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Physics beyond SM

Different ways of hunting for new physics

Open questions unexplained by SM — New Physics beyond SM

Belle/Belle Il operate at the “Intensity Frontier”
- Key words: High-precision measurement, probing the SM indirectly

- e.g. Tiny deviations from SM predictions
- e.g. Measurement of the SM-forbidden or suppressed process
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KEKB/SuperKEKB

Mt. Tsukuba

- Asymmetric ¢ e colliders

- Operating around Y (4.5) resonance (\/E =

10.58 GeV)
- Goal: collect multi ab-1 of data

KEKB > SuperKEKB Achieved 4.7x10* ems”
1999 :r 2010 ) 2019 - current (current world record)
- €7 (3.5GeV) e (8 GeV) - et (4 GeV) e (7 GeV)
_ y 34 2 -1 . 5
Peak lumi: 2.1x10° cm s (KEKB, achieved) - Peak lumi: 6.0x10 cm s (SuperKEKB, design)
¢ 1.5 x beam currents
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e Nano beam technology (20x)
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Belle and Belle Il -
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https://arxiv.org/pdf/1011.0352

Belle and Belle Il "m0 i
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2019 - current . ECL ol ECI.
- 362+ 2 b1 @Y (4S) run 1 INSS B E 28
- 42 fb-1 off-resonance e N - SVD | ':'XD(2 layers) , ‘
Advantages: |
- Well-known initial-state condition ch
- Production of BB at threshold: ._._Lﬁﬂﬂ, s

- Clean environment
- Quantum-coherent BB pairs => essential for CP violation study .
- Boosted centre-of-mass system => allow for time-dependent measurements | |

b

/ - Nearly hermetic detectors with excellent particle identification and tracking Tt gl
performance => ideal for studying decays with neutral or invisible final states &5
- Capable of operating at different centre-of-mass energy ECL |
|13§s|’|§ 2010 et
- 711 b1 @Y (4S) f i N
- 100 fb-' off-resonance (\/E = 10.52 GeV) | » ECL

- 121 b1 @Y(55) , 25 for' @Y (2S) , 611 @Y (1S) :
Belle Il TDR
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https://arxiv.org/pdf/1011.0352

Current status of the Belle |l Data-taking

Belle Il Online luminosity

Run2
lo2.2024-current

Exp: 7-33 - All runs
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- Run1 from spring 2019 (424 tb~! recorded)

- LS1 motivated by the installation of the 2-layer PXD
- Replacement of beam-pipe
- Replacement the photomultipliers of the TOP
- Improved CDC gas distribution and monitoring system
- DAQ upgrade ...

- Resumed data-taking at early 2024:

- So far: > 100 b~ collected
- ~90% efficiency

 Current issue:
- Sudden beam loss leading to large dose in the
interaction region:
- PXD was turned off as a precautionary measure
- Preventing reaching higher currents
- Operating stably at 4.5 x 10-34cm-2 s
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Belle and Belle Il phy§_ics program

it s R S . U NG
e % o
"(3 . .
4,,1' ‘5"& %
Crw 0‘9' / -
- R\ Vub) ff
. . , o g W bay, fI o = NEL '
Primarily a B factory R 2 2 ; Ko L -
. o 5" ) -
But not only B physics! g et W = e, p: d’,w“ :
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- Also tau, charm factories Ry = L s 11y B, Bt
- Clean place to do spectroscopy and g park S
search for dark sector 7.
- Low multiplicity decays (g, - 2) 4 & ;
o,
: S o e s, =
> Varies type of analyses: F23 e f \ =
- Life time, time-dependent MRt Ny ; R .
measurement PR, & y ‘%‘ R S
- Missing energy and missing mass 7 "f &
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https://arxiv.org/abs/2207.06307

Belle and Belle |l physics program

Recent Highlights:
Lepton flavor universality tests
« CKM physics
* Rare B decays
«  Spectroscopy

. ete” = ntaal for g, —2

DESY.

Snowmass White Paper

Cross sections

ole'e = bb) = 1.1 nb

| olete > cc) =1.3nb

ole'e > 1'T)=09nb
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https://arxiv.org/abs/2207.06307

Tools and variables

Machine-learning based Tools and useful variables for B-physics

FEI: (Full Event Interpretation)
A tool reconstructs tagged B in ~10k channels utilising
a hierarchical approach + 200 MVA

— A probability to have correct reconstruction
— Recover the information about the remaining B

D' D* D, |, _f
‘ ’ L — ——
Hierarchical reconstruction + ~200 MVA FEI paper
«— FEI S
e =0.5% e =100 %
Hadronic tagging  Semileptonic tagging Inclusive tagging
Purity

DESY. Efficiency »>

Optimised variables to exploit information on initial
kinematic:
M, : Beam-Constrained Mass

AFE : Energy difference

Reconstructed
2 )
My =/ (/5127 -w,;/.:AE = E* —+/5/2
E Signal
0wl Continuwm
g E ..% R B background
8 E— Signal o
'-6 { Contimuum T+
% B & background %
O O
52 522 SM 53 AW 53 < 42 a1 ¢ M a2 e
M, (GeN/eh) AF (GeV)
Expected M. =~ my Expected AE ~ ()
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Lepton-flavor universality tests



PhysRevl ett.132.211804
Measurement of R(Xr/l) Editors’ suggestion

Test of LFU with inclusive semitauonic B decay

\ T T T 6k% CLbontous
- LFU: SM expects lepton coupling to EW gauge bosons to be flavor-universal _ ' ki
+ Ratio of the branching-fractions of semileptonic decays: F 5 e -

* abundant and uncertainties from theory and experiment partially cancel out 3£ ' # \ =
%B(B — Hrv,) 025 \LHM ' :
R(H,) = =k ;
%(B — Hll/l) L 1
02 AL S sk
L |R(l?')=.0,2st x()‘.oo.s' 'S }I‘(j‘,":‘f<l e N
Where H = D, D*, X, T, etc. and [ = e, 0.2 03 04 0.5 RD)
“Traditione;l” modes New
Tension of R(D") with SM ~3¢ \ A
£H v, *
Y \ '+/’_r
s T

. Measurement of R(X_,) with 189 fb~" of Belle Il data e -

- Reconstruction of B — Xzv_and B — Xl : W 1@

« Hadronic tag: tagged B reconstructed in its hadronic decay modes (FEI) ,n\+ 7" X
- Signal: B — Xzv, with leptonic 7 decays (t — ev,v, / puv,v)) @ K* e

- Normalisation: B — Xlv; (I = e or u)
« Challenge: background contamination and modelling of many decay channels in signal side

DESY. 1 1


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.132.211804

PhysRevl ett.132.211804
Measurement of R (XT/Z) Editors’ suggestion

Test of LFU with inclusive semitauonic B decay

Belle 11 JLdr=189fb~"
; : . L M <1 (M2 e(1,23]| M2, €(23.4]| M3, (4.6 | EEE X[r—ewl
- Signal extraction: b —

2.4 =3 BB Background

N
o

EE Continuum
s MC tot. unc.
¢ Exp. data

- 2D binned maximum likelihood fit to extract the signal and
normalisation yields for the electron and muon modes
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. . . am . : | N ' = Xw
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O ﬂ:.‘; ontinuum
16F | 0F @@z MC tot. unc.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.132.211804

Light-lepton universality

In 7 decays

Test of u-e universality in 7 decays:

£, Y
- ./ T
-
T R M
_ %(T — //t U//[VT) g“\ c.”
o B % ‘
T — e v, &t .
( e 7) V¢
=1 from SM g
2 /a2 E Ve
Iu| _ R f(me/m‘r) :

g\ Fma/m2)

 Full Belle Il Run1 sample (362 fb-1)
- Common selection to both modes — Relevant systematic uncertainties

cancel out
- Neural Network for background suppression

- Binned maximum likelihood fit on momentum spectra of the y/e

DESY.

Data/model Events per 0.167 GeV/c

Data/model Events per 0.167 GeV/c

arXiv:2405.14625
Submitted to JHEP

x10*

Belle Il preliminary W (r~—u d,v)(r*—h'nn®i)

det = 362 fp-! ™ Other (true u)

BN Other (fake y)
Uncertainty
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0.99
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https://arxiv.org/pdf/2405.14625

Light-lepton universality

In 7 decays

Test of u-e universality in 7 decays:

—.—L‘ : / e
Sl m
B > 1 D) b s
"B > e, T
el — -
1 e et
\ =

- Dominated systematic uncertainty from lepton ID and trigger
= \ost precise test of Light-lepton Universality in 7 decays

= Couplings of the ¢ and e to W boson in 7 decays in agreement with the

SM expectation of unity

DESY.

arXiv:2405.14625
Submitted to JHEP

7 mass : PhysRevD.108.032006

R:M=0.9726
CLEO (1997)
_ 0.9777 +0.0063 + 0.0087
BaBar (2010)
> 0.9796 + 0.0016 + 0.0036
HFLAV fit (2021) \
- 0.9762 + 0.0028 \‘syst
Belle Il preliminary (2024) 7
0.9675 = 0.0007 = 0.0036 /r
0.96 0.98 1.00 1.02 1.04
Ry
9u| _ f(mZ/m2)
— = /1 - - .
9 =9e ge . f(m2/m2)
CLEO (1997) |
- 1.0026 + 0.0055
World’s best
S BaBar (2010)
1.0036 + 0.0020 mass also
HFLAV fit (2021) from Belle Il
o 1.0019 + 0.0014
Belle Il preliminary (2024)
e

0.9974 = 0.0019

099 1.00 1.01

1.02 1.03 1.04 1.05

|9u / Gel+
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006
https://arxiv.org/pdf/2405.14625

CKM physics

Ml‘;;ng +7r T, PR, pp B
NG, 1) BS BY mixing
a * - L & o B
il e’ = v | VaVis™
<7 K !—_—3*1? B g T =1 i‘i’-"fv‘"",
T e P 7 £ VCKMVCKM R
- e e 5 (1,0)

- c <7 D QI( B D b ol Mixing + "
- D Qﬂ' W Mg i?’ D B — J/uKg
7 t ‘\<\ B ? :

Ry X s
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CKM matrix elements |V, | and |V, |

Determine the V,

- *k
Exclusive: B — 7lv, B — plv, B — DV, etc I e S
% o |Vyp|? X |FF(q*)|* Form factor from LCSR, LQCD S 46 E— Bxclustve (Yol MeELD Cio'flw,uf =
Long-standing ; 44 T ExclusivelV .'lt,:i“otaou =
Vxb-puzzle = F - IV, global fit 3
. B — Xull/,B N Xcll/ p Z 42F = IV AV, =
|I'IC|USIVG. 1 E E’g HFLAV Average 30 2
B o V|2 X [F(b - ql;) +—+as+ ] From OPE 4 3 / 3
2 38 4 =
°B M :
34F A i =
+ Several measurements carried out by Belle and Belle I 32F &
. . = HFLAV &
| | - Angular coefficients of B — D*[v Belle arxiv:2310.20286 (PRL accepted) e, <
SE Pix')=89% ]
-l L A l A L A l A A ' l ' A A l A 71) s l l-

36 38 40 42 44 .
|V, IV, [107]
| Vcb |
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https://arxiv.org/pdf/2311.00458
https://arxiv.org/pdf/2310.20286.pdf

Preliminary

Simultaneous measurement of B — 777, BT — p'l*v

New measurement from Belle |l

« Full Run1 data of 364 fb-1 with inclusive tagging strategy

- Simultaneously extract signals in a 2D grid of M}, . andAE for each bin of q*:

« 13 bins for £ mode and 10 bins for p mode

« Take into account the cross-feed and correlations with background

BB° - 77 1"y) = (1.516 = 0.042
+

BBY - pI'y) = (1.625

= Consistent with world averages
= Compatible precision wrt Belle/Babar

x
*

0.059) x 10~
0.180) x 10~*
syst

= (3.73£0.07 £0.07 £0.16) x 1073

theo

| Vub |B—>7rlv

LQCD + LCSR

| Vas |y, = (319 £ 0.12 £ 0.17 £ 0.26) X 1073
LCSR stat syst

= Theoretical uncertainty dominating

DESY.
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Preliminary

BY — 7979 at Belle II: overview

- Tree-level b — 1 processes allow extraction of ¢, (or «) (least precise CKM angle)
« Suppressed and sensitive to non-SM particles

World best 190fb-1
Belle (x10~°) | BaBar (x10~°) | Belle IT (x10~°) PDG (x10°°)
B(B" —» 7707?0) 1.31 +0.19 + 0.19| 1.83 +0.21 +0.13 | 1.38 4+ 0.27 £+ 0.22 1.59 + 0.26 !
Acp(B® = 7°7°) 0.14 £ 0.36 + 0.10] 0.43 + 0.26 + 0.05 | -0.14 + 0.46 + 0.07 0.33 £ 0.22 \‘ B wias
: 15
Phys.Rev.D 96 3, 032007 Phys.Rev.D 87 5, 052009 Phys. Rev. D 107, 112009 ‘ | ’
—" A
@ Experimentally challenging: . | \
. . . ) ?
- Only 4 photons in the final state (less precise energy than tracks) v v
. energetic

849

phctons
B,,, clusters

Build upon previous Belle Il effort and extend to full Run1 sample with improvements:
+ Improved photon selection
« Usage of GFlaT (GNN based flavor tagger, 18% improvement of tagging power)
+ Data-driven fit configuration to reduce modelling systematics

DESY. 1 8



Preliminary

BY — 7979 at Belle II: results

- Statistical (systematic) Uncertainty reduced by 10% (50%) on BF and absolute uncertainty by 3 (2%) on Acp
- Simultaneous fit to M, ., AE, C and w:

 C: Output of a Boosted-decision-tree to suppress the continuum background (ete™ = qg(qg = u,d, s, ¢))

* W: wrong tag probability

0 0_0y =
B(B" —»mm')=(126+0.20+0.12) x 10 = Agreement with previous measurements

- . :
Agp(B® = 7°7°) = 0.06 + 0.30 = 0.05 Comparable precision with world best result from Babar
; wl  BeWe N probeminary ‘g 40 R asf Bellel predminary S [ Betle N prodminary
8 1 !La.mm g » 3 » ILa-mm‘ ¥ 2 Iua-uzm'
- < 30 @ ! = Duta
& 2}, R 2} é ~ g N i
g sl £ 2} N f W ey
3 15 20 3 -
% = 2 3 s 15 Sochground
§ 100 E o} 10
sk & llH (|11 o ' ;
TRALRALIE of - '
By * R s 2e i w : TR e :
gi-;b = ' gé_g[“. e TN yTS gig‘ ...... e A s AT ggg ......... S e
§ .43 02 01 0 01 02 03 04 05 ! .5 g -0 -8 -6 4 -2 0 2 4 6 8 10 & -

TN DL AL MEEE 0555 53 -
AE [GeV] M, [GeVic’) Cc w
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Rare B decays

-B? = yy
- Bt - KTui



Preliminary
arXiv:2405.19734

Double radiative B’ — yy at Belle and Belle | aXiv:2405.19754

= Flavor-Changing Neutral Currents (FCNC) b — d decay with 98(SM) = 1.41’5:3 x 1078
Highly suppressed in the SM, sensitive to new physics

b > —> Y
Experimentally challenging: Two photons in the final states ! 9
0 X
. : B W Yq
- Only upper limits from previous measurements: : q
d -« y
Experiment Integrated Luminosity ([ £ dt) Limit @ 90 C.L.
L3 73 pb—l 3.9 x10—5 Phys. Lett. B363 137
Belle 104 fb—! 6.2 x10~7 Phys. Rev. D.73.051107
Babar 426 fb~" 3.2 x10~7 Phys. Rev. D.83.032006

= mprove with larger statistics: Belle (694 fb~!) + Belle Il Run1 data (362 fb™)

DESY. 2 1


https://doi.org/10.1103/PhysRevD.73.051107
https://doi.org/10.1103/PhysRevD.83.032006
https://www.sciencedirect.com/science/article/pii/037026939501224E?via=ihub
http://arxiv.org/abs/2405.19734

Preliminary
arXiv:2405.19734

Double radiative B’ — yy at Belle and Belle | 21240619734

- 3D fit to AE, M,,. and transformed continuum BDT output
- Belle (694 fb~!) + Belle Il Run1 data ( 362 b ')

. . il
B(B° — yy) = (5.4133(stat) £ 0.5(sys)) x 107® o
B(B° - yy) = (171 ](stat) £ 0.3(sys)) X 1078 4 ol
| r—r= 526 527 5.28 529 ‘25’,-‘ .08 TR T 528 521
Combine [B(B° — yy) = (3.7+%X(stat) £ 0.7(sys)) X 108 oo oo
L= e e | B B
gzs YY + Deta % 10 3 -4~ Data
World best UL: ot N
}Q, Upper limit on Branching fraction: < 6.4 X 108 at 90% CL . - e I e [

A 1 L 1 1R
0 01 02 03 04 05 06 07 08 09 1
! Cior

Fit projections on M, ., transformed continuum BDT output

DESY. 2 2


http://arxiv.org/abs/2405.19734

PhysRevD.109.112006

Motivation for B - Ktvp

=bH — svi are highly suppressed in the SM a v v 7\
0
= Precise prediction in SM: - Z y 5
_ wt W=
BBT - Kvo) = (5.6 + 0.4) x 106 (arXiv:2207.13371) D S NP M g
- Leading theoretical uncertainty from hadronic form factors u > u > u
- Highly sensitive to non-SM contributions \_Example of lowest-order quark-level diagrams /
® Experimentally challenging: Average
- 3-body decay with two neutrinos in the final state | 4 ; ' T |
« Low branching fraction, large background contamination
| . B(‘“(‘\;(--?A..l.,l.p!il’..- , SL)
« Measurements before the last Belle Il analysis: ° Belle (711 i ', Had)
- Best upper limit by BaBar: PhysRevD.87.112005 i Babar (429 fi, !, Had+SL)
- First analysis on this decay with Belle Il: Phys.Rev.Lett.127,181802 § CETEIRNIEMEIE i i e i T T
0 2 4 6 8 10

10° x Br(B*—K * vi)

DESY. 23


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

PhysRevD.109.112006

Detailed validation and corrections

ITA «k
®Fyll Belle Il Runi data (362 fb™1) )
& Improve our understanding of the detector performance and background
modelling — @)
& [TA + an auxiliary measurement (HTA) B\
% Essential to validate detector- and physics-modelling ,nclusi‘F
Data Final state Hadronic J+
Si : : Final state !
« Signal validations
- Kaon identification and fake rate
- Signal selection efficiency p L
. Backgrognd validations w .. Embedding
- Continuum background s . Belle I1 [ £dt = 362"
- K, detection efficiency Embedded Data ~ __.1f .=
- B— K*D( = K; X) Embedded MC S i
_ Bt K+K0KO é 4000 | _; N
n i Lk - Z 00l s 0.5 1.0 i
- g —>DI((**)r;n U é ook BDT, (BDT; > 0.9) N
- e d L ’0. e t 5 K+ J/t¢ simulation § B*— K* J/y data \
. . . 17 ......'o 1000 7/ gg"—‘:\"V,Z%Siumiuliun ¥ ;;,; ;\‘;n’ (:uln \
* Inclusive method validations K+ Reconstruction ™, L =5t o Ko simiation —
M aF + 0 '> [ ——— - ket : .
- Measurement of B(B* - z7K") 0.0 0.2 0.4 0.6 0.8 1.0
BDT,

edala/eMC = 1.00 = 0.03
DESY. 24


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

PhysRevD.109.112006
Combination and comparison with other measurements

0.92 0.94 m’]:lsfq’.r:: 0.98 1.0 ) %(B_i_ g K+1/17)
; : ; Parameter of interest: u = —

- ITA Bsu(Bt — Ktvb)

B K Binned fit to extract u:

- ITA: 2D fit on final classifier output [y(BDT,)] and g2

- HTA: fit on final classifier output [#(BDTh)]

000 :
:  Belle I1
. JCdt=(36

2000

Candidates

1000 A
E e [ l
Combination of ITA and HTA : :
0 . . . o e ® g
. - 10% increase in precision wrt ITA alone g ! . e
S o o |
I I8 251 4 .\.' i"i""ll . l ; 8 2%1 4 8 25 _...’_: “vlic' —.l ﬂ”- semileptonic (*
Grec [GeVZ/ ] Combined : y = 4.6 = 1.0(stat) = 0.9(syst) : % Belle (711 fi", hadronic) (*
195 3.5 o significance wrt bkg-only hypothesis u i ,;_,1 ,'“ ,,.' 18 M, semileptonic)
B = S - e 2.70 deviations from SM prediction : : b
: 100 ¢ / ; " El— o —.Q—l A u__ & ' wdronic)
,’Er' oE | T ol 44, 23 0 2 1 6 8 10
= ‘ Data .
= 50k HTA 10 x Br(B™ =K " wv)
O 2 _1—\_i_u_ | First evidence of the | ITA: 2.30 and 1..8'0' tehsmn W|tthaBar and Belle, respectively
0 _ Overall compatibility is good: y~/ndf : 5.6/5
- 5 B+ K+
3 o — UV process |
0.4 0.5 0.6 0.7 0.8 0.9 1.0 ) — . Editors’ Suggestion

n(BDTh)
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Rediscovery of Y(10753) at Belle |

New energy scan performed by Belle Il to fill the gaps in Belle scan:

- Motivated by the study of Y(10753)
- M :10756.6 +2.7 +0.9 MeV/c?
-« I':(29.0x8.8+1.2) MeV

 November 2021, 19fb-1 in total

12
iz BN Belle 8
310 mem Belle SE M
:: 8
2
E 6
5 47 fb~!
‘3 4 3.5 fb?
o
£:2 I 1.6 b~

! M |
1860 10.65 10.70 10.75 10.80 10.85

Ecm [GeV]

Reconstruct ete™ — #T7x Y (nS)( — utu~):
- Observation of Y(10753) in agreement with Belle results

No signals of intermediate Z,j (10610/10650) observed

DESY.

arXiv:2401.12021
Accepted by JHEP
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https://arxiv.org/pdf/2401.12021

PRD 109,072013

Search for the Y(10753) — wn,(1S) or y,,(1P)

| | wip(15) wxbo(1P)
- Y(10753): Tetraquark interpretation “ E 5y A
. L. S 40000} S \
predicts a strong transition to wn,(1S) $ 3so0o! 3 )
— S 30000k w 1008
compared to 777~ Y (nS) 3 st B o
. . . 000+ 1 ) . ‘ Belle I, 981"
- Validate the model with reconstruction of _%, e reppri :g; L Saton roxgdreer )
w— 1tna: S so00f 20
% Of--ememnnan ' o .
- ey 309 q’::gf pper limit ;’ 15005 s 2l'P)
_ $  soob " ™{15) upper lmi | P) upper ki
aglete™ - wypo(1S) < 7.8 pb (*) = i I BT T e | 11
+ — : Ef | . W (11 . 3 00" | | | !
b . e 339 . 2 INSEE 5 ety ; | |
0'(8 e wnb(ls) < 2 5 pb g. Og'”:.::'”...: :—:A':’M ..,t $ g ol '; g vﬁm{w"“ﬂ_‘jw
. By 8 sl | - '
. . . . g ‘m;_ 8 00 ot
No significant signal observed: 3 8 -1000;
= Tetraquark model not supported 039 OI IR R NH RS 9B Be U ayowm asi s ass e o ek
M, ol x x%) [GeVic) M, iz x x% [GeV/cd)
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arXiv:2404.04915 Preliminary
Measurement of the ete~ — zt7 7' cross section at Belle |l

Motivation:
* Non-negligible uncertainty in the theoretical predictions HVP

- Theoretical uncertainty of (g — 2)ﬂ: dominated by hadron vacuum polarisation (HVP, 82%)

- cross section of ete™ — hadrons as an input for theoretical calculation of HVP

= [mportant to validate the HVP prediction with independent experiments

Muon anomalous magnetic moment
-2 CD
: ;g QED +a EW+ aQ

Previous measurements of eTe™ — 7z+7z_7r0

olete” = utu~)

Ay =75 2 | w07E2) B
Hag:?" contribution term g { (10200 Dominated by - swog
a, = aHVP + aHLbL = " @ and ¢ resonances | swo (2
H CMD-
................................................................... > A  cuoa s
....................... ((2 ,' |  CMD-2(98)
: Leading-order HVP rerm o Tl . T
' 2 o0 o ‘ '9. w» ’n‘l"”r\ ._.....-.v.n'vl."-v" . ND
nveLo _ & &3 Hadronic R-rati ,I R ,w'.
a, - = — R(S)K(s) adronic R-ratio i Bt
m ' o(e*e™ — hadrons) | i |1|'m ity
R(s) = ' | ! ’ Hifhh,

08 1 12 14 16 18 2 22 24
Vs (GeV)
30
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https://arxiv.org/abs/2404.04915

Measurement ofthe ete™ - 777 7x

= Result from this measurement is 6.5% higher than BaBar and

0

Perform the measurement in the energy range from 0.62 GeV to 3.50 GeV

- Initial-state radiation (ISR) mechanism
Using 191 fb-1 of Belle Il at Y (4.5):

Signal process:ete™ - yigrr (> yy)

Signal extracted by fitting M(yy) in each M(37x) bin
Signal efficiency and Data-MC correction:

- Tracking efficiency

- 7V detection efficiency

- Trigger efficiency

- High energy photon detection efficiency
Systematic uncertainty dominated

combination

DESY.

arXiv:2404.04915 Preliminary

cross section at Belle |l

iz w(782) s ®(1020)
Belle N Preliminary Belle N Profiminary
. 1600 flot=191 8" _ Toof fJrer=191 8"
‘g 1400 | This exp 'g 600 F ) T This exp
e 1200 BABAR (21) = 1 BABAR (21)
o . SND (02,03,20) 2 s / \ SND (02,03,20)
<< 1000 ¢
§ a0 | | €MD-2(04,07) § 400 " | €MD:2 (04,07
2 600 g 0 8
O 400 o 200
200 100
%7:6u 0.77 0.78 079 08 OE;I.‘ GB 0'I 1005 101 1015 102 1625 2)3 1035 104
\'s" (GeV) \'s' (GeV)
a ;2P (0.62- 1.8 GeV) = (48.91 £ 0.2554, + 1.07y5;) X 10710
BABAR Combination
(2021) (HHKS23)
SND, CMD
ISR method - .

Method @+s=10,58 GoV R SN

Int. luminosity 469"

a,(3m) x 10" 45.86 (2.0 GeV) 45.91 (<1.8GeV)

stat. unc. (%) 0.3 08

syst. unc. (%) 13 08
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https://arxiv.org/abs/2404.04915

Summary

- Belle and Belle Il have been and will continue to be able to collect excellent data for
various physics programs

« Only a small fraction of the exciting results are included in this talk

- Looking forward to more data in the coming years!

Thanks!

D\ D
OO
BELLE Belle IT
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B factory basics

« Optimised variables to exploit information
on initial kinematic

AE = EF — \/§/2 M, = \/(\/5/2)2 - P

Signal
Continuwm
AR background

B & background

43 92 a4 0 01 02 o3 »2 522 M AN i 53
AF (GeV) My (GeV/eh)
Expected AE ~ () Expected M. =~ my

DESY.

» Exploit different event shape to separate BB
from continuum background

¢ b 2

plB) = 0.3GeV /e

Wq) = 5GeV /e

ete” — T(4S) —- BB ete” —qf (q€ {unds.c})

34
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Measurement ofthe ete™ - 777 7x

IREE i
fse

f
!

'8

Belle I Predminary
[Lat= 191 "
| This exp.
. BABAR (21)
SND (02,03.20)
| CMD.2 (04,07)

149

te 'w it Fo.

1
44
°°§oo°

' ' 4 A

11 12 13

DESY.

14

15 16 1.7
Vs’ (GeV)

18 19

2

Cross section (nb)

0

cross section at Belle |l

: Belle Il Preiminary
£ [Lat= 191 1"
3 | This exp.
. BABAR (21)
| SND (02,03.20)
% z j | CMD-2(04,07)
3 1y
'f i,
xéf 4# P
4 | “;' W '-:11'. ;tl v e
2 22 24 26_ 28 3 32 34
\'s' (GeV)
Systematic uncertainty (%)
S0 Vs < 1.05 GeV? Vs > 1.05 GeV
Trigger efficiency 0.1 0.2
ISR photon efficiency 0.7 0.7
Tracking efficiency 0.8 0.8
m° efficiency 1.0 1.0
X2 criteria efficiency 0.6 0.3
Background suppression efficiency 0.2 1.9
MC generator 1.2 1.2
Radiative correction 0.5 0.5
Integrated luminosity 0.6 0.6
Total systematics 2.2 2.8
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Powerful tools

Machine-learning based Tools for B-physics

GFlaT (Graph-neural-network flavor tagger)

FEI: (Full Event Interpretation) .GNN based, 25 variables for each track as input
A tool reconstructs tagged B in ~10k channels https://arxiv.org/abs/2402.17260
-> recover the information about the remaining B 200, Belle 11 _simulation
- - —— B°, GFlaT -
racks objects KLMClusters ECLClusters g3 8000 | - :
(mecea] [(vobdeces ] ) B i 0 ool — B GFlaT
: By ' 2 -
) > g l." +H ‘2 o | f , category-based
3 B, category-based
/v 5 8 5000 p
g é 4000 |
. o .g 3000 f
” &G 2000 f
o

-01400 -0.75 -0.50 =025 0.00 025 050 075 1.00
qr :

%To compared with Category-based tagger: physics
i Objects as BDT input

— FEl o — 18% improvement in terms of tagging efficiency

Hierarchical reconstruction + ~200 MVA

FEI paper

0.5% 100%
Hadronic tagging  Semileptonic tagging Inclusive tagging
Purity
Efficiency
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Hadron Spectroscopy at Belle and Belle |l

* Belle and Belle Il provide clean environment to study the quark model
 Multiple production mechanism for quarkonium states:

Double p— Two photon Initial state radiation
charmonium W@'
Y Jeven
C=+1

- Y
" Q/K
Reconstruct J/W and  Jf\y t states produced e ‘
look at recoll mass without additional .} . z
hadrons. Annihilation at smaller energy. M M

 Plenty of charmonium-like states found at Belle and bB(echtig) =l AR M :
BaBar since the X(3872) was found in 2003: S bb
Y(@S)
P (4312) Vo
2,(10610) P (4440) Z,,(4000) s
X(3872) z/4430) [l 2,(10650) | Z(3900) | Z,(4020) | P.(4457) Z,,(3985) | Z.(4220)
Belle Belle Belle | BESHI/Belle BESIN LHCb BESIN LHCD
2012 | 2013 2013 | 2015/19 2021 | 2021 Molecule Tetraquark

T.13875) ¢

4 x

Hybrod

Y(4260) | Y(4360) | v(4660)/ | X(4140) X(6900) | X.(2900)
8a2Bar | BaBar | v(a630) | COF LHCb | X,(2900)
2005 | 2007 Belle 2008 2020 | HCb

2007/08 2020
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Z+(10610/10650) at Belle II S

No signals of intermediate Z,(10610/10650) observed

19" Bellell, 980"
2xY(1S) at 10.746 GeV =xY(1S) a1 10.746 GaV

gt il

08 1
M(x'x) [GeV/cT) ANC™ [GeV/eT)

Belle 1,98’

Events per 20.0 MeV/c*
~ -~ L] o

Events per 10.0 MeV/c?
- N Y s D NvNe e

o
o

},’ :’ Betle 11, 9.8 ' '2 :: Bele I, 9.8 "

g xxY(2S) at 10.746 GeV ) g 21 ®xY(2S) at 10.746 GeV

§ " g ®

: L

» Fiarn I lh

i 1 4;1}‘ i ﬁzh v |l| LL_,J.HL.
M(x*x) lGoVIc’] o “ A»(:" [Gowc’]

DESY.
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https://arxiv.org/pdf/2401.12021

Belle and Belle Il performance

e(K) ~90%, m — K ~ 6% e(n) ~90%,m— u~7% e(e) ~ 86%, m— e~ 0.4%

1;-%% g 1.6 | Bete 1 (Preteninary) t "’:“‘:' i 2 1. | Beken (Preliminary) ¢ !.vb-:':.(‘ -
SuperKEKB+BeIIe II B ool aeeasiiaition o AR | § g S o o eromey g paffimmmont frr an o
Z) 2 & ﬁ:gzz:z:z:zzt&%? 2 Famneas g iioins =] [ PP R T
2019 current ; E 0.6} ? 10 N —“_ % D'+ = DK n'ln.' -r.mi»l()- - ? s (056 s6< 223 rad) D'* «DAK " " - K mnisSDx10
“'@'v" § oal (‘2 ; S08F mm <osf _, = gt
) | 5 0.4 : o oy
A g [ v 7 mis-ID rate (data) Belle IT g‘ 06 . u10>0.9 § 06}
5 ’ [a] o v n mis-ID rate (MC) % 04l % 0.4
\\ x 021 B ‘ - - o eI1D>0.9
\, ﬁ&v%""“"“"““iiii i i"""'Vi X 02F = . 0.2
, Og5 152 HE T aE 448 00 - - - - 1 oo . 3 : , :
Momentum [GeV/c] p (Gevic) p 1Gevic]
- Higher background level(detector v Improved constraint from beam
occ, fake hits. etc) v Improved vertexing performance
- Higher event rate v Good Kaon, photon, lepton detection
- Beam instabilities performance
- Decreased boost v (Comparable e/mu detection performance )

T (3.5GeV) e (8 GeV) =P et (4 GeV) e (7 GeV)

T

Bellel!

10°
E 140§ Fit unction: o =|/2 + _—L—r = E {’ I!DO—’ S0
KEKB + Be"e (/ N 2 ‘2022 BeﬂeSV\D2OO£:lICs(I;(a':)]B)N715 Be//e i ‘f / )
1999 78020 " & R B L P /)
2 Belle Il single track events (MC) . . 4
.:&'\ ,# & L e Improved precision in general X .
g " e e.g. better lifetime BABAR\ ,‘
% measurement and Time- 'k
b ;o dependent measurement 2 2 /
3 - DO decay time [ps]
DESY. T R R THAT M I W

pAsin(0)2 [GeV/cl



Measurement of R(X,,,)

Light lepton universality test

BB — Xev,)
BB — Xuv,)

R(Xe/ﬂ) —

. First inclusive measurement of R(X,

,u) at Belle 11 (189 fb™")
- Common analysis technique to R(X )

R(X,

) = 1.007 £ 0.009(stat) = 0.019(syst)

- major systematics: lepton identification

Most precise measurement in the world, in agreement with SM

DESY.

Events per bin

Normalized

15000

12500

10000 |
7500 fa
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© © oo
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[PhysRevl ett.131.051804]

Belle 11

JCdr=189 b~

I Xev

t [ e: Background
- Bl ¢: Continuum
MC tot unc

i * Data

P T
9-PEIZIY

Xuv

u: Background [

w: Continuum [

MC tot unc
o Data ¢
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804

B — K*y

b S
S w-
« FCNC process: b — sy "
- CP (Acp) and isospin (A, 5) asymmetries are theoretically clean thanks to form factor s = Db R0) =B = Kry)
cancellations [(B — K*y) + I'(B = K*v)
- Latest Belle measurement found evidence of isospin asymmetry at 3.16 [PRL. o [(B%—+K"q) ~F[Bt 5 K*9)
119,191802] DB ) s BB = Ke)
gl ¢+ Data =500 4+ Dat
Using the 362 fb-1 Belle Il run 1 dataset L 0L s — o] Bt —F
Measure: Buso| Jua-oew’ o @Backarouna i | [a-ses e Lkl
. _ 3 ackgroun ’é ¥ I BB Background
- BB - K ) with K* > Kt~ K{n®, K*72" and K{n* 3 AU ’
I \ 200
- A, and A for all modes except B’ > K0( > KSQJZO)}/ ] S ;A i S
/, \\ 0—-/—// \\ i
e . . 523 524 525 526 527 528 529 0. o 0 1 ; ;
2 MVA classifiers for background rejection: M, (GeVict W B
continuum background, photons from - yyandny — yy
0 01 _ v 5 " -5
2D fit on Mwec and AE to extract the results: B[B" — K™ = (4.16 £0.10 £ 0.11) x 1077,
B[B* - K**4] = (4.04 £0.13 £ 0.13) x 107°,
* Results consistent with the World average and SM Acp[B® = K*%9] = (-3.2+ 2.4 £+ 0.4)%,

- Similar sensitivity as Belle despite smaller sample (better AE resolution, Kg efficiency ...)

_ o o Acp[B* = K*T9] = (-1.0 £ 3.0 £ 0.6)%,
« Asymmetries measurements are statistically limited

AAcp = (2.2 + 3.8+ 0.7)%, and

Agy = (5.1 £2.0 + 1.5)%,

DESY. 4 1


https://arxiv.org/abs/1707.00394
https://arxiv.org/abs/1707.00394

B — py

['(B—py)—T(B- py)

« FCNC b — d transition and suppressed more wrt to b — s process by a factor of Acp(B = py) = - -
I (B - p"y') +TI'(B — py)

|V 4V, | ~0.04

* Previously observed by Belle [Phys.Rev.Lett.101:111801] and BaBar =) : |
[Phys.Rev.D78:112001,2008] A 2I'(BY? = p%y) = I'(B* — p*7)
- ~20 tension between current word average (A; = (3O+16%) and SM ( (5.2 £ 2.8) 1=

(—)
%) 2I'(BY — p%y) + I'(B* — p*v)
Used Belle + Belle Il data to measure: p—

+ BB - p™y) with p° - #t2~ and p* - 7*7° 3 b

T |
+ + > 50 | - Y 1t Belle Bo—ipoY
» Acp(BT — pTy)and A(B — py) ] e
8 | 'l 1 ILdl:?ﬂ o’
g ‘ . & ¢
2 MVA classifiers for background rejection: 5 ! Hl T
continuum background, photons from z° — yy and y — yy " W R
Belle+Belle Il simultaneous 3D fit of Mss and AE and M, e S S .
B(BY— pry)=(131233132) % 10~7 AE (GeV)
(B” — /)“ ) = ( o+ 1. 5+(1,(:) x 10~ g :Z Belle Il B—py
Most precise measurement to datg . s (134 5 pty) = (-82+ 152716 %, |3 % il J‘Ldt=362 b
- Belle Il has similar performance with Belle despite smaller gH112+68+38) o 8 5| |
dataset A1 (B — py) = (1097177785 30) % g o it l
5 15| = "IN\
. Al consistent with SM at 0.60 Y ek oS SO O |
] G S VLR S gt e = 31
0 L;..-..4~.. PEL LN _.V. — TIR O 2L R -
-03 -0.2 -0.1 0 01 02 03

AE (GeV)
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https://arxiv.org/abs/0804.4770
https://arxiv.org/abs/0808.1379
https://arxiv.org/abs/0808.1379

7 lepton mass

Precision determination of fundamental parameters

« Use pseudomass endpoint method with = — 7"z~ z"v_ using
190 fb~! of Belle Il data

The minimum mass: (assume same direction of 7 and 3z system)

My =/ M2,+20/512 = B )(ES, = pi) < m,

» Sharp edge smeared by momentum resolution of the detector and
energy loss through radiation:

- Critical to control beam energy and track momentum scale
calibration

« Extract the m_ with an unbinned maximum likelihood fit to an
empirical endpoint function:

m_ = 1777.09 %+ 0.08(stat) + 0.11(syst) MeV/c?

Most precise measurementtodate —

DESY.

Events / (1.5 MeV/c?)

Pull

Phys. Rev. D 108, 032006

x10°
16}~ Belle ll t Data — Fit
14f f L dt=190 b 3% Background
12f m, = 1777.09 = 0.08 = 0.11 MeV/c?
10f
8
6f
af
2f
O "
2 F
0 .’...o . o
2 | Ly
1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84
M, [GeV/c?]
PDG Average (2022)
1776.86 = 0.12
BES (1996)
1776.96 310 &
BELLE (2007)
1776.61+0.13 = 0.35
KEDR (2007)
1776.81 02 £ 0.15
BaBar (2009)
1776.68 = 0.12 + 0.41
BES Il (2014)
1776.91+0.12 7
Belle Il (2023) Jr—
1777.09 = 0.08 = 0.11
L l [l [l l 1 L 1 1 | 1
1776 1776.5 1777
m, [MeV/c?]



Simultaneous measurement of B’ — 77 [*v, BT — p%*v

New measurement from Belle ll

Extract [Vu| by fitting the measured partial branching fractions as functions of g2+ LQCD

| Batbe 1l femnsnan
A -mit'n
2 1
>
éc- Predrrirary
S
¥k BN pinu MILAY
"~ InCiusive HFLAY
g;. B ol (2104 05739v2]
©
oF . " n ‘ P A total LOCD
© ) 10 R 7 3)
a’ (Gev?) total LQCD & LOSR
slectron LOCD
14
electron LOCD + LCSR
- 12
? muon LOCD
310
= . muon LOCD + LCSR
3 total LCSR
x
g A electron LCSR
- — 52 wml | Ceta muon LCSA
. - lo e 3o
Y Y W T T VR T IR LA WL —— = A
O?(W] 2.0 2-5
DESY.

Ny = 4 oAl e
L ) l-s-

3.0 35
Vil (10°)

Vbl 5 emtee = (3.93 £ 0,00+ 0.13 £ 0.19) x 107
y m (N wys! el

LOCD+LCSR

| LIVl Bspy = (3.19 £ 0,12 017 £ 0.26) x 107

LCSR

* Leading systematic unc. are the modelling of
continuum and non-resonant B — X_#v decays

* Overall theoretical uncertainty dominating
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Test of LFU for 3rd generation lepton with B decays

AB(B — D(*)TI/T)

: )y =
* LFU: SM expects lepton coupling to EW gauge bosons to be RD™) = %(B — DOly;)
flavor-universal
» Tests of LFU are important to probe the SM and search for ~ ~ 04 B T —t—y——
new physics N HFLAV - i
+ By measuring the Ratio of the Br of semileptonic decays: &  [i—te=a_  Belld .
- abundant 035 ._' b il =
* (uncertainties from theory and experiment partially E N —_—— -
cancel out) 03 '_ 5
BB — Hru) : 1
AB(B — Hly)) 025 :
Where H = D, D* , X, w,etc. andl =e,u 0.2 E. AV S Peiciion —\E:?;dg(wrag 0026,,, E
B R(D) = 0.298 =0.004 ( :);J)..’ss =0012 :
“Tradltlonal”/ \ E I““’":"'”‘ "’"“’l . Pod) = 29% | ]
modes 0.2 0.3 04 0.5
R(D)

+ Long-standing “anomaly” in LFU related to the 39 generation
lepton (R(D™)): 3.3¢ tension wrt SM
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matrix unitary test

s b ™
e ey e
d S b Y ne—=% ;)/ K Q,’T/ B Q:
- - R
Ve o <5 ——yy ==

_ W
t B'B—a B" | BB B, t\/\

bJ

‘ _ <~ A Unitary 3x3 matrix describing the
Cabibbo  Kobayashi  Maskawa ' Mixing of quarks

VCKMVéKM - 1
« Exceedingly important to determine the Unitary as

precisely as possible
- Semileptonic decays:
« Access CKM parameters: Veo and Vb
- Charged weak b decays

« Abundant than purely leptonic decays




