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e'e »un’ )~ 1nb (calibration)
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Spherical BB events

Jet-like qq events




Belle(II), LHCD side by side

\ /

Belle (I1)
e'e”»Y(4S)»bb
atY(4S): 2 B's (B® or B*) and
nothing else = clean events

LHCb

pp2>bbX
production of B*, B®, B_, B_, A,...
but also a lot of other particles in the event

(flavour tagging, B tagging, missing energy] = lower reconstruction efficiencies

= initial conditions are precisely known
o, ~1nb =1 fb™' produces 10° BB
o, 5l0 1/4

total ~

o,; much higher than at the Y(4S)

Vs [GeV] | o,nb] | o510,
HERAPpA | 42 GeV ~30 ~10°
Tevatron 2TeV 5000 ~103
8 TeV ~3x10° | ~5x10*
LHe 14 TeV ~6x10° ~102

bb production cross-section at LHCb ~ 500,000 x BaBar/Belle !!

higher luminosity

B mesons live

mean decay length pyct~ 200 um

data taking period(s)

[1999-2010]=1ab™"
[2019-...]=...
(near
[Belle II from 2019]- 50 ab ™!

)

much lower than at the Y(4S)
= lower trigger efficiencies

ObB/ Ototal
relativey long

mean decay length g yct~ 7 mm
(displaced vertices)

[run I 2010-2012] =3 th™
[run II: 2015-2018]=6 fb'

| future
[LHCDb upgrade from 20221



A diversified physics program
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From KEKB to SuperKEKB

| e+3.5GeV16A |

Belle detector

Superconducting
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Add / modify RF systems
for higher beam current

I I Positron source

D . . - —~— ! T —
'« e* source ol i ’ N New positron target /

‘ 3 capture section

Low emittance gun

SuperKEKB

ARES copper
cavities (HER)

Low emittance positrons
to inject

oo\ R,
g iy, B igyi L
2ere o} :By:t ng

- ‘C%eak ~ 30 x ﬁfeak
» moderately increased beam currents -

* Squeeze beams @IP by ~1/20 Ly dt =50 ab™" ~ 50f£1 dt

Low emittance electrons
to inject
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Datasets at Belle and Belle II

Integrated luminosity of B factories 10 : : : 60

-1 - m— | neakiTarget) ‘
m . - e -
1200 T 5 T I On resonance : o & s |11, L[ab-1]
—KEKB =y Y(55): 121" E
] - [ Wmmy  y(45): 711 b} o
1000 - /_/-/J s EST S 40
Y(2S): 25 b * — L . =1
200 ¥ Y(1S): 6 b~ =, 6 =~
| Off reson./scan: =
| Yl “100m” 3 g
' | t ~550 fb? I= 1 20 —
2
o
i8]
D
o

L e e e e On resonance:
; Y(4S): 433 fb ! 2
| Y(3S): 30 B i 41 10
200 _ / Y(2S): 14 b !
| pe / Off resonance:
0 P i 54 b 0 0

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 2018 2024 2029 2034

IR WORLD RECORD: 4.7 x 10°* cm™%s™!

Data taking: 1999 - 2010 « Collected ~424 fb-! around Y(4S) until now

On/off/Scan Y(nS) peaks « LS1 starts in summer 2022 to fully install the
772M BB events @Y (4S) pixel detector and accelerator machine study
« Operation will be resumed around the end of

2023



Bottomonium
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- Below BB thresholds — bottomonia are

well described by the potential models.

- Above BB thresholds - bottomonia

express unexpected properties:

- Two charged Z; states are observed
(B(*)B* molecular?)

- Hadronic transitions are strongly
enhanced (OZI rule violation);

- n transitions are not suppressed
compare to n*n” transitions (heavy quark
spin-symmetry violation);

Conventional bottomonium (pure b_E states)
Bottomonium-like states (mix of bb and BB)
Exotic charged states (Z{)
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Discovery of Y(10753)
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Belle: several ~1fb-1 scan points

below Y(5S5)

« New structure observed in n*n~Y(nS) transitions

T (10860) T (11020) New structure
M (MeV/c?) 10885.3 +1.5722 11000.0142 113 |10752.7+ 5.9 197
I (MeV)  36.6%55103 238155 ii’:g 35571151573

e — bb) (pb)

Gdre ( e

Chin. Phys. C 44 (2020) 8, 083001

i )
BELLE

400

200

A dip at 10.75 GeV

10.8 10.9

\s (GeV)

I, may correspond to

Y(10753).

10



Theoretical interpretations

Godfrey and Moats, PRD 92, 054034 (2015)

Y(4S) B'B B'B* BsB B.B. Y(5S)

v(as)  Y(3D) Y(55)

10.55  10.60 1065 10.70  10.75 1080 10.85 1090 10.95
Vs [GeV]

 Mass does not match Y(3D) theoretical predictions,
and D-wave states are not seen in ete” collisions.

* Y(4S) - Y(3D) mixing can be enhanced due to hadron
loops.

[ Conventional bottomonium
Eur. Phys. J. C 80, 59 (2020)
Phys. Rev. D 101, 014020 (2020)
Phys. Rev. D 102, 014036 (2020)
Phys. Lett. B 803, 135340 (2020)
Phys. Rev. D 104, 034036 (2021)
Prog. Part. Nucl. Phys. 117, 103845 (2021)
Eur. Phys. J. Plus 137, 357 (2022)
Phys. Rev. D 105, 114041 (2022)
Phys. Rev. D 106, 094013 (2022)
Phys. Rev. D 105, 074007 (2022)

d Hybrid
Phys. Rept. 873, 1 (2020)
Phys. Rev. D 104, 034019 (2021)

A Tetraquark
Chin. Phys. C 43, 123102 (2019)
Phys. Lett. B 802, 135217 (2020)
Phys. Rev. D 103, 074507 (2021)
Phys. Rev. D 107, 094515 (2023)
11



Unique scan data near /s = 10.75 GeV

3.5/fb 1.6/fb 9.8/fb 4.7/fb 12

) _ [ mm Belle .
= | ", 10" mmm Belle Il = B
& >
E-\ I ik "5 8— —
(7p] I o IL |
&, ; l E . :
= 5[ a ‘n ., g
5 i é - 1 4.7 fb .
7 } \ 24 3.5fb B
LY N A g, 3
I . N, AN £ 2 1.6 fb-1 ]
0 ,,_,.,.._:é— L | I | | I | | I | I | 1 | | L
[N S S N Y NN TN N IS § NVUNNEN AU U U [ TR SN S S T SR N T R 1860 10.65 10.70 10.75 10.80 10.85
10.5 10.6 10.7 10.8 10.9 11 Eer [GeV]
E.m (GeV)

« In November 2021, Belle II collected 19 fb-! of unique data at energies
above the Y(4S): four energy scan points around 10.75 GeV.

- Belle II collected the data in the gaps between Belle energy scan points.

* Physics goal: understand the nature of the Y(10753) energy region.
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Motivation to search for Y(10753) - wxyy

Theory: Branching fractions of 103 for Y(10753) — wyp; [PRD 104, 034036 (2021)] and

Y(10753) — ntn~Y(nS) [PRD 105, 074007 (2022)] assuming Y(4S) - Y(3D) mixing state for

Y(10753).

Charmonium sector:

- Two close peaks observed in the cross sections for ete™ - n*n~]/ by BESIII and ete™ —
nn~Y(nS) by Belle, respectively, may suggest similar nature.

* Y(4220) - yX(3872) and wy., observed by BESIII.

« S0 we expect the observations of Y(10753) — yX, and wxy,.

Y(4220)/Y(4320) - wnJ/¢ - Y(4220) - yX(3872) Y(4220) - wx.o
100 2 0.8 ‘
s - 4+ XYZ BES]]I - I BGS]]I —+- Data 100 - + BGSIII ~4- This work
@ 80 __Fit] g’ 0.6F ol IE__;ES”' 2014 | 4 BESIII 2015+2016
—~ = 5 - i m—— -o |
2 b --Fitll Pt akas i PRL 122, 232002 | = PRD 99, 091103 (2019)
B ; ‘ ’T 0.4 (2019) > 50
T oeof ] I
° Ty ? © 0.2 ° + +
i e e - e e T i P R SR ST
0738 4 4.2 4.4 46 © . . 4.6 42 43 44 45 46 13



Two dimensional unbinned maximum likelihood fits

Observation of Y(10753)— wxy,

PRL 130, 091902 (2023)

to the M(yY(1S)) and M(n*n~n?) distributions.

Events / (10 MeV/c?)

Belle I, 1.6 fb" Belle Il, 1.6 fb™
aF (D Vs = 10.701 GeV Vs =10.701 GeV
3 - $ .

- Belle I
2 -
q f— ® [ 3 ] —
0 f 1 1 I 1 ]

L e Data Belle II, 9.8 fb™ Belle II, 9.8 fb™ ]

sl —— Totalfit Vs =10.745 GeV| ~* Data /s = 10.745 GeV ]
| —— Background — Total fit
20k --- Yo 11.1c — Background
10f
0 --------

- Belle I, 4.7 fb” Belle I, 4.7 fb™" |
8F Vs =10.805 GeV \s = 10.805 GeV -

5 4.50 7
6
af
2F d ‘

\_ [ ] 1
O-SEIEII e Sr” oW WL iy s _ h
9.75 9.8 9.85 9.9 9.95 0.7 0.8 0.9
- 2
M(yY(1S)) [GeV/c?] M(x*rn?) [GeV/c?]

120

410

{10

—30

Vs (GeV)

Channel

Nsig

(UL)
GBorn

(pb)

WY1 68.97131 3.6157 £0.4
10.745
WXz 27.671%6 2.8%1%+0.5
WXb1 15.058% 1.6 @90% C.L.
10.805
WOXb2 3.3133 1.5 @90% C.L.
The ete™ - wxp; (3 = 1, 2) cross sections peak at
Y(10753).
ol —®- Belle Il data Belle II, 1.6, 9.8, and 4.7 fb™ |
o °f = Belle data . SCRe)
g — Total fit §4 =
— 6[ -=+ Solution | ERlER
%< i -= Solution |1 _3 géo
A 1
Qo 2 Ko
\CP/ 2 ] &)’
o] i ~ —:1 5
0 1075 108 10.85 107 1075 108 ‘110"85 0
The points at v/s = 10.867 GeV are from Belle s (GeV)

measurements [PRL 113, 142001 (2014)].
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Discussion

~1.5 at /s = 10.745 GeV [PRL 130, 091902 (2023)]

o(ete”~xpy(1P)w)

o(ete™=Y(NS)m*n~) T _0.15at.s = 10.867 GeV [PRL 113, 142001 (2014)]

dY(5S) and Y(10753) have same quantum numbers and similar masses, but the difference on
the above ratio is large. This may indicate the difference in the internal structures of
these two states.

0(e+e——>xb1(1P)w)
o(ete™—x,,(1P)w)

= 1.3+0.6 at /s = 10.745 GeV [PRL 130, 091902 (2023)]

d Contradicts the expectation for a pure D—wave bottomonium state of 15 [Phys. Lett. B
738, 172 (2014)]

d An observation of 1.80 difference with the prediction for a S—D—mixed state of 0.2
[Phys. Rev. D 104, 034036 (2021)]

15



Search for X, ya

[ —e-Data Belle Il, 3.5 fb! | —e— Data Bellell, 1.6fb" 410 PR 130. 091902 (2023 /
— 10 — Total fit Vs = 10.653 GeV : :?:a_l.:l;( Vs = 10.701 Gev: d ( )
N i 0w X| g =
e o - AT
O 5 _-5
= | l x : Y(1S)(—e'e /uTu)
e |1 | t '
A i SR T . S L ST L . .
= oF Belle II, 9.8 b Belenazio’ | ° No significant X, signal is observed.
@ s = 10.745 GeV (s = 10.805 GeV - .
c 5= © ® 1 . The peaks are the reflections of efe™ — wyy,.
20 i
S ]
LU -5
D2 dos 04 105 106 103 104 105 107> From simulated events with m(X,) = 10.6 GeV/c?
M(wY(1S)) [GeV/cH] The yield is fixed at the upper limit at 90% C.L.

m(X,) = 10.6 GeV/c?

0.46

0.33

0.10

0.14

m(X,) = (10.45, 10.65)
GeV/c?

(0.14, 0.55)

(0.25, 0.84)

(0.06, 0.14)

(0.08, 0.37)
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Measurement of the energy dependence of the efe~ — BB, BB*

Vs = 10.745 GeV, 9.8 fb!

Ccross sections
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<O
Belle I

M,. fit at scan energies

Entries / (2 MeV/c?)
[a:]
o
™

(7]
o

BB*

Lo2]
L=

* R * 10.653 GeV

Entries / (2 MeV/c?)
B
o
T

10.701 GeV
1.6f0"

*

[AS]
o
o

10.746 GeV

—_
o
(=]

|
d

BB | M

i/ |
M{MM%M {W . "-"'-"“Mﬂ%%ﬂﬂﬁ

.................... b

o]
(=]
1

Entries / (2 MeV/c?)
I
o

Entries / (2 MeV/c?)

P 2]
o o
T

n

10.805 GeV
\ 4.7 o’

} Y(4S) ISR

(=]
T

w

H[H]l M AE’ sideband

n
o

-
(=]

M, [GeV/c?]

|
5.35 5.4
M,. [GeV/c?]

- ete™ — BB, BB* and B*B* signals at v/s ~ 10.75 GeV can be clearly observed

o2

M,. [GeV/c?]

- Contribution of Y(4S) — BB production via ISR is visible well (black dotted histograms)
« At +/s=10.653 GeV, the sharp cut of the data at right edge is due to threshold effect
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Energy dependence of the cross sections

o)

S | o

o Preliminary
T

©

E., [GeV]

Solid curve — combined Belle + Belle II data fit
Dashed curve - Belle data fit only

New: rapid increase of Og*B* above the threshold

Similar behaviour was seen for D*D* cross
section (PRD 97, 012002 (2018))

Possible interpretation: resonance or bound
state (B*B* or bb) near threshold (MPL A 21,
2779 (2006))

Also explains a narrow dip in c(efe" BB*)
near B*B* threshold by destructive interference
between ete™— BB* and efe"— B*B* — BB*

Inelastic channels [t*n~Y(nS) and h,(1P)n]
could also be enhanced (PRD 87, 094033
(2013))

19



Search for etfe ™ wn,(1S) and e e™wxyo (1P)

A Tetraquark (diquark-antidiquark) interpretation of this state predicts enhancement of
Y(10753) — wn,(1S) transition [Chin. Phys. C 43, 123102 (2019)].

[y w)
[(T ntn—)

30

O The efe"wxy,(1P) (3 = 1, 2) was found to be enhanced at /s = 10.745 GeV (PRL 130,

091902 (2023)). The ete™wyyo(1P) transition was not observed due to low
B[Xpo(1P) = YY(1S)] = (1.94+0.27)%.

0 We reconstruct only w —» '~ n® and use its recoil mass to identify the signal.

E, .. —E*\? *\ 2
Mrecoil(ﬂ-—l_']r_ﬂ-o): ( == ) o (p_)

20



Events/10 MeV

D

Recoil mass spectra of n*n n® I

Belle I

> x10°
E— — " ’ Q :_ .
e —Tota  Preliminary 5 120/ - A 3 polynomial for
SR — 100 s |
30000 . }83 UL at 90% CL 2 B Preliminary N (1S)
25000 ° s 80 « A product of a 4th
- C —«— Dat i
20000 ) 60 D Belle Il 9.8 fb” polynomial and a
o Bre'ﬁ'(')’ ?485 fg v & SR (s = 10.745 GeV square root function
5000E 5= ° 200 - 1..(1P) UL at 90% CL for Xpo (1P)
.o - )  Polynomial orders are
) [0} o . .
= 400 = 00f chosen with maximum
= ~ - p-values
Pl
o @
> 0 i .
- o0 - OjHli } 1% « The yields for xp4(1P)
500 and xp»(1P) are fixed
0 3 [PRL 130, 091902
-600 T S S S S S R
92 925 93 935 94 945 95 9. 55 9.6 9. 78 9.8 982 984 986 9838 99 992 994 (2023)] '
Mrecoil(nJrn_no) [GeV/c ] Mrec0|l(n+ T n°) [GEV/CE]
Channel ete” — (18w ete™ = xoo(1P)w No clear n,(1S) and yxuo(1P)

signals are observed.

Yield  (0.23+0.49 £0.25)-10° (1.24 1.4 £0.9) - 10°

21



Born cross sections

2 ¥ .
Fom s Xl — N-[1-1T| Preliminary
ogleTe” = Xw] =
e-L- (1 + (5133) - Bint
Channel ete” — m(1S)w ete” — xpo(1P)w Upper limits at the 90%
, CL are set using the
3
Yield (10°) 0.23 £0.49 £ 0.25 1.2+£14+£09 Feldman-Cousins method
Born section section (pb) 0.5+1.1+0.6 26+3.1+21 Eligésé-)?ev- D 57, 3873

Upper limit at 90% C.L. (pb) <2.5 <8.7
'(I'ggrfg)u]?rk model in Ref. [CPC 43, 123102 This measurement and JHEP 10, 220 (2019):
IT(T(10753) — ny(18)w) = 2.647470 MeV; | B(T(10753) - my(1S)w) < 25 pb |

!_F(T(10753) — Yrtr~) = 0.08503% MeV 'L o?(T(10753) — T(28)7*7~) ~ (3£ 1) pb |

Our results do not support the prediction within the tetraquark model that the Y(10753)—wn}(15)
decay is enhanced. 22



Updated measurement of the energy dependence of the
ete” =n 't~ Y(nS) cross sections

Preliminary

10[ =Y (1S) at 10.653 GeV

10.0 MeV/e?, |
2] ] N

vent 10.0 MeV/c?
B (=] (=] o

Y (2S) at 10.653 GeV

Event 10.0 MeV/c?
W A~ OO~

10.0 Mev/c®
(2] =] (=]

_. Eygnt1.0MevicZ
o (=] o (=] o o

0.OMeVE

2
18 , 4. 30 I, 4.7 fo! 9F Belle I, 4.7 b
1916* ATY(1S) at 10.806 GeV “ppsf. MY (2S) at 10.80 b 8¢ Y (3S) at 10.806 GeV
S14F > S 7F
[} [} (]
=12 =20 S 6F
o o o
S10 Sis =3
= = T 4F
& 5 5
> >10 = 3
w w
* 2
: o
1 1 1 Il 1 Il
1.25 1.3 1.35 1.4 .75 0.4 0.45 0.5
AM GeV/c? M Ge AM GeV/c?

AM=M@m"n~ p*rp=)—Mu*p-)is
defined to extract the signal.

Significant signals for Y(1S, 2S)m*m™ at+/s
= 10.745, 10.806 GeV

No evident signals for Y(3S)m*m~

Significance for Y(1S)m*n™ at+/s
= 10.653 GeVisonly 1.7 ~ 2.30,
depending on different background
assumptions.
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Intermediate state —M (7r1r)

Events / 20.0 MeV/c?

Events / 20.0 MeV/c?

10 B
o[ Bellell, 9.8 10"
[ Y (1S) at 10.745 GeV
6f
4t
Y o
0.5 1
M(zx*n) [GeV/c?]
25
- Belle I, 9.8 fb"
20 -
[ anY(2S) at 10.745 GeV
15 - } }
10 |
5 —
- li . . . | . 1 |
0.4 0.6 0.8

M(r*n) [GeV/c?]

Events / 20.0 MeV/c?

Events / 20.0 MeV/c?

e I L LA = I N B«
T T T T

Preliminary

- Belle ll, 4.7 fb'
| awY(1S) at 10.806 GeV

12 |

o nY(2S)at10.806 GeV

M(r*n) [GeV/c?]

14 |

N £ (o] co
L B

Belle 11, 4.7 fb™

Y 06 08
M(rx*r) [GeV/c?]

D

DO

Belle I

Dots: events in signal region

Green: nearest sidebands, scaled with
area

Red dashed: signal MC, simulated
uniformly

Red solid: re-weighted signal MC

Y(1S)nm .
Consistent with PHSP
()(2 = 0.98,1.14)

Y(2S)rmm .

Not consistent with PHSP
()(2 = 3.45,2.43)
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Intermediate state —Macei (77)

Events / 10.0 MeV/c?

Events / 10.0 MeV/c?

ok
8 Bellell, 9.8 fb"
7F  anY(1S) at 10.745 GeV
6 F
5F
4
3
o F
B
: 1 0ghtt g el
0.6 0.8 1
AM, [GeV/c?]
16 —
1| Bellell,9.8fb"
1o mrY(2S)at 10.745 GeV
10 —
8l
6
Al
2}
0.3 l

Events / 10.0 MeV/c?

Events / 10.0 MeV/c?

8
7 E _1
t Bellell, 4.7 fb
6F  axY(1S) at 10.806 GeV
5F
4F
3
g | r
2 E 1 | | [ |
W F 1|
i [T L
- f o | . Y . | —— o ® -
0.6 0.8 1 1.2
AM, [GeV/c?]
10 |
Belle Il, 4.7 fb™

8f anY(2S) at 10.806 GeV

0.3

AM, [GéVIcz]

D

DO

Belle I

o No evidence of Z,,(10610/10650).
o Upper limits estimated at 90% C.L.

Preliminary
10.745 GeV 10.805 GeV
Mode 7Y (1S) «T(2S) «T(1S) =Y(25)
NUL(Zbl) <49 < 13.8 < 5.2 <12.3
Nur(Zy2) — — < 5.8 < 6.0
a 0.247 0399  0.256  0.472
€ - — 0.395  0.270
o0L(Zy) (Pb) <013 <014 <043 <035
o8 (Zy,) (pb) - —~ <0.28 <0.30
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Updated cross sections

- Y (1S) at Belle

% 25 —- Y (1) at Belle Il
Fit with three coherent BW, convoluting a 7 e 410 % WL
Gaussian modeling energy spread: ¢ "£ Preliminary
C‘g 0.5 ) 4) + |
3. \/12nI;B; f(/s) : .

0 |X - |—=%e'1|2 ® G(0, 5E)

i s—M; +iM;I; |f(M;)

- 1Y (2S) at Belle %*%

All parameters are free, except 0E = 0.0056 GeV g 6 Bkt
- &, 7.50
Parameters of Y(10753): :
M g 2 ;
=10756.3 £ 2.7 s¢ar) | RS S

: -z
i 0'6(SySt)Mev/C g o - nnY(38) at Belle }
[ =29.7 + 855100y + 1.1 (5503 MeV I .
g 15 0.20 %
Relative ratios of cross section at different resonance peaks 5 } ‘%

_‘.A.LIA

T(10753) T(10753) T(55) T(55) T(65) T(65) |
Ro1s25) Rosas) Roisjes) Rozs/es) Ra(ls/gs_) Ra(gs/zs;

1 L | 1 L 1 L | L 1 1 1 | L 1

: 0.15 05 04 0.04 023 16 ; 1
Ratios 0.467g75 0.10700: 045700 0.327503 0.647073 0417075 103

Center-of-mass energy [GeV]



Measurements of AT - X*tr% X™n and *n’

B Motivation PRD 107, 032003 (2023)

® For the charmed baryon weak decays: B, — B + M, there are six topological diagrams. Among them, T and C are
factorizable, while C" and E;_3 are nonfactorizable.

® All the nonfactorizable diagrams contribute to AY - X*tn(n").

\

q q C
g q q
T C C’
external W-emission T internal W-emission C inner W-emission C’

-
-

—> > > >
q c c §
7 >
C C q
> > > >
& q

E1 Es E"2

W-exchange diagrams E; E, E; 27

Y
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032003

Measurements of AT - 2*tr% X n and *n’

B Motivation

PRD 107, 032003 (2023)

® Theoretical predictions on the branching fractions and asymmetry parameters of AT — Z*n(n') vary across.

® Branching fractions of AT — %1 (n') are measured with large uncertainty (6B/B>40%) [PDG]. Decay asymmetry
parameters for these two modes have never been measured.

Decay Korner Xu Cheng Ivanov  Zenczykowski Sharma Geng Experiment
CCQM  Pole CA  Pole ccQM Pole CA SU(3)
Af = oty 0.16 0.11 0.90 0.57 0.32+0.13 0.44 + 0.20
AT - 2ty 1.28 0.12 0.11 0.10 1.44 + 0.56 1.5+ 0.6
AT = 2ty 0.33 0.55 0 —0.91 —0.40 + 0.47
A -2ty —045 —0.05 —0.91 0.78 1.0070%)

Branching fractions

Asymmetry parameters
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Measurements of AT - X*tr% X™n and *n’

B Measurements of branching fractions of A7 - X*nand A} — ¥y’

Et - pr® 0’ > nprmn - yy) full Belle
datasets
+ + +a! + + +f
Method: B(A: ~X7n/X7n) = y(Ac Z+11/2: ) (v is the efficiency-corrected yield).
B(Af > 2*n®)  Bppg X y(A7 - Z+m?)
:j:z_ Reference - Data :zz Signal _+ Data +S igna+l - Daa
N e X A} -3t o Signa % a0 AL > 2N - Signa
~>‘31200:— A(a)_) I'm B kir"g kg < 300 c(b) 7 l§egakir|19 Bkg § ses:akill'ug Bkg
%1000;— ----- Smooth Bkg s 250 f .. Smooth Bkg 20 F A e Smooth Bkg
o o e o 0 = g =
ol 8 150 _§
£ 100 c
E - 50 w
0_ botainued 0 Qe sl sda et sdadesese
0:., -gf!'l 1""'I1""I L B Y T |.._I__.___I r|I|. ﬂ:_ _gf -_L,L_I.lll.__l_ R L 03- _g;]l' m e Pl 'I""'l"'l'"ll"'"I"I‘
2.1 215 22 2.25 23 235 24 2.45 21 215 22 225 23 235 2.4 2.45 245 22 225 23 235 24 245
M(Z*r°) [GeV/c?] M(EZ*n) [GeV/c?] M(E*) [GeV/c?]
B(Af-x*
( +C TI) = 0.25 4+ 0.03 + 0.01; B(A*C' - Z"'n) = (3.14 4+ 0.35+0.11 + 0.25) x 1073
B(A}->x*n0)
B(Af-ztnr
B((ALZJO)) =0.33+0.06 + 0.02; B(A} - 2*’) = (4.16 + 0.75 + 0.21 + 0.33) x 1073
; 1] \

PDG: B(Af > 2tn) = (444+2.0)x 1073
PDG: B(A} - 2*n") = (15+6) x 1073

statistical systema

Consistent with PDG. Most precise result to date

tical from B(A} - 2tn?%)
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The differential decay rate depends on the asymmetry parameter a5+y as:

a

pr®

Measurements of AT - 2*tr% X n and *n’

B Measurements of asymmetry parameters of AT — 2*n?, ¥, and Z*n’

dN " p
— X1+ ay+yax,__0COSOy+
dcosOs+ XX pm x
= —0.982 %+ 0.014 from world average value.
F 600
so00- () AT — XF70 - (b)) AT =Xy
g\f 3ooof 9\3 400
R v
o 2000 o
o r %]
=z C Z 200
10007
006060402 0 0.2 0.4 06 0.8 1 0 06 06-0402 0 0.2 0.4 06 0.8 1
COSB;. cos6y.

® ay+.0=-048=0.02 +0.02
» agrees with the world average value: —0.55 + 0.11.

» with much improved precision.

A} rest frame =" rest frame

Ny /€ (/%)

300

200
100

0

e b b by b b b b s by 1
1-08-06-04-02 0 0.2 04 06 08 1
cosby.

» The consistency with ayo,+ = —0.463 + 0.016 + 0.008 indicates no isospin symmetry broken.

. az+

n

= —0.99 £ 0.03 + 0.05 and ay+,, = —0.46 £ 0.06 = 0.03

> measured for the first time.
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Branching fractions of A} —» pKJKS, pKdn

B Motivation PRD 107, 032004 (2023)

® Precise measurements of branching fractions of charmed baryon weak decays are useful for
studying the dynamics of charmed baryons and testing the predictions of theoretical models.

® No result of branching fraction for AT — pKSOKSQ is reported. According to theoretically results
based on SU(3)F symmetry [EPJC 79 (2019) 946], we estimate ~0(10%) signal yield at Belle.

® Measured branching fraction B(AJCr - pKSQn) = (4.15 + 0.90) x 1072 has large uncertainty
(6B/B~20%) [PDG]. We target at an improved precision of BF.

® Check Dalitz-plot for the intermediate resonances existence, e.g. N*(1535).
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Branching fractions of AT —» pKJKJ, nKdn

. . . ull Belle
M Signal Yield Extraction )
datasets
Signal: AT - pK2K? Signal: A - pK? Reference: Af — pK?
ghal: A, PRgKg gnal: A, pisn - ¢ pis
0 10° 10°
A_I T LN B B L B A A4__I"‘I"‘I"'I"'I";- A-I"'I"'I"'I"‘I"'
i © ©
> S 3 (c)
[} [} (0]
= = =
o o has
B B D
2 L 2
© " (1] ©
- - i i = 2
T 0er A ] T 5
c SN C c
W] B ] © C
(@] C O C .. o F ..
02.I24. . .2.I26I - ‘2-.*28I 2}3. I I2.\’|521 — 02.J24. " I2.J26 ----- I2.I28. . 2"3- : .2.;2I — 02.124‘ * I2.J26“"- I2.I28I I .273 - l2.J32‘ .L
M(pK 2K 2) (GeV/c?) M(pK 21) (GeV/c2) M(pK 2) (GeV/c?)
B L b LI Xc-a X o 4 e aT SaE R0 25 2AT im Eh Shr o5 ass 2p7 208 229 23 251 282 288
Yields Al = pKIKY AL = pKin Al - pK§
NER 2442 + 103 12877 £ 317 515296 + 1129

sig

M Efficiency Plane

* For reference mode, directly use the efficiency from MC.

* Forsignal modes, possible intermediate structures affect on final averaged efficiencies.

Therefore, we use the Dalitz-plot-based efficiency planes.
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Branching fractions of AT - pKJKJ, nKdn

M Efficiency Plane AF = pKIKQ At - pK2n
. 0.18 0.09
ﬂ"_| —
X 3 0.17 3, 0.085
5 <
o 28 0.16 o 0.08
226 >
= 0.15 = 0.075
S 24 X
g v 0.14 S 0.07
R P T - 0.13 : 0.065
22 24 26 28 3 32 21222324 25 26 2.7 2.8 2.9 3
M*(oKs) ., [GeV7/c] MP(pK 3) [GeV?/c]

Plots (c, f) show the average signal efficiency in bins across the Dalitz plane. The red curves show the edges
of kinematic phase-space region of the decays.

B Branching fraction
B(A? - pK3KS,pK¢n) _ y(Af » pKIK, pK3n)
B(A} - pK?) Bppg X y(A¢ — pKy)

(v is the efficiency-corrected yield).

B(Af>pKIKJ)
B(A¥-pKQ)
> First observation

= (1.48 £ 0.08 + 0.04) X 1072 mp B(A} — pKIK?) = (2.35+ 0.12 + 0.07 + 0.12) x 10~*

BUACPKST) _ (573 4 0.06 4 0.13) X 101 mp B(AY - pKn) = (435 + 010 + 0.20 + 0.22) x 10~
B(Af-pkg) T T T ¢ 2 pKgn) =(435+£0.10+£0.20 £ 0.

» Consistent with world average value (4.15 + 0.90) x 1073 and threefold improvement in precision.
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Motivation

Search for the semileptonic decays of E0 — Z%¢* £~ at Belle

Experimental study of baryonic semileptonic decays can test the Lepton Flavor University (LFU) and provide important inputs
for theoretical studies.
Few neutrino-less decays were observed experimentally[1-4].
Only upper limits were set for A, — pf* £~ decay for the charmed baryons|[5,6].
Both W-exchange and FCNC process contribute to A, — p£*£~, while some anomalies were reported for FCNC processes in
B meson decays.
The study of 20 —» E0¢% £~ decays, related with A, = p£*£~ under SU(3) flavor symmetry [PRD 103, 013007(2021)], have
not been measured experimentally.

It will help the understanding of the charmed baryonic semileptonic decays, and allows an LFU test.

decays Experimental results on By Ref.

29 > Ae'e (7.6 £+ 0.4 + 0.4 +£0.2) x 107° [1]PLB 650,1(2007)
x> putu (8.61%% + 5.5) x 1078 [2]PRL 94,021801(2005)
A, = Autpu (1.73 + 0.42 + 0.55) x 107° [3]PRL 107,201802(2011)
A, = Autpu (0.96 + 0.16 + 0.13 + 0.21) x 107° [4]JHEP 06,115(2015)
A, > pete <55x107° @ 90% C. L. [5]PRD 84,072006(2011)
A, > pete < 44 x107°@ 90% C. L. [5]PRD 84,072006(2011)
A, > putu <7.7%x1078@ 90% C. L. [6]PRD 97,091101(2018)

LHCb
1 F —+4 Data 9fh~"

SM from DHMY
0.5 77 SM from ASZB

T %

' [({\2 A]

w

1

[7]PRL 126,161802(2021)

HHHHH
OI-:q?

B\I ,
<g
I'H

LHGb 5 b

<812 GeV? ¢t

<g° <6.0GeV ¢
i

V2 et

[8]Nat. Phys. 18, 277(2022)
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Search for the semileptonic decays of E) — Z%¢*¢~at Belle

Overview

« Signal 22 MC samples are generated in e*e™ — c¢¢ process.

e Using full ~1ab~! Belle data, we directly reconstruct the £ —» Z%¢* ¢~ decays.

Events/2 MeV/c?

Results

=9 reconstruction

501
40f
30F .
20}

10}

- Data
— Total Fit

..... Background

LR R o
108 13 132 134 1.36
M(AT®) (GeV/c?)

Events/5 MeV/c?

Z00* ¢~ invariant-mass spectra for (a) £ = e and (b) £ = pu.

25

20

15

10

_ ll 11
i} %Hl L

24

5

ot

- (a)

m

- Data

— Total Fit

----- Background
=’ Sideband

o

1 PR

M(=%e*e) [GeV/c?

* No significant signals are observed for the Z°¢* £~ invariant-mass spectra.

* 90% credibility upper limits on branching fractions are set:

> B(E2 - E0¢0%¢7)/B(E? » E7n*) < 6.7 (4.3) x 1072 and
> B(Eg — EOF%’_) < 9.9 (6.5) X 10™° for electron (muon) mode.

e This analysis is to be submitted to Phys. Rev. D.

Events/5 MeV/c?

15

10

Jul

|

|

- Data

— Total Fit

----.Background
=’ Sideband

Jn

- []mu]w lq-llln

i Y
24

7245

MEuty) [GeV/c?

55 255
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Mass and width of A.(2625)"and BRof A.(2625)" = 20"«

B Motivation PRD 107, 032008 (2023)

® A.(2625)T(JP = 3/27) is the excited state of Af. It dominantly decays to Af ¥~ via P-wave decay.
The D-wave decay A.(2625)" — 22'++n is also allowed, but its contribution is known to be small.

® The limited decay phase space of A.(2625)" — A}m*m~ makes it difficult to extract the o yields by

fitting the M (AFm®), due to the presence of reflection peaks formed by the combination of the AF and
the other final-state pion. This can be solved by using a full Dalitz fit [PRD 98, 114007 (2018)].

® The mass of the A.(2625)7%, relative to the A mass, is already relatively well known [PRD 84,012003
(2011)], but the large Belle data sample allows for a more precise measurement.

® No intrinsic width of the A.(2625)* has yet been measured, and the current upper limit ' <
0.97 MeV/c? at 90% confidence level is based on the CDF measurement in 2011 [PRD 84,012003 (2011)].
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Mass and width of A.(2625)"and BRof A.(2625)" - 20"«

B Measurements of mass and width full Belle
Reconstruction mode: A (2625)% - Afn™n™, A - pK~n* datasets

1600
1400
1200
1000
800
600 |-
400 F
200

0-.

« Data
---- Signal
-.-. Background
— Overall fit

Candidates / (0.1 MeV/c?

To6se  oes 263 063
M(ALr ) (GeV/c?)
Fig: M(Afm*n™) distribution from data and corresponding fit result.

2,624

O M[A.(2625)"] — M(AY) = 341.518 + 0.006 + 0.049 MeV/c?

> consistent with the world average value 341.65 + 0.13 MeV/ c¢?
» has approximately half the uncertainty

O I[A.(2625)*] < 0.52 MeV

» a factor of 2 more stringent than the previous limit I' < 0.97 MeV
> An improved limit on the width of the A.(2625)™ will help to constrain various theoretical predictions.

37



Mass and width of A.(2625)"and BRof A.(2625)" = 20" 1

B Measurements of branching fractions
Full Dalitz plot fitted with AmpTools is performed [PRD 98, 114007 (2018)].

62 L I 20 62LF 120
_ 615} 18 6150 100
5 6%
> 61 ¢ 14 > 6.1F 80
O 6.05 [ 12 S 6.05F
N - 10 T : 60
S 595 6 S 5950
£ 4 2
59 [ 5 59 0
Bl b b b b e b L L 0 P PR BRI BRI S B B R 0
0.08 0.085 0.09 0.095 0.1 0.105 0.11 0.115 50 595 6 6.05 6.1 615 62
Me(r*1) (GeV?/c* . . ME(AIT) (GeVZc4
() ( ) Dalitz plot for A.(2625)" candidates (Aem) ( )

900 F 600
F — Overall fit C

800 | -
3 — P(!'lSP bkg 500
700 — Zg . C
3 —3.(252 C
600 F _Ziﬂ 520) 400 |
500 F — 3(2520)" '

g 300 |
400 C

300 F

200 |
200 F -
100 F

| 1 100 f
0> L‘/—:ﬁ e Lt ia s 0‘
2

42 243 D244 245 246 247 248 249 25 251
M(AZm) (GeV/c?) M(x*) (GeV/c?)

Dalitz plot fit result plotted as projections. Solid lines show the overall fitted distribution and
its individual components as indicated in the legend.

Candidates / (0.75 MeV/c?)
Candidates / (0.70 MeV/c?)
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Mass and width of A.(2625)"and BRof A.(2625)" = 20"«

B Measurements of branching fractions
The branching ratio of A,(2625)* — £2** 1 relative to the reference mode A.(2625)* — Atmw*m~ is calculated by:

B(A(2625)* > 22""m)  ¥sig(Ze™™) — Vg (B )
B(A.(2625)F - Afntn~) Vsig(A:(2625)%)

(v is efficiency-corrected yield)

Vbkg (22**) is obtained from sidebands of M(Af* ™). We obtain:

B(A,(2625)* — 2%7)
B(A.(2625)* - Aftntn™)

= (5.19 + 0.23 + 0.40)%

B(A,(2625)* — £}+m)
B(A.(2625)* - Aftmntn™)

= (5.13+ 0.26 + 0.32)%

O The measured branching fraction ratios agree with PDG values and are the most precise to date.

O Our measurements align with the prediction that assuming A.(2625)™ is a A mode excitation [PRD 98, 114007
(2018)].
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BR(B* — K™vv) in the Standard Model

The decay B* — K*vv occurs through a flavor-changing neutral current

(
v
Z0 ¢
w7 Y BBT - KTvr)=(5.58+0.37) x 10~
~ u,c,t B
b— < s Phys. Rev. D 107, 1324 014511 (2023), arXiv:2207.13371 [hep-phl,
\U > U Phys. Rev. D 107, 119903 (2023)
/
wt
b o 5

<

long-distance double-charged-current

*Rare: b — suvv transition suppressed by the GIM mechanism
*Precise SM prediction: it does not suffer from hadronic uncertainties (beyond the form factors)



BR(B* — K*vv) beyond the Standard Model

/ AB(B* - K*uv) can be significantly modified in models that predict \
non-SM particles, such as leptoquarks:

PhysRevD.98.055003
JHEP09(2017)040

\ Indirect way to investigate the presence of multi-TeV particles /

4 N

SM extensions predict B¥ — K*X, , where X, is an undetectable particle

X;,, could be a feebly interacting, long-lived, particle that escapes the detector (e.g., dark sector
mediator) or a dark matter candidate.
Can be a scalar as in models with dark sector mixing with the SM Higgs PhysRevD.101.095006 or a

pseudo-scalar such as an axion or axion-like-particle PhysRevD.102.015023, JHEPO3(2015)171




Experimental status

No evidence for a signal observed to date Current best experimental upper limit: 1.6 X 107> at 90 % CL
PhysRevD.87.112005 [BaBar]

Average
The first analysis on B — K"vv performed by —_—
. . L. Belle II (63 fb~!, Inclusive)
Belle II used a limited dataset: L = 63 fb-! : 19°}¢ PRL127, 181802
| o Belle (711 fb-!, SL)
° Innovative approaCh : 1.0+0.6 PRD96, 091101
: -1
* no significant signal was observed i ’ T vy L)
o the observed upper limit was 4.1 X 107 at 90% CL ——— Babar (429 fb ', Had+SL)
- +0.8 - BT RN T S SR
e BR(BT - K*vp) = [1.91’{% (stat)” (syst) | X 10 By 0 2 A 6 3 10
5 + + o=
Phys. Rev. Lett. 127, 181802 10” x Br(B"—=K™ 17

Good sensitivity with a small dataset




B meson tagging

Hadronic B-tagging

Inclusive B-tagging
kinematic constraints help reconstruct signal with

Only reconstruct the signal B final state, no request

neutrinos in final state on the other B
Less precise reconstruction of final states with neutrinos,
+ . g
\ K but higher efficiency \Ki
r— A
et e
—_— —
T e
e ~

Principal analysis
Much larger efficiency and
significantly higher sensitivity

e(inc-tag) ~ O(10%)

Auxiliary analysis
Conventional approach for B factories

e(had-tag FEI) ~ ©(0.1% — 0.5%) Effi
Purity




In a nutshell

Challenges:

* Small signal rates, large background
* Two neutrinos => Under-constrained kinematics
e Continuous spectrum for the signal kaon, no good variable to fit

1) Reconstruction and basic selection A /2) Definition of the signal region

*Kaon identification Cut on the output of MVA classifiers
optimized and trained using simulated data

\

*ITA: reconstruct rest of the event

* HTA: reconstruct partner B in hadronic final ®€had—tag ~ 0.7 % *€had—tag ~ 0.4 %
states and rest of the event *¢;pe ~ 40 % oc, .~ 8%
AN /
. N A

9 Validation 4) Signal extraction

Check signal efficiency and background Binned profile-likelihood fit to:

modeling with data oI TA: classifier outputs and dineutrino mass

* HTA: classifier output

\ /RN J




ITA Result

Post-fit distributions for signal and background

On-resonance data

#(BDT2)
0.92 0.94 0.96 0.98 1.0
3000 : : Off-resonance data
: Belle II preliminary [l B ™ =K " vw
] _ —1 = BDT
§ §f£dt (362+_42)fb — BiBO ) 0.92 0.94 & 0.96 g 0.98 1.0
S 2000 ' mm BB 200 . ; .
'-9 B Continuum : Belle I1 preiiminary
"g }  Data § - fcdt=(362+:42)ﬂrl .
5 1000 : FC'.S -:Continuum
'—g $ Data
& 100 :
0
0
— i : E —  OF
) T = -
ay _g | | i | | i | | { | l 5 —(5] :1 '4 é 25;_1 '4 8I 25i|_1 '4 8I 25;_1 '4 8| B
1 4 8 251 4 8 231 4 8 25k1 4 8 25 2. [GeV?/e]

Qe [GEVZ /1]



ITA Result

u=>56%11(stat)" ' (syst)

# = BR/BRg,, BRg,;=497x107°
BR(BT — K*wv) = [2.8 = 0.5(stat) + 0.5(sys)] x 107

Significance of the excess o .
: Significance of the excess with
with respect to the respect to the SM signal

background-only hypothesis (4 = 1):
hypothesis (4 = 0): 3.6 0 300

First evidence of the B" — KLU process



TA

HTA Result —~ @

Post-fit distributions for signal and background

elle reliminar n b
u=22+23(stat) (syst) b s B oK
u = BR/BRy,, g |

=
BR(B* — K*up) = [1.17)3(stat) " <(sys)] x 107 %
O

Significance with respect to the
background-only hypothesis (1 = 0): 1.16
with SM signal (¢ = 1): 0.60

Pull

consistent with ITA:

difference in u for ITA and HTA
within 1.2 standard deviations




Combination

Consistency between ITA and HTA
Events from the HTA signal region represent only 2% of the signal region ITA

*Correlations among common systematic uncertainties included
*Common data events excluded from ITA sample

15.0

Belle II preliminary
[ Ldt= (362 +42) fb~!

SM
— HTA
— ITA

—— Combination

u = 4.7 £ 1.0(stat) £ 0.9(syst)

BR(B* — K*uv) = [2.4 £ 0.5(stat) "> (sys)] x 107

ITA-HTA combination improves the ITA-only precision by 10%

3.60 significance of the . .
excess with respect to the First evidence Of the

background-only + 4+ -
hypothesis (u = 0) BT - K wy process

2.80 with respect to the SM signal (x = 1)



New experimental state of the art

0.4974+0

]
M

I

X

Average

0.

Privately produced comparison

T

—

Q

S S

el

Belle II (362 fb-!, Combined)

2.440.7 This analysis, preliminary

Belle II (362 fb-!, Hadronic)

1.141.1 This analysis, |J|'vl'1|niu'(11'l\‘

Belle II (362 fb!, Inclusive)

2.840.7 This analysis, preliminary

Belle II (63 fb'!, Inclusive)

1.94 1.5 PRL127, 181802

Belle (711 fb !, Semileptonic)*)

1.0+ 0.6 PRD96, 091101

Belle (711 fb™!, Hadronic)(*)

3.0+1.6 PRDS87, 111103

Babar (418 fb!, Combined)

0.840.6 PRDS87, 112005

Babar (418 fb™!, Semileptonic)

0.2+ 08 PRDS87, 112005

Babar (429 fb!, Hadronic)

1.5+ 1.3 PRDS87, 112005
1 1

( ITA result has some tension
with previous semi-leptonic
tag measurements

a 2.40 tension with BaBar

a 1.90 tension with Belle

HTA result in agreement

2

4

6 8 10

10° x Br(BT—K " vp)

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency

Overall compatibility is
k good: y’/ndf = 4.3/4

\

with all the previous measurements

J




Total integrated Weekly luminosity [fb~!]

17.5 -

15.0

12.5 -

100 -

F -

2.0 1

N
U

0.0

- -“ftRecordeddt=427.79[fb—l] .....................................................................

Belle II run I (2019-2022)

L. =428

Belle Il Online luminosity

Exp: 7-26 - All rui

S e e s S
mm Recorded Weekly

-,

SNSRI

Date

Updated on 2022/06/22 18:14 |ST

= what about run II ?

- 300

- 200

- 100

- 400

Total integrated luminosity [fb™!]

o)

5 x 10**/cm?/s
~ 1 BaBar/year



What are our goals for 2024 ?

(please a clear and sound message)

Run stably at 10%°/cm?/s

Reach 150 fb™' per month

Exceed 1 ab™*

(setting the pace for run 2)
(while doing good physics and working for the upgrade)



Belle II calendar

10 . 60
- w— | peak(Target) ‘ 100 BaBar
uh
o4 L[ab-1
- 8 | Int. L[ab-1]
q_:L:I
© 5 —
— i =
= 2% 10%/cm?/s ! =
» =
= (fL~5-10 ab™") Q
g 4 10 BaBar O
= ' —
£ 5% 10°/cm?/s | \Lsz
3 (fL=0.43 ab™)
P 2 + 1 BaBar
4 LS1
0! .
2019 2024 2029 2034

run 1 (> June 2022): integrated luminosity ~0.43 ab ', 4-5x10*/cm’/s
PXD complete (2 layers) to be installed during L.S1 (2022-2023)
(+beampipe + TOP PMTs)

run 2 (- 2027): integrated luminosity 5-10 ab™", 2x10%/cm’/s

2028 : collider upgrade (QCS+RF) - installation upgraded detector
run 3 (- 2035): 50 ab™*



Summary

« Some new results from scan data around 10.75 GeV from Belle |11 come
out

* \We have some new results on charmed baryons from Belle

* First evidence for the B* - K*vo decay was obtained at Belle 11

* Many new results at Belle 11 are promising

Thanks for your attention!
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Comparison of obb and oggt opg*t Og*p*

o) - o - e
S 2r { i total bb = a5l i total bb
g B Preliminary g Belle g | Preliminary g Belle
o $ Bellell £ ¥ BelleII
b b
L { g T
1.5+ Black dots: Belle + BaBar 0.4 B
- [PRL 102, 012001 (2009),
PRD 93, 011101 (2016), i
CPC 44, 083001 (2020)] 0.3
! Open blue circles: Belle - :} ﬂ
1y [JHEP 06, 137 (2021)] }ﬁ
I
Filled red circles: Belle 1II 02 {
[this work] )
05+
ﬁﬁ‘ “’% .
: % h%&@ w e S
0_.|| . | L L 0_|||||||||||.||.|||||\|\\\|||||||||
106 107 108 10.9 11 11 1 112 10.6 10.7 10.8 10.9 11 111 11.2
E.., [GeV] Eom [GeV]

« Agreement at low energy
- Departure at high energy is due to B{”B!”, multi-body B®B®n(m), and bottomonia



Events/1 MeV

Events/1 MeV

60000

50000

40000

30000

20000

10000
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100

50

D

Invariant mass distribution of T 1° D

—— Data

— Total fit

----- Signal fit

-~ Background fit

—

Belle Il, 9.8 fb
/s = 10.745 GeV

9.2 < Myec(mtn 1Y) < 9.6 GeV/c?
" (n,(1S) included)

9.78 < M, (tttm?) < 9.95 GeV/c?
(xpy(1P) included)

II|IIII|II I|IIIIrIIII|III|IIII|IIIII]111I]II[

Preliminary

A double-sided Crystal Ball + a
Gaussian for w signal

« 2nd or 37 order Chebyshev polynomials
for backgrounds

« The purities of w-meson signals are

12.9% for np(1S) and 5.3% for yu;(1P)

~0.7 072074 0.76 0.78 0.8 0.82 0.84 0.86 0.88

M(ntnn0) [GeV]
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Bottomonium(-like) prospects at Belle II

Four ways to access bottomonia:

« Direct production from ete: JP¢ = 177: Y(nS)

« ISR production: JP€ = 177: Y(nS)

- Hadronic transitions from Y(nS) through n, mm, ...
JPC =07, 177, 1% ... : Y(nS), np(nS), hy(nS), ...

- Radiative transitions from Y(nS)

JPC =07, 0, 1+F, 27 ny(nS), xp(nP)




Bottomonium(-like) prospects at Belle II

Run at Y(6S) and Y(5S) and high energy scan:

Run at Y(3S) and Y(2S):

- Search for missing nm/n
transitions in inclusive decays to
constrain further models

- Search for new physics:

LFV, LFU, light Higgs, ...

ole e ~=(bb)] [nb]

Measure the effect of the coupled channel contribution
Study B®B™» and B{”B{" threshold regions (challenging for Super-KEKB)

Improve precision of already known processes and states, e.g., Z,

Search for new missing bottomonia n,(3S), h,(3P), Y(D), exotic states Y,, Z,, etc

s 100

Y(3S)
33fbT

L 10-1

bb

L 101 LFV/NP

!

B Physics
cc
bb

Y(2D)?
Spb' |

scan
~7fb"

Yp
bb
2,7

)

Y(?)
~1fb"

Z,
Yy?
bb

121fb

10.25

10.50

10.75
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ITA Post fit distributions

8
8

Examples:
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HTA Post fit distributions

Examples:

HTA Signal region u(BDT,) > 0.4

Belle IT preliminary

[ Ldt =362fb"!

Bt—K*'w
BB

cC
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data

7 Stat. unc

—~ 507
U -
o
>40—
[5) i
Ot
@30_—
~
& 20
=
- I
g 10r
Q‘ l
< I
O 9
5¢
= 0f
T

o
T
N
a]
—

Candidates / (0.05 GeV)
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