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Belle and Belle Il Experiments

* Belle and Belle Il collect(ed) data at asymmetric
e*e” colliders at or near the Y(4S) resonance
« KEKB (1999-2010), peak lumi = 2x103**cm™2s™, Li.x = 1/ab

» SuperKEKB, peak lumi = 5.1x10**cm=2s™

Run1 (2019-2022), Lin = 0.42/ab
Run?2 (2024 - present), L.« = 0.15/ab

* Belle & Belle Il are now synergic experiments
* Belle data can be analysed with the Belle Il software
« Common review procedures in place

* Especially important for analyses where
large statistics is crucial to improve the precision
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Belle II: physics potential
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Belle II: physics potential

25
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Belle II: physics program

[See: BIITIP, Snowmass Whitepaper]

New Cha"‘"on-
i,

.(‘ﬁ,
New b°“°monfum ) 03

lhh’:r NG,
o\
New baryons

e+e- -->ISR, pi+ pi- Cross-sections (g2

R
00
Spin Fragment:all’cﬂf‘,“,‘- —

Dar ,,

Axion-Like p, &
Mlicte, NG

Invisible 7+ ¢ 440_9

< m-mng_qnd cp

O tharm Lifetimes

A2 Bra,
‘ﬂﬁ‘(' (_%ncm’l?_mgﬂrs.ﬂﬂahtz analyses
4 . -1
& &,z Lepro
vé % N flavor violation
A,
< = de, cays
2 i Measurements
AW
o8
At from penguins
vub)
P e \_5\\"“. Exclusive measurements
dl’o . e“ N
Ns " . ¢
e 2
Co .1_‘%\ Uy, lept,
f);e "(\ On universalit
s,
U, ‘ ) beta, gamma
e, (55 A
ts asurements pirect T violation

Time Dependent Me '

3 Dhy
Sics
Belle Il Data Bhases inb>s: B>phi ks, Beta' Ks

g of
Dark Higgs park gect " pLpiE Direct CPV, isospin sum rules
oK ph
Heavy tau neutring 94-6 oe 32
S ‘ Sox e
LLPs Lon-wed" -" . / scd ‘Abé‘ K* gamma and radiative penguins, B-->K(*) nu nubar
g L ' 6->K* &
< WO o
Magnetict o Tau By
o Qass , VV: right.j
3 r,;,, o 2 anded currents, triple products
Tau Spectral Fyp, Z QL
Ctions S,
e,
% p,
) ?'b uins: p..,
Lepton Flavor Violation (! .-.oo 5141 lepton universality, NP
’é‘k
-\cﬂ" Lamma determinations

W
harmed resonances

Bianca Scavino

UPPSALA
4 UNIVERSITET


https://arxiv.org/abs/1808.10567
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Belle II: physics program

[See: BIITIP, Snowmass Whitepaper]
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Charm physics at B-Factories

Two ways of producing charm at B-Factories:
* One or more charmed hadrons produced in B decays
» Two charmed hadrons produced from continuum, along with fragmentation particles

Ample physics program

« Baryons: conflicting or missing predictions for BF and lifetimes, results to verify models
Today: =.* branching fractions, A*. = p Ksn BF

» Mesons: precise measurement in Cabibbo-suppressed decays, where non-SM physics
can contribute at a detectible level
Most interesting probes: CPV measurements, expect low values (O(103))
in charm sector
Today: Acp inD%— KsKs

UPPSALA
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=.* branching fractions

D D
<D<
BEBIE Belle IT

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

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

Reconstruct
* (CF) =t 2K, =t - =0n*
*(SCS) Z=-=%K,=*>»pKs,=*c=>An, == n

Analysis strategy:

* From n, K and p reconstruct intermediate
baryons A, Z, =, then optimize selection ranges
on each invariant mass

» Measure signal yields fitting the invariant mass,
extract branching fractions using =*.— = n*n*
as normalization mode
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=.* branching fractions

First or most precise measurements!

Belle

Belle 11

Combined

B(Ef —pK?2)
B(EFs=-ntat)
B(Elr —Axt)
B(EF=E-atat)
B(Ef -x0r+)
BES—=E-—ntnrt)

(2.36 £0.27 + 0.08)%
(1.72 4+ 0.29 £ 0.11)%
(3.97 +0.42 + 0.23)%

(2.56 £0.194+0.11)%
(1.47 £0.16 + 0.09)%
(4.26 +0.33 + 0.24)%

(247 £0.16 +0.07)%
(1.56 + 0.14 £+ 0.09)%
(4.13 +0.26 + 0.22)%

Mode

Belle

Belle 11

Combined

B(EX - StKQ)/B(EE - E-wtat)
B(EY — =071)/BEF - =—xtxt)
B(Ed - Z0K1)/B(ES = ntxt)
BES - Z0KH)/B(EF — =071t)

0.062 £ 0.009 +£ 0.004
0.232 £ 0.014 £ 0.013
0.015 £ 0.003 £ 0.001
0.064 £ 0.015 +£ 0.005

0.067 = 0.012 = 0.005
0.234 £ 0.010 £ 0.014
0.017 £ 0.003 £ 0.001
0.073 = 0.015 £ 0.006

0.064 = 0.007 &= 0.003
0.233 = 0.008 4+ 0.010
0.016 = 0.002 = 0.001
0.068 = 0.011 £+ 0.004
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=.* branching fractions

D| D
<Ol
BEBIE Belle IT

First or most precise measurements!
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Zou et al. |9]

Geng et al. [10]
Zhao et al. [11]
Hsiao et al. (1) [12]
Hsiao et al. (11) [12]
Huang et al. [13]
Xing et al. [14]

Liu et al. (I) [15]
Liu et al. (IT) [15]
Zhong et al. (I) [16]
Zhong et al. (II) [16]
CLEO Collaboration [17]

Belle and Belle 11
combined measurements
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Zou et al. [12]

Geng et al. [13]
Geng et al. [14]
Huang et al. [15]
Zhong et al. (I) [16]
Zhong et al. (II) [16]
Xing et al. [17]
Geng et al. [18]

Liu [19]

Zhong et al. (I) [20]
Zhong et al. (1) [20]
Zhao et al. [21]
Hsiao et al. (I) [22]
Hsiao et al. (II) [22]

Belle and Belle 11
combined measurement
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BF of A*. = p Ksn°

Nonleptonic weak decays of A*.:
unique testing ground for understanding
c — s transition and final-state interactions

* Precise measurement of the relative BF for A*. = p Ks n°

B(Al — pKgn®)
B(Af —» pK-nt)

= 0.339 £ 0.002 £ 0.009,

B(AT — pK2r®) = (2.12 £0.01 £ 0.05 £ 0.10)%.
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BF of A*. = p Ksn°

45
100

Nonleptonic weak decays of A*.:
unique testing ground for understanding
c — s transition and final-state interactions

M(pKL) [GeVArc?)
Events / bin

* Precise measurement of the relative BF for A" —= p Ks n° Lo ||
T Ko
x10°

« First investigation of intermediate resonances: . e ﬂ; ]
Observation of a peaking structure in the pn°® system S eor L 1 s
near the pn threshold g | i ]
O 40— H’ ++ _—
. . . = - 0 4 4
— Further amplitude analysis required to 5 f Al b F ]
understand the contributions of intermediate S af o K 1
resonances and to estimate the non-resonant o | + jﬁ ]
contribution Pl NPT NN

M(pn?) [GeV/c?]
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H 0 L C Dz
ACP In D _)KSKS %E Belle IT

D% - KsKs: Singly Cabibbo-suppressed decays

« Involves the interference between ¢ - uss and ¢ - udd | 1 . ;
* Expect Ac~1% [PRD 92, 054036] ( t
— Larger values would indicate non-SM physics ) . ,

World average value of the Acr symmetry is limited by statistics
Acp( DO— KsKs) = ('19 + 10)%

_ (D% - KKQ) —I'(D° - KZK3)
- I(D° - K2K?) + I(D° - K2K?)

CcP

Acp(D° - K2KJ) = —0.02 + 1.53(stat.) + 0.02(syst.) + 0.17 (cont. mode)  Belle [PRL 119, 171801 (2017) ]

Acp(D? - KZKQ) = —3.1 + 1.2(stat.) + 0.4(syst.) + 0.2 (cont. mode) LHCb [PRD 104, L031102 (2021)]

There are nuisance asymmetries induced by production and detection mechanisms
Take D°— K*K" as control channel to calibrate Acp

. ' UPPSALA
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Acp in Do—)KsKs: D*'tBQQEd D°

Reconstruct D™ — n* D (— KsKs)
» Main background: same-final-state D°—Ks n*n-decays

Separate with Ks flight distance signifcance L/o:
Smin = log[ min(L1/01, L2/02) ]

Fit Am and Smin, subtract detection asymmetries
using D°—»K*K- decays

Combine Belle and Belle Il data:

Candidates per 0.2 MeV/c?

Pull
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D D
e llaa)
BEBIE Belle IT
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Acr in D°-KsKs: Charm-flavor-tag D°

D D
e llaa)
BEBIE Belle IT

Charm fFavor tagger [PRD107,112010] : novel method to tag flavor of D° meson from other
collision products (K*/p from other charm hadron) — new CFT-tag independent sample

Larger bkg wrt D*-tag: train BDT with kinematic information,

then cut on BDT output and Smin

Fit m(KsKs) and product of tagged flavor g and tag quality r

Calibrate r with data to correct any detection asymmetry

i T
= 700F | | A
3 F  Bellell | Ldt=42810
PR ]
s o 4 Data
£ sooF |
= . ) — Fit
2 00f | f] | 7 10 200
O Co g _ID"SK Ky
300f | f4 —- Background
200,48 %
4
100F
(]: L P T S
1.9 1.95 2

mKSKS) [GeVic?]

Candidates per 0.01

160

140
120
100

60
40

20f

180F

80!

=

Belle Il J Ldt = 428 fb ™!

Method Acep [%]
D*-tag [PRD 111, 012015] -1.4+1.3+0.1
CFT_tag ........... R i
Combination -0.6x1.1x+0.1

World’s best determination
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Quarkonium




Quarkonium physics at B-Factories

» Multiple production mechanisms
Jre=0* B
2i+,3++ bb—_f:‘:)_(_c_)tlc

JPe=0-, L am PC=1--
i, A»q Jre=1
: : LIS \" o i
B R

7 .
s

b Cc
] - A
c ¥ ° Change CM .Y T, ...
U |nitial state radiation POUPI® CC  C=+1 4y collisions ot i et

B decays
* Full event reconstruction, decays with neutral/soft particles

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

14

Y(mS) i
b :‘ l h I ‘|".
'B. ﬁ.\ iY(ns;f

Bianca Scavino

UPPSALA
UNIVERSITET



Quarkonium: above Y(4S) energy scan

Today's Focus: Energy dependence of o( ete- = wXs, (1P) )
 above Y(4S) energy scan

Nov 2021: Belle Il collected 19 fb~" of unique data at energies above Y(4S) v (ms) bb-exotic
— 4 energy scan points around 10.75 GeV in this region

;"" b ‘\“\
b : +Y (nS

Main motivation .\ )
 Confirm and study the Y(10753) Changs CM S By
 Improve the precision of exclusive cross-section below the Y(5S) energy
3.5/fb 1.6/fb 9.8/fb 4.7/fb

) - 12 - .

e @ - _ | mm Belle P

x| } ", 10 mmm Belle Il ey

B I A =

3 I?'[ g

= 5- f £

© !.! % ? 47 bt

{ E,JI"I f\ Al g T
4 T e £ 2 I 1.6 fb
0. | -—‘-'-""“". i . | 7 | 1 . | I l I -
105 706 0.7 08 709 1 1860 10.65 10.70 10.75 10.80 10.85
E,, (GeV) Ecm [GeV]
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D D
Energy dependence of a( e*e - wX, (1P)) @

B(Y(10753) = wXp:)

B( Y(1 0753) - wX ) prediCtionS: < 40;:9‘““ ' Bellell, 9.87fb™ | & 8f (b) Belle, 1.0 fb™
b2 % C _ngf:%'rtounu T Vs =10.745 GeV S X Vs = 10.7712 GeV
S 300 Xy ' S 6
* Pure Y(3D) state: ~15 e e e f
PLB 738, 172 (2014) 2 2 (a) 3
§ 10_— %) § 2
H . B:é I+£BH8§'. 99 995“4111_0 . 3:61 I I 1985 9'9( QIQIS[ [ l LO
i |L:l>§|-331[())4mog(4eoges(tzao tZ?.) ~0.2 ' MOY(1S)) [GeVic?) | MT(S)) [Gevicd]
10 100
— | Belle Il 469 fb"| o~ | Belle, 122.0 fb™
‘>§ I (c) Ee=e10.805 GeV ‘>§ sop (d) (s = 10.8658 GeV
s S o -
Data: Belle + Belle Il scan data (10.73-11.02 GeV) = * Jr S b
* Full reconstruction of e*e” = wXs, (1P), BN i e L N o i e T st
8.8 9.85 9. 9 9 95 10 g.S 9.85 9.9 9.95 10
w - n'nn®, Xes (1P) = vY(1S), Y(1S)-l* (l=e, p) MOT(1S) [GeV/c M(YT(1S)) [GevicT

« Search for e*e” = (MMM non-w Xbs (1P),
same final state

_ . UPPSALA
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Energy dependence of a( e*e” - (n'nn®)sonw Xes (1P) )

D| D
<o
BEBIE Belle IT

T..B(T(10753) — Jnon—wXp1)  (0.00 £ 0.05 £ 0.02) eV (<0.08 V) . -
TeeB(T(10753) = (7777 non—wXp2)  (0.00 £ 0.03 + 0.02) eV (<0.07 eV) (De+c§y (;C’ )OF Y()S(S) (‘-:FI]DC)I Y(65) into
T B(Y(10860) = (77~ 7)o —wXe1 (0.26 +0.08 +0.12) eV N )non-w Aby
T B(T(10860) — (77~ 7) non—wXs2 (0.17 £ 0.05 £ 0.04) &V , .
T B(T(11020) — (1 7=1) pon_oxor (048 + 019 + 0.18) eV — Possible explanation: cascade decay
T B(T(11020) = (77 7)Y non—w\p2 (0.14 +0.12 £ 0.10) &V of Y(10860, 11020) = Zsn — Xo, pn

o 6 "g‘ 10

% | =Belle data ~ | ~Belledata

Hf . +Belle Il data & [ =Bellelldata

£ 4 —Total fit . | —Totalfit

< i

+l:3 A [

G

T

+$ I - !. |

g et X

10.7 10.7
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D\ D
Energy dependence of o( ete” - wx,, (1P)) "D

Belle I

M(Y(10753)) (10756.1 £ 3.4 £ 2.7) MeV/ 2
T(T(10753)) (32.2 4+ 11.3 £ 14.9) MeV M = 10756.1 + 3.4 + 2.7 MeV
Lee B(YT(10753) — wxp1) (1.46 £0.25 £ 0.17) eV ' =32.2 i 11.3 i 14_ 9 MeV
. B(Y(10753) = wys) (1.29 £ 0.38 + 0.30) eV
T B(T(10860) = wypy)  (0.02 £ 0.04 £ 0.04) €V (<0.09 €V) . . .
L. B(T(10860) — wyge) (0.0 £ 0.04 £ 0.02) &V (<0.07 &V) * Mass and width consistent with
T B(Y(11020) = wyp1) (001 £0.02 £ 0.03) €V (<0.07 &V) ete' > Y(nS) n
T B(T(11020) — wyga) (017 £+ 0.16 £ 0.05) €V (<0.43 V)
8
. i --Belle data . 10' - Belle data
'8_ 6-— =Belle Il data "é i =+ Belle Il data
—~ == Total fit ~~ == Total fit
>~z.D ><.CI
: ;
2 ‘©
) Q
© O

107 108 109 11 107 108 109 11
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Bianca Scavino 18 UNIVERSITET



Energy dependence of o( e*e - wxs; (1))

I =)
<o
BEBIE

M(Y(10753))

(T(10753))
Tee B(T(10753) — wxp1)
Tee B(Y(10753) — wxp2)
Tee B(Y(10860) — wxp1)
Tee B(T(10860) — wxp2)
Tee B(T(11020) — wxp1)
TeeB(Y ) )

(10756.1 £ 3.4 £2.7) MeV/c?
(32.2 4+ 11.3 £ 14.9) MeV
(1.46 £ 0.25 £ 0.17) eV
(1.29 4 0.38 + 0.30) eV
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* Does not support pure 3D,

2.20 discrepancy from S-D mixing
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Energy dependence of o( e*e - wxs; (1))
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Summary

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

Today showed:

* First observation and best measurement of =.* branching fractions

* A*c = p Ksn BF measurement and first investigation of intermediate resonances
« World’s best measurements of Acp in D% - KsKs

* Energy dependence of a( e*e” - wXp; (1P))

Only 1% of target lumi collected so far

* Run2 ongoing, with record-breaking instantaneous luminosity, with the goal of further testing
the Standard Model
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