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Belle Il Experiment @ SuperKEKB
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Belle Il Luminosity
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Topics Covered in This Talk

Recent highlights in B physics:

* R(D®) with had. tag preliminary

e B — uv  PRD 113, 112012 (2026)

» B — X /v PRD 113.032004 (2026)

e B — 7979 2606.20797 preliminary

* BT > X (24555, BY - X (2455)’ZY 2606.12905 preliminary


https://journals.aps.org/prd/abstract/10.1103/zxyy-3znn
https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt
https://arxiv.org/abs/2606.20797
https://arxiv.org/pdf/2606.12905
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Lepton-Flavor Universality Test

e |In SM, the W boson couples equally to 7, i, ¢ => Lepton-Flavor Universality (LFU)
e Semileptonic B decays are sensitive to new physics beyond SM

 Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc.

 Normalization (|Vxo|) cancels
0.40

e Part of theoretical, experimental 68% CL cONtours
i HFLAV
uncertainties cancels il il
0.35}
AB(B — Hrv) LHCb*
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p = -0.
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including new preliminary BaBar results . L .
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https://indico.cern.ch/event/1648766/contributions/6963034/attachments/3243943/5790818/BenHaim_MoriondQCD_2026.pdf

Lepton-Flavor Universality Test

e |In SM, the W boson couples equally to 7, i, ¢ => Lepton-Flavor Universality (LFU)

e Semileptonic B decays are sensitive to new physics beyond SM

 Ratio measurements provide stringent LFU tests: branching fractions, angular asymmetry, etc.
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R(D®™) with Hadronic Tag

Preliminary

* Run1 dataset: 365 fb-1, supersedes previous had. R(D*) using 189 fb-1 [PRD 110, 072020 (2024)]
* Reconstruct leptonic tau decays

e 2D (EecL : M2miss) binned simultaneous fit in 5 channels
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R(D®™) with Hadronic Tag

Preliminary
R(D*) = 0.242 4+ 0.019(stat) & 0.016(syst) Belle Il preliminary
R(D) = 0.439 + 0.055(stat) + 0.046(syst) > e e
B:II: I s:m..tzg 2025 _-+_-_ zm exp. R(Xey)
0.40 - —— Belle Il had. R(Xz;)

Pstar = — 0.40, pgg = — 0.20

e Compatible with current world average within 1.30 0O
<

e Agrees with SM within 1.5¢0
e 0.50 for R(D%)
e 2.00 for R(D) 0.25-

e Dominant syst. uncertainties: MC size, Xc gap modes,
continuum bkg 0.20-
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|Vcb| & |Vub|

e |mportant to constrain CKM unitarity triangle & test SM

Vus Vub

 Determinations via or exclusive semileptonic B V.l |V,

decays Visl 1V
 [ong-standing “Vxb-puzzle”: discrepancy btw. inclusive .

and exclusive determinations
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B — X /v and Inclusive |Vup|

PRD 113, 032004 (2026)

e Runi dataset: 365 fb-"
e Use hadronic tag to fully reconstruct Biag

» Two classifiers used to suppress continuum, B = X Zv

p-value = 0.79

» Observed poor modelling of B — X .£v => data-driven correction

- BeIIe II Edt 365 fb‘
from sideband 350 . . I
5 B I:I Other backgrounds : SR
- Extract signal on (¢~, E/) in 3 partial phase spaces L7 1 - Xl i Ef>1GeV .
igna
N 1.50 | &% Uncertainty i i
4 ® Data | |
. - 1.25} ' : ' -
_ /f,y\’ Can fully assign each final }’E’ EPE[1.0,1.3) | EFE[13,1.6) | EF E[1.6,1.9) | Ef €[1.9,2.7]
B ] state particle to either the @ 1.00 | ) |
\Y(4S)/ \/X tag or signal side 0 | i
Hadronic Tag Signal Side | !
Allows to reconstruct |
|
. inclusive X
e—-).(—e

e Hadronic system X:
px = Yi(y/m2 + Ipil?, pi) + X (Ei k)

e Missing mass squared: e Leptonic system:

.Zu]wzz(PY(43)_Ptag_PX_Pf)z q2:(-PB_IDX)2:(I:)l-l_‘PV)2
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B — X /v and Inclusive |Vup|

« Measured AS of 3 partial phase spaces: PRD 113, 032004 (2026)

Belle Il [rdt=365fb1

This |
AB(B - X,¢v); = (1.54 £0.08 £0.12) x 107> measurement BLNP B ,
B
AB(B = X, V), = (0.95 + 0.05 £ 0.10) x 10-3 > 106V = DGE
AB(B — Xufl/)3 = (0.55 + 0.03 = 0.05) x 1073
BLNP +—+—e
EB >1 GeV
My <17 GeV DGE —
57% PS ———t—|
| eading syst. uncertainties are from inclusive Xy modelling, ool
fragmentation, B — X .£v normalisation correction, fit bias - N
correction EP>1 GeV B ,
My < 1.7 GeV DGE — e+ |
g’ > 8 GeV?
: - . . _ 319% PS GGOU ——e
* Achieved similar precision as the previous Belle measurement
. p |
using 711fb-1 [PRD 104 , 012008 (2021)] LAY nclucive —
 Higher tagging efficiency
e Better D* reconstruction and discrimination HFLAV B - rifv —
20 25 30 35 40 45
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B — uv with Inclusive Tag at Belle+Belle Il

Combine Belle 11 365 fb-1and Belle published result from 711fb-1 [PRD 101, 032007(2020)] PRD 113, 112012 (2026)

Inclusive tag: tracks and clusters in the rest of event (ROE) used to reconstruct Btag

Signal extraction on p/f after boosting muon to Bsig rest frame

Further investigation: type Il & lIl 2HDM, heavy neutrinos search in 0~1.5 GeV, A%(B — X uv) with pf > 2.2 GeV
and weak annihilation contribution
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Mixing-Induced CP Violation in B — 7z’

_ 2606.20797
N(B(t) = f) = N(B°(t) = f))

* Measure time-dependent asymmetry in B decays  Acr(t) = Fa5 0 1 T B0 S 1) f=n'7° Preliminary

e Built upon previous time-integrated Belle Il analysis [PRD 111, L071102(2025)]

e Use novel approach to access TDCPV w/o vertex [PRD 112, 032011(2025)]

(=)0
B
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BSig —————— "\ P(ttag7 top, Q) — 272 <1 T4 [S sin Am (tC’P — ttag) 14 — By = B’ A’CP (tag) = §'sin Am(ttag — to)
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..... ; ot
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. over i, o C ~ 0.8 C
B o Vit (TAmeE
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0 - e_tta.g T . R ' :
ttag method Bsig _______ . Ptiag,q) = > (1 +q [S’ sin Am (teag — ) | N t 1 arctan(Am7)= 1.3 pS
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* High ttag precision: 1.5 ps @ Belle Il with PXD
. Technique validated with B — J/l//KS for ¢,
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Mixing-Induced CP Violation in B — 7z’

2606.20797
* First measurement of mixing induced CP-violation without signal vertex Preliminary
» Would have required 20x more data if A ~p(A¥), relies on modes with vertex info
. . . L Prelimi
e Consistent with previous Belle Il time-independent C o Lo ey
Soo = 0.617 79 (stat) £ 0.11 (syst),
) Bkg-subtracted Belle Il preliminary COO — (0.05 = 0.28 (stat) + 0.07 (SYSt)
Qo JLdt =365 fb?
O
o BO - 7070 :
3 + BY, 1.0 B - nn :
Q 40 _ HFLAV 2025 |
4 4 B, (updated fy _, foo) I |
© 0.8 - With Belle II :
5 20 T (ﬁ?&gggdf fo) i
G | 1--- indirect ¢, : » Allowed 68% CL region interval in
O 1 0.6 | 9
o | | —— | ¢2 from B—1irt shrunk by 40%
1.0 ~ 0.4 | . .
. I B IS — LRt gy - o CKM-like @2 solutions from mr
s | | 05 i and pp are consistent with similar
OO0 " PF—— """ -—g-ooo—-— 1 .
3 } H : uncertainty
g[) —0.51 ? 0.0- |
~1.0- 0 20 40 60 80 100 120 140 160 180
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First Observation of B — X (2455)=/

e Combine Belle 1l 492 fb-1and Belle 711 fb-1

2606.12905

Preliminary

e Analysis strategy similar to previous measurement of B — 26(2455)EC [PRD 112, L051101 (2025)],

requiring additional photon for & —

-

)
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e Observed significances: 6.46 (BT, 5.30 (BY)
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B N +1.49 g
-0.31+£0.12753 po

B° 30.7+£7.6 1.28+0.3240.107059
stat syst BRsof
2.3

B — X (2455)%,

S1g
Nss

B (10~%)

BT 52.8 +£10.2 5.74 + 1.11 -
BY 3114+72 4.83+1.12-
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- 0.37F

) /
o iy
N

\:\"\3\‘
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PRD 112, LO51101 (2025)
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Summary & Outlook

 R(D(") tension alleviated; “Vub puzzle” remains
R(D0) with had. tag

* Novel approach used to access B — 77" time evolution B = X Zu

 Many exciting new results are on the way using Belle Il largest B - uv
ever B-factory dataset 0 0
B—-rn'n

BT — X (2455)T5 ",

Upcoming: _
B? — % (2455)"=]

* R (D*), P.(D*) with hadronic 1-prong 7 decays and had. tag [@][®g1= 2215

X Combined B —» Dfv and B —» D*¢v

* B — tv with SL tag



Backup: Tagging Techniques

€+

/o e Untagged/Inclusive tag

Unt:;g;d\YMS)/S; n:g;‘“ e | oose constraints on signal
e \ery large statistics, but also very large background
NI Y e Efficiency ¢~ O(100%)
(" +
> >\ / —i" . .
> Be v«-- B 0 AB— e Semileptonic tag
§_ -g Semieptonic Tag ' Signal Side  Mid-range reconstruction efficiency
= o | o  Due to multiple neutrinos, less information about Biag
D A
"‘\\B B,/—v" e Hadronic tag
“;; roni;;ms)/s; y S;" e Cleaner sample
T e Knowledge of p(Bsig)
S e Low tag-side efficiency € = 0(0.5%)



Backup: R(D®™) with Hadronic Tag

Table II. Summary of the systematic uncertainties on R(D(*))
and their correlation (p). The description of each source is

provided in the text.

Source R(D*) R(D) p
Simulation sample size 4.8% 8.4% —0.44
gap-mode branching fraction 2.7% 3.1% 0.00
B — D**7~ /(£7), branching fractions 0.3% 1.3% 0.25
Hadronic B decay branching fractions 1.6% 1.5% —0.26
Form factors 0.5% 0.9% —0.70
Fraction of misreconstructed D) 0.5% 1.2% 0.00
Continuum background 2.4% 2.1% 0.93
F'it biases 0.3% 1.2% 0.00
Low-momentum 7°, ~ efficiency 2.2% 2.4% 0.99
Other efficiency corrections 0.7% 1.4% 0.92
B-tagging efficiency in data 0.9% 1.8% —1.00
B-tagging efficiency of B — Dtv 0.1% 1.8% 1.00
M?. . resolution 0.5% 0.8% 0.48
Total systematic uncertainty 6.7% 10.3% —0.20
Statistical uncertainty 7.9% 12.5% —0.40

Preliminary



Backup: B — X 7v and Inclusive |Vup

PRD 113, 032004 (2026)

» Based on B — X £v classifier, Kaon veto applied additionally to B L Jear=36sm

1.20 Secondary / [N Xulv x10 [ 7
v, D&splv mmm Uncertainty 2% |
Data ¢ |

define validation/control regions

D"ty T

« MC normalisation of B — X .£v in SR corrected via extrapolating CRs

» Simultaneous fit CR and SR, the high statistics of B — X .Zv in CR
push the shape corrections to SR

. Systematics included as ~150 source-wise nuisances parameters and |l et
Shared |n CR & SR O 0000 0175 0250 0375 'o;;o' 0625 0750 0875  1.000

* VR used as pseudo-SR for validating the method

5
Z+ Xc — D, D*,D**, '_‘g)
2
B Data-driven correction =
\ -
Hadronic Tag - based on B — chy < O CRo,low VRo,mid SR
T enriched sideband
e+—-)0<—e_
0 0.60 0.87 1

B — X fv suppression classifier score


https://journals.aps.org/prd/pdf/10.1103/59ws-zxbt

Backup: B — X 7v and Inclusive |Vup

PRD 113, 032004 (2026)
TABLE VII. Breakdown of the systematic uncertainties of the

TABLE I. Assumed branching fractions used for simulated
semileptonic B decays.

Belle Il EP >1 GeV partial branching fraction obtained from each fit.
B (%) wn 1.4
Decay mode B+ BO _8 13 +  CRk low Relative uncertainty (%)
Incl. B — X, v 0.192 4 0.024 0.176 £ 0.022 g | “ CRk,high Uncertainty source Fit1  Fit2  Fit3
B — ntv 0.0078 +0.0003  0.0150 + 0.0006 £ 2] + CRoon DFN parameters 44 45 57
B — plv 0.0158 £ 0.0011 0.0294 £ 0.0021 QERE DFN — BLNP 0.2 0.8 1.3
B - wtv 0.0119 = 0.0009 e S % % % Vs 1.7 2.1 2.1
B - ntv 0.0035 £ 0.0004 "('U’ | 11 = =k I O I )
B — 'ty 0.0024 -+ 0.0007 A 1.0 T i:%* —i— ; B — #nfv form factors 0.3 0.3 0.3
o B — p?v form factors 0.3 0.3 0.2
Incl. B - X fv 11.05 £0.16 10.27 £0.15 32 0.9 - e‘e B — ofv form factors 0.1 0.1 0.1
B > Dt 2.27 +0.06 2.11 £ 0.05 5 0.8 B — n/n'¢v form factors <01 <01 <01
B - D*¢tv 5.27 £0.12 490+ 0.11 T B* - X,£v branching fractions 0.9 0.6 0.5
B > Ditv 0.64 £0.10 0.59 +0.10 “y, L O , —_— BY —» X v branching fractions 0.6 0.5 0.5
B — D¢V 0.28 £ 0.04 0.26 £ 0.04 ' ' ' 5 ' ' ' ' B — Dy} .4 form factors 0.5 0.1 0.2
B - Ditv 0.32 £ 0.03 0.30 + 0.03 E; [GeV] B - D%, form factors 0.1 <01  <0.1
B - D,Ktv 0.03 £+ 0.01 ce B — D/D*¢v form factors <0.1 <0.1 <0.1
B - D;K?¢ 0.03 £ 0.02
It 5 B* — X_fv branching fractions 0.7 0.5 0.2
g - gff; 838 i ggg ggg i ggg " Belle Il Ef >1GeV B — X £v branching fractions 0.6 0.2 0.1
— D*ntv : : : : : :
B — Dantv 0.07 £ 0.09 0.07 £ 0.08 ©1.44{ 4+ CRkiow D decay bramh“fg tjracuons 01 0.3 0-1
B — D*nntv 0.22 +0.10 0.20 £ 0.10 4(_5’ CRe SR X_.Zv normalization 1.6 3.5 34
= * K, high CR X_.Zv normalization 0.9 1.1 0.4
TABLE VIII. Breakdown of uncertainties added following the § 1.2 - + CRo, low Other backgrounds normalization 0.3 N/A N/A
bias corrections described in Secs. VF and V G. In addition, p) X, fragmentation 0.3 4.4 3.9
we show the systematic, statistical, and total uncertainties of the E | ¥ Ny (45) 1.4 1.4 14
corrected branching fractions. "(-B’ ‘ . FEI 13 1.3 1.4
. . 1.0 ----- —>|e-— ----------------------- -~ ' ' '
Relative uncertainty (%) 2 —— 5‘5 Slow pion efficiency 0.4 0.2 0.3
Fit 1 Fit 2 Fit 3 = — ¢ identification 0.7 0.7 0.6
Fit bias 2.6 23 1.8 > 0.8 je [0 0.6 0.7 0.6
Composition uncertainty 1.3 3.7 0.2 T | Continuum calibration 0.2 0.2 0.2
CBO; C)ficoiv overestimation 2.6 0.4 1.3 QQ . é é é 'O . |2 . 1.4 1'6 Tracking 0.3 0.3 03
4 1 1 :
Total systematic 7.9 10.5 9.7 0 > > K(s)‘ efficiency 0.1 0.1 <0.1
Statistical 5.4 5.6 45 g [GeV~] K* 1D <0.1 <0.1 <0.1
Total 9.6 11.9 10.7 Simulated data statistics 1.1 1.1 0.8
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Backup: B — uv with Inclusive Tag at Belle+Belle |l

Table V: The uncertainties on the measured BT™ — uty, PRD 113, 112012 (2026)

branching fraction are shown. For definitions of additive and
multiplicative errors see the text. FF denotes form factor,
and BF denotes branching fraction.

Source Fractional
uncertainty % Belle and 1?e11¢: IIIColmbilne(? JLdt= 1'0716 ﬂlrl
Additive uncertainties O = Signal -
b — u modeling 17.4% 3 — o :
B — mlty, FF 8.2% < e :
B = plty, FF 8.9% B ) _ _1 ~ . B
+ A elle and Belle IT Combined [£dt=10761fb ) B b-c i
BT — w/ Vy FF 45% T T r [ rrr [ [ rrrr T T T T T T ] é) B Continuum Belle IT ]
BT — nltvy, FF 0.2% 14.0 : + Dellexesult 711 fb_l_l i = BN Continuum Belle -
B e P oo O P ; o
B — ¢ty BF 4.8% 2 12.0 — = Ay2=2.3 . g / v/ Sys. unc. h
B — p£+1/g BF 1.0% X - Ag?=1.0 - ,;t:'.D s .
Bt — wbt vy BF 0.2% % 10.0 — ® Combined Belle and Belle II Result 5 ‘D 0 i
B+ - ’I’]£+ Uy BF 0.2% % - == B(B* ->n*vy)ene =BB* = pn*vy)pelen . g
Bt —n't*v, BF 0.1% ,.g 8.0 [ — g S5pr——TT T VT 7T
B — X.tv, BF 3.3% < : . T of f
DFN parameters 5.7% +:,_ 6.0 = g : L
Hybrid model 6.0% N : S Th2 24 26 28 30 32
MC sample size 5.67% + AN ] B
Continuum modeling 14.0% =) C ] by [GeV]
Shape correction 4.1% 2.0 - ]
MC sample size 13.3% C - : I I I I ] - 1
Bt ,LL+I/M’)’ modeling 4.8% 0.0 Lo . L L I L 19 _ ]I3elltla & lBellle III Colmbfne(? prf:hmlmaf“y f.£ dlt = I1 076 flb_
b — ¢ modeling 2.4% 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 - ..§-- Scan Points |
Rare decay modeling 1.5% B(B* -1t v,)pene X 107 10k }  BestFit -
Bt — pTv, modeling 1.5% o [ i
Multiplicative uncertainties X 8 _ —
PID efficiency Belle 1.6% =~ || ]
Tracking efficiency Belle 0.3% [ | _
Ng5 Belle 1.1% B | ]
PID efficiency Belle II 1.0% =T 4B ]
Tracking efficiency Belle II 0.1% P N i
Ng3 Belle II 0.3% S e .
f+o 2.1% : {1{ ]
Control channel efficiency ratios 3.2% 0 L : iffii
Total systematic uncertainty 23.6% 0.0 0.2 0.4
Total statistical uncertainty 42.9% a
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Backup: B — uv with Inclusive Tag at Belle+Belle |l

Further investigation:

* Exclude parameter space for type I & IIl 2HDM

e Search for heavy neutrinos within mny=0~1.5 GeV
.. B
o Extract AB(B — X, uv) with p,’ >2.2 GeV

« Weak annihilation contribution in A% (B — X uv)

Belle & Belle II Combined preliminary [ £dt =1076fb~!
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Backup: B — uv with Inclusive Tag at Belle+Belle |l

PRD 113, 112012 (2026)

Further investigation:
* Exclude parameter space for type Il & [l 2HDM
 Search for heavy neutrinos within mn=0~1.5 GeV

o Extract AB(B — X, uv) with p;/ > 2.2 GeV

« Weak annihilation contribution in A% (B — X uv)

Belle & Belle II Combined preliminary [ £dt =1076fb~!
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Backup: B — uv with Inclusive Tag at Belle+Belle |l

Further investigation:

* Exclude parameter space for type Il & lll 2ZHDM

e Search for heavy neutrinos within mny=0~1.5 GeV

e EXxtract AQQ(B —> quy) Wwith pf > 2 9 GeV => agrees with inclusive result

e Weak annihilation contribution in AAB(B — X, uv)

Belle & Belle II Combined preliminary [ £dt=1076fb~!
1 I 1 1 1 I 1 1 1
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Backup: Mixing-Induced CP Violation in B — 72"

Methodology: PRD 112, 032011(2025)
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FIG. 1. Top panels: theoretical decay rates as a function of (left) Az and (right) #,,, for tagged (blue) B and (red) B mesons assuming
§ = 1.0 and C = 0.0. Bottom panels: corresponding CP-violating decay-rate asymmetries (left) Acp(A?) and (right) Afp(t,,). The FIG.2. Top panel: uncertainties on the CP-violating coefficients
horizontal dashed lines show the maximum oscillation amplitudes. The vertical dashed line shows (left) the At origin and (right) the 7 N ' . ; :
value in Eq. (6). The decay time ¢, is non-negative by definition. (blue) S and (magenta) C as functions of the resolution on (solid

line) #,, or (dashed line) Az, for 103 perfectly tagged signal-only
decays. Bottom panel: linear correlation between the coefficients.

&
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Backup: First Observation of B — X (2455)=

[ Ldt = 711fb~" (Belle) + 492fb~" (Belle II)
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20} | TABLE II: Summary of fractional systematic uncertainties
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R Bt 2.7 1.0 35 1.0 2.1 25 43 7.2
Preliminary B° 24 1.0 35 1.0 17 36 49 7.8
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FIG. 3: Distributions of (top) M(Afn*) and (bottom) M(yZ°) for the reconstructed (left) Bt — X.(2455)" "=, and
(right) B — X, (2455 0=/ candidates in the combined Belle and Belle II data. Points with error bars represent the data. The
magenta arrows indicate the defined signal regions for the £.(2455)" "% and Z.°° candidates, while the green arrows indicate
the corresponding sideband regions.



