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* The experimental setup: SuperKEKB/Belle Il detector
* Selected recent results
* Prospects
 Summary and conclusions
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Beyond the SM physics {B

Belle II

Open guestions not explained by the SM
— Beyond the SM Physics (New Physics)

Belle II: a flavour factory,
with an extensive physics programme
— The plan is to collect 50 ab* of e*e" collisions
at/around Y(4S) resonance : : _
(NB: Belle 1 ab™; BaBar ~ 0,5 ab™) gz:‘ttignaofzzs)ﬂg:: ;uch as

- (Super) B factory: and tau-charm factories
~1.1-10° BB pairs / 1ab™ _ L Other processes u,d
- (Super) charm factory: BB pairs N G e /:
~1.3-10° cC pairs / 1ab Y(45) = g — >
- (Super) tau factory: B (bu, bd) - /
: u,d,s

~0.9-10° v*t pairs / 1lab?
- Clean experimental e*e-environment,
well-known initial conditions; ;
hermetic detector for neutral/invisible decaysy: . "
boosted c.m.s. allows time-dependent measurements; !, /wResdnance vas). J
=P Possibilities for stress-testing the SM oyt ””-ngngum

and SenSitively probing new phySiCS 3.44 946 10.00 10.02 1034 1037 ’10_54 10.58 10.62
Mass (GeV/c™)

)

Asymmetric energy; ]
CMS energy (mainly):
Vs =M 2 ~10.58GeV

Jadrons)(nb)

P

Y(4S)c

YOO
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: D
SuperKEKB/Belle Il experimental set-up <./ >

Belle II

Belle II

e a——— R — | Belle T detector |

, e .
J / — = :«*!a., . s
“ Electron ring '
77
. " Tar ge Achieved:
4‘\ - ‘t_ r -___?

Super
KEKB -

<D | &

- | Electron-Positron ‘W
L | linear accelerator WR!)
2 -

( KEKB: 2.11x10%* cm?2s?;
Beams at KEKB (Belle) Nanobeams at SuperKEKB (Belle II) PEP-II: 1.21x10* cm?s™ )

Marko Bracko : Belle Il status and perspectives ‘ LHC Days 2024, Hvar, Croatia 4

[ Positron damping ring |




D

Belle Il data-taking: Run1,LS1, Run 2, ... ¢/ >

Belle II

* Run 1 (2019/03 to 2022/06) Run1 'ummOS'té cepted g;x(;y;ﬁ:";;-,gg?g

e LS1 (2022/07 to 2024/02) Type Vs (GeV) L (b1

T(4S) 10.580 365.37 £ 1.70
° |
Run 2 (2024/03 - ...) resumes now! off. Y (45) L0517 1974 % 0.20
10,657 3.54 £+ 0.03
06/07 23:59:36 - 06/08 23:59:36, 2022 |ST 10.706 1.63 + 0.02
ERlpeak 1127 mA  no 2249 B//B/ 60 /1 mm T(5S5) scan -
Rlpeak 1405 mA M 2249 B;/B 80 /1 mm 10.751 9.88 + 0.06
ooF Twoo [ 10.810 4.71 £+ 0.03
é 1000 |- [ fo g Total — 427.87 £ 2.01
T 800f El.g
Z 600F L I 1150 o 2
_E, 400__ + H = L1o-7 E i i .
= 200f - : N Belle 1l Online luminosity Exp: 7-33 - All runs
pE ; I : 1 Ca—— - — 1072 1. i
: ; £ 10 17.5 Integrated luminosity
« - ™ s Recorded Weekly
= llgoE g 7 500
E GGE " o ‘IE 15.0 1~ ffRecordeddt =531:34 [fb—l] Lo i s e : it
g S T
= 20_‘ 20 g‘f E g
1078 -E G
~ F 100 @
Tk ' legg = 2 Run 1 [
","m 4;'\*3 't‘ .‘%\ #\. - N - ‘ ;h m 2 {1 Sl o ré: 2_. 10‘0 T PP s AT S TR RN [ FRARO RO . E
£ _EAY Na ™™ ey o {,,.m-,,ﬁ-h__ Fin % Somasioniimitil 0 S E % 300 =2
Eapf g N iy 8 Jm —a28f-" 5
] 2_: c g Y ! i IE ot g e | ........... E
X L umingsity G A F R P 1?2 o >
by | ] L MR G 200 &
_ 20005 J100 E 1) SETT—— %
% 1500 ] 9 E 3
g’ 10005— /u/_/\_/“ E g AL T m— | — 100
s 1 e
o 900} — delivered i E
= : recorded ]
00:00 0300 0600 00:00 1200 1500 18:00 21.00 0.0 - 0
2022/06/08

HER: Baking Run
LER: Baking Run
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Physics programme /o

Belle II

(Prosperous measurements: CKM measurements: CPV, meson mixing, decay rates;
rare processes: FCNC; SM-forbidden: LFNU, LFV,LNV; o™ "

Charm Lifetimes

wn > ygirect searches for light new states; . 4¢ Sranching Fract
New hadron states Zb's, b bbar Sife, Q‘\* e, ~&.Tactions, Dalitz analyses
"/‘9\9 O %OQ\%
- S 6 \) % 20 flavor violation
Cha,-m Xy > G, —
2 7 S o
<, / 2. =24 decays
New botto Ko .0‘, — ” Measurements
MOonivm,. ” J}Q} ‘ \‘\c\o‘:\v
srdf@: O ytd/Vts from penguins
New baryons )
\ . e Exclusive measurements
2) New y, xS 8
e+e- -->|SR, pi+ pi- cross-sections (& o d Ons . e«\z“ ~~‘0{,‘
— P b, C *;\ (aun
7 . o U, le
pundi=" g . o"’e o\.‘\* o0 universali
Spin FragmentatOn = 95, i eta, gamma
d@“. " ,he', (v* 3\“3'
Linac en&. ¥ ls Direct T violation
....... L . easurements
Time Dependent M W phys
D ICs
ark A Belle Il Data Phases in p->s: B->phi Ks, B->eta' Ks
Axion-Like p O
art; / OO
Invisible z' ¢ 4(‘}/
\!
Dark Higgs park sectS i oL piB Direct CPV, isospin sum rules
Heavy tau neutrings (N o2
2 © 0%
(\\‘\e{’ 3 00 0‘96
LLPs Lon-Lwed P2 o\d" °¢‘eys \’\7’&_»&’ gamma and radiative penguins, B-->K(*) nu nubar
oL < -
Maf\e“(M e’o“,’- Tau mg, ) 9O B-syv.
Q9. Ss, & -~ V: right-h
ne 0% ] /,,8 N > &, 8 anded currents, triple products
Gazellr. Tau Spectral Fun e, N & &
..... a Unctio,, O)a Qo L <2
- 2% g 2% A
< (&) % €ngy,
jation (LFY) ] 90 R0S: booss 14y I
Lepton Flavor Viola < bol) «2€pton universality, NP
Y Y % a
4 0 e
9 N
oY > < 6\ z
et \dv e, mma determinations Cross sections
MO %
Tau Electric DipQ\ .6\" Ay ole‘e = bb) = 1.1 nb
SinA2 ¢p eo*Q ole'e = cc)=13nb
L o 2 ch ofe’e = r'r) = 0.9 nb
S P 2IMed resonances -

AN
\Jg(’ra
NC (Neutral Current) UM

Physics potential summarized in the "Belle Il Physics
Book”, Prog. Theor. Exp. Phys. 2019, 123CO01.
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Physics programme /o

Belle II

Only a subselection of recent results is presented in this talk ...

NEW Daryons

vub)
New s NP, Exclusive measurements
s (52— Hag, o &
e+e- -->|SR, pi+ pi- cross-sectio & ” O,, «e 0/_
£ O/ e AS 43
7. Co 08 Yny, je
P o (\* “Pton universali
Func® e. "7@ 2
Spin F(agmemanor‘ \'z’bf c7".(I/- \b‘& peta, gamma
- @0& : e"’e,, c* 2\ g0
nelel -
Linac © ls < Dependent Measurements eD”e(l T violation
W ph
D Sics
& Belle Il Data Phases in b->s: B->phi ks, B->eta’ Ks
Axion-Like Pary O’b
Ic/, e
Invisible 2 s ("}/
Dark Higgs Se(.‘o‘ PV, isospin sum rules
~ park _ ° (oL pipLOIECL P rules
o -
Heavy tau neutrin®s 0,;@ o2 <. ®
0%\ g o %0
K87/ 0@0 -
LLPs LOn'L“'edP 0\ng 3 eys N’& LK* gamma and radiative penguins, B-->K(*) nu nubar
0"\0 o’ I B-- -
Mane\\(N\ (“_' T [*) 9
oS 24 Mass , &, < V. right-hang
Gazelle &%+ e y ] S =——aNded currents, triple products
S Tau Spectral Functie ”o) Qo y é\r Ff,ow
Ns ®© D) ) )
12 3 % kpenu
lation (L)L) -~ % SIS b .
Lepton Flavor Viola < boo :2€pton universality, NP
v Y / =%
& o e
O & 4., .
me“‘\@ & X\ e Jmma determinations Cross sections
MO %
Tau Electric DipQ\ -¢\" Ay ole‘e = bb) = 1.1 nb
2 ole’e = ¢d) = 1.3nb
ew(‘harmEd resonances ole‘'e = 1'7) =09 nb

Physics potential summarized in the "Belle Il Physics
Book”, Prog. Theor. Exp. Phys. 2019, 123CO01.
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The tools: Missing energy and B-tagging <& />

Belle II

Many B-physics studies involve modes with the missing energy L@ N
Oy, Ktt, KOttr, KOvy, nfv, tf, tv, uv, ..)
and require B-tagging

\ Tag-side B
\ (hadronic)

-
-
S ——

— One can profit from the fact that exactly two B mesons are v
produced in e*e- collisions : Full Event Interpretation (FEI) N ;
- hierarchical multivariate technique (>200 BDTSs)
to reconstruct the B-tag side (semi-leptonic or
hadronic) through O(103) different decay modes
- results in a significantly increased tagging efficiency compared to Belle | v : ~
(semileptonic eff. ~2%:; hadronic eff. <1%) heutines (| ;
Inclusive Tag x10% Belle Il preliminary 10_“04 Belle Il preliminary
25} Correctly reconstructed ff dt=34.6fb~! ' Correctly reconstructed If dt=34.6fb7!
€ = 0(100)% ﬁ)é o T gc;::nuum&mis-reconstructed = T (I;(;?;inuum&mis»reconstructed
Consistency of Btag % %20- Np;, =84907 + 734 § ol Ng;, =38545 + 1161
S5 Ptag > 0.1 S 06f Ptag > 0.5
> Semileptonic Tag = §« Lo §o.4.
O D, 0 3 "
s| I~ | |S .
= Knowledge of B,,,, e A i
LLJ 00250 5.255 5.260 5.265 5.270 5.275 5.280 5.285 09250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
H d : T ; My (GeV/c?) ’ Mp. (GeV/c?)
adaronic ilag
e =0(0.1)% —a//< Mp, = E2 /4 — (pS™ )2 > 5.27 GeV/c2
Exact knowledge of Btag\< G beam Btag
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Precision CKM measurements

o Determine the |V| and [Ve|:

S T T T T T T T T T T Ty T T
0.6 é—% % AmdAmd&Ams & % —f
. (*) 05 f—é sin 29, iy —f
Exclusive : B — alv,B— D", etc o .
04 —3 % —
= E 8 Vib Vid =
03 VI:I;J Ved %, —
Inclusive: B - X Iv,B — X Iv - j % . 5
0.2 E_ V:b Vudi [, | _E
o1 | V*: Vgt o
= ) ” ! ¢3 %, ]
oo M. 2 e o B, 0B, ~
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
P
Different measures carried out by Belle and Belle 11
— 4.8 LI T 1 j— 1 b= I =
-| V| angular coefficient of B — D*[v Belle arXiv.2310.20286 (PRL accepted) 5 ,(E S v | ' e
|Veo| = (41.0 +/- 0.7)x10°3 (with 711fb* @Belle) :g4.4 = Bxsiusive [V, :':JCM:FZZOU 3
> :_ |Vub‘ /]Vcbl Vd’ : global fit _:
e i E_ B 1LV Average _5
@B — (7/ p)lv simultaneous m@ arXiv.2407.17403 3-8;‘ || —
-1 Vi submitted to PRD 368 - =
| ut | 3.4F . -
b. Simultaneous inclusive and exclusive |V , | Belle PRL.131.211801 32F 3
| 3k HFLAV &
Ve | = (3.78+£0.23+£0.16 £0.14) x 1073, 28F E
'ill['l P ~ p = ~ ; (W’th 711fb-1 @Bel/e) ’ :I ! N | 1 N ) | { i i | i n i l g ‘ | al i
(Ve | = (3.88 £0.20 £ 0.31 £ 0.09) x 1072 36 38 40 42

44
v, [107]

Marko Bracko : Belle Il status and perspectives LHC Days 2024, Hvar, Croatia 9



D

Simultaneous measurement of B’ - xf*v and B* - p'V
Belle I

arxiv.2407.17403
(submitted to PRD)

New measurements from Belle 11

ull Run1 data of 364 fb~ " Yith inclusive tagging strategy - * 2 oo
gging &) My, Ej, —pgl
"o eam B

2

o Extract signal yield by combined fit of M. and AE for
each bin of g~
AE = E¥ — E*
B

- 13 bins for z-mode beam

- 10 bins of p-mode

. . . . Belle Il - Signal : I Ay 1 Slgnal %2 o P Belle 1l - Signal . = A 3 Slgnal =2
- Build up BDT discriminator to suppress B — X lv B el Tl o~ el — riadalll— o
and Conllnu um c 25 : = el . Continuum c sk 5 . ety . Continuum
i m
g
. y c
B(B° - n7ly) = (1.516 £ 0.042(star) = 0.059(sys)) x 10~ 23
52
=

-

BB - _{)()f+v,) = (1.625 = 0.079(stat) £ 0.180(sys)) X 10~

0.0 0
Fl g5 y é—[’ 5
- - = =5
(BRs are consistent with the Was. VR . l .
Sl 075 —050 -025 000 025 050 075 100 125 =I5 00 5125 Sas0 5175 5200 5225 8250 5275
AE [GeV] My [GeV]
Precision compatible w.r.t. Belle and BaBar.) 2of Bellel G mm i e T S — O L . i
175 F Bt = pirty NN mm Other BB ¢ Data % v -t N + Data
- - d - v = Continuum c 30F ¥ [ = Continuum
B o
|Vl = (3.73 £ 0.07(stat) + 0.07(sys) +(0.16(theo))x 10~ S s
> ; E 2.0
=
w15t
.’
=

Vil = (3.19 £ 0.12(star) £ 0.17(sys) £0.26(theo)) x 10~

.
HH
. ' o - -
i 3
| (M rerrrrmrTrTE T A s . . s " : 7
=075 =050 =025 0.00 025 0.50 075 1.00 1.25 75100 5125 5.150 5175 5200 5.225 5250 5275
AE [GeV] Mo [GeV]
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Measurement of B? - n'n°

Belle II

Tree level b — u processes allow extraction of ¢, (or ) (least precise CKM angle) paper is bemg prepared

07 ,

— | L —
| . E§ : 0 Amd&Am % -
Build upon previous Belle II effort and extend to full RUN1 data sample wittk  °¢ 53 : 5 S8 & Stz

Improved photon selection 05 g Sy ; Mo
— g : (excl. at CL > 0.95) i
Bkg mostly from continuum and B* — p*z% B - K #" = ER T V. Vg =
03 — i WA v -
= : < cb -
= : 9, ‘ I
o Statistical and systematic uncertainty reduced by 10% and 50% = b _Ue (Voo | 3
o1 | V{_b vcdi ] = " 3
- - . = ] j—— d \
respectively on BF and absolute uncertainty on Ap 00 I ... ¥ . B\ R v -
' -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

o

.. ) . . i g 50 Belle N preliminary 0 0 0 70F Boile U prefeTinary
e Simultaneous fit to M, AE, C,w : - where C is the continuum variable = § s} [ia-aee ’ B —txn] s
E =
(] = -
E 40 E 50
- waq -

- and w is the wrong tag probability 5 g

20 % 30

) 20

BB° - %% = (1.26 £ 0.20 £ 0.12) x 1076 .

with 365 fb? @Belle 1> | |

85 2F By 4

A p(B° = 7°2% = (0.06 £+ 0.30 + 0.05) 22 3f 48

& g

== &

3 521522523524525526527528529 5.3
M, [GeVic)

- . > [ reliminar
o Agreement with previous measurements 2 sof f.":" " - Jgaknn.e.mm
o e $ 60 Lat=36210"
o Comparable precision with world best result from BaBar 5 40 % ok i
a = B )
w e = Tatal fit result
E 30 g 40 B o® s s00
o ¢ 30} [ 8P background
é " Contimuum
10
Eﬁ_" ‘: : )
2% 0302 07 0 01 02 03 04 052E -5 -0 5 0 5 10
AE [GeV] w
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_ D
Rare decays: B* - K*vv </

Belle II
PRD.109.112006 (2024)

© b — suvv are highly suppressed in the SM Highly sensitive to non-SM contributions v v

v

u L (4 (4 - (A

0 Precise prediction in the SM:  AB(B™ — K™vi) = (5.6 £0.4) X 107%  arXiv 2207.13371

A [
* Leading theoretical uncertainties from hadronic form factors f S -
5 I . selle 11 (362 fb!, combined
E_ O{I Belle |.] 362 !, hadronic)
© Existing results are from BaBar (PhysRevD.87.112005) and first analysis P —— Belle II (362 fo!, inclusive)
: |
. i o Belle 11 (63 fb!, inclusiy
with Belle II (Phys.Rev.Lett.127.181802) T H el
H - elle I:E“..-. 'IJI' I_“rit‘itli:'pinuit-'l
- P — I}.['l:l[‘ (71 I_ﬂu_'_ hadronic)
_...__ i h:.-'U)’AIR I'.l 15 ijj". semileptonic)
' —_1._ BABAR (429 fb!, hadronic)
= I 5413 PRDST, 112006
1 P | 1 . | | |
0 2 4 6 8 10

0 Experimental challenges: Low BF with 2 neutrinos in the final state and high bkg

. . . . . 10°x Br(BT—K " w)
contamination mainly from continuum

Belle reports upper limits only; branching fractions are
estimated using published number of events and efficiency

- Usedtwocomplementary B tag approacles:low purity-high efficiency (0.8%-8%) and its opposite BB B(-Kvv)B qaq
(3.5%-0.4%) \% \
- Signal selection combines kaon, event topology and the rest of the event properties in MVA % %‘
classifiers =
- e HTA™
- Bkg validation : from semileptonic B-decays: (Bt — K*nii, Bt — K*K'K") . ) B
o} usiv ralids - closnre teet by measi RB(R+ + g0 : ~ (X(4S)) +«—
Inclusive method validated by closure test by measuring. B(B™ — 77 K") — T@S) — ,
13 _\\" B\ D°
- ‘.i ! - ‘- »
Final state e srgeend
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Evidence for B* - K*vv <t

Belle II

n(BDT,)
ITA 0.92 0.94 0.96 0.98 1.0
) 3000 :
o . ecjg(B—i— — K+D'E') " ?Zlfﬁgtzmzm)fb—' -EB'ﬂI\"yﬁ
Parameter of interest: y = — - - 5 =
e_% rS{,{}(B—'— _> K+L’LJ) :::f _*- E fuuﬁnmuu
% 4 Data
© 1000 :
O Binned fit to extract u:
0
. i —— ’ - . = N
- ITA : 2D fit on a classifier output [7(BDT,)] bins and g~ bins YT
0 4 8 21 4 8 251 4 8 2541 4 8 2
" = e . " y Ly & Q?uo [(}9\12/64]
- HTA: fit on a classifier output n(BDT)) HTA °F — ———
‘\ wo F ] j'[,‘:lr::i(iﬂfh 1 1 BB
?;::_ [ g )
. ® . . * L THF B wil, dd, 55
0 Combining ITA & HTA we have a 10% increase 1n precision w.r.t [TA alone E : b Daa
- 550k
Combined: 4 = 4.6 = 1.0(star) £ 0.9(sys) _ 5
= 0F
C‘—( _): 1 1 1 | |
3.5 o significance w.r.t bkg-only hypothesis A 0506 0T 0809 L0
- = n(BDTh)
. . . . SM Average
2.7 o deviation above SM predictions : —
__0_1_ .Ii--II-- Ii'l .il.i'.’. -1, hadronic)

PR S— Belle 11 (362 fb', inclusive)

I
I
I
]
I -
I 1
I
i
I

\ —— Belle (711 fby!, semileptonic)
- D406 PR, G901

L o Belle (711 fb', hadronic)
29416 PROST, 111103

| First evidence of B — Kvi process

I
P i BABAR (418 fiv'!, semileptonic)
H I N2i0E PRS2, 11200
A P BABAR (429 v, hadronic)
H 1 5413 PRDST, 112006
PRD.109.112006 (2024) A o R
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. D
Rare decays: B - K°T+T" </

Belle II

Results are preliminary;
paper is being prepared.

o These processes are suppressed in the SM and occur only atloop level
By = (098 £0.10) x 1077 D

© Sensitive to new physics models accommodating the b — ctv anomalies

-+
* Might correlate with enhanced b — stz decay rates A _
] Ar
Belle 11 (364 fb~*) \/
i o o R e o L hadronic B-tagging t=C,m,p
o Belle (711 fb™") : BB” — K "t7t7) < 3.1 X 107 @ 90% C.L. J*0 4
. 1o /
b 0
\ Bsgu -
Experimental challenges: N £ \A
* Low branching fraction “ t. = €5 T, p
» No signal peaking kinematic observable o “
» Large background + more than 3 prompt tracks B tag s
) )

Up to 4 neutrinos originating from 7

K has low momentum due to the phase space

Marko Bracko : Belle Il status and perspectives LHC Days 2024, Hvar, Croatia 14



. D
Strategy and results for B° - K°T*T </t

Belle II

Results are preliminary;
paper is being prepared.

o0 Combination of charged particle from 7 decay lead to 4 categories: Belle I preliminary $ Data
l?:_} ‘ ) Hl—or\”.”: 7
I, Iz, wre, pX ﬁ dt=362 b~ BB
150 | ¢ category %
Uncertainty
o BDT is trained using missing energy, extra cluster energy in EM g 125 — Signal 8=10"*
calorimeter, M(K:':“fr)._ qg,etc = *
8100 by
~ ‘ ‘ ‘ . ‘ E ALY
© BDT output n(BDT) is used to extract the signal yield with simultaneous 3 75 :
I (Y
fit to 4 categories +
50 f ol :
25 _—I—r—rr-f;--r*rr.—r1
- 7 0 _ _3 & 0
BB > K% )=1.8x10 @ 90% C.L 0
2
with 365 fb* @Belle I[1> g1
A -]
2
3

: . ; . 0.5 0.6 0.7 0.8 0.9 1.0
& Lwice better with only half sample w.r.t Belle @taggmg & signal efficiency ]
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D

LFV searches: B° . Ks*T=t* (f=e , ) <O

Belle II

Results are preliminary;
paper is being prepared.

o New heavy particles might accommodate the %(B* — K*iv) excess and b — ctv anomalies
- new physics coupling preferentially to 2nd and 3rd generation leptons could result f(’) f
in observable decays to b — st/ (Lepton Flavor Violation-LFV)

o BaBar (428 fb~!): B* — K*z* /¥  PRD.86.012004 1 ; /

e LHCb(9fb™") :B* - K*c*u~, B —» K'Or*u™ JHEP.06.129, arXiv.2209.09846 b/ T~——75

* Belle (711 fb~!) : B* - K*7f/¥ PRL.130.261802

o First search in B" — K77
Most stringent UL '

o Belle + Belle II (711+364 fb!)
+ hadronic B-tagging
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D
Strategy and results for B’ - Ks*T*¢* (f=e, p) decays ¢ /~>

Belle II

o Kg reconstructed from a pair of opposite charged pions — after selections more than 98% purity

© Final states involving presence of neutrinos — can compute recoil mass of 7 ﬁ<
Bis £

© Semileptonic B decays are primarily background

© The remaining background is treated with the use of a BDT

0 B%- Klt'w B*— Kt
$1 Belle+Belle Il preliminary —— g?tz = a',:"gg Belle+Belle Il preliminary —— Data
> - - = Global S 9 ) — Gilobal fit
3 gl [Ldt=1073fb" — Signal E, i Ldt = 1073 fo™! — Signal
. Ny, =-1.8 =3.0 — Background : =26 =35 — B d
90% U.L. are derived: el S 7f No=26 A
n o 6f
2 4 2 5
2, 54
) - w w 3
BB > K?T”Lu_) < 1.110 3 2f
‘ 1E
i g i Ko g i L Ll . P Y E 1
BB 5 K%yt <36%107° 1 12 14 16 18 2 22 24 1 12 14 16 18 2 22 24
( gt } ) M, (GeV/c?) M, (GeV/c?)
< &' [ Belle+Belle Il preliminary - Data Nl
0 04— -5 L B B’ Klre
e.%(B — KST € ) <15x10 121 fLm 1073 fo! _g';:;‘l'ﬁt ‘.‘&;‘14- Belle+Belle Il preliminary ——Data
Eﬂ] - Nyg=-1.2| =24 — Background %12;_ Ldt = 1073 fb™ :g:;:;lm
) _ _s ] =10f'N, =-29 =20 i
BB - KJr7e™) < 0.8 x 107 g8} o' f M Bk
v, | g
7] + w
Sl (1L ULT et i 3
2 | T = “» TN | 4|- I.I>J
oL L] it T
PP P P W ¥ <
The results are among the most stringent limits 112 14 16 18 2 22 24 T
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Belle II
JHEP 08 2024, 205 (2024)

LFU tests: Light lepton universality in T decays

In the SM all charged leptons have equal coupling strength (g() to the W boson: LFU — may be violated by new forces [1]

O = — : . ] 9
_ . B Bt~ = p~v,p,) 8, - fim2/m?) .
For each BB event we get ~ a 77 pair | N - - — )= N 5 . ( =)
- | Bt~ = eDV,) 8/, Y f(mz/m2) tag side o
' — Belle 11 optimal for 7 physics too ' \ wr L '
e i e iin PR
o \L--/- .\{
(s B - . - - t’+ -r" - € -
e Test of ji/e universality in 7 decays Cem r
‘/‘J\NA signal side
. . . P W i
- Inthe ete™ — 77t~ one can separate the event in two hemispheres: tag 7, and signal 7 e Iu ve

Purity 96% and 92% for electron and muon

Full Belle Il RUN1 data sample 364 tb™! channels
x10
Belle Il preliminary W (g Tu )it h*nari)
L . | [Ldt = 362fp-! '™ Other (true u) i o CLEG\E951)
-Signal side: e or u ol Jie S Other (foka 30 RN Ty« S

Uncertainty

Data

2
S
1]
U
r~
o
-
0 A 3 BaBar (2010)
-Tag side: 1 charged hadron + > 1x g - g
a 1
. . E relimir ] ) 3
- Background suppression using a Neural Network g 1 a Belle Il Preliminary (2023)
. . . . w 0.9974 + 0.0019
- Systematics dominated by elD and trigger _ 0
] g -
o 101j + combination
o] [ -
E 1.0 s tatpytbdbdyd +ii *} 1.0005 + 0.0013
» . 3 . * . =y ] E Oggi | | 1 | 1
{f‘” obtain by hmne‘d mdxlmum/lll\ellhoud 8 °%15 20 75 30 35 40 45 so 0% 1.00 103 1.0 T
it on momentum spectra on u/e p. [GeV/c) |91/ Gelr
Most precise test of light lepton universality in 7 R, = 0.9675 £+ 0.0007 (star) £ 0.0036(sys)

decays

8,/8, = 0.9974 £ 0.0019

Marko Bracko : Belle Il status and perspectives LHC Days 2024, Hvar, Croatia 18



Search for LFV decays: T = uuu

arXiv:2405.07386

Signal Side
A lot of interest in LFV decays at ete™ colliders, with ~ S0 modes:
T ly,t = ld,r -l

L
'ANe 1 mw
These are rare decays : it’s all about maximising the statistics! e e *axig
= Belle II (Preliminary) & >
G 03 tdt = 424 fb - e 3
% ] -H[i ' f R Sidebands o 2
. ‘:? T ) R + Data t ‘—,,,
- Almost free from SM background q 02 £ X
. @ O/
- Very good resolution on the energy and the momentum = &
0.1 S &
]l]-‘é
0.0 - i
Signal:
- reconstruction of signal candidate by combining three muons 0.1 -
Background:
. g e 0.2 " i -
- Selections to remove low-multiplicity events 1.2} P“““lll'. :II;’;ehunnary,l SR
S s _ 3 2
; - Ldt = 424! pected CL.
- BDT to reject qq events —0.3 tJ Sl Expected Oly 1o

==== Expected CL, median

—+— Observed CL,

1.70 1.75 1.80 1.85

My, [GeV/c?)
0% CL upper limit on Branching Fraction

B(t = pup) < 1.9 x 1078

No excess is found!

World’s best limit!!!
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<t Summary and Conclusions

Belle II

* Belle Il has collected and will continue to collect high quality data for a rich physics programme
* The data collected with Belle is also used, usually combined with the Belle Il sample

* The field is very active: Many measurements are in progress
(few dozens of them, with ~400 fb* Run 1 data from Belle II)

* In this talk only selected results are presented,;
More information can be found on our public publications page :
https://www.belle2.org/research/physics/publications

* Belle Il has restarted collecting data from its Run2 in 2024,
aiming at a significant increase of the data sample (50 ab™) in the next years (~2035)

i==) Our results are eagerly awaited by the HEP community._
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Backup Slides </

Belle I
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<t Belle Il detector

Belle I

K, and p Detector:

Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s
~= end=caps , inner 2 barrel layers)

‘ " \

—

EM Calorimeter: \\

Csl(TIl), waveform sa \\\\\\“

NN
barrelt CRoCaR—,

' | )
€lect - article Identification:
”Ons (7 me-of-Propagation Counter (TOP) (barrel)
Gey) oximity focusing Aerogel RICH (ARICH) (fwd)
- B N /77 P x in CDC (centre) y
Beryllium beam pipe: _ [ ey . . e

. P
| 2cm diameter

[ Vertex Detector

PXD: 2 layers DEPFE/
SVD: 4 layers DS 4

He(50%):C2Hes(50%),
smaller cell size, longer lever arm,
fast electronics

\
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Belle Il data-taking: Run 1, LS1, Run 2, .. />

Belle II

* Run 1 (March 2019 to June 2022)
* LS 1 (autumn 2022 to spring 2024)
* Run 2 (March 2024 to ...) will resume in October 2024

Belle Il Online luminosity Exp: 7-33 - All runs

17.5 1 Integrated luminosity

. Recorded Weekly
: - 500
15.0 1 s IERecordeddr =531.34 [fb—].] RUIIZ\

BRamlo e

Operation status
(beginning of Run 2):
é ™

We are suffering from sudden beam loss events, with large doses at the

- 400

- 300

JL-afr =428fb"!

interaction region.

- 200

1 [ —— e 1 ...
1] In a couple of them two channels of PXD were damaged

Total integrated Weekly luminosity [fb~!]
Total integrated luminosity [fb™1]

_ 100
AT T r— y....... LT | — :
' ' - as a precaution, it has been decided to keep PXD off while investigating
0.0 = I |_ 0 the sources of the sudden beam loss and implement countermeasures to
o ~ ' 2 ™ o e T
& Q& Qv Q Qv stabilize the beam operation
P P ® P P : RSP

Date k 4
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LHCD / Belle Il data-taking: status & plans </

Belle II

K. Trabelsi
(M.H. Schune)

|We are here |

HL-LHC
& .
2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041
LHC Run 1|/LS1||Run 2 ||LS2||Run 3|[LS3||Run 4|/ LS4 | Run 5| LS5|[Runé ...
[ & f ¥
w& Upgrade | detector Upgrade Il detector
3fb b D3fb 50fb! 50fb'/ year 300 fo”
$ATLAS Upgraded detectors
EXPERIMENT 200 _fb—T 450 ‘Fb_ﬂl 3000 fb_;
2019-2022 20242027  2029-2035

LS1 LS2

0.4 ab!

5-10 ab™* 50 ab™
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Precision of CKM unitarity triangle

\I\IlrITTlIIII
|” | excluded area has CL > 0.95
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Amy & Amg
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http://ckmfitter.in2p3.fr/www/studies/plots_history/ckm_plots_history.html
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