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Belle (Il) at (SupenKEKB

e Asymmetric ete- collider, running at Y(4s) resonance

» K

—K

5 (1999-2012) => SuperkK

—K

S (2019-present)

» Achieved world's record instantaneous luminosity of

0.

data-taking ongoing

x1034cm-2s-1 (December 2024)

» Recorded 772M (387M) BB pairs at Belle (Il), Run 2

e Beauty (and tau/charm) factory experiment

» Improved performance (vertexing, tracking, neutra

particle reconstruction,

2D, flavor tagging)

» Hermetic detector and known initial energy (ideal for
decays with missing energy)
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Recent results on beauty and charm*
o e

0.6 -

e CPV in charm: nature of CPV observed in DV—=K+K-and D9—= 117 yet
to be fully understooo

» DO—=KUsKUs approaching precision to observe SM-induced CPV, "

first measurement using opposite-side charm tagging NEW 04
0.3

» DO—=90 important ingredient for the D—rrr isospin sum rule, _
least known experimentally NEW 02:

e CPV in beauty: constrain the angles of the unitarity triangle

» O1([3): measured In b—cCs transitions, precision close to effect of
penguin amplitudes, controlled with B9—=J/rd

» Oo(a): least known angle, determined from isospin analysis of
B—1r and 500

03F

e (Semi)tauonic and lepton-flavor violating B-decays: enhancements ]
predicted by models explaining b—ctv anomalies and B—=Kvv excess oz | | N

) S calC h eS fO f B O— K *OTT al d B 0 — K OST/ 0.2 -— 4+ HFLAV SM Prediction R(D) =0.342 +0.026,,, —-

R(D) =0.298 = 0.004 R(D*)=0.287 0012,
R(D*) =0.254 +0.005 p=-0.39

» Measurement of BF of B+—=1v (and Vi) SN i

0.2 0.3 0.4 0.5
R(D)
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https://agenda.infn.it/event/44272/timetable/?view=standard#63-search-for-a-dark-photon-an
https://agenda.infn.it/event/44272/timetable/?view=standard#28-tau-and-dark-sector-physics

CPV in DP—=KVsKVYs

e (Color and CKM-suppressed transition,

Nterterence between c—=uss ano

e Jsing Belle (9801b-1) + Belle Il (423fh-1)

c—udd

amplitudes, ~O(1%) CGPVpossible iIn SM

datasets and combining D™+ tagA~{k signal
candidates) and opposite-side tag (~20K)

samples |[PRD 107, 112010 (202

Sl

e Combination of two analyses give

S MOSt

precise determination of the CP asymmetry

Acp(D? — K)K?) = (—0.6 £1.1 -
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D+tag [PRD 111, 012015 (2029)]
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https://doi.org/10.1103/PhysRevD.107.112010
https://doi.org/10.1103/PhysRevD.111.012015

CPV Iﬂ DO — n—On-O ‘paper in preparation]

e Non-zero CP asymmetries arise from interference
of CKM-suppressed and QCD-penguin amplitudes

o Belle I [ Ldr =428 fb™'

» Current data from DO—=rrr=suggest ~O(1%)
CPV in DO—=0r0 possible In"SM

Candidates per 4 MeV/c2

» [sospin sum rule of D—=rrr modes can'help
dentity the source of charm CPV

e [)+tagged Belle Il sample (~16k signa
candidates), instrumental asymmetries cancelled 5
with DO—K+rr- control sample (CPV~0)

® Precision comparaple to Belle result and 18%
mprovement on the Isospin sum rule

@)
o O
&) RS
FA T N—
_._
_‘_
_._
——
_._ [
_.—
—_——
——]
—_—
——
—-

Asymmetry
o

I
-
"

Acp(D? — 7°7%) = (0.30 = 0.72(stat) £ 0.20(syst)) %

R=(1.5+25)x 1073 eV
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CPV in BY decays

—ssential iIngredients for (in)direct

C

-\ analysis:

Beam spot constraint

>

X

Ny

e [ag Initial flavor from partially reconstructed tag-side 59

(efficiency ~ 37%)

—xploit correlation of BOBY pairs to measure At asymmetries
o

e_‘Atl/TBO 8

P(At, Q) - . {1 -+ q[SCP sin(AmdAt) — CCP COS(AmdAt)]} §

BY _(.5

O

c

O

O

> SUPPress non-resonant

ee—qq "‘continuum” with event

shape and rest-of-the event variables

» Model signal and backg
constrained mass Mpc a
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‘ounds distributions N @eam—
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https://doi.org/10.1103/PhysRevD.110.012001

(A)¢7 iﬂ BO—PJ/(’D]‘[O 190 PRD 111, 012011 (2025)

| Belle I ¢ Data
— Fit

--- B J/yr®
BN B J/yX

100 F redt =365 !
80 | |

e Doubly-CKM suppressed (“penguin’) amplitudes can shift
the value of Pg=20; measured in BY—=J/WKY by ~O(0.5°)

Candidates per 14 MeV
@)
-

\
» Current experimental knowledge @ = [45.12+0.94]° iz
» BF and CP asymmetries in BO—=J/Wr® constrain Ay 0 e 03
B | | | N | AFE |GeV]
e First observation of indirect CPV and competitive BF with el Tl ~ b Belem sl
392+24 signal candidates in 387M BB pairs o} JEit=5 1 / 4 B e
: B — J/ym! !

» Experimental error on @g=[45.6+11.1 o(exp)+0.3(SU(3))]°
reduced by ~10% with this result |arxiv:2501.09414]
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Candidates per 2.0 ps
S

B(B° — Jap7®) = (2.00 £0.12 +0.09) x 10~°,
Cop =0.13+£0.124+0.03, Scp = —0.88 £0.17 4 0.03

Asymmetry
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012011
https://arxiv.org/abs/2501.09414

2 in BO—=r0r0 Accepted by PROL [andv:2412.14260
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o Knowledge of BF and CP asymmetries in © ol ~pata S )

BO— 1070 limits the precision on ¢ o 2] o ewy| @
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o Experimentally reconstruct 2r0’s (i.e. 4 4
photons and no vertex) among large e e
continuum background s i oo
_ | | | AE [GeV] AE [GeV]
e Found 126+20 signal canaidates in 38/ M 1y :
BB pairs, from which competitive precision 0.9 Eil  Belle Il preliminary || , du ‘ \
on BF and Acr is achieved 08 i 1 T
07 1 w/0 | l\\'\ l\
» 30% fractional increase in @2 precision 832 with | | \\ AACUATL . \\
from B—rrr system including this result “o04f VI ‘\ I’ v
o3g '\ Ty r \ """"""""" \'
BB’ — n°n°) = (1.25+ 0.20 £ 0.11) x 10~ ° 0.2 |- W |
0.1F | |
.ACP(BO — 7TO7TO) = 0.03 = 0.30 = 0.04 (: AN A A N S R A T I R
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https://arxiv.org/abs/2412.14260

d21IN BO—= 010

* BYV—0o*0-dominates precision on @q due to small loop R P
contripution SR 'i
o —xperimentally reconstruct 2rs in the final state and “; )|
angular analysis to separate longitudinal/transverse & A
oolarization iIn P—=VV decay
Belle IT preliminary _
e Found 436+35 longitudinally polarized signal candidates, §™ }fb ‘-
from which At-dependent CP-asymmetries are measured £, -
» Precision similar to Belle/BaBar and ~8% relative 2 Qp— et
mprovement on the precision of @2 with =00 002 04 06 08 10
50 Z_]}elle II preliminary f%%q: +i)0—:
0 . +,—)_ +0.23+0.29 5 A5 S _
B(B” = p"p7) = (288202 027) X 1077, ) = (92.674:5)°
fL — 0'921t883§i—88}.g7 é 20:

S = —0.26 4+ 0.19 + 0.08,

C = —0.024+0.12750¢,
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—=Long. signal
==+ Trans. signal

Apy = (2.47372)°

—

Submitted to PRD |arxiv:2412.19624]
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https://arxiv.org/abs/2412.19624

Comput Softw Big Sci 3, 6 (2019)

B-tagging

e ully reconstruct tag-side B-meson with hadronic B-
decays (e.q. B—=~Dnr)

o (alibrate efficiency (<1%) In data using B—=X/lv ano

—ssential ingredient for analyses with >1v in the final state S R

partially reconstructed B—=Drr decays

Separate signal and background distributions in

» Sum of the energy deposits In the calorimeter Not
associated with Brag and Bsig (Eect)

» Missing four-momentum of the event from the known
peam energies (Mmiss2)

Michele Veronesi | La Thuile 2025
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https://link.springer.com/article/10.1007/s41781-019-0021-8

BO— K01t

‘paper in preparation

|||||||||||||||||||||||||||||

. BelleII preliminary ¢ De;ta L BelleII preliminary ¢ Deolta )
_ 150§. /ﬁdt:%s e : i;K . 250? /Edt:365 b : ggK .

o BF~O(107) In SM, enhanced up to ~O(10-9) In g | Cotesen | g 20| 0 ey
Mnodels explaining b—ctv anomalies and 5—=>Kw > 100 — Smalsw0t = — Signal B-107
excess, close to experimental sensitivities 57 5 100

e Reconstructing the tag-side with hadronic decays

and signal side from combinations of T+—=(e*,u*)vwv
and t+—=(r7t, 01)v (Up to 4v in the final state)
: L e L - BelleII preliminary ¢ Data 300 | BelleII preliminary ¢ Data
o Signal extracted from fit to BDT classifier combining O fossns L fasne R
Eecr, Mmiss?, and event shape variables 100 »ctegory — T e —-
Y= _ 777z Uncertaln ‘S 200 777z Uncertaln i
: : , , , , ~ —— Signal B=10"?% | ~ —— Signal B=10"2 |
» Limit twice improved over Belle (higher B-tagging  £*° I T
efficiency and inclusion of T—pov channel) 2 200 5
» Most stringent limit on b—stt transitions to date

- BFBY=Ktt1)<1.8 x10° @90% C.L.

Michele Veronesi | La Thuile 2025



BO _’KOs‘C/

® | cpton-flavor violating b—stl transitions

may similarly arise wit

close to experimenta

N BF~O(10-9), also
sensitivities

-irst search for BY9—=KYst/ using hadronic
tagging and recoll mass to reconstruct M;

» Clean KUs—=rrtrr signature, first B—=+K1l
analysis including of t+—o*v channel

» Most stringent ULs on b—ste transitions

Michele Veronesi | La Thuile 2025
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Submitted to PRL |arxiv:2412.16470]
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https://arxiv.org/abs/2412.16470

B_|_ —) ,C_|_v Submitted to PRD [arxiv:2502.04885]

_Belle II Preliminary —— Sig x30 Fit Unc. - Belle IT Preliminary —— Sig x30 © Fit Unc. ]
»s00L S £dt =365 fb! — Bkg + Data 4000F 1rat = 365 b1 — Bkg + Data
i —— Tot . - — Tot

e | eptonic B decay with largest B, | | oo
sensitive to BoM (charged Higgs, 2HDM) ™ = :

and theoretically clean probe for Ve 2 1500
_ 2 G

2 2 2 < :

B(BT — t7u,) = qu;fmT 1 — 22; 2|V |* 15 1000:‘

. Usinggdronic S-tag and T (e, ut)w

and t+—= (i, 0+)v (~72% of T decays) .
o Observed 9431 signal candidates from — wiwlben™  Tihe ™ #EAGTT ST
fit to EecL and Mmiss? (30 evidence) 20| M 10 GeVPr L o ceve
B(B+ — 7'+VT) = [1.24+0.41(stat.) £ 0.19(syst.)| x 10~4 %E _ 5405_
» Sensitivity comparable to previous had. = 1w
tagged analyses -l
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https://arxiv.org/abs/2502.04885

Summary and outlook

Selle || continues to provide essential INputs
to test the CKM structure of the SM

» Several world leading results and
Mostly unigue measurements witn

neutrals and missing energy

» Improved detector performance and
analysis technigues

1 1

» EXpecting significant increase In
sample size with ongoing run

14
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Recent results on beauty and charm*

e CPVin charm: DV—=KUsKYs approaching precision to O; m
observe sM-induced CPV, can help understand the origin - |
ot GPV observed in DV—=r7+rr

0.5

0.4-
e CPV in beauty: constrain the angles of the unitarity triangle o3

0.2 -

» O1(3): measured in b—cCs transitions, precision close to
effect of penguin amplitudes, controlled with BY—=J/r®

. : : 0.0
» O2(a): least known angle, determined from isospin
analysis of B—=rrr and =00 g 04
EZ _
. . - . . 0.35
e (Semi)tauonic and lepton-flavor violating B-decays, :
motivated by anomalies iIn b—ctv and B—=KvV exXCess 03
» Searches for BO—+K*0rr and BO— KOst/ o2 L 1IN
— 0.2  +HFLAV SM Prediction R(D) =_0(-)3‘.421§7 if(%%m —
» Measurement of BF of B+—1v (and Vi) L mmsemm.om iy T
IOI.ZIIIIOI.3IIIIOI.4IIIIO.5I |
R(D)

Michele Veronesi | La Thuile 2025 *see talks from F._Trantou and M. Campaiola for Belle Il results on tau and dark sector 16



https://agenda.infn.it/event/44272/timetable/?view=standard#63-search-for-a-dark-photon-an
https://agenda.infn.it/event/44272/timetable/?view=standard#28-tau-and-dark-sector-physics

: PRD 111, 012015 (2025)
CPV N DOHKOSKOS DO— KOkO0a N

3500 Belle I [ Ldr =428 ftr” 500

e Color and CKM-suppressed transition, o = | |
iNnterference between c—ussS and c—udd i
amplitudes, ~O(1%) CPV possible in SM 5

e Using Belle (980fb-1) + Belle Il (428fb-1) | "
D*+-tag and DI—K+K- control sample J et ——

e Statistical precision comparable to LHCD, ok
systematic uncertainties reduced by halt wrt. +

: : : 100 Belle IT [ L dr = 428 fb™!
orevious Belle analysis, thanks to improved L o @ o
CQHU@‘ mOde [DQD /IOZI'. LOS/I /IOQ (QOQ/I )] ;E 60 H jf}lt:eDZ(eK+K+)n++ __11312:55 30 %
% 40  — - —pie multibody)z* ; Z::: Ir{rf;t-iz?dy 20 iz

Other background Comb. back.
20 ! 10
T 1oesoesemessesesesseseepsosassssmesempessesened . - — o ——-‘hm—n

Acp (DO — KgKg) — (—1.4 T 1.3(stat) T O.l(syst))%

) 2.005 201 2015 2.02 1.8 1.9 2
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https://doi.org/10.1103/PhysRevD.104.L031102
https://doi.org/10.1103/PhysRevD.111.012015

: * Signal
AE = E, — 2
M. = \/5/4 — pgz 5 B~ Vs/ Co_ntinuum
o I BB background
Signal
Continuum
BB background

5.2 522 524 526 5.28 5.3 03 -0.2 -0.1 0 01 02 03

Beam-constrained mass |GeV/c?] nerqy difference |GeV] —vent shape
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Normalized yield (arbitrary scale)

0.1

0.05

0.1

0.05

PRD

111, 012015 (2025)

Belle

Belle I1

cosO(z") p(D™)
Belle
Acp(DY - KOK?) = (—1.1 4+ 1.6(stat) -

0.2

-0.1(syst))%

{ D'—KIK]

A Y 7

t DO kK TABLE 1. Summary of uncertainties in Acp(D° - K3K?).
D'—K*K~ :
— welahted Uncertainty (%)

0.4

p(r?)

Source Belle Belle II
Modeling in the D° — K9K¢ fit 0.04 0.05
Modeling in the D — KT K~ fit 0.02 <0.01
Kinematic weighting 0.06 0.07
Input Acp(D° - KTK™) 0.05 0.05
Total systematic 0.09 0.10
Statistical 1.60 2.30

0.6

Belle |l
Acp (DO — KgKg) = (—2.24+2.3(stat) -

-0.1(syst) )%
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Candidates per 14 MeV

Candidates per 1.0 ps

PRD 111, 012011 (2025)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012011

PRD 111, 012011 (2025)

A Y 7

TABLE II. Relative systematic uncertainties on the branching

fraction compared with the statistical uncertainties. TABLE III. Systematic uncertainties on the CP asymmetries

Source

Relative uncertainty on BF [%]

compared with the statistical uncertainties.

Source Cep —nrScp
7V efficiency 3.7 . 0
Lepton ID 0.4 Calibration with B® — D* z™" 0.017 0.023
BDT 0.3 Signal extraction fit 0.003 0.017
Tracking efficiencies 05 Backgrounds composition 0.005 0.009
External inputs 0.4 B.ack.grounds At shapes <0.001 0.001
N(BB) 1.4 Fit bias | 0.010 0.010
=/ 00 15 Multlple candidates o <0.001 0.002
Fixed parameters 0.9 Track}ng .detector misalignment 0.002 0.002
Backgrounds composition 0.4 Tag-side interference 0.027 0.001
Multiple candidates 0.5 7po and Amy <0.001 <0.001
Total systematic uncertainty 45 Total systematic uncertainty 0.034 0.032
Statistical uncertainty 6.0 Statistical uncertainty 0.123 0.171
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Table VI. Systematic uncertainties for B and fr. Relative
uncertainties are shown for B.

Source B [%] fr[1072]
Tracking +0.54 —
7V efficiency +7.67 —
PID +0.08 —
To +2.87 —
MC sample size +0.24 +0.2
Single candidate selection +0.55 +0.3
SCF ratio ot o2
B’s of peaking backgrounds fg:gé +0.1
7777 background yield -8 +0.0
Signal model s +0.2
q7 model To's1 To2
BB model oo To
777" model 026 To
Peaking model et -3
Interference +1.20 +0.5
Data-MC mis-modeling 350 s
Fit bias +1.03 +1.2
S/ foo +1.51 —
NBB +1.45 —
Total systematic uncertainty 007 I
Statistical uncertainty s 21
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Table VII. Systematic uncertainties for .S and C.

Source S[10~2] C[1072]
B’s of peaking backgrounds fg:g 10.1
77 background yield +0.9 o0
Data-MC mis-modeling J_F‘i:fli ﬂ_L(}):g
Single candidate selection +1.3 +1.9
SCF ratio J_r8:i J_r(()):g
Signal model M +0.3
C](j_model =2 +0.2
BB model +0.9 +0.7
7777 model +0.1 40.0
Peaking model o8 +0.2
Fit bias +2.0 +0.6
Interference +9.8 417
Resolution ) J_ri:ill J_rjlt..z
At PDF for q¢ and BB -8 +0.7
Tag side interference +0.5 +2.1
Wrong tag fraction J_Fgé 105
Background C'P violation + g:g J_rg-g
CP violation in TP signal fg:g J_rg-i
Tracking detector misalignment +1.4 4+0.5
To and Amyg J_r}l:‘é 40.3
Total systematic uncertainty f?% J_rg-é
Statistical uncertainty +18.8 1121
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TAB. IV. Observed and expected values of the background

yields in the fit.

The expected values are estimated from

a simulation corresponding to an integrated luminosity of

365 fb~ .

Parameter Observed value Expected value
Mp, ot 4907 = 71 4846 + 24
Ny, i+ 4620 £ 69 4493 + 24
(I 454 + 22 461 £ 9
T ot 772 4+ 28 811 + 11

TAB. V. Observed values of the signal yields and branching
fractions, obtained from single fits for each 77 decay mode

and the simultaneous fit.

Decay mode s B(10~%)

Simultaneous 94 4 31 1.24 +0.41
et v, U 13+ 16 0.51 £+ 0.63
wt v, U, 40 + 20 1.67 +0.83
Tt . 31+ 13 2.28 + 0.93
ot U, 6 + 25 0.42 + 1.82
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TAB. VI. Summary of systematic uncertainties (syst.) on the
fitted branching fraction presented as relative uncertainties.
The eftect of each source is evaluated in the simultaneous fit
of the four signal modes. The last three sources do not affect
the signal yields.

SM SM
|Vub | exc |Vub | inc
T | | |
- Belle II (365 fb~!, hadronic)
i 1.24 £0.41 £0.19 Preliminary
(HE. BaBar (417.6 fb~!, semileptonic)
i i 1.7 £0.8 £0.2 PRD 81(2010)051101
o BaBar (426 fb~1, hadronic)
i 1.83%825 £0.24  PRD 88(2013)3,031102
ol Belle (711 fb~?, hadronic)
i 0.72 %927 +0.11 PRL 110(2013)13,131801
- Belle (711 fb~!, semileptonic)
1 1.25 +£0.28 =0.27 PRD 92(2015)5,051102
i.l | | | |
0 2 4 §) 8

B(BT = 71.) (x107%)

Source Syst.
Simulation statistics 13.3%
Fit variables PDF corrections 5.5%
Decays branching fractions in MC 4.1%
Tag B~ reconstruction efficiency 2.2%
Continuum reweighting 1.9%
7V reconstruction efficiency 0.9%
Continuum normalization 0.7%
Particle identification 0.6%
Number of produced 1°(45) 1.5%
Fraction of BT B~ pairs 2.1%
Tracking efficiency 0.2%
Total 15.5%
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Table I: Signal efficiencies (¢) and expected background yields,
for n(BDT) > 0.4. The signal categories are ordered accord-

ing to the expected sensitivity.

Table II: The systematic uncertainties
branching fraction of B — K*7777, which were computed
following the procedure in Ref. [38].

‘paper in preparation]

for the

Source

Impact on B x 107°

BB

Signal category e x 10° qq
144 4.0 275 39
e 7.6 1058 230
o 15.5 3279 845
T 4.0 1077 424

B — D™ {/tv branching fractions 0.29
Simulated sample size 0.27
qq normalization 0.18
ROE cluster multiplicity 0.17
7 and K 1D 0.14
B decay branching fraction 0.11
Combinatorial BB normalization 0.09
Signal and peaking B° B° normalization 0.07
Lepton ID 0.04
70 efficiency 0.03
f()() 0.01
Ny (as) 0.01
D — K, decays 0.01
Signal form factors 0.01
Luminosity < 0.01
Total systematics 0.52
Statistics 0.86
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TABLE I. Efficiencies (€), signal yields (/Ngig) of the data fit,
central value of the branching fractions and the observed BY"
at 90% CL. The first uncertainty of the central value is sta-
tistical and the second is systematic.

Channels e(10™%)

B(107°)
Nsig Central value UL

B - Kortu~ 1.7
B - K2r—ut 21
B - K21%e™ 2.0
B - K2r7et 21

—1.8+3.0 -1.0x1.6x=0.2 1.1
2635 1.1x1.64+0.3 3.6
—12+24 -05=x1.1x+0.1 1.5
—29+20 -1.2+£094+0.3 0.8

| (GeV/c2)

rec0|

32


https://arxiv.org/abs/2412.16470

