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Belle and Belle Il Experiments

Giappone %

Belle aqd Belle Il collect(ed) data at asymmetric BELLE @ KEKRB
e*e” colliders at or near the Y(4S) resonance
AT e D
« KEKB (1999-2010), peak lumi = 2x1034cm=2s™", Line = 1/ab o N S

» SuperKEKB, peak lumi =5.1x103cm=2s™

Run1 (2019-2022), Linc = 0.42/ab ]
Run2 (2024 - present), Li.. = 0.15/ab e/

S, .
; \'dentral Drift Chamber
# small cell +He/C:H.

/K, detection
14/15 layer RPC+Fe

Belle Il @ SuperKEKB

Belle & Belle Il are now synergic experiments

EM Calorimenter
OlE): 4% - 1.6% |

* Belle data can be analyzed with the Belle Il software

Central Drift Chambe:
spatial resolution: 100
dE/dx resolution: 5%

» Analyses with combined data samples
— Common review procedures in place
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Belle II: Physics Potential

Belle Il operates mainly at Vs = 10.58 GeV: = vas) .
_20k i on-resonance
b e [ "Here be B"
*o(e*e = bb)~1.1nb B ER ere be
Lpeak =2.710*cm?s"' - 30 BB /S §15 F b off-resonance
=R Y(2S) "B free zone"
Ti0f |
*o(ete > 1T)~0.9nb eof . ves
5 5[ Y + J
- ! * s e M RSP
L4 G(e+ e - CC) ~ 1_3 nb [ continuum background

oL . (. . — L (G . L
9.44 9.46 10.0010.02 ”10.34 10.37 ’10.54  10.58  10.62
e+e. Center-of-Mass Energy [GeV]

— B& 1 & cfactory
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Belle II: Physics Potential

Belle Il operates mainly at Vs = 10.58 GeV: = vas) o
wk | on-resonance
b g F "Here be B"
co(ete = bb)~1.1nb B ER ere be
Lpeak =2.710*cm?s"' - 30 BB /S §15 1 off-resonance
T } Y(25) "B free zone"
T
co(ete > 1r)~0.9nb R
5 5 4 b ;.
— [ * ’+.’- R '-*++'-.4 “4__.‘".“_,“" - ; .
* O-(e+ e - CC) ~1.3 nb [ continuum background

oL . (. . — L (G . L
9.44 9.46 10.0010.02 ”10.34 10.37 ”’10.54  10.58  10.62
e+e. Center-of-Mass Energy [GeV]

— B& 1 & cfactory

bb B Physics Yp Z
100 LFVINP cc bb z Yy?
- ‘ bb 77 Y:’? bb
< _ bb _
B-Factories can extend their physics programs - 5 S } i } An{
with non-Y(4S) data TP ]
. o 10! Yy(?) 1w
* Belle Il: 2019 unique energy scan at ~10.75 GeV ~ ° scan i
Y(2D)?
T Spb .
10.25 10.50 10.75
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Belle II: Physics Program

[See: BIITIP, Snowmass Whitepaper]
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https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/2203.11349

Belle II: Physics Program

[See: BIITIP, ]

=z 1.Charm and quarkonium at >

e . Belle and Belle Il é\qv*""‘s
”"'”—”mv.‘_,__%4 J:G:I) B. S. (thiS talk) C}‘é

-
<,
%

£ g Psyy
o,

New bottomop,,,,

New baryon \Ic\,l\tu‘u\
New H“C'ro ‘\ﬁ\
.
Qcp .\.,_t\e(o
'b@és g
% en, SRS 5
Lin rsl‘,;;=i"“ =200 ‘ <, Depende"‘ Measurements
Belle Il Data
& 2
4. Tau and dark sector,. Sy, 5 s
measurements at Belte - S g &
Tau Spectral Funcyj, << 2
and Belle I & %
epton Flavor Viglation (LEX ; %,
Zuzana Gruberova P %,
& .,
P & €, na deter
N < Cy
é(\*\ Vs
e?
i E\Br'“

piplD

“3. Measurements of rare B

«::gecays-at Belle and Belle Il

Debjit Ghosh

1atic

2. Measurementsﬂzb’f"h'"adfronic, leptonic and
semileptonic B decays at Belle and Belle Il
Jyotirmoi Borah
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Charm physics at B-Factories

‘ e ete” - ccC c }
Two ways of producing charm at B-Factories i >MW |
* Two charmed hadrons produced from continuum . : |
+ One or more charmed hadrons produced in Bdecays  , ~ .~ %
************************************ | e |
=r
| |
| !
Rich physics program e |
. ) ) “e\N‘.
* Mesons: Precise measurement in Cabibbo-suppressed decays, Today
non-SM physics can contribute at a detectible level e Acp in D° = n°n°
Most interesting probes: CPV measurements e Acp in DO = K<Ks
expect low values in charm sector
(0(107))
. . . . Wt
« Baryons: Conflicting or missing predictions for BF and lifetimes Today n
— results to verify models « =.* branching fraction

_ . UPPSALA
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Acp in D°- n°n°

Belle I

Currently limiting precision on isospin-related D — mrt sum rule

R =

AZD° — n*77) AZ(D — 770 AZHD" = 7°2°%

‘%_,__ Tpo 3 Tp+ 2 ‘%H'} Tpo Tpo '%)[}0 Tpo

* Expected R~ 0in SM
* Measured (0.9 + 3.1) x 10

Strategy:
» Measure observed asymmetry in D — n°n°® channel

 Correct instrumental effects
subtracting asymmetries measured in D -» K'n*

+ +
|+ Tpo (%m_g‘%’_m) 1 3 Tp+ (‘%’0{}4_‘%’4__) 1+ Tpo (@+__2‘%+0

3 Tp+

)

Candidates per 1 MeV/c?
w
=3
3

Control channels

10°

E T T T T T T
90 - Belle II [ Ldt =428 fb™'

80 z— —+— Data D*—tag
E— Total fit 2
;g E I Background DO d K r[+

50
40
30
20
10

Candidates per 0.068 MeV/c?
ITTIITRTI FRTTY (PTT1 FTATURYITY IUTA NRTYA AURA AT,

0k L " ! h L
0.142  0.143 0.144 0.145 0.146 0.147 0.148
AmIGeV/c2

E

Asymmetry
o

10°
F T T T T T T T T T T
300 E Belle I [ Ldt =428 fv™!
E —Dua Null-ta
20 poul it 9

E_ B B:ckeround D% - Kt

0
182 1.83 1.84 185 186 187 188 189 19 191

m(K ) [GeV/e?]
Z0.04 oy .
2 002 o . e s
E 0 ¥ M
7 -0.02
< _0.04
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Acp in D°- n°n°

Belle I

Reconstruct D™ — m* D°( - mn°® n?%)
4 Y final state, large background

Train BDT to suppress background w/ information on
Y kinematics and calorimeter clusters

* Fit D**-D° mass difference (Am) and m(rmn)
in forward and backward calorimeter regions

* Subtract detection asymmetries with D*-tag and
null-tagged D° - K'nt*

Acp = (0.30 + 0.72 % 0.20) %
R = (1.5 + 2.5) x 103

20% improvement in sum-rule precision

Candidates per 4 MeV/c¢?

T
Belle Il [ Ldt =428 fb™
—4— Data
— Total fit
- K
Combinatorial Back.

Asymmetry
Z o
=
=
==

==
==
L=
o=
=
S —
=
—
—
==

U 200F T T T I
=2 3
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E 1800 - —+—Data =
2 1600 - — Total fit 3
2 1400 Bl o' Kix® 3
2 1200 B Combinatorial Back. 3
= =
5 1000 3
S 800 E

600 = =3
400 . e omaba St e
e //// /
0 /
0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158 0.1
Am[GeV/e?]
> 0.1 T T
g 005
E 0 *
-
% 005 * + * E
-0.1
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. 0 D D
Acp In D= KsKs ﬂ;&? Be,,eﬂ

D°— KsKs: Singly Cabibbo-suppressed decays
« Involves interference between c - uss and ¢ - udd 1“([)0 N KgKg) — r‘(ﬁo N KgKg)

« Expect Acp~1%  PRD 92, 054036 Acp = 5 50 = o
— Larger values would indicate non-SM physics r(D°® - KgKg) + T(D® - KgKg)

World average value of the Ace symmetry is limited by statistics
Acp( D0 — KsKs) = (-1.9 T 1.0)%

Acp(D° - KsKs) =-0.02 + 1.53(stat) + 0.02(sys) + 0.17 (cont.mode) PRL 119, 171801 (2017)

6668 Ace(D° - KsKs) =-3.1 £ 1.2(stat) £ 0.4(sys) + 0.2 (cont.mode) PRD 104, L031102(2021)

Nuisance asymmetries induced by production and detection mechanisms
Take D° . K*K- as control channel to calibrate Acp

UPPSALA

Bianca Scavino
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Acp in Do—)KsKs: D*'tBQQEd D°

Reconstruct D™ - " D?( - KsKs)
* Main background: same-final-state D° - Ks m'm decays

Separate with Ks flight distance signifcance L/o:

Fit Am and S..,, subtract detection asymmetries
using D’ - K'K- decays

Combine Belle and Belle Il data:

Acp = (-1.4 +1.3+ 0.1) %

Candidates per 0.2 MeV/c?

Pull

Asymimetry

Candidates per (.2 MeV/¢?

ull

™

Asymmetry

D D
e llaa)
BEBIE Belle IT

5000 :—
4000 —
30000 E—
2000 é-

1000 :

PRD 111, 012015

Belle [ Ldt =980 i -

t Daw
= Fit

- D KK E
==K

= Nonpeaking back.

1400

1200

Fzoo

20

2015 202

m(O"ry [GeVie?] |

3500 =
J000E
2500
2000 2
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SO0k

Belle I [ L dt =428 fiv! '
+ Dat -
—Fit
e DUKIKD -
==K E
= Nonpeaking back. -

3500
400
300

200

(D) [GeVie?)]

Bianca Scavino
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Acr in D°-KsKs: Charm-flavor-tag D°

1 D| D
o

S o P
Charm Favor tagger: novel method to tag flavor of D° meson S ke W
PRD107, 112010 from other collision products

— new CFT-tag independent sample

@514)

=i <a—C~a— 0 —p— c— D'(ci) -

signal decay

3 —— 0 —— c— D(ci) iy

— e W
y@

signal decay

Larger bkg wrt D*-tag: i) train BDT with kinematic information, ii) cut on BDT output and S

Fit m(KsKs) and q (tagged flavor) x r (tag quality)

Calibrate r with data (to correct any detection asymmetry)

o N B A S S
> 00F o
= - i Bellell Ldt =428 fb
Tg 600F | 1
g soof N 1 R
= Eo — Fit
T af | ¥ 71 D'k K"
S S (7 D —KKq

300; —- Background

2004 1

4
100F
ok I L
1.9 1.95

m(K K3 [GeV/e?]

Candidates per 0.01

Belle Il _[ Ldt =428 fb™!

i

!

=03

0.5

Method

Acp [%]

D*-tag [PRD 111, 012015]

-1.44+13+0.1

1.3£20+£0.3

Combination

0.6 1.1 £0.1

Worlds' best determination

Bianca Scavino
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=.* branching fractions

JHEP03(2025)061 W D D
arxiv:2503.17643  WE - L=

E*. decay channels: (many) not yet measured

Currently many predictions
— need measurement to rule out some of them

Reconstruct
* (CF) B - YK, B » ot
«(SCS) &' - E%K, E' - pKs, B = Am, E% - I m

Analysis strategy:
* Reconstruct intermediate baryons A, %, 5,
optimize selection ranges on each invariant mass

* Signal yields: fitting the invariant mass

* Branching fractions: Z*.—» Z-m'n* as normalization mode

Belle 11 fcdt = 427.9(b !

- (3.2) —— Data —
5 - = Total Fit b
5:3 L L LY Combinatorial —
% 200 — Background |
=3 i i
o i
[aV] 4
hay
9 100 _|
c -
o [ v e
> 4
NN]
0 Il
=S 2
2 i ?
24 2.45 0 25 2.55
M(pKS) [GeV/c?]
Belle IT [ Ldt = 427.9fb~!
1500 T T T
[ (b) —— Data T
& I — Total Fit 7
§ B «sss: Combinatorial |
D 1000 — Background ]
= "C ]
(=} I . . B
o r .
~ - H : -
£ 500 —
Q@ r : : 7
> = H : B
Ll L H : N
e e o LTSI P avcstenncitaieanpvnd
= 3
Z i
““2a 2.45 255

25
M(En*n*) [GeV/c?]
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- . . . | D
=.* branching fractions e

First or most precise measurements!

arXiv:2503.17643 JHEP03(2025)061
o I o | - L e, O (9
] _ . _ . "
o | | e ' Fo4 | L
—— e ! A ' .
——i —— | —.— - |
—e— ] - [—e——| § . =
" - # O - o
S - S
| fe - ted - S 3}
£ e . . s
| - P —| |~
e o - # - > o
el | od : et B .
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Quarkonium




Quarkonium physics at B-Factories

» Multiple production mechanisms

JPC=0-+’ g

T ‘g

\
\
- Y(mS) B |
\
A D i H_ |
. o
s — m . . Y T |
Bdecays U Initial state radiation DOUPle CC C=+1 -y collisions | S::r"g%e Rl i |

« Nominal Vs = 10.58 GeV = m(Y(4S)), potential to reach ~11 GeV

* Full event reconstruction, decays with neutral/soft particles

. _ UPPSALA
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Quarkonium: above Y(4S) energy scan

Above Y(4S) energy scan (Nov 2021)

« Belle Il collected 19 fb-' of unique data
— 4 energy scan points around 10.75 GeV

Main motivation
 Confirm and study the Y(10753)

 Improve the precision of exclusive
cross-section below the Y(5S)

[
N

Today

* Energy dependence of
Cf( e'e - WXy (1P) )

-_—_——

[
[
[
}
A
\
\
\
\

' Change CM :

:
; J
Ny £

' PRL 130, 091902 (2023)
| PRD 109, 072013 (2014)

07, 116 (2024)
10, 114 (2024)

3.5/fb 1.6/fb 9.8/fb 4.7/fb
o - :
o @ : _ B Belle i
7y T 10 )
® } 8 HE Belle Il
= |
@ i Z s
X 1 2 ;
= 5F 4 £ 6 | JHEP
» ! = 47 fb! f
J} " : E 4 35 b JHEP
{ ] / P }”\] 5
L+ y b ]; , 8 2 1.6fb!
0| 1 Jl|. | | 1 ] ll. -
105 10.6 10.7 10.8 109 11 1860 10.65 10.70 10.75 10.80 10.85
Ecm [GeV]
E.n (GeV) cm
Bianca Scavino 14
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D D
Energy dependence of a( e*e - wX, (1P)) pewt

O(Y(10753) — wXu) [ v G 4o Belle I, 9.87 fb’
O—( Y(10753) . (L)sz) > 30: —Eackground \ Vs =10.745 GeV
= T “po
o F T Ly
= R
 Pure Y(3D) state: ~15 PLB 738, 172 (2014) = 20 (a)
& 10F
« 45-3D mixed state: ~0.2 PRD 104, 034036 (2021) @ r 4+ AN
08585 98 985 10
M(yY(1S)) [GeV/c?]
Dataset: Belle + Belle Il scan data (10.73-11.02 GeV) 10— :
< f(c Belle II, 4.69 fb"
* Full reconstruction of e*e” - WXy (1P), > (c) /s = 10.805 GeV
W - TTITO, Xo (1P) - YY(1S), Y(1S) = Il (I=e, ) = 0 .
» Search for e*e” — (TT*TTUTT)non-w Xos (1P), % i
same final state & ‘L TL VAT L J_
L1 L JJ...-:'.-‘--‘T".I .."-1--:..'-~c$J.1L .1. .I
8.8 9.85 9.9 9.95 10

M(yY (1S)) [GeV/c?]

UPPSALA
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D\ D
Energy dependence of o( e*e - (n'nm®)umw X, (1P) ) et

 Decays of Y(5S) and Y(6S) into ( TT*TTTT° )non-w Xbs (1P)

— Possible explanation:
cascade decay of Y(10860, 11020) — Z,TT — Xp; PTI

2 6 g 10

~ - Belle data — [ =Belledata

o +Belle Il data & | =Bellelldata

4T —Total fit : [ —Totalfi

w7 €

Tt T

o | ‘o b

+ +

Q " ] I,\ | . | . |

T ot o Op— T
10.7 10.7

. ' UPPSALA
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D D
Energy dependence of a( e*e - wX, (1P)) pewt

« Mass and width consistent with e*e- - Y(nS) mt Tt M =10756.1 + 3.4 + 2.7 MeV
******************************** [=3224+11.3 + 14.9 MeV

o( Y(10753) - wXp1 )
o( Y(10753) - wXp2)

=1.5+ 0.6 = no support 3D, 2.20 discrepancy from S-D mixing

 T(Y(nS) ') - {< 0.9 at Y(10753) — Different structure?

(WX ) > 28.1 at Y(5S)
8
1 - Belle data — 10' ~-Belle data
S o ~+Belle Il data a2 = Belle Il data
— = Total fit ~ == Total fit
e} o]
= =
3 3
T k)
[ ©
') k)
© ©

fT-r-7-7-t-7"7-%- . S/, R B . Al SR A ..
10.7 10.8 10.9 11 10.7 10.8 10.9 11

' ' UPPSALA
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Summary

The Belle Il physics program has strong potential both in charm and bottomonium physics
« Charm physics: CPV measurements, baryon decays, ..
* Quarkonium: unique potential above Y(4S)

Today showed:

“E‘N * First observation and best measurement of =.* branching fractions
“Q\N « World’'s best measurements of Acp in D° - n° ° (Final state unique for Belle II)

eW' « World's best measurements of Acp in D° - KsKs
\*\E\N‘- « Energy dependence of o( e*e - &Xy (1P))

Only 1% of target luminosity collected so far
* Run2 ongoing, with record-breaking instantaneous luminosity
* Rich and extensive physics program, goal of further testing the Standard Model

, , UPPSALA
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Full set of Fits
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CFT-tag D°-K;Ks Full set of fits

<D<

Candidates per 1 MeV/e2

Candidates per 1 MeV/c?

2

1200

H

T T T T T T T T

Belle j Ldt =980 fb™ ]
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