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e B(Y(4S) — BB) > 96%, with pSM ~ 0.35 GeV/c
e nothing else but BB in the final state

.. if we know (E, p) of one B, the other B is also constrained
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We also have data taken off-resonance
as well as energy scan around Y(55)

See Appendix, p.35-37.

“B-tagging”

unique to e*e~ B-factory
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Part 1 B decays



R(D*)

LFU test via R(D) vs. R(D*)
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For details of the Belle || R(D*) measurement, see Appendix, p.38-40.
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Inclusive LFU test w/ R(X )

® Why measure R(X_,,)? B(B — XTv)
. . (*) R(XT/E) —
e different systematics from R(D" /) B(B — X/{v)
® hence, a complementary test of LFU
@ Procedure .,
® use T — £ U, modes QB

e select events with B, + £, with remaining

tag
particles attributed to X

e distinguish signal from background by using
M?. and pf

IM1SS

¢ background mostly from b — ¢ — £; some
continuum and fake leptons B

QD
I,
a )]
=
s

wn

(D)
)
-
L
-

Recent physics results from Belle Il incl. BY — K vp Youngjoon Kwon (Yonsei U.) Apr. 11, 2024 for DIS 2024 @ Grenoble, France 8



QD
T)
a )]
=
+—
wn
(D)
—
-
L
-

arXiv:2311.07248 Kl 4

submiztted to PRL

<O

Belle I

R(X_,), event distributions
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Belle II Preliminary /£ dr=189fb™"
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@ for reliable template shapes for fitting

® make detailed adjustments to MC (FF’s, B
and D BF’s)

® corrections by comparing MC to data in

control region: low g2, low Méiss, high M,

¢ e.g.adjust My in p, > 1.4 GeV sideband;

using these weights also improves modeling
in M?. _and g*

miss

Main sources of systematic uncertainty:

 MC stat +5.7 %
* Bkg shape +5.5 %
* My modeling +7.1 %
* B — X v BFs +7.7 %
* B — X.fv FFs +7.9 %

Apr. 11, 2024 for DIS 2024 @ Grenoble, France 9
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R(X_,,), compared with R(D'")
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Search for Bt — K v at Belle |l

@ In the SM,

4 W. G.P 1. PRD 107, 014511 (202
o B(BT > K*wvb) = (5.58 £0.37) x 107 4] G. Parrott et al. PRD 107, 014511 (2023)

incl. long-distance contribution from B — 71)

vV v
o
-«
Vet £
B u,c,t
) — < <“— 3
U U

@ sensitive to new physics BSM, e.g.
* leptoquarks,
* axions,
* DM particles, etc.

¥ PRL 127, 181802 (2021)
B(BT — KTvw) = (1.977310%) x 107°

<4.1x107° @ 90% CL
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Hadronic tagging (HTA)

2
Drec

%

‘\Ki )
-

e <
Other

tracks and clusters
in the event

@ Features of HTA

» uses full decay chain information of of B, .
* high high purity, very low efficiency .
* uses BDT for signal extraction (BDTh) .

Recent physics results from Belle Il incl. BY — K vp

Efficiency

g, : mass squared
of the neutrino pair

Purity, Resolution

Youngjoon Kwon (Yonsei U.)

Two ways of tagging

Inclusive tagging (ITA)

2
Arec

\\
Rest of event
(ROE)

@ Features of ITA

exploits inclusive properties of B,
high efficiency, low purity

BDTs in two stages (BDT1 mostly for gg;
BDT? for final signal extraction)

Apr. 11, 2024 for DIS 2024 @ Grenoble, France 13
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Signal efficiency (ITA vs. HTA)

after multi-variate analysis for ROE with BDT for BDT efficiency validation,
see p.42 in the Appendix
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arXiv:2311.14647 PRl "4

PRD accepted Belle IT

Closure test (ITA)

8000

- [ 0 B' =7 K" o Pion ID instead of kaon ID

O o 5 — BB . ) : .
o : Belle II oo o Different g;,. bin boundaries

= 6000 - o J £dt =362fb" E lg f o Only on-resonance data used for fit

O ML# : DZ?amuum o Only normalization systematics included
— 5 —

< 4000 F 7//, Sim. stat. unc.

N _ — @ —

D o

= 2000 - %

o e Result:

g - @

E U o BB+ — 1KY = (2.5+0.5) x 10~

g Consistent with PDG:
= : BBt - 7vK% = (2.3 £0.08) x 107>
U ™ N Emen e
_ 5 b | L |
0 5! 10 15 20
G [GeV2/c!] Qroc = 8/4+ M2, —/sE,

Assume B is at rest in the Y (45) rest-frame (¢ = 1)

Recent physics results from Belle Il incl. BY — K vp Youngjoon Kwon (Yonsei U.) Apr. 11, 2024 for DIS 2024 @ Grenoble, France 15



arXiv:2311.14647 PRl "4

+ + ( ) PRD accepted o
n(BDTy) n(BDTs)
0.92 0.94 0.96 0.98 1.0 0.92 0.94 0.96 0.98 1.0
500 ; . 3000 bt
Belle II j . Belle II :
" [ L£Ldt=(362+42) b ” [Ldt=(362+42)fb! WM B —K v
& : D) . mm BYBO
200
E : § 2000 = B‘B-
= Bl Continuum = Bl Continuum
c% ¢ Data c% ¢ Data
O 100 : O 1000 :
0 0
5 5
=R ) S—— L S = R ) SO S S N S
ay - A -
_5‘ | | i | | i | | i | | _5‘ | | i | | i | | i | |
1 4 8 925k1 4 8 25F1 4 8 2541 4 8 25 1 4 8 2511 4 8 25k 4 8 2541 4 8 25

G (GeVE/Cl) (2 = /A M2, — \[sEL, %elGeV/C]

BBT = KTvi)ypa = (2.7£0.5+£0.5)x 107>

Recent physics results from Belle Il incl. BY — K vp Youngjoon Kwon (Yonsei U.) Apr. 11, 2024 for DIS 2024 @ Grenoble, France 16

I
~
4L
R
4L
AQ
—
@)
y—
i
2
(q0)
O
w



arXiv:2311.14647 PRl "4

PRD accepted Belle IT

BT — K™uU post-fit distributions (ITA)

n(BDT,) > 0.98
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9§(B+ — K™uD) global picture B

PRD accepted Belle I
Average
f 3+0.4

—— Belle II (362 fb!, combined)

2.3+ 0.7 This analysis

Belle II (362 fb!, hadronic)

1.1+1.1 This analysis

Belle II (362 fb!, inclusive)

2.740.7 This analysis

Belle II (63 fb!, inclusive)

1.94+£1.5 PRL127, 181802

Belle (711 fb!, semileptonic)

1.0£0.6 PRDY96, 091101

® Belle (711 b, hadronic)

2941.6 PRDS&7, 111103

0. 497i0 037

Q

BaBar (418 fb™!, semileptonic)

0.240.8 PRDS82, 112002

BaBar (429 fb!, hadronic)

1.5+£1.3 PRDS87, 112005

0 2 4 6 8 10
10° x Br(BT™—K T vp)
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Part 11 Charm baryon
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Charm baryon decays Z° — Z'4Y
C 0 0 /
(W =7r"n,n)
Sensitive to (a) W-emission, and (b) W-exchange diagrams

Theory predictions vary in wide
ranges for both BF and «
See Appendix, p.43

* difficulties for theoretical predictions

@ measures BF and decay asymmetry parameter o
* in a combined data set of Belle (980/fb) + Belle Il (426/fb)

(a) (b)

d >— d > > U

< d < < u

> u > u
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B(E) — E1°) branching fractions
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=0 = 0} _ —3
Results Belle Belle 11 Combined B(—'c — =07 ) - (69 = 03 = 05 = 15) X 10
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> .. :
ks Belle Il precision is comparable consistent w/ Zhong et al. [JHEP (2023)]
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=0 _, =0_0y 4 )
dcié\; x 14 a(E) = ZANa(EY = AnY) cos =0
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O‘(“C — om )a(“ — Am ) = 0.32 O'OS(Stat) Belle & Belle |l data sets

. . _

4  using «a(Z - AnY) = —0.349 £+ 0.009 (PDG),

T

= —0 —0__0\ __ 0.90 + 0.15 + 0.23 consistent w/ Pole model, CA,

2 @7 — > =TT — = U. 1L Y. L Y. and SU(3)r approaches
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Part lll Energy Scan
for Bottomoia
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Belle I

Energy scan for Y (107353)

€ ‘Y (1()7 5 3) . :é: —¢- Belle data, nnY(1S)
_ s *°E 4 Belle Il data, xnY(1S) %
« first observed by Belle, [JHEP 10 (2019) | ‘- |
220] with 5.2¢ e
¢ in the energy dependence of By
+ . + _ —0.5:— .............................
€ ¢ — Y(I/lS )71' T s & Belle data, tnY(25) %
e 1 several competing interpretations s o ¥ Bellell data, nnY (25)
Belle II result N ;
e arxiv:2401.12021 e
+,— o= o3
*eec € — Y(l’lS)]Z' /2 with T SE —+—Belle data, Y (3S) %
_|_ —_ = 2.5;—
Y(HS) — U U *§ 2E= 4 Belle Il data, 7Y (39)
c e confirms Belle results of Y (10753) 3 JF JF
= o T(0753) 5 T(10753) ’ _ . NN VS |
% O-(]‘S/QS) OZ(BS/QS) 05 5 10|.5' — |10|.6| — '10|.7' — |10|.8| — '10|.9' — |1l1| —
§ Ratlo 046—l—8%g O 10‘l‘882 Center-of-mass energy [GeV]
qg; s mall
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Belle I

Energy scan for Y (107353)
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i Belle II, 4.7 fb-!
- /s = 10.805 GeV

e 98 985 99 995
M(yY(1S)) [GeV/c?]

C o bata Belle II, 9.8 fb™ Belle I, 9.8 fb™ ]
F Total fit Vs = 10.745 GeV| = Data Vs = 10.745 GeV -
 —— Background — Total fit

— Background

Belle Il, 4.7 fb™
Vs = 10.805 GeV -

0.7
M(=*n0) [GeV/c?]

0.8 0.9

hence a confirmation and a new decay

channel

e the ratio y,,w/nx Y (nS) ~ one order of

-130

e cross section shows a peak at Y(10753),

D

<O

magnitude higher at Y(10753) than at Y(5.5)
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Y(10753) = y,ow and @

e Tetraquark interpretation of this state predicts enhancement of ['(wn5)

~30
Y(10753) — n,(1S)w F(Yr*m™)
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Summary

@ Belle Il has collected over 0.4 ab~! data sample in its first 3 years of
operation before LS1, and started Run 2 data taking in Feb. this year.

@ With the data set of ~1/2 the size of Belle, the physics precision of
Belle Il results are comparable or better in many analyses.

@ Recent Belle Il physics highlights include first evidence for
BT — K"vp, and inclusive test of LFU with B — Xtv.

@ In addition, we have presented interesting new results in charm
baryons and bottomonium spectroscopy.

Run 2 is underway with the goal of collecting a several ab™! data in
the next few years.
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eTe” — T(4S) as a B-factory

25 —
The Upsﬂon System ]
%“ ol N 1.lnb o(ete” - Y(4S)) _
= ~3nb o(ete” - qq)
2 L i
9 ]_5-_ ;?: (qzu»d;S;c) ]
gl 10.58 GeV :
(RGN o Y(4S) 1
T S t - )
L ' \ ¢ ' o -
— 5 X L oo .
b [ ¢ oy O A P ....5...“.-4‘* ol as
o TI(IS) | TI(ZS) T(SS) . ; N
044 046 10.00 10.02 10 34 10. 3’? 10 54 . 10 58 10.62
Mass (GeV/c") 2 x mg =10.56 GeV

e B(Y(4S) — BB) > 96%, with p§™ ~ 0.35 GeV/c

e nothing else but BB in the final state
-, if we know (E, p) of one B, the other B is also constrained
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Key variables of B decays

AE = E¥ —1\[s12 My =\/(/5/2 -5}

: Signal F-
5 Continuum :
BB background E
" Signal
X Continuum
n BB background

03 02 -0.1 0 0.1 0.2 0.3 8.2 5.22 5.24 5.26 5.28 543
AE (GeV) My (GeV/c?)



How to handle a missing particle at Belle II?
ete” - Y(4S) - BB

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting
one B (B,,,) makes it possible

to constrain the accompanying

B (Bsig

Studies of missing-energy final states at Belle I Youngjoon Kwon (Yonsei U.) PNU-IBS 2023
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How to handle a missing particle at Belle 1I?

®ete” - Y(4S) - BB

® only two B mesons in the final
state

® Since the initial state is clearly
determined, fully accounting
one B (B,,,) makes it possible

to constrain the accompanying

b (Bsig

® Having a single missing particle
(e.g.v) is usually as clean as , ¥
getting all particles measured i \

® The price to pay is a big drop of
efficiency ( < O(1%))

Studies of missing-energy final states at Belle Il Youngjoon Kwon (Yonsei U.) PNU-IBS 2023 36



Full Event Interpretation (FEI)

@ FEl algorithm to reconstruct B,

e uses ~200 BDT’s to reconstruct O(10%) different

B decay chains

e assign signal probability of being correct 5,

Comput Softw Big Sci 3, 6 (2019)
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R(D*) from Belle Il

R = 2B DY)
First R(D*) result from Belle II BB — D*¢+v)

Analysis features -
® Use hadronic B-tagging with FEI (slide 34)
e leptonic 7 decays, 7t = £V, 0,
e three D* modes: D't — D", D™7z" and D0 — D9

Signal (B — D*r"1) & Normalization (B — D*£ 1)
® extracted simultaneously
e by fitting 2D (M?2. , Egcy)
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R(D*) from Belle Il

Bellell simulation B — D*tv Belle simulation B — D*lv
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@ Signal (B — D*7"v) & Normalization (B — D*£"v)

® extracted simultaneously
e by fitting 2D (M?2. , Egcy)

2
— Ppx — D)

EECL = extra energy (unmatched) in the
EM calorimeter

2 _
Mmiss — (pe+e‘ — PB

tag

Recent physics results from Belle Il incl. BY — K vp Youngjoon Kwon (Yonsei U.)
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R(D*) from Belle Il

@ Fit projections for the sub-mode D" — D%z 2. =189 fb~!
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R(D") = 0.2627 57530 "0 033

@ Systematics
. dominant sources: £y PDF shape, MC statistics
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some corrections & validations

1.0 707
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FIG. 4. Efficiency of reconstructing an energy deposit in the FIG. 22. Distribution of AE in data obtained for BT —s

ECL matched to the K? direction as a function of the K}

, ) , . (KT, 77)D° decays reconstructed as BT — KTvi events
energy for data and simulation selected with the ITA analysis.

with the daughters from the D° decays removed.

The relative abundance DK™ to DYz for data vs. MC is
found to be consistent w/ expectation with 1.03 &= 0.09
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Signal efficiency validation (ITA)
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in preparation for JHEP $

O N EOhO
(h° = 7% n, 1)

Table 1. Theoretical predictions for the branching fractions and decay asymmetry parameters for

Charm baryon decays =

=Y — Z9R0 decays. Branching fractions are given in units of 1072,

Reference Model BE) - =7 B(E? - =% BE! =2 aE - =271
Koérner, Kramer [5] quark 0.5 3.2 11.6 0.92
Xu, Kamal [7] pole 7.7 - - 0.92
Cheng, Tseng [8 pole 3.8 - - —0.78
Cheng, Tseng [8 CA 17.1 - - 0.54
Zenczykowski [9)] pole 6.9 1.0 9.0 0.21
Ivanov et al. [6] quark 0.5 3.7 4.1 0.94

- Sharma, Verma [11] CA - - - —0.8

& Geng et al. [12] SU(3)r 4.340.9 1.7+19 8.67 55" -

) Geng et al. [13] SU(3)p 7.6£1.0 10.342.0 0.14.1 —1.00+9:07

= Zhao et al. [14] SU(3)r 4.740.9 8.342.3 7.241.9 -

%‘1 Zou et al. [10] pole 18.2 26.7 - —0.77

1 Huang et al. [15] SU(3)r 2.56+0.93 - - —0.23 + 0.60

T Hsiao et al. [16] SU(3)r 6.0+1.2 4.271°9 - -

5 Hsiao et al. [16] SU(3)p-breaking 3.641.2 7.34+3.2 i i

S Zhong et al. [17] SU(3)r 1.1315-59 1.56+1.92 0.68313272 0.50105%

g Zhong et al. [17] SU(3)r-breaking 7747252 2.437279 1.6372:9% —0.29792%

= Xing et al. [18] SU(3)r 1.3040.51 i i ~0.28 4+ 0.18
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