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Recent results of B and B, decays at Belle (this talk):

* Lepton flavor universality: R(D), R(D*)

* B - X, 2%v,inclusive for |V, | and differential branching
fractions

e Band B, decays: B - K*0t*1t~and BY - DX

Other topics related to Belle (ll)
 Charmed baryons at Belle from Y. B. Li, Nov 12 15:10
« Belle Il prospects from X.Y. Zhou, Nov 13 14:30



Belle experiment and data samples
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Lepton flavor universality: R(D), R(D*)
[PRL124, 161803 (2020)]



R(D™) in semitauonic B-decays

» Lepton flavor universality (LFU) enforces the equal coupling of the gauge bosons
to the three lepton generations.

« Semitauonic decays such as B — D*)tv, are more interesting, given the third
generation of lepton family are involved in the transition.

 Sensitive to New Physics (NP): Two Higgs doublets, leptoquarks, etc.
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* The presence of NP impact the experimentally observed LFU ratios:

(%)
R(D™)) = 1133((881%(*);5;)) ,where £ =eand u

* Beyond SM particles can also alter the kinematic distributions of final state: t
lepton/D") meson polarization!3l, 5.

[1] Front. Phy. 80, 1(2000) [2] Phys. Lett. B 191, 442 (1987); 448, 320(E) (1999) [3] PRD 97, 012004 (2018)



R(D) and ‘R(D*) overview and status

« Common systematics will cancel out
B(B—D™7u.) Detection efficiency, theoretical uncertainty of form
B(B—D™evy)  factor, and uncertainty of |V

* Predictions are theoretically clean

R(D) = 0.298+0.003 and R(D*) = 0.252+0.005
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B — D™)tv reconstruction at B factories

* Challenging with the presence of multiple neutrinos in the final

states

Select the B.., with

sig

- a D(*) meson

- a charged daughter of T / \ —

Tagging methods:

Hadronic Tag:

Fully reconstructed in B — DX
modes

Tagging efficiency ~0.2%
Low backgrounds

A
>
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@) —(ws)—»(&) > "
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Semileptonic Tag:

Reconstructed in B — D(*)lv
Tagging efficiency ~0.5%
More backgrounds

A

Inclusive Tag:

Reconstruct B tag with all
particles except signal side
Higher efficiency

Need clean signal side final
state

_7-



R(D*) measurements at Belle with semileptonic tagging

New technique : Using Full Event Interpretation (FEI) tool developed in Belle Il
software framework.

[Tracks] [ VO objects ] [KLMClusters ] [ECLClusters] * The Btag IS reconStrUCted USing d
hierarchical algorithm based on a
2 ) a0 e K , multivariate analysis with
e N sl s St S Boosted-Decision Tree (BDT) in the
I/ B — D*)tv channel
Ky » Better efficiency and enables to use
(0’0 D, ) more signal decay modes
. D D D; « Simultaneous measurements of
[Computing and Software | N
for Big Science (2019) 3:6] | #'5* | R(D) and R(D¥)
B-Signal B-Tag

« 772 %106 BB events
B° o DW= (0= pw)y f+——| Y (49) ’| B*/0 » DM~y I « Four-disjoint data samples:

Signal mode Use BDT hierarchical algorithm D+,e-’ DO,E-, D™*P-. D'0p-

B0 _, Dy it B =i el * B,z and B, have opposite
flavors _8-

Normalization mode



Selection criteria

* Separate B,, — DU)lv and B,,, = D{")tv by cosine of the angle between the
momentum of the B meson and D)l under the assumption that only one
massless particle is not reconstructed:

> > D™ gy,
9 . 2EbeamED(*)g — Mg — mD(*)E 0505 py
CcoSs B,D¥g = 5 ,
|p8|[Ppt)e]
D(*)TVT

 Separate signal and normalization modes by Boosted-Decision Tree (BDT)
classifier output (Based on the XGBoost package) 2 4

— Input variables: Visible energy, m2,;.., cosfg poy O,. 5
* Best candidates are selected in case of multiple gE
B, (on highest tagging classifier output) and B, gg
(on highest p-value of vertex fit of the charm “g £
daughters) ’ e

energy left in the calorimeter - Q).



Fit results: D*€ sample

* We extract the yields of signal and normalization modes from a two-
dimensional extended maximum-Llikelihood fit to the variables O . and E.

The fit is performed simultaneously to the four D)2 samples.

[PRL124, 161803 (2020)]
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EecL: the sum of the energies of neutral clusters detected in the ECL that are not associated -10-

with any reconstructed particles.



Fit results: D€ sample

[PRL124, 161803 (2020)]

3

g ><1'0""'|"'|"l"l"': < 600 L L L e B B BN
) u ) . i
(0] 5 — B—-Dtv B—-DIlv (O}

4 Dty | N : g Signal enhanced |
S 4 IB—»D"'IvIOther 3 9',400 Ods>0.9 i
® : 2 @ -
g 3 B »D*lv §B°—-D'rv__ S

> : 7 >

- 2 IFakeD : . 200 =

O 02 04 06 08 1 12
EcoL (GeV)

SN N S B B B S B B S R B B S I S B

calibrated using

S =y ]

o @ C . ’ :

2 Q 25} Signal enhanced 1 M(D) sidebands

g S—' 2 Component types:

[2] [2]

s €15 floating

@ i ' correlated
""" = ' ] — fixed

B

0 0.2 0.4 0.6 0.8 1 1.2

A large fraction of B —» D*2v and B — D*tv decays from both B and B* are
reconstructed in the Dl samples. -11-



x B(B—D™) .,
R(D™) = ng(B——>>D(*)l+v,)) — 1

* Most precise measurements of R(D) and R(D*) to
date

* First R(D) measurement performed with a
semileptonic tag

* R(D) - R(D*) Belle average is now within 1.60 of the
SM prediction

» Expected precisions at Belle Il: (+2.0+2.5)% for R(D)
and (£1.042.0)% for R(D*) [PTEP2019,123C01 (2019)]
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R(D*) = 0.283 +-0.018 £ 0.014 | Agrees with SM within 1.1c

R(D) = 0.307 + 0.037 4 0.016 | Agrees with SM within 0.2¢

[PRL124, 161803 (2020)]
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B — X, 2*v,inclusive for |V .| and

differential branching fractions

[PRD 104, 012008 (2021)]
[arXiv:2107.13855 (2021), accepted by PRL]
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B — X, 2*v,inclusive for |V ]

- Features of the analysis P

Can fully assign each final

* extend the probed B — X,2*v, phase space B ~ B’§7Xu :;Ztsrpsa;;i::e;geeitherthe
into regions dominated by B —» X £*v, Hadronic Tag Signal Side

. — Allows to reconstruct X,
« focus onintegrated (over phase space) " .

measurement of AB

Main improvements compared previous work [PRL 104, 021801 (2010)]
Using full Belle dataset of 711 fb-
more efficient B tagging using NN = effective increase of statistics (x1.8)
improved modeling of B —» X £*v, background (e.g. for “gap modes”) as well as signal

B - Xy, B - XC‘E+V3
B - Df*v, (25+0.1)x 102 (23+0.1) x 1072
B— )(UQ+V{2 B - D*¢*y, (54+0.1)x102  (51+£0.1)x 102
= B — Dyt *v, (42+0.8) x 1073 (3.9+£0.7) x 1073
(< Dr)
B Value B+ Value B° B - D¢ty (42+0.8) x 1073 (3.9+0.8) x 1073
(> D*n)
B> X,ftu, B - D\ttv, (424+03)x 103 (3.9+0.3)x 107
u (< D*n)
B - ntty, (18+03) x10° (1.5:+006)x10™ B - Dittu, (12£01)x 107 (L1£0.1)x 107
- -5 ot (< D*x)
B - ”:f Ve (3.9+0.5) x 10 B > Difty, (184£02)x 107  (1.7+02)x 1073
B-ntty, (23+0.8) x 1073 (< Dx)
B = wf*v, (1240.1) x 10~ . 1(9—>DD,§+W (24+10)x 103  (23+09)x 107
. . S Drr
B - ptty, (1.6+0.1) x 10°* (2.9+0.2) x 10~ a4 gmrf;vf Eo.s 10.6; x 1073 EO'6iO'6; X0
o 2 - D*ant*y 2.241.0) x 107 2.0+ 1.0)x 1073
B- X,/ (22+03)x 107 (20£0.3) x 107 B - Dnttv, ’ (40+£40)x 107  (40+4.0)x 107
B - D*nt*u, (40+40)x 103 (4.0+4.0) x 1073
B> X.tv, (10.8 +0.4) x 102 (10.1 +0.4) x 102 -14-




Background suppression using BDT

BDT traning (B — X £*veagainst B — X.£*v, ) using
* MMZ (larger multiplicity of X. = more broadening)
 D* veto — use slow-1t kinematics

« # of kaons: K*, K?

* B,g vertex fit

* Sum (charges)

Selection B> X, "y, B> X.t"v, Data
My, > 5.27GeV 84.8% 83.8% 80.2%
Ogppt > 0.85 18.5% 1.3% 1.6%
Ogpr > 0.83 21.9% 1.7% 2.1%
Ogppr > 0.87 14.5% 0.9% 1.1%
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Reconstructed kinematic variables
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Missing mass squared:
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— :
B B-Div




« Consistent within in 1.70 compared to previous Belle results [PRL 104, 021801 (2010)] -16-

Partial Branching Fractions of B = X €7,

2D fit on (My, q2) with E} > 1.0 GeV:
covers 86% of available signal phase space
signal yields corrected by efficiency & acceptance
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In good agreement with existing BaBar results [PRD 86, 032004 (2012)]



Determination of |V ]|

AB(B — X, ¢/t v)

* Using the relation IVubI=\/T

B

{AT(B = X, ¢ v,)

« Based on four calculations of the decay rate

BLNP
DGE
GGOU
ADFR

Our average

L L 1 I L L Il

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4

Our average:

IV,,| =(4.10£0.09_ +0.22__+0.15

stat sys theo

compatible with excl. and CKM expectation

within 1.30 and 1.60 respectively

~N

)x 103

[PRD 104, 012008 (2021)]
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BELLE (E )
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BABAR (E()
396 £0.1020.17

BELLE m g* fit,(El>l)
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430 £ 020 +ﬂ 20-0.21
BABAR ( (m <1.D
4.10 = ()7‘4—(] 16-0.17
BABAR (m <l 7,49 8)
4. l"()"+“~’1 027
BABAR (P"<0.66)
425 = U"h+”’b 0.27

444 =024 +(l()‘) 0.10
BABAR (p*>1.3GeV)

443 027+ 009-0.11

4.19£0.12+0.11-0.12

JHEP 0710 058 2007 (GG

BABAR(m , @2 fit, p*>1GeV)

Average +/- exp + theory - theory

ﬁldof IS 1/10(CL 13.00 %)
Giordano 8 Ossola, N. Uraltsev

2

BLNP: PRD 72, 073006 (2005) DGE: JHEP 01, 097 (2006), Frascati Phys. Ser. 47, 381(2008)
GGOU: JHEP 10, 058 (2007) ADFR: EPJC 59, 831(2009), Nucl. Phys. B 768, 85 (2007)

VI [x 107
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B — X,€%v, differential BF

Measure kinematic variables in the phase space of E? > 1.0 GeV
q’>, EB, M M2, P, P

X 7 + 7 e

Basic selection & reconstruction follows integrated partial BF analysis [PRD
104, 012008 (2021)]

Additional selections on |E s - Pmiss| < 0.1 GeV and reconstructed My < 2.4 GeV
to improve resolution and reduce background shape uncertainty

Background subtraction via M, fit
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Unfolding for differential BF

A

D

X: true distribution Y: measured distribution

100

. . . 22.26.5 00 00 00 02 00 01 01 01 02 22 47
° The m|grat|0n matrlX M S :o_o 00 01 01 01 01 03 03 1.2 i i MX — Y
. 1820 | 00 00 00 03 02 04 s 1.3 80 . . .
as d representatlon Of g 16.18 :().o 01 00 05 02 13 : » 0 o: D|rect SOlut|On for X IS
detector response R P NN X=M1yY
~ 1224 (% g 2 |
O.' 1012 _0.1 0.7 13 05 1.0 0 o_ .
. e o 02 06 07 11 02 06 00 .
* M(I’ J) = prOb(O/O) to é o (03 19 5 01 01 00 00 00| SlngUlar-Value-
68 | O 5 : | L.
Observe an event N bln | a6 | 5 01 01 00 00 00 00 20 Decomp05|t|0n (SVD)
. . i 00 00 00 00 00 00 00 00| NIMA 372:469 1996
|f |t hasatrue Value IN e (02 01 00 00 00 00 00 00 00 00 0 !: . ( .)]
bin j e is applied for unfolding
True q2 [Gevzl in thiS analYSiS.
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Differential spectra of B —» X £*v,

Convert unfolded yield to AB in each bin considering efficiency & acceptance
All MC shapes are normalized to AB =1.59 x 103

[arXiv:2107.13855 (2021)]

Differential braching fractions (E1B > 1 GeV) are measured for the first time

Necessary input for future model-independent determinations of |V,
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BO — K*0t*t~and B — DX
[arXiv:2110.03871 (2021), submitted to PRD]
[arXiv:2106.11265 (2021), submitted to PRD]
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Measurement of B? —» K*Ot*t-

Motivation:

* The decay of B® - K*Ot*1~ is highly suppressed in the SM and can only proceed
via a flavor-changing neutral current, with a predicted branching fraction of
order O(1077).

 Compared with electron and muon modes, the decay is expected to be more
sensitive to new physics in a model which has a coupling proportionate to the
particle mass [1-5].

* The decay B* — K*1t*1~ has been conducted by BaBar setting an upper limit Br(B*
— K*1*17) < 2.25%1073 at 90% C.L. [6].

Reconstructions:
B..g: 489 exclusive B meson decays. In(Oyg) > -7, |AE| < 0.06 GeV, and 5.275 < My,

< 5.290 GeV/c? (¢ = 0.24%). AE = Epiag — Eem/?2
* By B - KOT T Mye = +/(Bem/2)%/cE — [PBtag|?/ >
* KOSK; 1T 2e Ve, T ouV v,and T 2> TV pata sample:
[1] EPIC 77, 701 (2017) [2] PRL 120, 181802 (2018) [3] JHEP10, 184 (2015) 711 fb1, 772 x 106 BB pairs

[4] JHEP 09, 40 (2017) [5] J. Phys. G 28, 307 (2002) [6] PRL 118, 031802 (2017) -22-



Control channel B® - D~ (— K*Omt)£*v

Dominant backgrounds: such events in B® » D™ (— K*°mt™)2*v have the same final-state particles as
signal events.

No requirements of M(K*°rt") and M2 ;.

o i e Data — Fit %
O 150— __—" ——— (0]
8 - a5 {va D 4 Ve -
& - --B°B -- B*B~ =
o : - qa --- Rare B ,,g
= | utv 2
2 100_ i
L% B Rare B: charmless hadronic,
- radiative, and electroweak decays
50— |:
OJ PR oL =
4 41—
— 2 _ 2_ | | |
304“ S ol 44 +L?ll Lt .
a 4 g i rE LI A 1)
-2 -2 + °
41— 4+
0 5 5 410 0 0.5 1 15 2
Miss (GeVZc?) Egel (GeV)

The branching fraction measured by fitting to EE5" is (2.26+0.17)% and to M3 ;. is

(2.19+0.15) %, respectively, which are in good agreement with the world average of
(2.31£0.10)%. -23-



B(B® - K*O1t*17)

[arXiv:2110.03871 (2021)]

— 150 ,
% i . Dgta —Fg_o
O] ----Signal [x(-10)] ---B'B
5 i -- B'B - qq
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B D st WO O ool Lo Pk ey Pt o O
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S o4 t4 i *++++++
e MR R I LA S I
4 . ;
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Ezc (GeV)

Optimized by the Punzi figure of
merit [arXiv:physics/0308063.]

Signal Mode Mpwo,— M3
(GeV/c?) (GeV?/c*)

K*%ete™ >14 >3 &
K®eFu* >14 > 1.6
K*ut ™  >1.6 > 1.6
K*%rFet  >14 > 210
K*rFu* >14 > 2.0
K nrtn— =15 <9
* Insignal region of Eg5@ <
0.2GeV:N.,=-49+6.0

sig
and Ny, =122.4 £ 4.9

* The first experimental
upper limit at 90% C.L. on
BO - K*Ot*1™ is 2.0x1073,
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Measurement of By —» DX

Motivation:
» Determine f, (the fraction of Y(5S) events containing B.-meson pairs)

B(Y(55) —» D, X)/2 = fs-B(Bs — D, X)+f,- B(B— D,X)

* B, properties can provide important information on CKM matrix parameters.

Reconstruction: Tag Channel |Signal Channel |Efficiency (%)
The semileptonic tagging method: H{K K }r  |26.1+05
s K2{ntn=}K |38.5£0.6
Signal side Tag side ¢ st ;

K*YK*rF}K [24.6 £ 0.5
H{KTK~}mr [27.6 £0.5

X
Y (5S) I<Dg KJK K2{rtr"}K |37.8 £0.6
D; By By T e

K*{K*nT}K [24.6 £ 0.4

X Mlgliss - (\/3/2 —0E— EBe)z - (p*DZ)z

Tag side: The number of B? tags is obtained by fitting M2 ;.. and My, distributions. Three

categories: correct tags, incorrect B tags where the tag-lepton is combined with the
signal-side D, (cross-feed), and other incorrect tags (combinatorial backgrounds). -25-



[arXiv:2106.11265 (2021)]
Signal side: The number of signal-side D, obtained by performing a 3-dimensional

binned maximum likelihood fit to the M2, Mp%, and Mf)isg distributions.

Q0] ‘“‘\-’70; 2"3 : Red curve: signal,
> F 2 f S 70F blue curve: cross-feed,
G I O 60f o | d cubve: combi 2
10 50 9 f (L greed cufve: combinatoria
8. L S50k =
40t St % 50F i
% E anE < F A
‘g [ ..240_ 840: I\
930 o [ T |
: ; : \
wof L 30} sk ’I 't
20 : : ¢ A
r , : C | TN
: - —¢- \
10: Foft AN | + 10 10 + \
R B Y S e~ v A = | AT LRI BPRTET I S0 M,
92 194 196 198 2 L e e
Mosgsig / GeV/CZ 9.92 1.94 1.96 1.98 10 8 6 -4

2 -2 0 2 4
Mpg o/ GeV/C? M2/ (GeV/c?)?

B(B! — D,X) = [61.6 & 5.3(syst.) £ 2.1(syst.)]%
fs = 0.278 4+ 0.028(stat.) & 0.035(syst.)

* The first direct measurement of the B, = DX inclusive branching fraction.

« B(B{ - D.X) substantially lower than the world average but consistent
within its large uncertainties. -26-



Summary and conclusion

* Belle recently provided the most precise measurements
of R(D), is now within 1.6c of the SM prediction.

 The first measurement of several differential kinematic
distributions in B - X, 2*v, which enables a robust
determination of |V |.

* The first experimental upper limit at 90% C.L. on B(B°
— K*01*1~) and the most precise measurements of B(B!
— D.X) and f, are given.

Thanks for your attention!
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R(D) and ‘R(D*) overview and status

« Common systematics will cancel out
R(D(*)) _ B(B=DWru,) Detection efficiency, theoretical uncertainty of form
— B(B—DM™tve)  factor, and uncertainty of |V
* Predictions are theoretically clean
R(D) = 0.298+0.003 and R(D*) = 0.252+0.005

*/-\ B 1 I 1 1 1 1 I 1 1 I 1 I 1 1 I 1 I 1 1 1 |
<) B Ax*=1.0 contours ]
M 04 2021 —
[ LHCbIS N
0.35 __ 30 _—
L LHCb138 )
03— —
: ° :
L o =
0.25 — & Bellel9 ~ Bellel5 o
B Bellel7 World Average B
B R(D)=0.339+0.026+0.014 ]
02— + Bigi 16, Gambino 19 R(_D’:)) 3:80.295 +0.010+0.010 ]
-+ l?ordone 19 l | g(xz) —28% 7
0.2 0.3 0.4 0.5
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