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Beauty and charm factories
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Energy-asymmetric e e~ collisions at the 2,0 1
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pairs. Data-taking resumed on Feb 15 Mass (GeV/c')
Belle: additional ~770M BB + ~1.3B charmed
hadron pairs (data taking ended in 2010) Belle Ii Online luminosity Exp: 7-30 - All runs
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Belle || compared to Belle

- much improved vertexing

- greater acceptance

- design 30x instantaneous luminosity

= similar performance with 20x machine bkg
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Exploit Belle + Belle |l dataset combination



B physics at Belle (ll)

Threshold and coherent production of BB L AE = E* — \/E/z

. . [ B
meson pairs + precise knowledge of : ﬂ oonal
collision energy — specific observables - BB background

Infer flavor of signal B meson from
features of the “other” one (tagging)

Reconstruct the decay of the tag B to 3 03 o1 0 01

N . . AE GeVI
constrain kinematics of the signal

Tag
reco




IN NeW for Moridnd %

Branching fraction of B~ — D%~

> elie ata
One of the dominant hadronic B decays Qweop Bl 2 e
T S 160F [Lat=3621b 1 Signal
+ test of QCD factorization models. L] o | Selfcross-ee
. S 120 reliminary @ BB background
WA dominated by 1994 measurement o 100k
% 80 0.55 <cosd, <0.70
2 60
. \ ©
Fit AE to subtract background, then fit p e N
angular distribution (cos 0,) to separate o S — A e At
signal and non-resonant B~ — D%~z AE [GeV]
n 1400;
g 1300k Belle Il + Ei?ta

BB~ — D7) =(0.939 £0.021 £0.050) % g re00 [rer=sc2’ 2250
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New for Morond
Branching fractions of B — DK~ K"

- Belle I preliminary (Ldt = 362 fb™
DKK mostly unexplored sector: expect T 80F g, pIKK® o
b BTDKKS
few % of BF, measured only 0.28% S wl 1 Background
o . DKKr cross-feed
% 120 :— h —— Data
Measure signals in AE fits, for final g

80 [~

states with a K* fit m(Krx) distribution oo
to constrain non-resonant fraction :

Observed 3 new DKK{ decay modes, AE [GeV]
improved precision by a factor 3 in BB~ — D’K™K{) = (1.82£0.16 £ 0.08) x 10~
the other DKK modes BB - DK KJ) = (0.82+0.12 £ 0.05) x 107

BB~ - DK KY) = (1.47+£0.27£0.10) x 10~
BB’ - DK KY) = (0.91 £0.19 £ 0.05) x 10~
BB~ - DK K% =(7.19+0.45+0.33) x 10~*
BB - DTK"K) = (7.56 +0.45 +£0.38) x 10~*
BB~ - DK K =(1193+1.14+0.93)x 10~*
BB’ > DK K% =(13.12+121+0.71) x 10~




New for Moriond]
Branching fractions of B — DK~ K"

Belle Il prelimi Ldt = 362 fb"
Extracted background-subracted and N T T
o ] ] ) - B—- DK K S —— Phase-space Signal
efficiency-corrected invariant mass and Q 600l
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https://arxiv.org/pdf/2403.07499.pdf

Charmed hadron decays



| New for Moridnd

~ Search for rare D° — h~hO*ete decays

60

Belle-only data. 55 D' —K atete - pata
_— . 50_ mee (675, 875) ........ Signa|
Sensitive to FCNC in the non-resonant T R Barkoround (n— eey)
— . 40— olie 1 - Background
m(e+e ) regions Sg— [Lat=0az
30| -
| 25| Preliminary
Reconstruct decays with 20 = K, 7 in “ol
. — . . 10
different m(e*e™) regions, each with s BEC & f
. . . R SR IT ST G N R SR Bere. o R & o
optimized selection P8 182 184 186 188 1.9 102

m(Kree) [GeV/c?]

D° - K n*tete
12— m,. (non-resonant)

RBD' - K ntete™) =(39.6+45+29) %107 oL sene

in m,,(675,875) MeV o Jrat=sezm’
6 Preliminary | l Signa|
Precision comparable with WA. al- -\ /
World’s best upper limits on all other % l l /14 s
regions and on other channels 05185 18i 86 TE8 T B

m(Krree) [GeV/c?]



l New for Morlond

Measurements of = O N

Belle + Belle Il combined analysis

Reconstruct as E*Y — A( = pr)z ™,
n' — naxand 7°/n — yy, extract
signals fitting the m(=x) distributions

BE? - 2% =(72+£03+05+1.6)x 1073

93’(58 — =

29 =(1.7+02+02+04)%x 1073
n)=(13+03+0.1+0.3)x1073

First measurements for all these decays

Comparable with only one of the three
theoretical prediction [JHEP 02 (2023) 235]

9

Events/(5 MeV/c?)

Pull

=0_0 =0,, =0,
= ]Z' = =
20
— Belle I, 426 fb™ <+ Data
_ — —Total Fit
~ Preliminary _ Signal shape
1o - -- Broken signal
B -- Background
10 % =° sideband
— P
5 [ I~ |
M+ “u,/ tlt 1 “ L |
0 A i . " 1 e R e I S e ll A
2 F
Om
2.4 2. 615 2.55
M(E"N) [G eV/cZ]
25
~ Belle, 980 fb™ +Data
n —Total Fit
20 | Preliminary —Signal shape
-- Broken signal
15 -- Background

=° sideband

2.4



https://link.springer.com/content/pdf/10.1007/JHEP02(2023)235.pdf

“ New for Morlond

O =00 =0, =0,/
Measurements of 20 — =97 ) IR ¢
Differential decay rate is G~ | Bellen sz’ o
L 100 [~ Preliminary —Signal shape
dN % : ’ ‘ --B:)ken signal
= 1 + a(E°2)a(Ax")cos0= E | A
d cos O=o B 50 } ’;
€ [ Sl 1 :

i =00 TR S5 2V T Pl
with a(E"7") allsyrr?metry parameter Ll [ bttt d
related to P-violation S i

oty 27 25 26

M(E°°) [GeV/c?]

Measure signal yield in bins of helicity " Belle Il, 426 fb"
angle, extract asymmetry from linear fit ;5000;_ Preliminary *
simultaneous to Belle and Belle |l S .

10000 %
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23 05 0 05
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Testing the Standard Model



Events per 0.021 GeV

[PRD 109 012001 (2024)]

[arxiv:2402.17260]

Belle Il simulation
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https://arxiv.org/pdf/2402.17260.pdf
https://arxiv.org/pdf/2402.03713.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.012001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112009

Belle + Belle |l determination of y

Preliminary
Phase between b—c and b—u. DOK—
Tree-dominated: precise SM reference
HFLAV: (66.273¢) rge’t7) \

K-
Access with interfering decays to same [f]D

final states. Many Belle + Belle |l results: \ /
- D — Khh [JHEP 02 063 (2022)] -
: D°K

- D — KoK [JHEP 09 146] (2023)]
-D — KSnO, KK [arxiv:2308.05048]

o Suppr. ( B™ — EO K—)
First y determination using only of favor. ( B- = DO K—)
Belle and Belle Il results

y = (78.6 = 7.3)°

13


https://link.springer.com/article/10.1007/JHEP02(2022)063
https://link.springer.com/article/10.1007/JHEP09(2023)146
https://arxiv.org/abs/2308.05048

Towards / determination

Measurement in penguin-dominated
decays, sensitive to BSM physics.

B’ - n’Kg final state unique to Belle II.

Two sub-channels " — n,, 77, py.

Dominant bkg from track combinations,
dedicated suppression BDT

Measure signal with AE fit, and then fit the
decay time to measure CPV

Cyxo=—0.19 £ 0.08 + 0.03

S, vo=+0.67x0.10=x0.04
n'Kg

Competitive with current bests
even with smaller sample

[arxiv:2402.03713] preliminary 14
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https://arxiv.org/pdf/2402.03713.pdf

Summary

Belle Il aims at testing the Standard Model and improving the
precision on flavor-physics parameters

Today showed new branching fraction measurements, competitive
with current best even with less statistics. Additional precision by
exploiting also the Belle dataset

Data-taking just resumed, aim to reach 1 ab-! of integrated luminosity
by 2024 and test the Standard Model with competitive data sample
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Belle Il at SuperKEKB

La_+4cev36A]

Belle ii

(eoo‘ 2 s:\ ~ » 7‘1 New IR
\No( 36‘ cxv y / 'T EM Calorimeter

A 1 \*\ Wow boarr pioe Su pe rKEKB Energy resolution: 4%-1.6%
g

Kt and p detection
KE p-resolution: 15 MeV
identification efficiency: ~90%

‘7 > 1

& bellows

Vertex Detector

% Vertex resolution: 15 um
electrons —heae N .
{ (7 GeV) S e
Add / modifv RF svstems e e N " pOSitronS

for higher beam current / "' e — (4 G
’ = eV)

= Particle identification -
Positron source Central Drift Chamber eff. 90% fake st rate 5%
R e e Spatial resolution: 100 um \

dE/dx resolution: 5%

captre section l
Be//e I

Low 2 aittarce positr y s
to miect

Damping ring ” ——
N
s/

Low amittance gun

////

prresolution: 0.4%

~7.5m

LOoW amittance electrons
o inject

‘

25
[ ]
~PR I ; = .
= i ; ~100% of Y(4S) decay to BB pairs
s ' 1 ] . .
gt i _ - Low-background production of ~30 pairs/s
as # BB production thresholds . .
puof |} A - Precisely known collision energy
o £ : 15)
I SR VY B T4 ) N -j - Coherent evolution of B and B
b . by e e e &3
o) “ves vay T [Gesy - Currently ~390 M pairs
9 44 946 10 00 10.02 1034 10 37 10.54 10.5% 10.62
Mass (GeV/c)
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EDATA

EDATA
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Performance overview

High photon efficiency
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Good 71'0 reconstruction
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New for Morond . iy R 05—
Isospin test in B~ — D%
.

Branching fraction measurements on BY — D", D*¥p~and B~ — D%p
provide tests of calculations of hadronic decay rates based on heavy-quark
limit and factorization models. The ratio R and strong-phase difference 6
between those amplitudes are related to the branching fractions of the
three decays and the ratio of the B+ and B- lifetimes

2 1 B(DY~) 2

0.0 + - 3 1 3 B(D " —2B(D* p~ |
g (38BOWO+BOY) LN 5o L (2R BDp) —2BDp) |1
2 1 B(DY~) 2

Results reported by LHCb: R = 0.69 £ 0.15 and cos § = 0.98470-1 12
[PRD 92 032002 (2015)]

Update with Belle Il DYp~ result : R = 0.931“8:5 and COS O = 0.9191“8:8(1)3
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.032002

ﬂ New for Moriond

Search for rare D' — h~h%eTe™ decays

e [PRD 98 035041 (2018)]
S 107t
%
8 L9l
N 10
2
k 107"
k
£ 107
]
© 4015t
@l
Mee Tegion [MeV/c? | Yield Significance B UL @ 90% CL
K KTete”
n 520-560 - < 0.1c - < 2.3
p° Jw > 675 2.6 +£ 1.8 2.00 1.2+ 0.9+ 0.1 < 3.0
non-resonant > 200 fi 3.5+ 3.3 1.50 3.1+30+04 <77
T nteTe”
n 520-560 0.6 2.3 0.30 04+144+0.2 < 3.2
p° Jw 675-875 3.7+ 4.1 0.90 2.0+ 2.2+ 0.8 < 6.1
o) 995-1035 3.6 + 3.2 l.lo 1.1+£1.1+£0.2 < 3.1
non-resonant > 200 —-0.2 £4.1 < 0.lc —-0.2+34+0.9 < 7.2
K mreTe”
n 520-560 4.0 + 2.7 1.60 22+15+05 < 5.6
p° Jw 675-875 110 + 13 11.80 39.6 £ 4.5 £ 2.9 -
o) 990-1034 46 + 24 2.50 1.4+ 08+0.3 <29
non-resonant > 560 22+ 4.2 0.40 1.3 +24+0.6 < 6.5

2 Excluding resonance regions, which is same for all three modes.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.035041

