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| Asymmetric e'e- B Factories: Concept
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Mass of B meson (bq) is around 5~6 GeV.

« B pairs can be generated plentifully using ~11 GeV Y(4S5)
colliders

Relatively lower energy — intensity up easily — intensity frontier
First generation B factory

« ARGUS/DORIS Il at DESY 1982 — 1992

« CLEO/CESR at Cornell 1979 — 2008 (including Cleo-c)

Next, asymmetric B factory: one side flavor tag, the other side
signal

- BaBar/PEP-Il at SLAC 1999 - 2008
+ Belle/KEKB at KEK 1999 - 2010

2"d generation asymm. B factory: Belle Il/SuperKEKB at KEK
2019 -



Advantages of an e"e™ flavor factory

@ Known initial kinematics and good hermeticity

» possible to fully reconstruct events with invisible particles
@ Clean environment (average 11 tracks per event)

. efficient detection of neutrals (y, 7°, 1, ...)
@ Run at the Y'(4S) mass just above BB threshold

> Relatively low background B
» Data off-resonance provide control sample withouﬁ BB
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| Excellent Results by Belle and BaBar
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Two experiments confirmed CP violation in the b quark sector
 based on the precision measurements of the CKM matrix
« 2008 Nobel Prize for Prof. Kobayashi and Prof. Maskawa

Discovery of X(3872) in 2003 by Belle, followed by other exotic particles

Belle and BaBar, each published over 600 papers.

Detectors at B-Factories show versatile physics analysis abilities
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KL and p Detection

KLO p resolution: 15 MeV
M identification eff.: ~90%

Vertex Detector
vertex resolution: 15 um

Vs ~ 10.58.GeV

NS Central Drift Chamber

spatial resolution: 100 pym
dE/dx resolution: 5%
Pt resolution: 0.4%

EM Calorimeter, Csl(TI)

energy resolution: 1.6%-4%

Particle Identification
K eff.: 90%, fake m rate: 5%
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Nano-beam design:  The target peak luminosity is much
larger by squeezing beam sizes and
enlarge beam currents.




| Belle and Belle Il Datasets

e 575 fb! data collected so far:

O

O O O O

2019:; Run 1 data collection started (365 fb %)
2022.06: world record Linst: 4.7 X 103* cm™? s
~2023.12 LS1, New Collimator, 2-layer PXD, etc
2024: start of Run 2

2024.12.27 : new Linst relcord (Belle I off) 5.2 X 103*
cm? st

e Plenty of physics results with the data collected so far

e LS2 planned for a major upgrade: 2032

O

O
O
O

Targeting higher Linst: 6 X 10%° cm™? s

Ultimate goal: ~ 50 ab™*

Upgrade & Redesign of the Interaction Region (IR)
Window for upgrades of the Belle II detector]

Belle (1999 - 2010)
We have recorded >900/fb luminosity

Total integrated Weekly luminosity [fb~1]

Peak luminosity [x10*cm2s1]
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Belle II Collaboration

China Americ

» Beihang: Beihang Univ.(BUAA)

» Fudan: Fudan Univ.

* HNU: Henan Normal University

¢« HUNNU: Hunan Normal University

¢ |IHEP-China: Institute of High Energy Physics(IHEP)
¢ JLU: Jilin University

+ LNNU: LiaoNing Normal University(LNNU)

* NNU: Nanjing Normal University

¢ Nankai: Nankai University

e SEU: Southeast University

* Shandong: Shandong University

» Soochow: Soochow University

2 8 Institutes ~ 1 200 members » USTC: Univ. of Science and Technology of China(USTC)
¢ XJTU: Xi'an Jiaotong University

¢ ZZU: Zhengzhou University




| Belle Il physics

The Belle Il Physics Book:
[PTEP 2019 (2019) 12, 123C01] coomenomemses —-ttmy,,

Bs physics

s R
I

It
N
T

O(e'e’ —>Hadrons)(nb)
w S

qq pazrs (contmuum)

]
.
2 el m.'..l- s

: lggf‘,> Y P T
New hadron states Zb's, b bbar g Ps,',o" i"? S p
(&Y X \ /.
' VY o '-LPFKOWI
__New Charm,, X N4 Wi —-2¥Or violation
—=0n,, "y "6 *3/,;‘;' e Sy
New bottomq, Ko o 25 ‘{‘37“ ~decays Jsurements
——20Mum. N, o Neasurer=—
& sty s y QU=
LGN Y RS ) -
Y | Qs from penguins
New baryons . /.;:;_,' N
== gy b, \Jub) Exclusiy
8 \\I € measurements
e® .
Cq,
S Sy,
5 ctior™ e
Spin Fragmentation Funct! ‘vobi" g e,,,eht
o s
Linac e"_‘?‘g >
Darg
Axion-Like p, “ Belle Il Data
Par ic/e %
.
Qo N2
Invisible 2 ¢ N '\
k Higg \ of ct CPV, isospin sum rules
Dark Higes park SeK 2 . 8-2K PRI i Dire
x < 3Y 2
Heavy tau neutrinos %o (\&0
) o &9
e e ) i
LLPs (Long-Lived Pd"oo\ee W \)\ %+ gamma and radiativ e penguins, B-->K(*) nu nubar
ot < =
Mane\'cu\ \<§' Tau mass, Iif
Lo fers, &,
P k4l - Le sy & Tl ight b d
eeree L4l Functioy ns \)Q‘\ ,é.‘o "»,.,,,“ “2ded currents, t riple products
ps & % Xogu
< S L
Lepton Flavor Violation (LEV) <§° ‘31% = lepton universaiy .
% — .
< (’d
s X <
.;\\ dsta ma determinations
A& s T
%'

0

9.44 9.46 10.00 10.02 1034 1037 1054 10.58
2

Mass (GeV/¢)

BB thres.

ete” —  Cross section [nb]
T(48) 1.05+ 0.10
cc 1.30
85 0.38
Ul 1.61
dd 0.40
717 (7) 0.919

ptu= () 1.148
ete  (v) 300+ 3

10.62

Ne
W charmeq resonances

Belle Il Physics Book, PTEP 2019, 123C01

Primarily a B factory; But not only B physics!

@® Also tau, factories

@ Clean background for and searching for dark
sector

Various type of analyses:

@ Lifetime, time-dependent measurement

@ well-suited for decays with missing energy and missing mass



Recent B results



| Observation of the decay B — X .(2455)Z,

PRD 112, LO51101 (2025)

O The tree-level two-body baryonic B decays can proceed through W-exchange (W.y), W-annihilation (W,;,), and
internal W-emission (W,,,) diagrames.
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Weyx and W,,: helicity suppressed Wem: nonfactorizable amplitude
O The decays B - X.(2455)=, proceed through a pure W,,,, diagram, providing a clean and ideal environment for
studying nonfactorizable effects. b « - ¢ =
O The QCD sum rule predicts B(B — X.(2455)5,)~4 x 1073 w+ g
INPB 345 137 (1990)], while the diquark model <
estimates B(B — X.(2455)5.)to be 30%-70% of B(B —

q

AE.)~1073 [ZPC 51 445 (1991)]. ¢ Z:(2455)

q -
2.(2455): a sextet of flavor-symmetric states; Z.: an antitriplet of flavor-antisymmetric states
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| Observation of the decay B — X .(2455)Z,

PRD 112, L051101 (2025)

O We report the first observation of the decays Bt — X.(2455)**5, and B? - X.(2455)°%?, using the 772 X
10° and 387 x 10° Y(4S) events collected by Belle and Belle II, respectively.
O We perform a 2D fit to the unbinned M (A¥®) and AE distributions, simultaneously using four data sets: events

from the signal and sideband regions of M (5, 0.
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B(BY - X.(2455)*+E;
=(5.74+ 111 +0. 42+§§§) X 107

B(B® - X.(2455)°5Y
= (4.83+1.12+0.371)72) x 10~*

> B(B — X.(2455)%,) are larger than those of B — £.(2455)%p
and B® - X.(2455) p:

* Similar size of CKM matrix elements: Vj. * Vg~V * Vg
* Smaller phase-space

[Int. J. Mod. Phys. A 21(2006) 4209]

» One possible mechanism is that hard gluons are not
necessarily required for double-charm decays.
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| Observation of the decay B —» X.(2455)Z..

arXiv:2606.12905

O The decay B — X.(2455)%] proceeds through the same type of diagram as B — X.(2455)%, and are
therefore expected to have a branching fraction of similar magnitude.

O A comparison between B(B — X.(2455)%.) and B(B — c
2.(2455)%5.) could provide insight into the underlying s bz oy
dynamics of B decays to charmed baryon pairs belonging to q
different SU(3)-flavor multiplets. B { 7 w \ .

X— ¢ :|> X.(2455)

O Using 772 X 10° and 521 x 10° Y(4S) events collected by 1

Belle and Belle II detector, we present the first search for the internal W-boson emission
decays BT - X.(2455)** 5. and B® - ¥.(2455)°5/°. nonfactorizable amplitude

O This is the first search for B-meson decays into a pair of charmed baryon-antibaryon states, each
belonging to the SU(3)-flavor sextet.

12



I Observation of the decay B —» X.(2455)Z..

arXiv:2606.12905

O To extract the signal yields, we perform a simultaneous unbinned maximum-likelihood fit to the AE distributions
in the signal and sideband regions of M(y%,.) for the Belle and Belle II datasets.

B* - X(2455)** 5" BO — 5.(2455)°5"0 v" The observed signal significances exceed 6.4¢ for the charged mode

and 5.30 for the neutral mode including systematic uncertainties.

% 40 :_‘:;é_ :'[:o:al Fit g’ 20 :_E'_‘é‘o :'?'o:al Fit . .

< _[si = S S psignal regiopl 3o v" The measured branching fractions are

‘ﬂg_ 30 ; EJ_ 15; . ¥ combinatorial

(] C 7] r —~f—

Rl £ 10f B(B* —» 2.(2455)** ]

g g = (1.68 £ 0.31 + 0.12%3:43) x 1073
@) o :

0. AE [GeV] . B(BO N Z (2455)0 =10
0% Zrhn =(1.28 4032 + 0.10t8_§2) X 1073
- sidebands — Signal

SCF

5 Combinatoria Uncertainties are statistical, systematic, and from B(Z, — X), respectively.

v The measured branching fractions are two to three times
larger than those of Bt — ¥.(2455)**%Z. and B? -
2.(2455)°50, despite the smaller available phase space for
these decays.

Candidates per 4 MeV
Candidates per 4 MeV

AE [GeV] AE [GeV]

IEEEEEEEEEEEEEEEE N EEEEEEEEEEEEEEEER

13



Charge Conjugation (C)

I CP Violation and KM theory

» CP violation: a key for the matter-antimatter asymmetry.
» Kobayashi-Maskawatheory (1973):

® CP violation in the Standard Model (SM)
® Complex phase in the quark mixing matrix

CKM (Cabibbo-Kobayashi-Maskawa) Matrix

Vig  Vus ) (1-,12/2 A AA3(Q@)>

- 2 2
V= Ved Ves Veb -Ae/2 AL

@ Vis  Vib AL3( '.) AL !

Triangles in the complex plane (from Unitarity)

In B mesons, CP violation often appears as a decay Flavor-tag 309
time difference. measure position instead of time (BOor B0 ?) e ’

NEEEEEY

t ~ Az/c[ly
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| Three ways of B tagging

4 o N
Hadronic tag /S D ‘ .
» Reconstruct Btag B B ' High o 0
by hadronic decay /‘_ 1(45) T ~10% 0(0.5%)
modes / 0
e+
-
Semileptonic t T
emileptonic tag B B 0 Purit Efficiency
» Reconstruct Byag -— Y(45)—>< = Y
by semileptonic / o=
decay modes +/'
¢ €
Inclusive tag B / B <1% ©(10-100%)
» Use information — Y(4S)—><' Low High
about rest of event =/
/7
e+
N v
* Tagging: Hadronic + Semileptonic
* Hadronic tagging and knowledge of initial state enables excellent E_. . reconstruction

* Inclusive ROE (Rest of Event) (X 10 - 20 efficiency, but large backgrounds); add some ML/AI (boosted

decision trees) to help suppress the large backgrounds.

miss
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| search for CPVin B® - p*p™

* much smaller loop contribution = dominates ¢, precision

[PRD 111, 092001 (2025)]

Mixing-induced CPV param.

Probability distribution /j
e |At|/‘rB()

e two 1t%s reconstruction needed = a channel suitable for Belle I P(At,q) = — {1 + q[S sin(AmgAt)
B()
100 —C cos(AmgAt)] } s
[Belle II prelimina 0 ] 0 + - +0.37 -5
80 [ P v ¢ B tag ] B(B —>pp ) = (2'89_0_35) x 10 Direct CPV param.
- [L£dt = 365 fh ! ¢ B'tag -
a :/ : ] fL - 0.921"'3333 Helicity angle distribution Longitudinal polarisation fraction
S 60 e 1 &T
: Tdcosf,dcos, g[i(l_fl‘)sngﬁ sin20p_
‘g 40 - +chos20p+cos20,,_],
2 :
=20 Constraining ¢,:
0 E | o Belle II preliminary B—pp (WA + Belle 11 (2024)) I
[ ! 1570 ] B- world average:
B [ ¢ =[92.6"57] PP O+4 5ao €rage
E 0.3 0.8 |- 1 ¢, = (91'5—5:4
§, 0.0 _ _
g -03 | | | | | 1 06 1 B — pp world average
-6 -4 =2 0 y) 4 6 2 : | +Bellell p+p_ result
0.4 - 1
At [ps] L........ 68, 30 1 = ¢2 = (92 6t2253 °
021 ]
§=-026%0.19 £0.08 L 954% Lo L] 6%
0.0 PO STIN [TR T N SN RS | | | L
0 20 40 60 80 100 120 140 160
C=-0.02+0.12£0.05 . e
Dominated by systematics from S 16



[(B°/B°(t) — fep) ox e /78 [1 + q( Ssin(Amgt) — Ccos(Amgt) )]
R
mixing-induced CPV direct CPV

P(At,+1) — P(At, —1)

Acp(At) = P(At,+1) + P(At, —1) The Issue with B — 770
= Ssin AmAt — C cos AmAt
@ ~ 99% of decays: vertexless 4~ final state
2 @ No decay vertex = no At
= 0101
§ @ = standard time-dependent CPV analysis not possible with

current samples

The New Idea

PHYS. REV. D 112, 032011 (2025)
o Quantum entanglement of B°BP° pairs links the two decays

@ New approach: use only the tag-side decay time tiag
@ A time-dependent flavour asymmetry still arises:
o reduced oscillation amplitude (~ —20%)

e maximal asymmetry occurs at larger ti,o, where fewer B mesons remain|

At [ps]
At = tcp — tiag from the two decay
vertices 17



I First measurement of time-dependent CP violation in B? — n’zn’

@ Very small signal: ~170 events

o Dominated by continuum background (~130x larger)
e Additional BB background of similar size

@ Goal: extract signal, determine flavour, and measure decay time for Btoag and B%g

e No signal vertex (4~ final state) = cannot measure decay time

@ Use tag-side decay time tiag instead

= —
= — Belle & —Belle

= —Belle Il > —Belle Il
8 o2l —_ BaBar % Lol From — BaBar

Q

=l ©

£ £ toys

3] [3]

> >

T w

0.1r 05
950 10 0 0 20 005 5 10
trutl i
tag = liag PS] t,ag UNCertainty [ps]

Nanobeam and PXD gives Belle Il useful (1.5ps) ti,g resolution.
Belle/Babar 6 ps resolution hinders any S measurement




First measurement of time-dependent CP violation in B? — n’zn’

B B
o 30; Belle Il 5~ Data B 30; Belle Il —3— Data
Q. [ Preliminary —— Total fit Q. [ Preliminary —— Total fit
N 231 J' _ 4 — B 500 (g=+1) N 25 J‘ _ 4 — B 5 ada(q=1)
-— r L dt=365fb —— BB background - I L dt=365fb —— BB background
‘\’ 20k Continuum ‘\’ 20F ~ Continuum
n | n |
£ | £
O 151 [0}
> i >
L i L
10
51
Gilllu'i 8 il
-10 0 10
ttag [pS]

Soo = 0.6179:72 (stat) + 0.11 (syst)
Coo = 0.05 4 0.28 (stat) 4 0.07 (syst)

@ (Cgo consistent with time-integrated
Acp = 0.03 + 0.30 within 0.50 (considering
overlapping events)

@ Uncertainties consistent with expectations

@ S compatible with theoretical expectation (~ 0.65)

Background-subtracted

Candidates per 4.6 ps

Belle Il Preliminary 1

IL dt = 365 fb™

4B, (@=+1) 3

—0 -
_%_Btag (q = _1) _:

Asymmetry
o
T

ttag [pS]

First measurement of mixing-
induced CP violation in B® — 7%z
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| Time-dependent CP violation in B® - yK%rrmr
arXiv:2510.01331v2
accepted by JHEP

- In the SM, Scp ~ O due to suppressed right-handed currents

- Sensitive to NP contributions in the loop

F(Bta.g:BU (At) — fCPPY) - F(Btag:EO(At) — fC'P’Y)

Acp(At) =
PN = R (A1) = fopn) + T(Byypo(AD) = for)
= Ssin(AmAt) — C cos(AmAt)
\ Y(45)
+ : -
' ' ' ' _‘—
Mixing-induced Direct € — ; e"

CP T/iolation CP violation

B
- Analyze full Belle (711 fb-1) and Belle Il (365 fb-!) dataset

- Eyr>1.5(1.4) GeV for Belle Il (Belle), Ks: Belle || standard MVA

- Continuum suppression via event shape, Vertexing and flavor tagging for At
20



| Time-dependent CP violation in B® - yK%rrmr

Belle IT [ £dt =365fb! Belle II [ £dt =365 ! ——— Belle TT [ £t = 365

g [ * Data g 0 __ i Data [
= L —— Full fit 2 — Full fit @
é 300 [ === Signal : === Signal ._Q:
° ° o === Self-Crossfeed (=} 200 _ === Selt-Crossfeed —
- Time-dependent CP fit .| S =mee= | G
=) 200 B ~ I * BB background 8
3 ¢ : e
3 i ® 100 F~~——-tl_______ e
Unbinned ML 3D fit ~ i"| i
g i E “

S ik O gEsassssasaus gmgmdosie
New observables S+, S- . 7 ; _
i 0 . g — __VN,_Q‘” == e a';,-' 0 : - — B .. e -.~.ﬂ = g
> _5 o M E B H S & EH W OHERE SRS EW _5 SN I B A L A W ::" _]
Da I |tZ p Ia ne: Sup Sdown 520 522 524 526 528 530 0.2 0.1 0.0 0.1 0.2
2 ’ M. [GeV/c? AE [GeV]

Exploit m+e m- symmetry of the Dalitz plane: ArXiv:2510.01331v2

even (symmetric) vs odd (antisymmetric) components SeEEtadl A HE
e.g.) even-dominated: Ksp®r, odd-dominated: K*m =y

2l Result: Most precise in S and C New approach

Bl N e C =-017+009+0.04 | | ST =-0.57+0.23+0.10
¥ | - 8 S =-0.294+0.11+0.05 ST = 0.31+0.241+0.05

) )
~NE0g
g

o6 Statistically dominant,
04. el S s Belle: vertex-detector misalignment,

v Belle II: CP-fit validation bias
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I Electroweak Penguin Decays

- Flavor Changing Neutral Current (FCNC)

- Forbidden at the tree level in the SM
- Small branching fraction in the SM (<10-5)

- Sensitive to New Physics (NP)

- Heavy new particles can enter the loop

- Key channels: b—sy,dr,s¢ 4,d4 4,sv v, -

- Precise theoretical prediction for the inclusive process

- The branching fraction of exclusive processes has large
uncertainty, except for b—sv v

| Many observables

- Branching fractions, CP asymmetries, Angular distribution,
Photon polarization

22




| Inclusive B - X_vv with hadronic tagging

* Probe flavor changing neutral currents (FCNC) in b — svv.
* The branching fraction for B — X vv is cleanly predicted to

be (2.9+0.3)x1075 in the SM [JHEP 02, 184 (2015)].

Maximum likelihood fit in My x Oyy; with 3 x 5 bins:

res

0.0 < M* < 0.6 GeV/c® 0.6 < Mi* < 1.0 GeV/c” 1.0 < M{™ < 2.0 GeV/c”
2 700 : Belle Il preliminary = B B,
s - 4 j L dt=365.41b" =0
D goof— = e
= —s§
500 =1 = SIGNAL
— K K* {————e—data
400
- (Knn-)non-
300 = :
200 =
:.—.—\_._
100 .
0
c 1.2 H
S 15 { i 5
o5 iE——— + e + ey ‘-
g= 0.9 '
ClE o.aé T ;
@ 0.7 - i

14
bin index

Rest of event

+
U n* T 0 .
kil g (yusy — 8.~
Ko = b
K3rn X 4 T y D
S
K4n Y
3K | B, full reconstruction in hadronic modes
3K7) Bg,: 30 exclusive decay modes
B [107°]
Mx [GeV/cg] € Nsig  Central value ULghs ULexp
[0,0.6] 0.29% 6115112 03598102 22 20
0.6, 1.0] 0.12% 36127+3L  35+26+31 95 66
(1.0, ME>]  0.07% 24111462 517924129 319 26,7
Full range 0.10% 6618319 8.8785+H125 329 244

Full range:

PRL 136, 231801 (2026)

BB — X)) <3.6%x107* (90 % CL)

Most stringent upper limit on the inclusive rate
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| Inclusive B — X 0T

Partial branching fraction (BF) in 1 < g°< 6 GeV:
® Anomalies in exclusive measurements

v B(B — K™ ) lower than SM in low-q2 ([1, 6] GeV?)

v but large theory uncertainty (~ 20%) in B — K FF

e What about inclusive?

v/ much less SM theory error (~ 7%)
vV BMB s XITl7)=42x10"°

e Run 1 Belle II data (365 fb™!) Untagged analysis

¢ Sum-of-Exclusive method

v' X; in 20 hadronic modes in my, < 1.8 GeV/c?.
v’ visible fraction ~ 71% (incl. K})
estimated with Pythia (L.und String\ mode?)

® Signal extraction

v by fitting to My, = — D3

v/ peaking backgrounds from fake leptons
— subtracted using data

beam

VE

good agreement with SM, factor 2 improvement in precision

Belle Il preliminary [ £ dt=365fb~1

Belle Il preliminary [ £ dt=365fb"!

'E 0k s Signal + SxF —— Total model 'Z 25 | — Signal + SxF — Total model
= -- Combinatorial 4+ Data > -- Combinatorial { Data
g 30| - Peaking g 20 | —— Peaking
= e channel: 1 < g% < 6 GeV? = u channel: 1 < g% < 6 GeV?
n n 15|
~ 20 ‘ ~
9 gyl \
_g 10F £ s HJI+>~" y
(= = = a
w 0 w 0 |
:': P . ‘ Rl E 0 L 1 1 1
B ssvhshs shs =3 520 522 524 52 528 530
Mpc [GeV/c?] Mpc [GeV/c?]
SM=(1.76 +0.13) x 10° HHEP 10 (2020) UH(\’}
i Belle 1I (365 fb''; 20 X5 modes, mx, < 1.8 GeV/c?)
——t | w0 48 =6 Pralivninaro
. (1.36 £0.23771p) x 10~° Preliminary
E BaBar (428 fb!'; 10 X modes, mx, < 1.8 GeV/c?)
i ~-+0.41+0.25 .- & B ERe
i (1.607 539 022) x 107° PRL 112, 211802 (2014)
5 Belle (140 fb'!; 18 X modes, mx, < 2.0 GeV/c?)
H——— .
; (1.49 4 0.5070:33) x 106 PRD 72, 092005 (2005)
1 2 3 4 5 6 7 8

BB — Xt p7)

BB— X0 1<q?<6 |

BB — XeTe™)

BB — X.(T(7)

GeV?/ct]) [x109]

(1.60 +0.337313) x 107°
(1.13 £ 0.337555) x 107°
(1.36 £ 0.237013) x 107°
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I B+—>u+vﬂ

SM branching fraction:

Gzmpm,

B(B* = u*v,) =

8

2
(_ﬂ
2
mp

2
) f; |Vub|2 B+,

e SM predicted: B = (4.18 + 0.44) x 1077
e Belle: B =(5.34+2.0+0.9) x 1077 (2.80)
(PRD 101 (2020) 032007)

Data—Bkg Weighted Entries / 0.050 GeV

Belle & Belle 1I Combined ])[ llmm T’ \ I E dt =

1076fb"

20 F

15 |

10 F

I:I Slqnal
= b-u
E B-pvy
I Rare
I b-c

I Continuum Belle lI
I Continuum Belle __

f Data

w2 Sys. unc.

T T

ps [GeV]

2.8

e Belle + Belle Il (1076/fb):

arXiv:2602.09800

Belle & Belle II Combined prehmmary f Ldt= 1076fb 1

Bayé)s?éni

0.20

= 0.15F

G

0.10 F

0.05 f

0.00 L

"
I
I
I
I
I
I
I
I
I
I
[
N
3
i
'l
I
I
I
I
I
I
1

T 1 1 T 1 1 ] 1 T
| | 9 {Xlu IU ) | :
,fu G (X | Hobss Oops)dX -
/77 10% Quantile ]
Frequentist Upper Limit
T B<6.25 ><10-7 @ 90% CL—]
o G (xlu o, B

Bayesian Upper Limit
B<7.13 %1077 @ 90% CL™]

== Bgy =4.18 x1077

>

. Frequentlst Pf)F
1/// /.//"l,"-

0.

0

2.5

50
BB+ —n+v,) x 107

7.5 10.0 12.5 15.0

An inclusive tagging approach

* B(B* - u*v,) =(436+1.89+1.01) x 1077 (2.350)

B(BJr - ,u+vu) < 7.13 x 1077 (Bayesian Upper Limit)

B(B* - u*v,) < 6.25 x 1077 (Frequentist Upper Limit)

These are the most stringent limits to date.
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LFU in B decays

* Semileptonic decays also provide theoretically clean SM
probes in Lepton Flavour Universality (LFU) tests.

* Differences in angular asymmetries for different lepton
flavours are also sensitive to non-SM physics.

e Form factors and experimental uncertainties partially
cancel in measurements of ratios of decay rates.

Long-standing tension between LFU-sensitive
quantities R(D'”) and SM predictions!

~3.50

—_— 0 .4 B L] L] L] I LI B I ) I L] L] L] L] I L] L] LI | I L] L] L] L] I L] LB} I LI | L] L] I L] L] L] L] I L] L] i
g g HFLAV Ay® =10 contours -
- N i
035 —
= 3o -
| Bellell =T -
03 s (O —
= Belle L~\' LHCbH -
A LHCY® o b N
025 3 Belle® e —_
B World Average -
02— $HFLAV SM Prediction R(D)=0357 0029, —
B R(D)=0.298 + 0.004 R(D=B)3=_0.284 =0012 ., -
B R(D*) =0.254 + 0,005 p=-037 -
L P(y2) = 33% -

'] I BB I I Il '] Il I Il '] 1 I '] '] Il '] I '] Bl l}r-l 1 : Il I I

02 025 03 035 04 045 05 055
R(D)

Exclusive approach:

BB — D®ry.)

D)) —
E B(D ) B(B — D(*)E.Ug) { _ (3’ ’u,

B(B — XTv;)
B(B — X/{uvy) (=e.p
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Updated R(D) and R(D")

B(B’ —» D™ p,)

R(D™T) = ==,
- B(B" — DMt p,)
» Reconstruct 13 D decay modes, Hadronic tag ¢
> 2D binned template likelihood fit, simultaneously in 5 Belle Il preliminary
2 0.45- rld aver
channels (E;,, and M_...%) This work Werld average
—— Belle Il had. tag 2024 4+ sM
Belle Il sem.tag 2025  __ _ oxD. .
D*t DE‘DU,TU]O DF‘DUT]O DY by 2 0.40 - = B:II: I iia.;&ﬂ!) SH exp. R (X
B — D'1v 124410 6445 107+8 380+£30 63+5 . |
B — Drv 040 2+0 3244 340+43 148+19 olgNd
B — D*ly 9899 + 66 1417 + 32 2598 + 59 10638 + 235 1624 + 37 N _
B Dty 440 740 921547 2ssatsy 12e+gr Normalization 0.35
B D™r/(f)y 60+31 29+24 191 +58 731+ 134 294+ 64 : N
gap modes 91425 42415 53+50 240+94 90 * 46 Dominant ‘ Q
hadronic B decay 86 +25 4+12 166+ 38 469495 126 + 25 backgrounds & 0.30
continuum 3 2 33 181 84
other backgrounds 0 0 0 1 4
Total 3197 1567 3395 15862 3659 0.25
Belle Il inary [L dt =365 fb?
< o ] F o i 0.201
8 0 ML,..>15 GeViic* 15 a 189 ML,..>2.0 GeViic* » >
1. — 020 0.25 0.30 0.35 0.40 0.45 0.50 0.55
2w B—-D*trv
8 | e T - - VN o e ————— e S st 53~D bl R(D)
Y eamETaE Bt fhaane it Pt Bt ' | (@m0 ¥\ _
V02040008 1 12141618 6 02040608 1 1 .1 AEECL[GeV] 14 16 18 %02040608 112141618 2 =g ﬂg(‘) ,,I - R(D ) _— 0.242 :t 0-019 (Stat) :t 0'0]—6(Syst)
Belle Il , |E@@B8—->D"r/lv
T TR QR oo dacey R(D) = 0.439 £ 0.055(stat) £ 0.045(syst)
éi_ ] o . ) others
' Consistent with SM expectation within 1.50
S e R B ] R Most precise determination of
TN T MGt Tttt R(D™) with hadronic tagging 27



| R(D) and IR(D*)

o~ 0 —T— — T +—— LHCb muonic t decay
o k\m 68% CL contours ]
s B CKM2025 Belle® _
0351~ LHCH - : :
[ samlBclle || semi-leptonic tag
. 3: \ Be“eb( \ VA leptonic T deca
C N i Cba> Belle Il hadronic tag leptonic
025 = N // T decay
i N ]
| 4§ HFLAV SM Prediction Belle I / i aVerage O'f eXperImen’[S
02 Eggi}:fozg?ffoagga R(D)=0.358£0.024_ - = 0.4 EFII@ ! 77 68% CL Yontours 4
~ F1-QCD FLAG?24 (NE=2+1 for R(D%) (_D?z 27(“*00“ 1 £ : T
B R(D) = 0.2938 + 0.0054 P ’“ 1 = [ i
- IR(D*l}=0_Eﬁﬁzi:o_ou_ﬁl1 T P()f )= N T 03sf -
02 0.3 0.4 0.5 | - -
RO LE -
: { ]
3.8c tension with SM prediction! 02k S \-) B
i LHCb - / Belle II ]
- R(D) tension with SM: 2.5¢ oof TRt I . E
« R(D*) tension with SM: 2.3 - +L%?5ng;4g;—lmm E{T}H w00ty -
0.2 013""011""0'.5"'

Zz
>
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New inputs(?) from BABAR

Dec 15 - 19, 2025
Fermilab Wilson Hall - One West (WH1W)

Experiment R(D) R(D™) Correlation
BABAR 12 (hadronic tag) 0.440+0.058 £0.042 | 0.332+0.024+0.018 -0.27 |
HFLAV (CKM 2025 average) | 0.281 +0.011 0.358 £0.024 -0.374
BABAR 25 (leptonic tag) 0.3160.062+0.019 | 0.226+0.022+0.012 -0.82
PRELIMINARY

68% CL contours

Systematics still under discussion: BABAR 12

Normalization BFs

D** modeling

Limited MC for D**

1 O efficiency

Fit/PDF shape modeling

This average

» does not include
the BABAR 25
preliminary result

/]

e

F HFLAY 8M Prediction Belle 117
0.2 R(D% 3251 5.005
We await the final result and its Frgepriaca avean orro)
. . . . IR(D*.) = 0_%58?,1'.0_005:1 . . . | | . . | . \ .
finalized system’ucs. 55 03 oA 03
(C“ L Babar ™ and © L. De Brunho R(D) I
A

BABAR David Hitlin December 15, 2025 15 Caltech




| Semileptonic decay: CKM matrix

e Important to constrain CKM unitarity triangle & test SM
|Vud| | Vusl |Vub|

VCKM == |Vcd | |Vcs| |Vcb|
[ Vial Vsl Vil

e Determinations via or exclusive semileptonic
B decays

* L ong-standing “Vxb-puzzle”: discrepancy btw.

inclusive and exclusive determinations

- ""_| 4_8 _l L} T I ] L ; L) I L} T L} I T L} 1 I L) L} T I l_
Exclusive o 46 = Exclusive [V, Ay* = 1.0 contours 3
*) :.o 4.4 :_ = Exclusive [V | l‘[;f]:fi(\;zou _--
B — ntv,B = plv,B — D" ¢Cv, A\, = plu, etc. SGHIN- VoVl Vil global it
= 42F e =
2 > 4 - - HFLAV Average ~3 o ]
B x be f Form factor f (LCSR, LQCD) C ]
38F | =
368 ‘ =
3.4 f_ Excl.: ] _E
B—-X/v, B—XZtv 3 E
3F HFLAV =

c C AT =
. |VM|2 . 5(u>(025><ﬂ>+ 6<u><036>(m+0(m;)] V| = 28E =i
my my TB . Ar o) 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | Pl
+ Shape Function / Fermi Motion (OPE) 46 28 e 2 44-3
Vel [107]
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Inclusive B — X (v

* Reconstruct: Combined signal lepton on the signal side with
fully reconstructed hadronic B on tag side

» Large backgrounds from dominant B — X_.Zv decays

- Efficiently suppressed with MLP using different event
shape variables

- Normalization and shape mismodelling corrected using
control regions in data

o Extract signal with 2D fit to lepton energy in B restframe Eg
& momentum transfer ¢ = (p, + p,)*

.:Belle Il Preliminary  [cdt=365fb? .o:Belle Il Preliminary  [cdt=365fb"
2,00 — T — . 7 . . — —— T — T T T T — T .
3 Other backgrounds | SR 1.60 | =1 Other backgrounds ! SR A
1751 B B - X v ! Ef>1GeV | B G X : Ef>1 GeV
B Signal ! ! 1.40 - W Signal ! My < 1.7 GeV 1
1.50 - 282 Uncertainty | | Rffﬂ L;n:erl.amiy : i
+ Data i i S I i i
1251 i i | . i | |
hal EFE[10,1,3) 1 EFE[1,3,16) | EFE[1,6,1.9) | EFE€[1,9,2,7] 100 EFE[10,13)! EF€[1,3,16) | EFE[1,6,1,9) | EfFE[1,9,2,7]
= | | | c | | |
g roor . . ! g : ! :
IZ | Nominal fit result i : | |
i i j i | |
1 1 1 1 1
0.50 ¢ b i i | |
1 | el
i |
0.25 1 1
0.00
£ 1.25f
1.00 “‘m-
m 0] |
4 E 4t -
©orsg L L - 9 Eo L L L
li] 4 B 26 4 8 26 4 8 26 4 g8 26 o o 4 B 26 4 8 26 4 B 26 4 8 26
q° [GeV?] q? [GeV?]

e

-+

signal side

«o:Belle Il Preliminary  [cdt=365fb""

[ Other backgrounds SR
8.00 - EEE B Xl Ef >1 GeV
B Signal My <1.7 GeV
2% Uncertainty g2 > 8 GeV?
gook T Data
0
!
[=
g
o 4,00
2,00
0.00
£
wn
=
1]
4
m ' 1 1 1 1 1 1 1
o 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

EP [GeV]
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I Inclusive B — X (v

Predictions of the partial rate

BLNP model:
PRD72,073006;
NPB 699,335
DGE model:
JHEP 01 (2006)
097

GGOU model:
JHEP 10 (2007)
058.

Belle Il Preliminary l
This
measurement BLNP
Ef >1 GeV DGE a——
GGOU e

EE>1 GeV
My < 1.7 GeV DGE ’
GGOU —+—e——
BLNP ]
Ef >1 GeV
My < 1.7 GeV DGE ————
g? > 8 GeV?
HFLAV inclusive —
HFLAV B - rifv ——e——

2.0 25 3.0 35 4.0
[Vis| % 103 \

Exclusive Average for B — nfv:

4.5

V| = (3.75 4 0.060xp £ 0.194p00) x 1077

PRD 113 (2026) 032004

Determine |V, | from the measured partial

branching fractions in the 3 different phase
space regions:

Vo = AB(B — X, 0" vp)
TN g AT(B - X, 0 )

Nominal result: Ef > 1 GeV with GGOU

Vup| = (4.01 £0.197503) x 1073

Covering 87% of phase space

Dominant systematics:

B —|X £v modeling: (my, a) where a = f(rmy, u2) in
Kagan-Neubert scheme

B — X_.Zv composition differences between SR and CR

X, fragmentation modelling

Competitive with previous measurements!
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| |V, | from untagged exclusive B - D8y,

Signal yields are extacted in 10 bins of w by fitting the

simultaneously in the electron and muon
channels and in the charged and neutral modes

x 101

Belle ITf £ dt =365fb !

LAL g+, Doe+y, x2/ndf = 335.4/318

I Postfit

T
+ O +D 1
BT — D% i
False

Continuum
7 Incertainty

B B-—Div p
BsDY

++ L 1+1 tiday +

£ 1 chaestoa t..4 YT,
g_lﬂf 'r+ nr+ ++1-4+4 Y +1 4 lr Hr+ [ fTY'fT ? f'r 1’+ Ty
-3F

+1 4t 444444 bt IR 111+ t L
+ X +7 tt T g ]

0 20 40 60

x10*

80
(cos By, w) bin

Belle I [ £ dt = 365 fb!

F Bt =Dy,
1.2 Postfit

T
+ 0 BD
B % D True D 1
False D

B Div

N Continuum
777 Uncertainty

bbbyt +11 .I.+

++¢H+u

5'1‘&&1‘4'1”& byt

Hx&hx*.

bitd udlt

A A LT A A TR AR AR A A SR AR AT IR AR L AL

35
1
£ 1F + EARGE SRS
3F

T +1’f LA R

0 20 40 60

80
(cosOpy, w) bin

The recoil variable w = vg-v,,
cosdy, .

2 2 2
mB—l—mD—q

QmBmD

the angle between the signal B and D£ system

PRD 112, 112009 (2025)

B(B° - D~ ¢*v,) = (2.06 £ 0.05(stat.) + 0.10(syst.)) %
BB+ - D’¢v,) = (2.31 £ 0.04(stat.) £ 0.09(syst.)) %

Extract by fitting values of AT /Aw using BCL
(Phys. Rev. D 82, 099902 (2010)) form factor
parameterization.

|V.,| = (39.2 % 0.4(stat.) = 0.6(syst.) = 0.5(th.)) x 10~

» Result in agreement with exclusive HFLAV average
» Most precise measurement using B - D€v, decays
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From SNOWMASS2021
I FUture prOSPECtS (https://arxiv.org/pdf/2203.10203)

Physics reach:

From https://www.belle2.org/research/luminosity/

The goal of Belle Il is to uncover new physics beyond

3

(o 7_ 7] L
e | P — 1 = the Standard Model.
E - w/ QCS upgrade wlo QCS upgrade i com s =
6~ [ — i ] ............................. o —160 = . . . .
A i e / 7 1 3  Testing violations of lepton flavor conservation and
= - w/ QCS upgrade wlo QCS upgrade | g . . . . . .
= S [ s | 0% 5 universality and understanding their origins
= i Projected by SuperKEKB/Belle 11 E: g =
- / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Q40 2 * Checking the unitarity of the CKIM matrix to high
g I : 4 B .
::; S ——— / AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 30 é precision
N . 1 =
o oL 0 F * Identifying new weak (CP-violating) phases in the
1:_ .............................................. // ........................ ‘A _EIO g‘) quark seCtor
L % = =
e A ml““/ 3 * Probing the existence of dark-sector particles at MeV
0 244 :ﬂ

Jan 2024 Jan 2029 Jan 2034 Jan 2039
“ v v T Dae to GeV mass scales

*  Until 2026, about 1 ab™" data, comparable to Bella Reducing the uncertainty in the theory prediction for

* Until 2029, about 4 ab™! data.
the muon g-2 anomaly

During the long shutdown starting in 2032, upgrades « ynderstanding the role of QCD in the production and
are planned for the SuperKEKB accelerator and the binding of new hadronic states of matter

Belle II detectors 34


https://www.belle2.org/research/luminosity/
https://arxiv.org/pdf/2203.10203
https://arxiv.org/pdf/2203.10203
https://arxiv.org/pdf/2203.10203

Summary

Belle II 1s presently increasing its instantaneous luminosity, perfect for

precision measurement of B decays and probing Standard Model assumptions

- B hadronic decays, CPV in B decays, Electroweak Penguin Decays, B
(semi-)leptonic decays, .....

« Some are special at e"e™ collider

- Only ~2% of target luminosity collected so far. Until 2026, about 1 ab™!

data at Belle I1. Stay tuned for more exciting results from Belle 11.
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Thanks for your attention!



Backup slides



| CP Violation in B decays

Observation of time-dependent CP violation and measurement of the branching fraction of
BY - JAy n% decays, PRD 111, 012011 (2025)

Measurement of CP asymmetries in B° —» K n°y decays at Belle |I, PRL 134, 011802
(2025)

Measurement of branching fractions, asymmetry, and isospin asymmetry for B —
decays using Belle and Belle |l data, Phys. Rev. D 111, LO71103 (2025)

Measurement of the branching fraction, polarization, and time-dependent CP asymmetry in
BY — p*p decays and constraint on the CKM angle ¢,, PRD 111, 092001 (2025)

Measurement of the branching fraction and CP-violating asymmetry of the decay B® — n%n
using 387 million bottom-antibottom meson pairs in Belle Il data, PRD 111, L071102 (2025)

Measurement of time-dependent CP asymmetries in B - K.n" n- vy decays at Belle and
Belle I, arXiv: 2510.01331, to appear in JHEP
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| Usual method to extract signal yield

To select signal candidates, we kinematically constrain the event via the tag-side B decay. Three
ways:

To select signal candidates, we kinematically constrain the event via the tag-

side B decay. Three ways:

hadronic tagging: fully reconstruct tag side = backgrounds are low and B
momentum well-determined. O(10%) decay chains consituting 36 hadronic B

decays are reconstructed using a series of boosted decision tree (BDT) classifiers v
[Keck et al., Comp. Soft. for Big Science 3, 6 (2019)]. But efficiency is small: 0.1-0.5% /
e’ e
P(signa] B) — Pe+e— o P(ta.g B) /; *
P, = P, —Ph—P
= for B — Dflv: ;;2 (signal B) b ! 2 %
my, = (P(signa.l B) PD o Pf.’)

semileptonic tagging: reconstruct a well-identified lepton on tag side. Backgrounds
are larger, B, momentum not known so less precise kinematic constraints, but

efficiency is larger: 1-2% B
for B — Dflv, where Y = D/ system :
2Ep By — sz — -m%f
2|ppl|Py|

costipy =

inclusive tagging: tag-side B inferred after reconstructing signal B decay; serves
as a consistency check (efficiency ~100%)



Exclusive: B — zlv, B — plv,B — DOy, etc

I C KM m at rix e I e m e nt % o |Vyp|? X [FF(q®)I* Form factor from LCSR, LQCD

Belle Il important task: Inclusive: Z — Xulv:B — Xchi
. . . . B o [Vyp|2 X [I'(b - qlv;) + —+ as + -
Constrain CKM unitarity triangle & test SM Wl x |16 i) + 2ot +| - From OPE
,1',—'4-8:"'|"'|"'|"AZ'I|O"'|'-
- — 2 46F Exclusive [V, = L CO“‘OT“'S
(p ’n) Vud VUS V‘u«-b :,o44 = Exclusive [V, l|l\l,f::|;51(v_;ccou 3
G VIV, ] IV global it 3
‘V(:d -VC:S -chb Z 4.2 :_ - |HF“IE|AV Lverage _+_ —:
Viae® Vis V, - :
Vi td ts tb 38 =
36F 3
‘/Cd 3.4 E_ Excl.’ _i
32 3
= HFLAV &
I =
2.8;— | | | | P(x3)=8,9%l —;
(10) 36 38 40 42 o
Vel [107]
e ub__r- Several measurements carried out by Belle and Belle II:
|V.,] - Angular coefficients of B — D*[v Belle: PRL 133, 131801 (2024)
cb_*
F—— :‘“D V.| - V| from B 7, p)lv simultaneous analysis  New from Belle |
ubT - "Simultaneous inclusive and exclusive [Vuo| pere: PRI 131, 211801 (2023)
| | ®» 8_ | | B ’ | Vi | . . .
S S w V. Ratio of inclusive b — ¢ and b — u decays Belle: arXiv: 2311.00458
cb



Common variables for B — (X)lv decays (only one neutrino missing)

@ Leptonic system mass squared g% = (p; + p- )

, _ MIeME—¢?
@ Recoil parameter w = —;0-
@ Missing mass squared Mmlss
2EXEF —M3—
o cosdpy = il , Y = Xl system
2|PB||P |

——— 1 missing neutrino — 1 missing neutrino
>1 missing particle

—— > 1 missing particle

Candidates
Candidates

2
M Imlqs



4.

Measuring time-dependent CPV at Belle |l

_lag]

e 'BO

P(At,q) = |1 + q[C cos(myAt) + S sin(AmyAt)]

415
General technique at Belle Il for CPV analyses

ete” - _boosted in lab frame

The produces an entangled BYRBO pair
- 17 =0 +0"
At t = 0, one of the Bs decays, call it tag B

After a time At, the second B decays into a CP or
flavor eigenstate that we fully reconstruct
- If the signal B decays first, At is negative

Resolution of At significantly influenced by Az
resolution from pixel detector

Y(45)
resonance

t

Reco side

Signal B (CP eigenstate)

1
0
0
0
Az ~ 130um

3.

0 E/BU

4.

At = —
pyc
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  𝑩 →  𝜮 𝒄  (  𝟐 𝟒 𝟓 𝟓 )    𝜩 - 𝒄


  B


  W


   W  ex


  W


   W  an


  W


   W  em


   W  ex  


   W  an :


   W  em :


  B →  𝛴 c  (  2455 )    𝛯 - c


   W  em


  ℬ  (  B →  𝛴 c  (  2455 )    𝛯 - c ) ~ 4 ×   10  − 3


  ℬ  (  B →  𝛴 c  (  2455 )    𝛯 - c )


  –


  ℬ  (  B →  Λ c    𝛯 - c ) ~   10  − 3


   𝛴 c  (  2455 )


     𝛯 - c


   B + →  𝛴 c    (  2455 )  + +    𝛯 - c −


   B 0 →  𝛴 c    (  2455 ) 0    𝛯 - c 0


  772 ×   10 6


  387 ×   10 6


  Υ ( 4 S )


  M (  Λ c +  𝜋 ± )


  Δ E


  M (    𝛯 - c  − , 0 )


  ℬ  (   B + →  𝛴 c    (  2455 )  + +    𝛯 - c − )


  =  (  5 . 74 ± 1 . 11 ±   0 . 42  − 1 . 53  + 2 . 4 7 ) ×   10  − 4


  ℬ  (   B 0 →  𝛴 c    (  2455 ) 0    𝛯 - c 0 )


  =  (  4 . 83 ± 1 . 12 ±   0 . 3 7  − 0 . 60  + 0 . 7 2 ) ×   10  − 4


  𝟕 . 𝟑   𝝈


  𝟔 . 𝟐   𝝈


  ℬ ( B →  𝛴 c  (  2455 )    𝛯 - c )


   B + →    Σ - c    (  2455 ) 0 p


   B 0 →    Σ - c    (  2455 ) − p :


   V  b c ∗  V  c s ~  V  b c ∗  V  u d


   B +


   B 0


  𝑩 →  𝜮 𝒄  (  𝟐 𝟒 𝟓 𝟓 )    𝜩 - 𝒄


  𝑩 →  𝜮 𝒄 ( 𝟐 𝟒 𝟓 𝟓 )    𝜩 - 𝒄 ′


  B →  𝛴 c ( 2455 )    𝛯 - c ′


  B →  𝛴 c ( 2455 )    𝛯 - c


  𝑾


  ℬ ( B →  𝛴 c ( 2455 )    𝛯 - c ′ )


  ℬ ( B →  𝛴 c ( 2455 )    𝛯 - c )


  B


  772 ×   10 6


  521 ×   10 6


  Υ ( 4 S )


   B + →  𝛴 c    (  2455 )  + +    𝛯 - c  ′ −


   B 0 →  𝛴 c    (  2455 ) 0    𝛯 - c  ′ 0


  B


  𝑩 →  𝜮 𝒄 ( 𝟐 𝟒 𝟓 𝟓 )    𝜩 - 𝒄 ′


  Δ E


  M ( γ    𝛯 - c )


   B + →  𝛴 c    (  2455 )  + +    𝛯 - c  ′ −


   B 0 →  𝛴 c    (  2455 ) 0    𝛯 - c  ′ 0


     𝛯 - c  ′ −


     𝛯 - c  ′ 0


     𝛯 - c  ′ −


     𝛯 - c  ′ 0


  6 . 4 𝜎


  5 . 3 𝜎


  ℬ  (   B + →  𝛴 c    (  2455 )  + +    𝛯 - c  ′ − )


  =  (  1 . 68 ± 0 . 31 ±   0 . 12  − 0 . 54  + 1 . 49 ) ×   10  − 3


  ℬ  (   B 0 →  𝛴 c    (  2455 ) 0    𝛯 - c  ′ 0 ) =  (  1 . 28 ± 0 . 32 ±   0 . 10  − 0 . 21  + 0 . 30 ) ×   10  − 3


  ℬ (    𝛯 - c → X )


   B + →  𝛴 c    (  2455 )  + +    𝛯 - c −


   B 0 →  𝛴 c    (  2455 ) 0    𝛯 - c 0


  ×


  ⟹


  ⟹


   𝑩 𝟎 →  𝝆 +  𝝆 −


   𝝓 𝟐


  B → 𝜌 𝜌


   𝜙 2


  (   91 . 5  − 5 . 4  + 4 . 5  ) ∘


  B → 𝜌 𝜌


   𝜌 +  𝜌 −


  ⇒


   𝝓 𝟐


  (   𝟗 𝟐 . 𝟔  − 𝟒 . 𝟖  + 𝟒 . 𝟓  ) ∘


   𝑩 𝟎 → 𝜸  𝑲 𝒔 𝟎 𝝅 𝝅


   𝑩 𝟎 → 𝜸  𝑲 𝒔 𝟎 𝝅 𝝅


  𝓞


   𝑩 + →  𝝁 +  𝝂 𝝁


  B  (   B + →  𝜇 +  𝜈 𝜇 ) =  (  4 . 36 ± 1 . 89 ± 1 . 01 ) ×   10  − 7


  B =  (  4 . 18 ± 0 . 44 ) ×   10  − 7


  B =  (  5 . 3 ± 2 . 0 ± 0 . 9 ) ×   10  − 7


  B  (   B + →  𝜇 +  𝜈 𝜇 ) < 7 . 13 ×   10  − 7     ( B a y e s i a n   U p p e r   L i m i t )


  B  (   B + →  𝜇 +  𝜈 𝜇 ) < 6 . 25 ×   10  − 7     ( F r e q u e n t i s t   U p p e r   L i m i t )


  𝓡


  𝐃


  𝓡


   𝐃 ∗


  𝓡


   𝐃  ( ∗ )


  𝝈


  𝓡


  𝐃


  𝓡


   𝐃 ∗


  Δ 𝒯 / Δ w


    𝐚 𝐛  − 𝟏


    𝐚 𝐛  − 𝟏


   𝐞 +  𝐞 −


    𝐚 𝐛  − 𝟏

