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The SuperKEKB Collider

Interaction

Region Belle Il detector
—— -~

J/ T T . ——

o =

Asymmetric e* (4 GeV) e (7 GeV) collider working mainly
at Y(4S) @ KEK laboratory, Tsukuba, Japan

electron ring

= 4

" w -
XY

Holds world luminosity record: 4.7 x 1034 cm=st (2022)

Aims to exceed 103° and to deliver multi ab™* data sample

electron / positron in the next few years
linear injector

positron ring

( —
Nano-Beam scheme (P. Raimondi):

Squeeze beta function at the IP (Bx",By") and minimize longitudinal
size of overlap region to avoid hourglass effect

positron damping ring

N

= effective
\ 0: (’,\' //Y e

N

* Delivered 424 fb!in Runl (2019-22)

Half crossing angle: ¢ eff

* Maintenance and upgrades during long shutdown 1 o =<8

Strong focusing of beams down to vertical size of ~ 50 nm requires
* Restarted collision (Run2) in Feb 2024. very low emittance beams and large crossing angle (83 mrad)

= Need powerful and sophisticated final focus system (QCS)

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 2



The Belle Il detector

Taken over | KL and muon detector
from Belle ,J . s Resistive Plate Counter (barrel outer layers)
— Super conducting solenoid ) Scintillator + WLSF + MPPC

el (end-caps , inner 2 barrel layers)

A\MARE

EM Calorimeter
Csl(Tl), waveform sampling electronics

electrons (7 GeV)

4 -
g2

Particle Identification
Time-of-Propagation counter (barrel) TOP
Prox. focusing Aerogel RICH (forward) ARICH
Central Drift Chamber dE/dx

Trigger
Hardware < 30kHz

Beryllium beam pipe
Y Pip Software < 10kHz

2cm diameter

I

171/
(Ll

e
Final focus systemQcs'  Positrons (4 GeV)

Set of super conducting
magnets very close to the IP

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

Central Drift Chamber

Smaller cell size, long lever arm

New for Belle Il TDR arXiv:1011.0352
Belle Il

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024

e Excellent tracking performances
* 15 um vertex resolution

e Hermetic detector: full event
reconstruction to exploit
kinematics constraint

* High photon efficiency (90%
above 1.5 GeV momentum)

e Very good lepton ID:
e(n)~90% with 7% 7 mis-ID;
g(e) ~86% with 0.4% 1 mis-ID

e Kaon ID in full momentum range:
e(K)~90% with 6% © mis-ID



Total integrated Weekly luminosity [fb~1]

Belle Il Online luminosity

Belle Il and Belle data sample

Exp: 7-33 - All runs

17.5 1 Integrated luminosity

. Recorded Weekly
15.0 s [ £ pacordeq dt = 505.47 [fb™]

12.5 1
10.0 1
7.5 1
5.0 4

2.5 1

0.0 -

/— 200

- 400

- 300

200

Total integrated luminosity [fb 13

100

19/06/2024

In Run 1 Belle Il has collected 364 fb! @ Y(4S)
+ 60 fb! at different c.m. energies

Equivalent to BaBar sample and about half the
Belle sample

Belle data can now be analyzed in Belle |l
framework. Many analyses use both samples

1200
Adapted from EPJ C74 (2014) 3026
. —1
— 1000 Y(55):121 fb -t
D Y(4S5):711 fb~!
EE- s00 | Y(35):3 fb!
.:-:: Y(2S): 25 fb~!
] . -1
£ 600 | Y(15):61tb
: D
= 400 /O
§> BELLE
-E
Sp 200
2 Off-resonance -

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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B factory basics/1 AE = E5 — Vs/2 My = \/( N
= m(Y(4S)) = 10.58 GeV = 2my _

Continuum

B B background

Signal
Continuum
BB background

‘ Kinematics constraint can be exploited to
separate signals and backgrounds

03 02 -01 0 01 02 03 5.2 522 524 528 5.28 5.3
BE dod t<h e diff ¢ AE (GeV) My (GeV/c?)
—> and qg events have quite differen Expected AE ~ () Expected M, =~ my

event shapes which allow to distinguish

o,

~ 0.3GeV/c

p(a) = 5GeV/c

_I_ —
ee — T(4S) — BB ete” —qq (q€ {u,d,s,c})

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 5



B factory basics/2 i

Shiia simulation
_ - — B GFlaT .
One B meson can be used for tagging the flavour and the other o | O GFlaT
as signal decay mode S ool BY, category-based
The new tag algorithm GFlaT, based on graph convolutional S 5000 BYyeategerypased
neural network (GNN) improves by 18% the efficiency with £ 4000
respect to the previous category based (CB) tag arXiv:2402.17260 1'2: 3000 §
8 2000 |
etag(CB) =(31.7x05x£0.4) % 1000 e il
gtag(G FIaT) — (37.40 i 0.43 i 0.36) % —01.07—050 —025 0.0 0.5 1.00
qr
* Precise vertex reconstruction of both B meson decay allows
to make time dependent analysis of CP asymmetries +

FE_)].(At) +1,,(AY)

acpy (Al) = = Ssin(Am At)—C cos(Am,At) Y(4S) —»

S - indirect CP if_:tﬁ’yCAz 7 gnk
C =-A - direct CP B n’ Ks

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 6


https://arxiv.org/abs/2402.17260

Recent Belle Il / Belle highlights

EW-radiative penguins: b, ¢ hadronic decays:
BR,AjpandA,,0f B> K*y + BRofB > Dp
* Search for B® 2 vy * BRand A, of B® > r0xn°
e b>d&& * BRof 0 - =%, =%, =%’
* Evidence of B*-> K* vv * v angle Belle+Belle Il determination
Semileptonic decays: Time dependent CPV:
* V,, untagged B> w/plv * B> 1K
* Update of B> D*{v « B> K,y
* B9 J/y K using Gflat tag
low multiplicity and t Quarkonia and spectroscopy:
* ofe*e >ntr ) * Y(10753) rediscovery
* LFUin Tt decays * Search Y(10753)>® 1,(1S)/,,(1P)
* T ppp e Energy dependence of ete> B(WB™

Will briefly present the bold typed ones

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024

Impressive result production rate
in 2023-24:

29 published or accepted journal
papers + 11 submitted and being
reviewed (18 months! More than
2 paper per month on average!)

More than 15 new results
targeting ICHEP 2024 !



B hadronic decays

All B decays

* Semileptonic (/={e,u})

® Semileptonic (£=1)

¢ Hadronic

[J Covered by FEI
EvtGen

# PYTHIA
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Branching fractions of B*-> D° p(770)*

BT — Dp*: test heavy-quark limit and factorisation

models [Nucl. Phys. B 501, 313 (2000)]
WA BF: (1.35 £ 0.18)%; driven by old CLEO measurement
[CLEO, PRD 50, 43 (1904)]

- Very large (14 %) uncertainty

Signal extracted from fit to AE
e Challenge: separate B — D'p( — z7") and

non-resonant B — D"z 7" component

- Fit performed in bins of helicity angle (cos 6))

ABBt — D%*) =(0.939 +0.021 £ 0.050) %

2xbetter than previous world best
Systematically limited by n° efficiency accuracy
Result very useful to improve hadronic tag in missing energy channels

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024

@ 120 Belle Il (preliminary) ¢ Dala
i . —— Fit result

o 100'_de1=352 fb ] Signal
= i | | Self-cross-feed
@ 80 F I BB background
o
73] L
O 60| -1<cos@, <-0.92
— o
% o
= 40
5

20
&

arXiv:2404.10874

0 g,
-0.15 -0.1 -005 O 0.0 01 015 02

AE [GeV]
180 L Belle Il (preliminary) ¢ Dala
. — Fitresult
160 j Ldt=362fb [ Signal
140 | Self-cross-feed
120 I BE background
100
0.55 < cosd, =<0.70
80
60
40
20

015 -0.1 -005 0 005 01 015 02
AE [GeV]


https://arxiv.org/abs/2404.10874

B—> 1Ol

Previous result [PRD107 (2023) 112009] updated with full
Run 1 statistics, new flavour tag (Gflat) and reduction of
systematic uncertainties

 Bkg mostly from continuum and B*=>p*n® ; BO>K.
* Photons selected with BDT, continuum suppression

trained on off-resonance data

variable, wrong tag probability

BR = (1.26 % 0.20 + 0.11)x10°
Acp = 0.06 + 0.30 + 0.06

BR world best, A, same as world best
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(o572

A0

Vudvub’k

Vcdvcb* b 2
Ld?» \

1(0,0)

Belle Il preliminary
I Ldt=3621b"

Candidates per 0.8

n
o

l
o

0 0 O f§ 70F  Belle I preliminary
I B —-»nmnw I ;
60| J-Ld[=362fb

50

40

30}

20

Candidates per 4 M

| Abona
_AYIVI T57

Normalized
residuals

Extract signal by simultaneous fit to AE, M, , continuum

Belle Il preliminary
J. Ldt=3621b"

o
o

o~
o

Candidates per 32 MeV
w
o

Normalized
residuals

B 4
Ng 2
wo O
A £D -2
2 4 6 8 10 & $ 4 L " L 4 L I L L A
C Z = 52 5215225235.245.255.26 5.27 5.28 5.29 25.3
M, [GeVicT]
o 70 Belle Il preliminary
=
o 60f JLm=362fb"
o
2 50 - Data
g 40 [ = Total fit result
o W B° - 20
8 30F  #& BB background
i Continuum
20 ¢
10F
© 4F
52 2F
E_a g &
LB | L 1 gg 74 =
01 02 03 04 05z2z= -

AE [GeV]



https://link.aps.org/doi/10.1103/PhysRevD.107.112009

Belle + Belle Il determination of ¢,/y angle

SM benchmark: very reliably predicted (10 relative)
Tree level decays: no large BSM
* Access via interfering decays to same final state

)

* D decay strong phase from Cleo-c and BESII| - s B~
b c
Several methods used: B—O Vb O D0 B—
* GLW B* - DOK* arXiv:2308.05048 [hep-ex] :
, favored U
Use CP eigenstate of D meson
 ADS PRL 78 (1997) 3257 A -
Enhancement of CP violation by using doubly Cabibbo 1/' K e
suppressed decays. B- f
« BPGGSZ D° - K.h*h" JHEP 2022(2022), 63 i R
: : .. DO K-
Different amplitude and strong phase in different o
) ) Aere'( B—¢3)
region of Dalitz plot.
*  GLS D%->K Km JHEP 09(2023)146 rg and &g are mode dependent

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 11



arXiv [2404.12817]

Belle + Belle Il determination of ¢,/y angle

B decay D decay Method Data sot First combination of all Belle+ Belle Il
(Belle + Belle IT)[fb ] ¢; measurements:
BT - Dht D — K0h=ht BPGGSZ 7114128 [JHEP 02 063 (2022)]
BY = Dk* D= Kgmontn® BPGGSZ M1+0 YHEP10178(2019] | jkelihood with 60 input observables
B* - Dht D KM K"K+ GLW T11+ 189 [44iy:2308.05048] including 15 i - ’
B* 5 Dht Do Ktn Ktra®  ADS TILH0 o 106231803 ot 1) e oiNd Lo auXiliary Inputs
Bt 5 Dht D KK ot CLS 711 4 362 (D-decay), 16 free parameters
Bt = D*K*+ D — K7 nt BPGGSZ 605 +0 HEP09(2029) 140]
D — K97V, K90, Kdw [PRD 81112002 (2010)]
+ * T+ s g frg s Llglly
BT = D*K K—K-I-’ ﬂ-—ﬂ.+ GLW 210+0 [PRD 73051106 (2006)] . Belle + Belle IT (2024) preliminary
I BPGGSZ
e 018k I BPGGSZ and GLW
BPGGSZ and ADS
0.16 B All decays
\
+3 4 0.14 o
Result compatible with HFLAV WA: ¢, [y (°) = 66.2237¢ a1

N

$,=(78.6£7.3)°

0.06 + contours at 68.3% CL
L

Valuable single experiment determination.

x
T

0 20 10 60 80 100 120 140 160 180
19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 ds[°] 12


https://arxiv.org/abs/2404.12817
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Time dependent CP violation

R0
Bta

T(4S) —>

Az = [BycAt % gn
K
At =tcp —t
CP tag N’ Ks

A.Passeri - Belle Il results - QCD@Work 2024
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A gluonic penguin: B 2 1’ K

Iﬁi arXiv:2402.03713
/I

Bgllg ‘III Pre[iminaryl . f;dtfafeg fb“1 Bgllg ‘II‘ Pr‘e‘lir‘nin‘alry ‘flﬁ‘dt=‘ 3.677" fb._l
~ 60 _ Fit | | éignal | | > 120 7—| Fit | | Eignal | | i
() ---- Continuum I SxF [ -—-- Continuum W SxF ]
, = 50 —— B3 | Data = 100k —— BB } Data ]
Two N’ decay modes are reconstructed: 2 S 5
m ’ ™M _ 7
N2 nrn (M=>yy) and > py g 20 3 .l |
o " ]
@ 20F Q ,
Signal extracted via fit to AE, M, and Sl < 20f ;
continuum suppression BDT output ° O e
)] 5 5 -t I ]
E 0 % 0 e e e W B m
- L L ‘ ‘ . ‘ o L L ! L ‘ L
* Bkg At shape from sidebands > 0.0 —0.04 —0.02 000 002 004 > 2006 —0.04 —0.02 0.00 002 0.04
: : : AE [GeV] AF [GeV1
* BKG asymmetry included in the fit __Belle i Preliminary [edt=362fb" __ Belle Il Preliminary [cdt=362 fb~!
* Validation on control sample B*>n’K* o | B°=n(=nymnKs Background | w o 1 B°=1(=pYIKs Background
N % ¢ B°tag < ¢ B°tag
S a0l *‘ ¥ Btag S >°f t BCtag
S= 0.67 £ 0.20 + 0.04 !
C=-0.19+0.08 £0.03 2 J7A 3
8 10 . ‘*\ N 8 50 f
0 = s s ‘ h s 0=
HFLAV: S= 0.63+0.06, C=-0.05+0.04 £ os e g o
Precision comparable with Belle/BaBar R T S e A ey S S N R S S
At [ps] At [ps]
14
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https://arxiv.org/abs/2402.03713

B > K, %y

Expected to hzive small mixing induced CPV in SM, due to helicity suppression of b—2>s vy
(b = sy; and b — sygr) -2 Sensitive to NP

* B vertex with no prompt tracks reconstructed from K= nttn~ with beam spot constraint
* Recontructed separately for resonant channel K*°=>K.n® and non resonant Km°
* Signal extraction from combined fit to AE and M,

80 100
- Belle Il (preliminary) ¢ data Belle Il (preliminary) ¢ data
F [Ldt =362 fb~! — fit g0 | JLdtT362 bt — fit
% 60 | { XY signal ﬁ I S signal
O resonant [fed - BB O Rl BB
o~ 50 | - ™ 60 ot -
o qq o -~ qq
© 40} =
by i S— -
= 5 a0l o U |
£ 3o[+ 2 L
® 50 T g NON-reSONaANT==:p- N
L ; T \\\\ + W 20k -\ """
a0 ALAAAR NN
Y S I N B S NI\
-0.4 -0.3 -02 -0.1 0.0 01 02 0.3 -04 -03 -02 -01 00 01 02 0.3
AE [GeV] AE [GeV]
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Time dependent fit:

.0 resonant 0 Non resonant
2  Preliminary _j:_ S o | Preliminar _‘_;f_ o
< [ Q 20f
s | / c 10} ‘
Q10 ¢
o /a8 ! + T T
0 ' . 1 > 0 ' B S 1 >
+ 2 | + " %
I 10 e _'_—l— + —— 0 =
R + 4+ 11§
~10 5 0 5 10 1< ~10 5 0 5 101 <
At [ps] At [ps]
—_ +0.274+0.03 _ +0.45
C=0.10x0.13%+0.03 C=-0.06x0.25+0.07

World’s best result depite lower statistics, thanks to better acceptance and bkg suppression

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 16
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B semileptonic decays

A.Passeri - Belle Il results - QCD@Work 2024
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Belle ll I signal a Xatw Slgnal x2

|Vl from B> ntévand B*> p%8tv .00 S 2in, wn

BYam ity =3 v B Continuum

s> 5[ Preliminary

Untagged reconstruction with full Run 1 statistics

107 Events | Bin

* Build up BDT discriminator to suppress B>X_.¢ v and continuum
* Require kinematical consistency of rest of event with B decay
* Require p; () >1GeV and p; (p) >1.4 GeV

—0.75 -0,50 —0.25 000 025 050 075 100 125

Extract signal yields by combined fit to AE, M, in 13 bins (r mode) +
, _ ¢ AE (GeV)
10 bins (p mode) of g2 (defined as (p, —pmp)z) — T —
o _ Jeot=3641b"1 E tl;:;rr;bsignal : i::.:r ab m;zf. g;:nc.

Consistent with WA s Preliminary
B(B“ - :!I"'lv) = (1.516 +0.042 + 0.[]59))(10‘4 _
B(B* - p°lv) = (1.625 +0.079 + 0.180)x10~*

10* Events / Bin

Leading systematic are the modelling of continuum
and non-resonant B> X, £ v decays

a
5,100 5125 5,150 5175 5,200 5225 5,250 5275

Mbc (GEV) 18
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|V,,| from B> tdvand B*> p®&tv

|V, | extracted by fitting BR(q?) assuming FF parametrization (BCL for &, BSZ for p) and lattice or light cone sum rules

H *
calculations (*)  po _, 4, dB/dq? withLcaD ~ B® — m*lv dB/dq? with LCQD+LCSR B* = p°lv dB/dq? with LCSR
| Belle Il [cdt=3641b1 [ Belle II [cdt=3641h" M1 Belte n B* = ptyy
sl ] B - ity sl I B® ity 12 :_j;:o*r= 3647b7!
> 51 > ok
Sef S o &) mf
z | z | g
2l 2l 2o
T | T | Lqco+ sk T 45_
B 2F — BCL 30 B 2 — BCL 30 g | LCSR
T I mm o i Data © [ mm 1o i Data © 2 — BSZ 260§ Data
- 20 F 20 A B lo 30
ol of -
S T U T S O ° 50 S5 5075 100 125 150 175 300
Prelimi g? [GeV?] g? [GeV?] g2 [GeV?]
reliminar
y ﬁ4-8-"'|"'|"'|";|"'|'-
. C xclusive Ay~ = 1.0 contours 3
|m.{-h|}?_}'ﬂ-{:l—"f‘ — (3-93 j: U-Ug ﬂ: 0-13 j: U-].g) X ].U .j (TO 465_ E i - :zﬂ): ’ Inclusive _E
LQCD stat syst theo e Vol
—= 42 Wi —+— 3
. = E - HFLAV Average E
V| B—smew, = (3.73 £0.07 £ 0.07 £ 0.16) x 10~3 e A e
38 =
LQCD+LCSR skl - = 1 m channel
e —3 34E E
Vit | B pt, = (3.19£0.12 £ 0.17 = 0.26) x 10 : | p channel
(*) References in the backup material S =Y
36 38 40 42 44
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New LFU limits: R(D")

m

_ AB(B — D*w)
R(D3
B

e 8(B — D*fv)

D

N

arXiv:2401.02840

ore\e,u)

£(eoru)

[..y U
T~

/ .
>V

~a

."/ \ / \D*/ Tslow
YK

Hadronic

Use 189 fb! with hadronic tagging: Full Event Interpretation
algorithm, Comput Softw Big Sci 3, 6 (2019)
Extract R(D*) from 2D fit to missing mass squared and residual

energy in ECL A
Preliminary 4
" +0.041 +0.035 o
R(D*) = 0.262 g9 (stat) Zqg3z(syst).
0.3
* Result consistent both with SM and WA
e Statistical error comparable to Belle. Systematics dominated 025
by MC stat and PDF shapes
0.2

* Analysis to be extended to full Run 1 dataset. R(D) analysis
also ongoing
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lag

(10%) decay chains

e"I e

— @ —-«——

Signal Side

~Nop

A

Moriond 2024

LHCbH"

' 65@% 'C L l:on‘ltours

4 HFLAV SM Prediction
R(D) =0.298 +0.004
R(D*) =0.254 +0.005

0.2 0.3

0.5

20


https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
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Electroweak and radiative penguins

A.Passeri - Belle Il results - QCD@Work 2024
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Evidence forB* =2 K*v v

Phys. Rev. D 109, 112006

Reliable SM prediction, never observed before, possibly affected by NP (ALPs, dark scalars, Z’, leptoquarks...)
Experimentally challenging for the 2 neutrinos in the final state
Use two complementary B tag approach: low purity-high efficiency (0.8% - 8%) and its opposite (3.5% - 0.4%)

Event selection by combining signal kaon, event
topology, rest-of-event info in MVA classifiers

Background from continuum, semileptonic B
decays, B*>K'nn, B->K* K° K° ,pion fakes,
B->X (2K +X)

Signal efficiency and bkg estimation corrected and
validated using a variety of control channels

Closure test by measuring BF(B*—> 1*K°)

19/06/2024

ITA

T —
Inclusive Tagging Analysis [X

e

Rest-of-event

1) Select signal K* that minimizes g2 (K™ recoil).

1

2) Identify rest-of-event object (includes all £ ).

HTA

Hadronic Tagging Analysis I& T

1) Reconstruct
B’tag in@(10k)
channels:

Tracks | Displaced Vertices Neutral Chusters

= | —<_ >
et wt £ T

K+

2) Select signal K.

Comput Softw Big .
Sci 3, 6 (2019) [ Bomt

A.Passeri - Belle Il results - QCD@Work 2024
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https://link.aps.org/doi/10.1103/PhysRevD.109.112006

ITA

HTA

Evidence for Bt > K* VvV Perform binned maximum likelihood fit

o Inclusive tag: in bins of g? and classifier output

Signal discriminator o Hadronic tag: in bins of classifier output
0.92 0.94 0.96 0.98 1.0
3000 _ .
Belle I ITA: BF— (2.7 i 0.5 i 0.5) X 10 3
LAt = (362 +42)fb" EEE Bt Kb
&) H 0 BYB° — +09+08 -
E 2000 == B'B HTA: BF—(1.1_0 8—05) X 105
-‘-5 I Continuum +0 5
= { Data H . —( + - ) _5
= ) =
I Combined: BF=(2.3+ 0.577) x 10
3.5 o excess, 2.7 o from SM
0
_°F ; ; o AAverage Home cooked comparison
— O : - SRR s S
A N : : : | —o— Belle IT (362 fb, combined)
— . . L . . 1 . . 1 . ' : I 23407 This analysis
-1 4 8 2501 4 8 251 4 8 25k1 4 8 25 : . qpe :
: O —— Belle II (362 fb!, hadronic
g’ [GeV?/c?] ; 11411 'nnE zm:.h—m ( )
| —— Belle II (362 fb!, inclusive)
125 1 2. 74 0.7 This analysis
Belle TT preliminary [l BT K v N PP R
— 100 F [ Ldt=362fbt 1 BB i ]130(‘\1}(: I[IR[LI(Z} 11311021 inclusive) Belle q/L_’Ot:eS Only
= . .
> . e - Belle (711 {b!, semileptonic) upper limits: we
E o5 B i, dd, 55 H 10406 PRDIG, 091101 calculated BF
= { Data ! Py Belle (711 fb!, hadronic) |
=50 : : 20416 PRDST, 111103 ourseives
= —i—— ! BABAR (418 fb'!, semileptonic)
5 25 E : 0.2+ 0.8 PRDS82, 112002
‘e BABAR (429 fb'!, hadronic)
H 1 1.5+ 1.3 PRDS87, 112005
0 1 L I R T I
= 5 0 2 4 6 8 10
« G/ 10° x Br(B* =K * vp)

0.4 0.5 0.6 0.7 0.8 0.9 1.0
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A radiative penguin: B(0*) - K*(04) y

« Reconstruct K¥ — KT 7™, Kgﬂo,K-l_Jro,Kgﬂ'-l_

» Classifiers to reject boosted photons from asymmetric

0

n- — yy and y — yy decays, and continuum events
» Fit to M,. and AE to extract yields

B+
50 0, +
s | + Data Kon™y
2 | Bellell — Fit
Tago |- Preliminary  —=B* - K*[KIn}y
2 | ILdt:SEiE i’ ==== qq Background
3 [ I BB Background
D200 |
o A\
o F a“ \‘
i /
100 [ / \
‘¢ 4t & "‘ \.
e L il ke ol ;'----.L\
L. AT TR T TR (T T TR S S 1 £ L%
523 6524 525 526 527 528 529
M, [GeVic?]
~400
. L +..0
g i + D:ata K Ty
2 | Bellell — Fit
=agp | Preliminary —=B* = K'[K'n%y
8 _[Ldt =362fp" =~~~ 99 Background
4 [ I BE Background
2200
S0
o [
100 |
0 | | __ B e
523 524 525 526 527 528 529
19/06/2024 M, [GeV/cT]

2 200 [ Belle t — Fit

=" | Preliminay == B" = K'[K*'tly

8 c00 3 J-Ldt -3p2fp’ === 9d Background

9 [ I BB Background \

2 r (A

S I

O 400 [

[ (.
I
200 __- 48 L = [ ] -" l.'
?,\
0 TN T T T [N T ST | | S
5.23 5.24 525 5.26 5.27 528 5.29
M, [GeV/cT

%5150 [ 0 o

= L K Ty ¢ Data

g [ Belen S — Fit
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 Cs
«

B[BY — K*'4] = (4.16 £0.10 £ 0.11) x 10°,

B[BT — K*"y] = (4.04 £0.13 £ 0.13) x 107°,
Acp[BY — K*%9] = (-3.24£2.4+£0.4)%,
Acp[BT — K*T4] = (-1.0 £ 3.0 £ 0.6)%,

AAcp = (2.2+£3.84+0.71%, and
Aoy = (5.1 £2.0+1.5)%.

Consistent with WA and SM

Similar sensitivity as Belle despite smaller sample (thanks
mainly to improved AE resolution, K% efficiency and

continuum suppression)
Asymmetries statistically limited

A.Passeri - qdev]| results - QCD@Work 2024
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Tau physics and low multiplicity
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New LFU limits: R arXiv:2405.14625
" P

B(t— — p v,v;)
Rﬂ, = — — : 1. tag side "
B(t— — e Devy) * Signal side: e or n Y
* Tagside: 1 charged hadron + =1 rt° "
Y * Background suppression via NN et
In) _ R;_.-. f(me/mz) *  94% purity, 9.6% efficiency Ve ~ . __
e f(mz,/m3) -
R, obtained by binned ML fit to lepton momentum distribution.
Main systematics from PID (0.32%) and trigger (0.10%)
x10° ‘ BTelIellyPrelirIninary(ZOZ}) 6 x10° ‘ , Bglle II' Prelir'ninar)'/ (202'3)
| u-ch | mmm signal (u¥) /% Uncertainty | -ch | mm signal (e*) %%/ Uncertainty —
e mmobwid — bin " Dol = e R,=0.9675 % 0.0007 (stat.) + 0.0036 (sys.) and
4 mm other (h) [ Lot = 3616 ] : mm other (h*) [Ldt = 3616 |3H/3€|T =0.9974 + 0.0019
0 0 '
» § 3 § 3 . . . "
v, v, » Most precise test of u-e universality in T decays
f 3 "
0 _— > Consistent with SM at 1.40 ;
1.005 | E 1.005 | ' .
1.0 44 by 1.0 *_* *«*.**..4*..* & % #_ % *%}” 1 ;
0.995 = &z @ 0.995 : T1
15 20 3 236& 35 40 45 50 8 15 20 25 3A9Pas3sén ”B%l #13esf - acD@Work 2024 26
U= can date momentum [GeV/c] e* candidate momentum [GeV/c]


https://arxiv.org/abs/2405.14625

arXiv:2405.07386

Limit on T =2 pup

Signal side: 3 muons AE3y = Eq sig = Epbeam VS M3y,

Tag side: up to 3 tracks =" 0.4 Bellell (Preliminary) 55 SR
EB " Data: [Ldt =424fh ! — 204 SR

* Background reduction by BDT F ol Sidebands
e I #+ Data
-

 2Dsignal region: € =20.42% x3 larger than Belle
 Expected Bckgr 0.5 events (estimated from sidebands)
- 1 event observed in signal region.

* No significant excess found in 424 fb! data sample

* Most stringent limit on BR(t=> puu) at 90% CL: 1.9 x 108

UL at 90% CL on B(T — 3u)
Belle 2.1 x 1078 (Line = 782fb7 1) e — -
Better limit with smaller dataset BaBar | 3.3x 107® (L = 468th 1) | | M, [GeV/c?]
thanks to the more inclusive tag C'MS 2.9 x 107% (Lint = 131{13—1)
technique (includes 3-prong vs LHCbH 4.6 x 1078 (Lipg = 2.0~ 1)
only 1-prong) Belle IT | 1.9 x 1078 (Lins = 424fb~ 1)
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https://arxiv.org/abs/2405.07386

R(s)

_I_

o(eTe” — hadrons)

M= e = )

o(ete

[AVV)

10 -

0.1 R
0.01 - o
0.001 (nnn

0.0001 r
1e-05 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Vs [GeV]
Used a 191 fb* sample 2
Kinematic fit with beam momentum E
constraint to suppress background g
Signal efficiency from 9.2% (low g
energy) to 6.3% (high energy) -
Control samples to measure residual g%
background SlE

19/06/2024

nnnnnnnnnnnn

1[

= l’—
KK —
0" —

HVP: hadronic
2 vacuum
pola rlzahor}!

fw —

Measured at Belle Il exploiting eTe= — 2

ete” - KTK my

c(ete 2> n)

Phys Rev D97 114025 (201

Full hadronic R ratio

Belle I Preliminary

o [Ldt =191 fo* ;E?,t:-la

60 by Y

o K"K n% control sample By

40

30

20

10

2T 1

It ey,
ERAALAFYY FLER ANLANY N

s 1 15 2 25 3 35

M (37) (GeVic?)
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Entries per 0.01 GeV/c2

Data
Simulation

arXiv:2404.04915

Is the second largest contribution to HVP below 1 GeV.

HVP produces the largest uncertainy in
the prediction of the muon (g-2)

T+TF_?FD’HSR

- Scan the region 0.7 <+/s < 3.5 GeV by ., reconstruction

ete” —» wtn~ ‘?TD’FTD’T

400 Belle Il Preliminary + Data
350 4 JLdt=191 b [|n*::'n“n“y
300 4my control sample  [n*n'n%
250 [ Others

200
150
100
50
0

15}
osﬁﬂﬂ

0.6

+ H+“++ "“ﬂ#h # h"'*“t" gqo“mth 9.,;0.*’*.,"“

0.7 0.8 09 1

M(37) (GeV/c?)

1.1 1.2 1.3
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https://arxiv.org/abs/2404.04915
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.114025

Entries per 25 MeV/c?

c(ete 2> n)

7Y reconstruction efficiency measured from o resonance decays

Ex0 =

N (Full reconstruction of yysr 7

Tr~7w") 1% accuracy reached

N (Partial reconstruction of yrsp mrm—)

L Belle Il Preliminary

2L
107F [Ldt =191 fb”

|} Data

10% k£ M nrxly

F KKy

10° p PSR

i

0.6 0.7

19/06/2024

- @lNon-ISRqg %
|
-]

%
o MWW;#{FW: |

f

0.8
M(37) (GeV/c?)

&

L4

;’t

t
!

Main contribution to the systematics.
Not yet competitive with BaBar

Integrate over 37 cross section from
0.62 — 1.8 GeV (Preliminary):

[aiqfo.ez-lis X 1077 = 48.91 £ 0.234tar. £ 1‘075"”“']

6.7% or 2.50 higher than current global average,
obtained from BABAR, CMD-2 and SND

=2 Slighlty smaller a ,anomaly

Leading systematics are 7° efficiency and
missing NNLO in generator

A.Passeri - Belle Il results - QCD@Work 2024
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Quarkonium and spectroscopy
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Rediscovery of Y(10753)

Reconstructe™e™ — 7wt 7w~ T (nS)(— p ™~ p™)

A new energy scan performed by Belle Il to fill gaps in
previous Belle scan, for a total integrated luminosity of 19 fb-

1 12— —— 2
_ Il Belle X 'E
T 10 mmm Belle Il 981 - F
& 4
2 8- - B
3 £
E . @
g - 47 fb!

S a4 3.5 fb? .
E |
S ;
£ 2 1.6 fo~! |
| e sl 8 R 1

1860 10.65 10.70 10.75 10.80 10.85

Ecm [GeV]

Bormn cross section [ph]

Observation of Y(10753) in agreement with Belle results

M(Y(10753)) = 10756.6 + 2.7 + 0.9 MeV/c?
['(Y(10753)) =29.0 + 8.8 + 1.2 MeV/c?

Biom cross saction [ph)

No signals of intermediate Z; (10610/10650) resonances observed

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024

arxiv:2401.12021

~ Balle datz, xxY(15) T(1 S)

— Dalle 1l dale, =y (15
4 .10
o Belle {‘ %»
eBelle I
R ¢ 4
T

- Balle dalz, xe¥(25) T(zs)
—- zalle 11 0218, x2S 7.50_

— Balle Nl gata, zx¥(35)

—b- Bl data, xx¥{3S) T ( 35 ) }

LLLN AL RLLL LAY LA LU R L L IR R | TTT | TTT | TTT |I TT _IIIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

0.20 ; ‘
b e ! . i
1:I' I 1I::.E — I1I::.'.-' — 1-::3 — "::.'EII I I31I 'I1 —

Cantar-of-mass enargy [GaV]


https://arxiv.org/abs/2401.12021

Search for Y(10753)2> ® N,(1S)/%,0(1P) arxiv:2312.13043

Y(10753) tetraquark interpretation predicts a strong transition to o n,(1S) compared to those into Yr*n~
[Chin. Phys. C43,123102 (2019)]

Reconstruct @ = ntnn® and look for a peak in the recoil mass distribution

wnp (15) wXbo (1P)
«10°
;_E 40000 :% 1200
= 350005 —— Data 2 u .
+ —_ E annoof_ — Total fit IE 100E
O'(e e - G)Xbo(ls) < 7.8 pb (*) & 25000 8 so-
+ - 2 20000F S eo i
O-(e e - wnb(ls) < 2.5 pb %’15000-— Belle Il, 9.8 fo' 2 b — D22 E,‘e'le:['}'?fﬁfgu
5 10000 Vs = 10.745 GeV 5 E —— Total fit 1s=10. e
© 5000 20
. g ) ;‘f Eﬂg:—”—l ﬂnﬁSI: T | Ng UEI ;x;m;ﬁml
No significant signals observed T gopr T Te(1S) upper imi ’ S 19005 o 3 i) upper imi {
. 1000 .
- Tetraquark model is not supported T 2w s FE: \ }
% O g ok '
g 200 1D } § ooof !
. . . T _apo = g
(*) obtained by averaging the result of this 5 ZEE_ ’ § -1000F
analysis with the previously published one 63 655 83 655 54 945 6% 955 86 769 ok G8d 086 686 89 968 684
+ar el + o el]
Phys. Rev. Lett. 130, 091902 M, o) [GeVie?] M o W 7°) [GEV/E?]
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https://iopscience.iop.org/article/10.1088/1674-1137/43/12/123102
https://arxiv.org/abs/2312.13043

Conclusions

Belle Il and Belle hold a unique data sample from which a number of interesting
measurement has been already performed in different fields, such as:
Evidence for B*> K* v v, test of u-e universality in T decays, new limit on

> uup decays, |V, | exclusive measurement, B>7'n’ decay.

Many more measurement are in progress.

Belle Il has restarted collecting data for its Run 2, in close collaboration with the
SuperKEKB team, aiming to significative increase of its data sample in the next
few years.
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SPARES
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PRD 109, 012001 (2024)

B> nn

~1500 B> #'*a

b3

7

~900 B*— #*2°

RO0 | Belle Il ---- B'sn'n +c.c. w0 ' Belle Il -—== Bt ntn®+c.c.
&, - [Ldt=362 fb-? mm 5°-K'n +c.c o Sop | JLdt=362 b7 mm 5Kl +c.c.
@ 600 | Background v mmm BB background
= [ = Continuum background
(@) o 150
— —
~— 400 ~
-8' L T : ; f [} 4 -‘% 100 N
& 200F b O 5
I 0
0 s
= 25F 5 43k
5_2'5;__‘ = R L = Q—ZSO_ . L Y PR | (I (N PO | S | gy
........................ N ) _3 _0'2 _0.1 0_0 0.1 02 0_3
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20
AE [GeV] AE [GeV]
0 - -6
73(80—> ,7[+_7‘[') — (583 $£092 & 017))(10-6 73(.71’ T ) (510 +0.29 + 032)X10

world’s best

i (7*2°) =-0.081 £ 0.054 + 0.008

e Compatible and competitive with WA
e Modes with z°limited by #° systematics: will be reduced with more data
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103 Events / Bin

Npata — Nuc
OData

19/06/2024

Simultaneously extract signals in 2D grid of beam-constrained mass and energy difference for
each bin of : 13 bins for mode, 10 bins for mode

r Belle i
- B-omlv:
[ [ Signal
- O Xy kv
[ X fv

mmm Other BB
B Continuum

Data

[cdt=364fb1

B-plv:

B Signal mmm Other BB
mm X, 2v B Continuum
1 X kv

A.Passeri - Belle Il results - QCD@Work 2024

e Cross-feed signals are linked in
two modes

e Dominant backgrounds are from
B->X. | v decays and continuum
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Form Factor parametrization and theory inputs for |V, | extraction

B? - 7ty

Form factor Bourrely-Caprini-Lellouch (BCL)

param. Phys. Rev. D 82, 099902
Theory LQCD Eur. Phys. J. C 82 (2022) 869
prediction

LQCD + LCSR JHEP (2021) 36

B~ - pll ¥,

Bharucha-Straub-Zwicky (BSZ)
JHEP (2016) 98

LCSR JHEP (2016) 98
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Energy dependence of ete> B®B®

3 Belle ® Belle |l BB

# The obtained cross sections at four energies are consistent
with the Belle results.

I
i Solid Belle+Belle 2 fit BB*
P o(ete” — B*B*) increases rapidly above B*B* threshold i E Dashed Belle fit

4 Similar phenomenon was observed near D*D* threshold.

@& Possible interpretation: resonance or bound state (B*B*
or bb) near B*B* threshold

@ Inelastic channels [z#777 Y (nS) and nh,(1P)] could also be 0.2
enhanced. Need more data to study these transitions.

0.1

10.6 10.7 10.8 10.9 11 |
E.. [GeV]

19/06/2024 A.Passeri - Belle Il results - QCD@Work 2024 38



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38

