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» Accelerator: KEKB — SuperKEKB
» Detector: Belle — Belle Il
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» Detector: Belle — Belle I
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| new components | T‘

E(y/e):o(E)/E = (1.6 — 4)%
P; of charged-particle: a(P;)/P; = 0.4%/pT [GeVI/c]
Hadron PID: 90% efficiency at 10% contamination

Lepton PID: e: 90% efficiency at 0.5% m contamination
u: 90% efficiency at 7% K contamination



Belle Il Online luminosity Exp: 7-30 - All runs

Operation with full detector started in 2019. 15 R TRRGGRy
o Luminosity 4.7 x 10*cm=2s~* achieved (Jun 8, 2022) %;15.0-‘-_-_ JErecordeq it =439.01 [Ty g fro '4002
/V\./Or.|d record (~ x2 _Of KEKB) record of KEKB/Belle g '3°°§
v Aiming one order higher. 2%10*/cm?/s currents >1A 5 E
record of PEPII/BaBar % 200 &
» 440 fb-1 of data accumulated so far. | 1x10*/cm’/s currents >2A g :
v/ Belle: 1 ab* (= 1000 fb-1) in 11 years” operation. 2 100 2
v/ Belle Il target: 50 ab™. )
During Long Shut down: R
> Belle Il had the first long shutdown for PXD fully 10 . . — 60
» Improved CDC gas distribution and monitoring A e Lpesk(Targe!)
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Belle Il Upgrades — LS2 and

KLM: replace RPCs with scintillators
in barrel (some with fast timing for K,
time-of-flight); replace readout

[ECL: replace crystals with pure Csl;

APD readout; add pre-shower detector. TOP: replace readout to

reduce size & power; replace
all PMTs with extended-
\Iifetime ALDs (or SiPMs?)

IR: accommodate QCS
replacement and repositioning

VXD: all pixels
DMAPS

Depleted Monolithic Active Pixel Sensors

CDC: replace r/o ASIC+FPGi ARICH: possible
New tracker (pixels, gas) photosensor upgrade

TRIGGER: replace with latest
tech to increase bandwidth,
allow for new trigger primitives

More distant future: ~mid-2030’s
Vv Detector R&D for extreme-L environment




* Flavor physics * QCD

—B — Bottomonia, charmonia and exotic hadrons
« CKM Unitarity Triangle — HVP with radiative return for muon g-2
*Raredecays — fragmentation
* Lepton Flavor Universality
ot — etc

— Charm * EW
* CPV — Weak mixing angle
* mixing — etc
* Lifetime €
- etc * Light new particle searches

— 7T — Dark sector mediators
* Mass — etc
* Lifetime
. CPV * And more
* EDM

- Bell's inequality
- etc

* etc
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Error at 2.4%, dominated by systematic uncertainty (vertex and flavor tag algorithm)
arXiv:2402.17260 [hep-ex]

Flavour tagging improvements

00 Belle Il simulation

B® — > fcp s000 —— B, GFlaT _
! 2,21 0 ok —— B GFlaT
\ : ZV OC | th | e ¢1 o GZZZ B, category-based
v g’_ i B, category-based
+ " 5000 |
l % 4000 f
Coherent / - == 3000 f
evolution :<i{0 5 2000 —LLL‘- :;Jf
— I S 1000 f 1]
e (7 GeV) : —01.00 -0.75 —OI.SO -0.25 0.00 0.25 O.ISO 0.75l 1.00
| qr
I
\\\ I
[N I
Flavour-tagging key: - : Graph-neural-network
. ! | approach has improved our
leptons, kaons, high \ . tagging by 18%
momentum tracks etc Az — Atyﬁz e(1-2w) =37.4%



[ = ¢,: Decay-time-dependent CPV in B decays

The SM predicts A=0and S = -n sin 21

B(BO — fcp)(A ) — B(BO — fcp)(At)

Acp(At) = ——= = Ssin(AmgAt) + A cos(AmgAt)
B(BY — fcp)(At) + B(B® — fcp)(At)
0 0 0 0 Ixing-induced
- J/YKg -1 Kg CPV
200 Mg elle T (Preliminary) ; Belle Il Preliminary [ £dt =362 fb~!
— = —1 By, . 05 n'Ks Continuum . . .
: ) e N P + v Belle Il is the only experiment capable of pursuing these measurements
g 10 3o Hinting BSM
5 f - sin(2) = Sm(2¢ ") R
£ s e bsces Warld Average | 070002
‘6; 025 i "'_'_'_"“""i‘"""""""_'_ memmmm e e =
: T s & o Average L .. fEomsor
B - T a0 i K° Average | | 063+0.06
At [ps] At Tps] cmemeee PR - JI-—-—-—-—-—-—-—-
Ks K Ks Average . i 0.83+0.17
b—c (B — Jiy K9) ‘ boss (B — 4K, 'K?) ’(\ K] Averag . I
_ B Vu 15 14 12 1 08 06 04 02 0 02 04 06 08 1 12 14 15
b JJ"\|J —t ?}J;_ s
BO w c 0 B t 9 S |o.m 00 stat syst 0 stat Syst
_ B s Kgm Y o3 lop Py i o3 o K9 ostat 0.?’51; OKY osiat O.ZYSt
d — SJ Ks/K, d —.-\E Ko/K, 1 ab 031 0.02 | Tab—™ 0.469 0.133 LTab ' 0.054 0.031] Lab ' 0.103 0.038
d d 5ab”' 014 001 | 5ab™" 0.210 0.061 5ab™' 0.024 0.017 | 5ab™"  0.046 0.030
10ab™' 010 001 | 10ab™! 0.148 0.044 10 ab™' 0.017 0.015 | 10 ab™' 0.033 0.029
50abt 004 001 |50ab " 0.066 0.024 50 ab™' 0.007 0.013 | 50 ab™" 0.015 0.028
sin(24:) =0.720 £ 0.082£0.016 | sin(2¢p}) =0.67 £0.10 £0.04  (cOK’ o3" og"
A 0094"’0044_0017 1 ab I 0018 0011
5ab' 0.008 0.008 .
10 ab~'  0.006 0.008




e B - 171,

» Penguin and tree contributions can be disentangled using the isospin relations:
Kn*'n_ + Knono and A_+0

A _+ o=

mw'TT

1

V2

Dominated uncertainty:
B (B® - n°7%) = (1.59 £ 0.26) x 107
Acp (B® - m°%7%) = 0.33 + 0.22 (1 order larger than others)

arXiv:2303.08354

Belle 11 189 fb!

4
- g Belled «Data 32 [ Belle n «Data
3 J’Ld|-18991b" =loalRt 3 Ldt=189.91b" =Tgtal ft
9 30 F ESAS %0 | © 30F ks B -
8 P nti § a ntil
o E o 3 B
& F & P
2 ok 2 !
5 8
R T | 1 T i1 Sl TR . ;
[ ) UL i VPN SO I I SR Filn, ST
-0.3 -0.2 -0.1 0 0.1 0.2 90.3 -0.2 -0.1 0 0.1 0.2
AE [GeV] AE [GeV]
= °F 1 = ¢
= P I OF-,.,,... o T {
a I 5 M . . v
4i I« 4

Acp(B® = 7°7°) = 0.14 + 0.46 + 0.07.

Belle (772M BB ): Acp = +0.14 £ 0.36 (stat.) & 0.10 (syst.)

Cand. / 10 MeV

Pull
|

1

B+

_east known CKM angle

- ata0

Belle 1l (Preliminary)
[Ldt=362 !

-== B*an'n’+c.c.
mm B -K*n’+c.c.
mm BB background
B Continuum background

-0.3 -02 -0.1

AE

0.0 0.1 02
[GeV]

Cand. / 0.04

Pull

(82%48)
* Dominated by b — uud(tree), but with sizeable b — d penguin amplitude.
» hard to interpret in perturbative calculations

= x/EA”+”_ + A 00 (Isospin sum rules)

Belle 11 362 fb!

Belle 11 (Preliminary)
1200 1y ge =362 fb~

=== B*an*n’+c.c
. B -K'n’+c.c.

-
=3
=3
S

W BB background
. Continuum background

Acp(BY - m*m®) = —0.08 + 0.05 + 0.01
Belle (772M BB ): Acp = +0.025 + 0.043+ 0.007

Acp uncertainty

0.0)

M. Gronau and D. London, Phys
Rev. Lett. 65, 3381 (1990).

A(B® - n°n°)

ZA ) L A(B® —» wto—
</2 ﬁA(B n*tn”)
A(B° - n°n®)

y S

>

AB* » n*n®) = A(B~ » n~n°)

Further uncertainty
of Acp (BY - n°n%)

05 — — World average

Belle II

0.4

L L Il L
0 10 20 30 40 50

Integrated Luminosity [ab™"]



_east known CKM angle

« Most promising channel: B — pp: uncertainty of 4 degrees. (82733
» almost all longitudinally polarized — purely CP-even
>B(B° - p°p°)/B(B%* - p*p)~4% —small penguin contribution
Main Systematic uncertainties: o T
data-simulation mismodeling in angular distributions improve with luminosity.

O . . .
1~ reconstruction efficiency  combine time-integrated and time-dependent results:

Future Precision: ABT = —001£0.12£005 w.a.=-00%£0.13
O 2.5 degrees using under 10 ab !

006 degrees using under 50 abp~1 Combining all B — K final states at Belle Il
IK.rr =—0.03x0.13x0.05 w.a.=0.13%+0.11 Belle IT (Preliminary)

Igr =—0.11+0.13 Belle+BaBar+LHCb+Belle II Winter 2021

ainty of Acp (B® - n°n?)

. . -—=— Projected uncertainty without Belle II
CPV in B —» Kr decay differ from SM about 3o B Projected uncertainty ith Belle I
2 0.20
+ - -
In summary, we have measured the CP asymmetries for B->K™n ™, combine time-integrated and time-dependent results: Z 015
K*n° and n*n° using 535 million BB pairs. Direct CP violation in = g
B*—K*n" is observed, accompanied by a large deviation between AST=-001£0.12£005 w.a.=-00%0.13 £ 010
~

Agizr and Agsqe. Although this deviation could be due to our
limited understanding of the strong interaction, the difference in
dLre_ct CP asymmetries for charged versus 'neutral B decays may be L= —003£0.13£0.05 w.4.=013+0.11
an indication of new sources of CP violation beyond the standard
model of particle physics.

Combining all B — K final states at Belle II:

B Isospilr;(gyrg)\ rules BT L
O T o (5 ) T T

I- = 4 - .0+—B —2 4+ 0 B —2 0o 00— ~ 1

K= ‘AI\ w +‘Al\ w B(K+7r_)TB« ‘AI\ ™ B(I\’+W_)TB+ 'AI\ ™ B(A'+ﬂ,—) ~ O Wlth 0(0.01) 10




O Theoretical uncertainty on measurement is 23 _ 1077
O Test physics beyond SM

3

O CPV in the interference b —» cus and b —» ucs :

D
/O
BELLE

Events / (5 MeV)

Pull

40 F
35 E
30 |
25

. of Suppr. (B— — EOK—)
of favor. (B— N DOK—)

i(6g+y)

b5 = (784 + 114+ 0.5 + 1.0)°

D

') JHEP02(2022)063
Belle I

[ 8w

-0.05 0 0.05 0.1
AE [GeV]

o, sensitivity ]

~ 1.5° (50 ab™* @Belle II)

— B D(K:hh)K

B D(K?hh)i( +GLW + ADS

B D(Kihh)i( (improved < s) + GLW+ ADS

50
Luminosity [ab™]

Data limited!

-~ B® > D(> Ksh*h")K*° %

LHCb-PAPER-2023-009

. Limited statistics,
. CPV still observed
in some bins

¢P3 = (4933)0

-~ B~ > D*(» D(» Ksh*h)n®/y)h~

LHCb-PAPER-2023-012

¢z = (69 + 14)°

--B~ > D(-» KK wtn~))h~

Eur. Phys. J. C83 (2023) 547

¢5 = (11671%)°

Precision LHCb | Upgradel | Upgrade I1
in 2013 2018 | (50fb~1) | (300 fb~1)
~10-12° 4° 1° 0.35°

11




% determine the CKM elements |V | and |V |

L l L L L I | 1 1 I T 1 T I
2
Exclusive [V | Ay” = 1.0 contours

) Inclusive
Exclusive [V | IV,,l: GGOU

VIV, ‘ IV_: global fit
\: HFLAV Average —~ 3 y

.....

Inclusive

.....

HFLAV
P(x2) = 8.9%
1 I L 1 L I 1 1 1 I 1 1 1 I 1 L I

36 38 40 42 41
IV_I[10°]  Reconstruct a lepton and

assign other tracks and clusters
Reconstruct ?“ daughters The current experimental focus is on as an inclusive daughter X.
through specific channels understanding the origin of this discrepancy:.

exclusively.
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Semileptonic B Decays ya
Vil -

y
B ~_ B ;&
Y (45) %

Ve excl | =(3.51+£0.12) x 10 Hadronic Tag Signal Side

: > Ratio = 0.84 = 0.04
|Vinel| = (4.19 4+ 0.16) x 10~3

e——)-.-(—-e-
+ + -3 CKM BB - 1l
Excl. (3.78 £ 0.23 £ 0.164 + 0.14,.,0) X 1072 |V 4 vt | = [ BB=D
_ 6+ 0.07) x 103 75 IR
incl. (3.88 £ 0.20,, % 0.31,, £ 0.09y,,) X 1073 (30E0.07)10
D _ ‘/ ABB — X Lv)
- T+ AL
PRL131.211801(2023) o §omooy
Exclusive: most effective channel: B - £~ v, Inclusive:
Uncertainties of 3% or better are expected .. _
) ° Belleg MC Uncertainties of 2.2% under 5ab~!
T et avment 1D T
613 V- current —8— tagged + LQ(-‘D‘i“;"Y“* L o~ Belle II Projection ]
v7sta,tus ::_' l‘;:gfi‘_‘ :QL(QD“; 11‘:_"):“‘ r : Sn_ (exp. + param. uncertaintiesi:
=B - untagged + LQCD in 10 yrs 1 3.5%
1 2.2%

IIIIIIIIIIIIIIIIIII 2500
N:i'ri '350 FoNe=0 Np= =1 M= =2 Na==3
— 300 | %% mcune. x2indf = 12.6/(24-3) 2000
% #® Data
APl

E 250 | 3 8-ty
— [ Other B-+X,lv 1500
vV 200 F =3 Background
s
~ 150
o
c
2 100
w

50
o 0
= 1.25
< 1.00
8 0.75

q2 +

B - tv,uv
Uncertainties of 2.5% under 5ab~1

+ +
BT —u"y,

S |
= 40.0 B orty, 0%
£ 35.0 17.5 &
g =
g 30.0 15.0 £
5 8
5 250 112.5 §
2 o
T 20.0 110.0 2
] o]
- s
<15.0 175 &
B )
S S
3 10.0 15.0 =
i g,
8y 50 2.5 |8
9 Belle II |

i 10 50

Integrated Luminosity [ab!]

7 GeV)

Events (Mx =1



|V.,| : Belle Il has an edge over any existing or foreseen experiment

L e S e e e . s s S B B s S B S

Belle Il Preliminary

=0 —
Untagged B —=D*"[v

To be submitted to Phys. Rev. D !
—0 — !
Tagged B —D*"['v !
arXiv:2301.04716 i
1
Untagged B—DI'V ;
arXiv:2210.13143 !
- = — . . . '
Tagged B—X [V (Combination with Belle) I
c —_——

1. High Energ. Phys. 2022, 68 (2022) |
:
1

Inclusive —

Phys. Let. B 822 (2021) 136679

30

32 34 36 38 40 42
IV, [107]
Inclusively:

V| = (41.99 4 0.65) - 10

44

Decay chain: B® =+ D*+ £y, D*+ = DOrt*gow, D? = K- 11+

2 2 2
mB+mD* _q

¢ Untagged strategy

v 2mBmD~=
e Select energetic signal lepton pc™ > 1.2 GeV /A . // A e

* Measured total % and differential spectra: recoil

parameter w, and angles . , y
* Parameterisations
’ Eth'?Ct chbl, Ieptqn apgmar a§ymmetry’ D Caprini-Lellouch-Neubert ( ) [Nucl. Phys. B530, 153]
longitudinal polarization fractions Boyd-Grinstein-Lebed (BGL) [Phys. Rev. D56, 6895]

VeplsoL = (40.57 £ 0.31 £ 0.95 £ 0.58) x 1073
[Veploos = (40.13 £0.27 £ 0.93 £ 0.58) x 1073
|

stat. syst. LQCD uncertainty
on F(1)

Ultimately Belle Il will accomplish measurements of |Vcb| to O(0.01) precision.

14



Semileptonic B Decays

¢ Tests of lepton

0.4

LI ) I LI B B | I T
HFLAV

Bellell

R(D¥)

035

I LI | I LI | I
Ay’ = 1.0 contours

03

b
Belle

LHCH
0.25

0.2

$HFLAV SM Prediction
R(D) = 0.298 = 0.004
RID*) = 0.254 % 0.005

World Average
R(D) = 0357 £0.029,
RD*) =0.284+0.012,
p=-037
P33y =33%

'l I L1

02 0.25 03

0.45 0.5

BaBar 2012
Had. tag, 426 fb™'

| Belle 2015
Had. tag, 711 fb™!

Belle 2017

| Tav/ipv, 7116
Belle 2019

SL tag, 711 fb™!

| LHCb 2022

| 30

LHCb 2023

T—aaxv,5.0 fb!

| Belle II 2023
[ Had. tag, 189 fo!

HFLAYV Summer 2023

e

SM Prediction

0.1 0.2 0.3

R(D*)

0.4

04

0.35

0.3

0.25

0.2

universality, R(D™), R(K®)

(*) . :%(B - D(*)Tl/r)

D ™ %B - D¢y,

*LHCb: PRD 108 012018 (2023)

=>reduce tension 2.490 — 2.150

*Belle Il: PRL 131 181801 (2023)

=> 40% improvement in statistical precision
over Belle at the same sample size

LHCDb: arXiv 2302.02886

=> simultaneous measurement of R(D )

and R(D™), 1.90 tension

The Belle Il Physics Book, PTEP 2019, 123C01

41III|IIII|III[WTITTWIIWIIIIII

Belle Il Projection
—— Belle Combination
—— Babar

LHCb
—— World Combination

+  SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

5 ab-1

1 o contours

I BT B
0.25 0.3

‘ I0.03
R(D)

Total uncertainty [%]

arXiv:2207.06307

T i AV

X) (had FE], lep 7)
7) (had FEI)

) (had FEI, lep 7)

) (SL FEI, lep 7)

*) (had FEI lep 7)
*) (SL FEI, lep 7)
*) (had FEI, had 7)




Semileptonic B Decays
b — st?

~3c discrepancy from the SM prediction
v LFU in B > K®e*e™, KMptu~
v LFU in B - D®t*v, DO)I*y (I=e, p)

v Angular observables in B > K*u*u~

% BT > KTyy  arxiv:2311.14647

y A veraoe
SM i\z\”(,‘l age

197 + 0.037,

+
H i —— Belle II (362 fb'!, combined)
H 1 2.3+0.7 This analysis, preliminary
: I .
__o.i_ Belle 1T (362 fb!, 1 onic) Comblned result
E I 1.141.1 This analysis, prelimi .
| —e Belle II (362 fb'!, inclusive) E‘"dence @ 3.50
H 1 2.740.7 This analysis, preliminary
: q . s
i D — Belle TT (63 fb!, inclusive Tension with SM (0.6x107°)
H 9+15 F 181802
: 1
Pl e Belle (711 fb!, semileptonic) @ 2.70
: | L0406 PRDYG, 091101
: :—.— Belle (711 fb!, hadronic)
E : 29+1.6 PRDS7, 111103

—ie ! BaBar (418 fb!, semileptonic)

E : 024£08 PRDS82 112002
P ——de— BaBar (429 fb"!, hadronic)

1 1.5+1.3 PRDS7, 1120056
i L 1
0 2 4 6 8 10

10° x Br(BT—K T vi)

B(BT - K*vv) WRT SM :
30 (50) for the baseline (improved)

Amplitudes from

w- t

o electromagnetic penguin: C,
o vector electroweak : Cq
o axial- vector electroweak: C,,

may interfere
w/ contributions from NP

n(BDTy)
(.92 0.94 0.96 0.98 1.0 125
. 1 B W B —K*'ww
. Belle IT preliminary
3000 |g E - . 7
E Bene lv _, 100 1 [ £ dt = 36: I‘BJ
. frae=(3i2+a2)n! B* oKt % ot dd o8
E : : < i Data
= 2000 = 4
= =3
.'-C: Sontinmmum —-f sl
3 g
O 1000 &)
) ) + %
0
v 5
bl —
= = 0
= Ay
~ 0 H H : ! - - -
...........
- 0.4 0.5 0.6 0.7 0.8 0.9 1.0
14 8 25-1 4 8 92501 4 8 251 4 8 25
+ o A (BDTh)

Grec [GeV? /]

wrt SMis 2.9¢

wrt SMis 0.60

Belle Il is the only experiment capable of exploring these key channels

Decay lab™* 5ab™* 10ab™! 50ab~t
Bt — K*vp  0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
BY — Kdvp  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
BT — K*fvp  2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
B’ — K*%vu  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
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Charm Physics

Table from Longke

Experiment Machine C.M. Luminosity Nprod Efficiency Characters
3.77 GeV 29 (8 +20) fb! DO 107(—» 108) ® extremely clean environment
Besm BEPC-II 4.18-4.23 GeV 73 fb ! D/: 5 x 10° ® quantum coherence
e'e 4.6-4.7 Ge 4.5 : 0.8x10 © no boost, no time-dept analysis
| GeV fb ! Al s b d |
*oi ok ke
T SuperKEKB 1 D%: 6 x 10% (—» 10') @ high-efficiency detection of neutrals
e'e | r1 © good trigger efhiciency
1 10.58 GeV 0.4 (- 50) ab D{;} of 010 d tri fici
_— Al: 107 (- 109) ©® time-dependent analysis
KllEKB 10 58 GeV 1 ab ! D" *IDSF : E1(.‘!gl 0(1-10%)  © smaller cross-section than LHCb
(ete) Al: 10
Yo o * %
LHC 748 TeV 142 fb ! 5 x 1012 © very large production cross-section
pp 13 Te 6 10 © large boost, excellent time resolution
TeV fb ! 13 large b [ |
b ok = dedicated trigger require
(—23—-50) fb ! dedicated tri ired
% %k *

Here uses (r{DD pLe3.77 GeV)=3.61 nb, ¢(D' D~ ©3.77GeV)=2.88 nb, (D Ds®4.17 GeV)=0.967 nb; o(c£@10.58 GeV)=1.3 nb where each cZ event averagely has 1.1/0.6/0.3 DO,"D I ,"Dsi
yields; (T[DDQCDF)=13.3 ub, and F(D':)@LHC!)}::[SBI b, mainly from Int. J. Mod. Phys. A29(2014)24,14300518.

540,—_ T T T LA (LA S R B B B _|: A —_— T T T |-=. 7
g + ] 300 207 fb~! 0o 2 0, ]
530E 507 ! | DS ; ; : c = E* ]
- -l = - el =
520: 'ﬁ % -] ] 250._ T‘:_.
o @] [ S 3 3 /M
510 8 == N~ - ]
Z ¢ = 221 ool -
‘o5001- o T T
E I o) ok N
s & ERL o :
Oyg0f- o E = v [ ]
F to =] E - ]
a70f- | = ) 5 100;73:? z ]
3 E e 13
460 Submitted to PRL 1 50 T« 8 ]
450'_ - 0 3
L PR IR TR T N [T TN TN ST T S T
1990 2000 yé?w 2020 — %000 2010 5020

Belle Il Online luminosity

Exp: 7-26 - All runs

17.51

15.0 4

12.5 1

10.0 1

5.01

Total integrated Weekly luminosity [fb~!]

[ Crecorseadt =427.79[fb™Y]

Integrated luminosity
mm Recorded Weekly

[N w -
b= }= =
o o =]

Total integrated luminosity [fb~!)

,_.
[=]
=]
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CP violation effects are small at charm sector < 0(1073)

(D% - f)-T(D° - f)

Acp(f) = TV = )+ TP = f) D - mtm
VALUE (%)

[0.07 £0.14 £0.11 | 1 AAL

0.22 +0.24 +0.11 215k 2 AALTONEN
—0.24 £+0.52 +0.22 63.7k 3 AUBERT

0.43 +0.52 +0.12 | 51k 4 STARIC

Belle have advantage in channel with y:

Int. luminosity lab™* 5ab™' 10ab™' 50ab™*

Oaep (DY — 7t7?) 1.64% 0.74% 0.52%  0.23%
Oap(D? — 707%)  0.49% 0.22% 0.15%  0.07%

Belle Il will dominate the precision and be the only existing
experiment able to precisely measure A, (D? - n%n?)

Acp(ntn™) = AKKYK™) — AAgp

..j: - —— LHCb combination, 8.7 fb™ 1
S (}'()06;_ 22222 LHCh combination, 3.0 fby ! LHEb
0004l * No direct CPV T ]
0.002[-
2017M  LHCB of- -
20128 CDF 0002 7 L
2008M  BABR 70'004;01\1.:6{1'}:1'1;1(1 68%, 95% CL ]
0004 —0.002 0 0002 0.004
2008  BELL @
oo R
B(D° -»yy) <8.5x1077at90%CL | |
two orders of magnitude above
the SM prediction T
Int. luminosity lab™' 5ab™!' 10ab™' 50ab*
BY/ (DY — vy) (1077) 8.5 4.9 2.7 1.5
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T Physics i i
@10.58GeV:o(ete™ » 7v7t7) =0.92nb

o(efe”™ - Y(4S)) = 1.11nb

K, decays, PDG 2013
0.2253 + 0.0014

1
—o—
|_._| K,z decays. PDG 2013
0.2253 + 0.0010
o

CKM unitarity, PDG 2013
0.2255 + 0.0010

—e— Tt — s inclusive, HFAG 2014

_ _ B(L™>¢" v (y)
02178 - 0,002 F(L a7 VL(Y)) _ B( vovp(y)) gig; m] (mf) cory (M, M)

—e— T - Kv/1—- nv, HFAG 2014

T ~ 32Mj, 192n3
0.2232 + 0.0019

—e t — Kv, HFAG 2014

0.2212 + 0.0020 f(X) =1 —8x+ 8)(3 — X4 — 12X2 ln(x)

—e—i T average, HFAG 2014
0.2204 = 0.0014

0.215 0.22 0.225 B 3 25
. Feorr (i, My) = F(R2) (1 + SmE) (1 + 202 22— )

W. Marciano and A. Sirlin PRL. 61, 1815 (1988)

0.1790-

foe B(t™ > £" T, v,(¥)) 0.180 ALEPH
. T, 0.172 Belle
A.L. elab. mL 0007 BES M1

289 290 291 202
T(fs)
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T,
e,p,ﬂ' (—:

/4
‘\\\\) T
1-2v < >
’ o . Ttag sig \ T
max 1 L v\
PDG Average (2022) 4 M
1776.86 = 0.12
: 11
g — . * Bellell
BES (1996) 1 . O [
177696 T° Ue § S 08 - , T luminosity projection
: (D) #0-75 MeV/c” @ 8.76 [fb]
BELLE (2007) _.. . = )
KEDR (2007) N S oer
1776.81 2 +0.15 g 17
BaBar (2009) _._._.4_ S 04l
1776.68 = 0.12 + 0.41 g a 031 MeVic® @ 50 [fb]
BES IIl (2014) | R . :
177691 = 0.12, #9190 5 © 0.2} "'04-2.2._Mew°2@100 i
' : -0 ,0.13 MeV/c? @ 300 [fb°
Belle Il (2023)(Preliminary) i ... 2 - arxiv:2008.04665 e ec 1
1777091008i011 % 0_||\|| |. L L ||.|||‘ 1 L T
II|III\|III1|IIIIE|IIII|II 10 102 103

1774 1775 1776 1777 1778

M. [MeV/c?]
World’s best measurement of the T mass!

Luminosity [fb]

Even better than our estimation
when using 8.75 fb! data!

half data size as Belle and BaBar,
BUT better statistical precision!



Lepton Flavor Universality Violation

* Precise test of y—e universality:

Eu
8e

R

Efficiency [%)]

T

f(m2/m?)

" fmZ/m?)

B (1) sy

16

10

B — e DY)
fX)=1-8x+8x>—x*—12x’Inx

= 0.9726

14}

12}

Belle Il Simulation T — puvv channel
L]
A
L % 4
97 97.5 98 98.5 99
Purity [%]

RM=0.9726

i
— i

P =362fb7!
CLEO (1997)
0.9777 £ 0.0063 +0.0087

BaBar (2010)
0.9796 = 0.0016 + 0.0036

Belle Il Preliminary (2023)
0.9675 £ 0.0007 £ 0.0036

combination
0.9735 +0.0026

CLEO (1997)
1.0026 = 0.0055

BaBar (2010)
1.0036 +£0.0020

Belle Il Preliminary (2023)
0.9974 £ 0.0019

combination
1.0005 +£0.0013

0.96

® BABAR
PhysRevLett.105.051602

Belle Il
—4— Likelihood LID
4 BDT LID
~¥- w/ BABAR tag

0.98

1.00 1.02 1.04

.98

Belle Il Simulation

035

i
1.00

1.02
19u 7 9el+

1.04 1.06

e'e’ — T (—=VW) T(—=3h"(nn°)v)

03}

0.25

0.15}

R, statistical precision [%]
(=]
N

0.1}

0.16% @ 108 fb

Belle Il projection
] BABAR (PhysRevLett.105.051602)

0.05 -

0 50 100

150 200 250 300 350 400 450 500

Luminosity [fo™]
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* No CPV is observed in the charged leptons sector (in the SM, it is predicted
C PV only in quarks sector)

e The most promising modes for the studies: 7= — K_JZ'OZ/T, T — Kgn 1

T~ — Kgn_xoup T = (pn) v, = (wn) v,and Tt — (qn) L,

| - | . e

~ The first measuremeet of_the CFi as(,)ymmetry was Phys.Rev.D 85 (2012) 031102 |
performed by BaBarin 7~ — 7~ Kgv, ~
A I(tt - 27K{p) —T'(t— = 7 K{v,) ASM = (0.36 +0.01) %

| . r_ F(T+ —>_ 7[+K§)DT)_+ 1_‘(.1-_— _>. n—KgyT) | = (—0.36 = 0_.23 + 0.11_)_ %

e It is also possible to use a modified asymmetry [ ACP is compatible with zero

with differential distributions integrated over a with a precision O(10~ 3)
limited volume in the phase space with a 008
specially selected kernel (done by Belle) ———p & 002 51;_‘{’*.;”'53“'3

e More complicated and most powerful method O

8. o = 4_:§:—1—

-0.01F

is to use unbinned maximum likelihood fit in the
fuII phase space (not done at B factorles)

-

0.02|
g e - Belle

{ BeIIe II (FL) can approach the sensmwty IeveI of 10 ) 003 e T T2 14 18 55

t | W (GeV/c?) 2 )




Electric Dipole and Magnetic Dipole Moments

— . 2 2 . 73 7N PN VR
e (p_) (k) q=ky+k_; ¢ >4mi e>0; oM = 2[’)/ 7]
 a (v~ (k=) , 7+ (ky) , out|J4]0) = —eit (k) Thv (k4
1
o 2 7 2 s v 2 v
e+(p_|_) T+(k)+) ' = F (q )’Y + Fo (q ) 2 ic""qu + F3 (q ) 2mTU qu Y5
radiative MEM EBFM

corrections
InSM: a, =117721(5) x10"% d, ~103"ecm
EDM measurement by Belle (<& = 833 fo

Triple momentum and spin correlation MDM measurement by DELPHI

observables (so called optimal observables) N .

o M MZ  (Og) = agR(d) + by rS °, Two photon approach is used
m == = —— T

’ ST ) = r-cu d bc-
M Miw  (Oa) = 4gd) % ba , " —0.052 <4, <0013(95%CL)
~1.85-107"7 < R(d,) < 6.1 - 107 "®ecm (95 % CL)

~1.03-107"7 < 3(d,) <2.3-107"®ecm (95 % CL)

NP -5
Belle Il (FL) expects | R, F(d)| < 10718 — 107" .Be”e Il (FL) expects |01T | <2x10
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LFV

90% C.L. upper limits on LFV 1 decays
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Observables Exp. theor. accuracy Exp. experim. uncertainty Facility (2025)
UT angles and sides

o1 [°] Fkx 0.4 Belle I

¢ [°] o 1.0 Belle I

o5 [°] HHk 1.0 LHCb/Belle 1I
| V| incl. HE 1% Belle I

[V excl. wokx 1.5% Belle 11

|V, Incl. Hk 3% Belle I

[ V.| excl. wk 2% Belle II/LHCb
CP violation

S(B — ¢K") ok 0.02 Belle I

S(B — K" *rok 0.01 Belle I

AB — K°z%) [1072] ok 4 Belle I

A(B — K*+77)[1077] HHk 0.20 LHCb/Belle 1I
(Semi-)leptonic

B(B — tv) [107%] ok 3% Belle II

B(B — uv) [107¢] ok 7% Belle 11

R(B — D1v) wokx 3% Belle 11

R(B — D*Tv) Hok 2% Belle II/LHCb
Radiative and EW penguins

BB — X,y) *k 4% Belle I
Acp(B — Xiqy) [1072] ok 0.005 Belle II

S(B — K2n'y) ok 0.03 Belle 11

S(B — py) *k 0.07 Belle I

BB, — yy) [1079] o 0.3 Belle II

B(B — K*vv) [1079] ok 15% Belle II

R(B — K*it) HE 0.03 Belle II/LHCb
Charm

B(D; — nv) wokx 0.9% Belle 11

B(D, — tv) ok 2% Belle 1T
Acp(D® — K2r®) [1072] *E 0.03 Belle I
lg/p|(D° — KrnTm™) ok 0.03 Belle I
Acp(DT — 7% [1072] ok 0.17 Belle II

Tau

T — uy [10719] ok <50 Belle I

T — ey [107'7] ek < 100 Belle II

T — pup [10719] ok <3 Belle II/LHCb

Observables Belle Belle I1
(2017) 5ab-! 50 ab~"!

| V.| incl. 4221073 - (1 £+ 1.8%) 1.2% —
|V.p| excl. 39.0- 1073 - (1 &£ 3.0%¢y £ 1.4%y,) 1.8% 1.4%
[V,p| incl. 4471073 - (1 & 6.0%¢y. & 2.5%,.) 3.4% 3.0%
[V.| excl. (WA) 3.65- 1072 - (1 £ 2.5%¢, % 3.0%,) 2.4% 1.2%
B(B — tv) [107°] 91 - (1 £ 24%) 9% 4%
B(B — pv) [107°] < 1.7 20% 7%
R(B — Drv) (Had. tag) 0.374 - (1 % 16.5%) 6% 3%
R(B — D*tv) (Had. tag) 0.296 - (1 £ 7.4%) 3% 2%
B(B — K*Tvv) <40 x 107 25% 9%
B(B — Ktvv) <19 x10°° 30% 11%
Acr(B = Xoyuy) [1072] 22+4.040.8 1.5 0.5
S(B — Kiry) —0.10 4+ 0.31 £ 0.07 0.11 0.035
S(B — py) —0.83 + 0.65 £ 0.18 0.23 0.07
App(B — X, 0107) 26% 10% 3%

(1 < g* <3.5GeV?/ch)
Br(B — K*u*u)/Br(B — 28% 11% 4%

Ktete™)

(1 <¢*> <6GeV?/ct)
Br(B — K*"(892)uu" ™)/ 24% 9% 3%

Br(B — K*t(892)ete™)

(1 <¢®> <6GeV?/c*)
B(B, — yv) <87 x10°° 23% —
B(B, — t1) [107%] — < 0.8 —
sin 2¢,(B — J /¥ K?) 0.667 = 0.023 £0.012 0.012 0.005
S(B — ¢$K°) 0.9019 %5 0.048 0.020
S(B — n'K%) 0.68 = 0.07 £ 0.03 0.032 0.015
S(B — J/yn?) —0.65+0.21 £0.05 0.079 0.025
o> [°] 85 £+ 4 (Belle+BaBar) 2 0.6
SB—atn) —0.64 £0.08 £0.03 0.04 0.01
Br(B — n°x%) (5.04 £0.21 +£0.18) x 10°° 0.13 0.04
S(B — K% —0.11 £ 0.17 0.09 0.03




Summy:

L~1 — 3%x103°cm=2s-! L~4 — 6Xx1035cm—2s-! L~4%103¢cm—2s!

Start taking data RF power and IR upgrade 50 ab! 250 ab!

Belle 11 l l 20 ab1 l l

Belle Il Running period Upgrade

2015-2018 2019-2021 2022-2025 2026-2028 2029-2032 2033-2034 2035-future

Sz | i wa | s | s isa | s

Phase 1 Phase Ib Phase 11
X | -1 e
LHCD Upgrade 23 1b Upgrade S0 b Upgrade A
L~4X10%2cm—2s™1 L~2X10%8cm=—2s1 L~2X103%cm=2s1
Data ~ 9 b1 Data ~ 50 fb™! Data ~ 300 fb-!

~1 interaction/Xing ~5 interactions/Xing ~50 interactions/Xing
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Belle Il Cons and Pros (vs. LHCb)

* Pros.
— Smaller background cross section (O(1)nb vs. O(10)mb)

~3.4nb for ee — qq, ~1.08nb for ee = Y (4S) - BB

— Almost 100% trigger efficiency for BB events (11 charged + 5 photons in average ).
* Main triggers

— 3-track | | 2-track with opening angle| | ECL energy sum >1GeV || ECL # of Clusters >=4

* Absolute BF measurement possible.

— Two level trigger system for low multiplicity events

* Many dark sectors signature (X+missing) can be triggered

— High hermeticity 4m x 94%

* High reconstruction efficiency of O(1)~0(10)%.

* Full reconstruction of B meson possible (tagging of the other B meson)

— More than one missing neutrino modes = B — D(x)tv,B - 1™v,B — K(*)VV,B - Kt1,B —» v

* 4 momentum conservation usable => dark sector searches

— Detection of electron

* Detection efficiency of electron is almost the same as that of muon = test of LFU

* Easy to recover bremsstrahlung photon

— Detection of neutrals

* reconstruction of v, moand Ks efficiently = sum-of-exclusive method for B - X1, B — n°n°, B(sy = yy
* Better energy resolution of hard y = B — K™y background to B = py can be suppressed
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Belle Il Cons and Pros (vs. LHCb)

* Cons.

— Statistics of b hadrons!! (cross section 1nb vs. 144ub)

« We will only have 101! B mesons with 50ab~! on Y(4S) and 5 x 108 B, with 5ab~! on Y(59)
— No large samples of b baryons and B,

* Production of these hadrons are not yet established at e*e ™ collisions around Y(nS).

— Proper time resolution is worse and B meson is not so boosted.

* Background suppression with B vertex displacement is not so easy

* Bs mixing (Am,) can not be measured (while AI'; can be measured).
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x10™

Expected UL, Median

B expectedUL £ 16
Expected UL +2 &

[ Belle Il Simulation

BaBar UL

D SM predictions |

5x10”" 5 10 50
Integrated Luminosity (ab™)

Expected significance

()]
T I L]

- Belle Il Simulation

5 10 15 20 25 30
Integrated luminosity [ab™ ]
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