - 3prong side L
o R (t~ > Kv,) _ [ |Vus| 1 — mg/m? 2(1 +5.5) BBrv)~ 15.2% L
2 @B (T_ — ﬂ_yf} f,% |del2 1- m,%fm,z L O | L 7,
e’ . e
2. 7 inclusive (strange vs. non-strange) > %
3. CKM matrix unitarity /’T e Wi
4. K° decays, e.g. Kf - netv / signal - 1prong side
g : : K,na 9B ~ 10.82 %
® Tension between different approaches is observed of %822 20Ok %
: e ® BaBar measurements from 2010:
- T — ArXiv 0912.0242
J e F .'“- I-_i-' G 2020 w K
& | e NP 369091 25123
é . ? ,:,j E:IEIG?; 2021 predim, Plll'it}’ ?8 ?% ?G-G%
E —e—i HFLAV 2021 profim Total Efficiency 0.324% 0.330%
g et ~ K. HFLAY 2021 prten Particle ID Efficiency 74.6% 84.6%
> L oz ioms Phys. Rev. Lett. 105, 051602 (2010)
i ® Aim at surpassing their purity and efficiency

Vial? + | Vis 2|+ [ Vs |2 = 0.9985 & 0.0005  This is the Cabibbo anomaly (CAA), a 3

sigma tension with the SM.. 29



https://arxiv.org/abs/0912.0242

,and R__at Belle and prospect for Belle ll

- . The Full Event Interpretation (FEI) ~ iSi £ A
+ Statistical error will be further reduced by Compe o i .3 (2 200 boosted decision >
) . . ) ! — n»:.;'-mm;"| — T trees (BDTs) are used to B-
luminosity and also by improved tagging with 2 ) W | "= E1 reconstruct ~10000 B sig/

- e - e e T ER . . - =
the FEI (Full Event Interpretation) algorithm W [ i decay chains reaching an ”/I“(4S)
with Fast BDT and more decay modes. ¢ || overall reconstruction P

£ efficiency of up to 0.5% B“E i
g : tag¥ D
Reduction of systematic errors become more ) B
. i T
|mportant.
K+
Composition of the systematic uncertainties in each Belle analysis
Belle (Had, =) DBelle (Had, {=) DBelle (SL, £7) Belle (Had, h™)
Source Rp Rp- Rp- Ip-
MC statistics 4.4% 3.6% 2.5% Tao%
B — D**(y, 4.4% 3.4% T 2.3%
Hadronic B 0.1% 0.1% 1.1% tg:g%
Other sources 3.4% 1.6% 4_'}:3‘_}{ 5.0%
Total 7.1% 5.2% Tade 1},” 0% 18
“The Belle Il Physics Book’, arXiv:1808.10567 o - ggf)) (g‘;(f;;l)' lep 7)
— AR {}-{thad-EEI; lep-+
Prog. Theor. Exp. Phys. 2019, 123CO| & 14} ---- R(D) (SLFEL lep 1)
. i ’ ’ 2 1k R(D*) (had FEI, lep 7)
* The uncertainty due to the MC statistics is reducible. & h--— R(DY)(SLFEL lepn)
£ 10p <o R(D*) (had FEI had 1)
* MC stat affects the estimation of the reconstruction efficiency, understanding of small 2 RN
cross-feed components and PDFs for the fit. g
[_‘
* The uncertainties from Br(B— D**Iv) decays and hadronic B decays have to be reduced by
dedicated measurements of the background decays.

Data sample in ab !



BaBar 2012, had. ta : :

33240034 30018 i e
Belle 2015, had. tag : i
0,293 + 0,038 + 0.015 ; :
Belle 2017, ( hadronic tau) H H
0.270 + 0,035 + 0.027 = *
LHCb 2 g : -
fl:‘ifl*llf]’_"nfl\‘] H " -
LHCb 2018, IILILiusrm fau) i i
0.283+ 0019+ ; t
Belle 2019, .-el.tu- : :
0.283 20018 £ 0.014 o
Average : ;
0.295 10014 : I
SM Prediction i :
0.252 % 0.005 - ;
EPIC 80 (2020) 2. 74 ! :
0.250 + 0.003 - ;
PLB 275(2019) 386 : i
0.254 +0.007 o :

) . i—r.'t— .
| 30 (2020) 2 : .

T e H

PRI (2019} 9,09 i :
0.253 l -‘:5- I
.H:. 0 ! E-r’!- :

2 : :

IEP 1711 ) 06 R :

) T :

JHEP 1712 2017) 0 L B HFLAV
I | | N -l | I i

BaBar 2012, had. tag
0440 £ 0.058 £ 0.042

Belle 2015, had. tag
0375 £ 0.064 + 0.026

Belle 2019, sl. tag
0.307 £ 0,037 £ 0.016

Average
0339 £0.030

SM Prediction
0298 £ 0.003

|

-
EPIC 80 (2020) 2, 74 E
0.297 + 0.003 -
PRD 94 (2016) 094008 i
0,299 £ 0.003 -
; b
IEP 1712 (2017) 060 i ;
i i
NAL/M 15) 1
TR
QCD (2 1
P H
: i HFLAV
] | I i | ] |

0.2

04
R(D)
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Lepton-flavour not-universality of B — D@ angular distributions in and beyond the
Standard Model

Christoph Dobeti* sl Dunay vun Dy
Techminche Drsveratlal Minchen, Jamnes Pranch-Sirfe §, D-253F Camhmng, Cerwasg

Marzia, Borckonsd asd Martin Jungd
Dipartimersin di Fisicn, Universits ob Torme & INFN, Semone di Torine, S00085 Torimo, Taly

Wieo Gubwrmari®
Tidsiische Usiversibil Misches, Jowes-Francd-Stagle |, 8IS Daiching, Germng asal
Th he Phpmk | brh- Technanche Fobwlbit
Umsreraildl Sicgen, Watter. Flon-Sirafle 1. D570 Segen, (Gormony

Wi sy in cletadl the angubsr distribetions in B — D76 decars, withia focs o lepton-faear
womunbvorsaliey, Wo brstipise the misimal sosher of sngulsr chanmblos that Fally deseribes
cuprent and apuomsing dataseis, sad euphoe el ssRity o physbo bevond tee Somdad Aol
(HSM) i the most general weak ofective thoory. We apply oue Hicdings to the eurmest dasts,
wntract the mon-rodunclant =4 of angubee obsirables from e sdets, and compen: to procss SM
predictions that iochy loptos-flevour univeraling violst g s ofects. Chir amlyss sbows U
the rurent st ion of the experimentsl gt s not ides) s probibits e ertractsn of s full
st of robovant NS parsmeters, dnos the wsber of isdepimdont sagular ohwrvaldss that s e
infearedd fromm dain s Biniied b0 suly four, We uoover 8 ~ do iemion boiween dsi prlicions
that is hidden i the podundant presentacion of the Bele 2015 daia on B - 06 docays. This
temsim spmeificdly il chareabins el pevbe ¢ — 5 bplos lavos univesality. Howver, wn
sl inconsisicncies in these dobs, which renders rsabis bosed on i suspickons. Neveri bk, wo
discuss which generic BSM soomrios ook explin U tenson. e case that e ipconsistencies
du mn wlfert the data materinlly Our Erlings bghlight thnt » —  mor ety s the 53,
intruicd by U Bisle snuse man, b ey dgaiflcas in o dsbeet of cigelar chietmble: with
respert te the experinental precidon

1 INTRODUCTION

Esclusive [ — D786 devays hive biscetine pitecisbon probes of Lhe semileptoaie parton-bevd rasitios b — o5, ds.
such, they provide wxoelbent menns for the determination of the cormeponding Cabibin-Kohoyssbi-Maskoes (CRM)
mabeis elemest Vg of the Stasmlanl Mol (SM). The condanation of good expetimental sl theoetbonl contrul
renclons them o sonsttive probes. of beyond-the-53 (BShE) physcs that potmtially modifies botl te normalizaton
ail e smgulng disiribution of these susles. L ihe SAL Lhe lepbot- B enivessal (LFU) nabse of the 5,
W s enchange allows for procison poedictions of LEU raths thet are stmost froe of kedronk: aneertainties,
Messureeeis of Uhe thron diffeeees kplon modes § o e then allow b bt S0 pasadigena siach as CKAL snitasity
sl LFU. Dinprenwel. LEL tests are sspecilly (mportset in lght of the recent. ideations for LFU vialation i ke
s-called B anemalis, concorping b < orFoand & < o 70 [ = 5 ) transitions, Parther motivation for precision
amalyses of B — [ i@ decoys b poovided by the persisting Vg puztle, Le. o bension betwern the inclusive amd
exelusive detarminations of this CKM cloment .

This work is triggeeed by theee peoest developments:

Avnilability of experimmtal data: Starting with the 2005 analysis of # — D05 doc s by Belle [1], expreimentsl
collabsmations made their data on & — cfF transitions available in a modd-adepeslen woy [158, theels
makisg phemomenolagiesl smalvss posdble that vary the form-fstor parametriaations an] BSM seonsrios, In
particular, & recend Belle analvais [¥] jroscaa for the Bt Uane ks siogle-difecaial disteibutions of 8 — D75
decays for both £ = e o inclading their fll comelation matries.

m.u..p.um.-m.a

i
b un..mr.um--:‘_

https://arxiv.org/pdf/2104.02094.pdf
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| a‘T
3 dI'/dg? dg?dcosfydcosfy do

K(q?% cosby,cosby., o) =

K(qz, cos by, coslp,,p) = (Klss sin’ @y + Kqe cos® 6, + Ky, cos Gg)

- (Kgss sin® @ + Ko cos® 8y + Ko, cos 9;3) cos Oy,
+ (Kgsc sin @y cos By + K3 sin 9,;;) sinf_ sin ¢
+ (

Kysc8in 0y cos 0y + K44 8in 95) sinfy, cos ¢,
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Efficiency of long tracks
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