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Complementary Pathways to New Physics

Energy frontier

Intensity frontier

Direct production of new particles Indirect sensitivity through loops

Presently no unambiguous evidence for Beyond Standard Model (BSM) physics at the high energy frontier
Intensity frontier offers indirect sensitivity to very high scales: recent observation of “Flavour Anomalies”
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Ambitious Next Step at Luminosity Frontier: SuperKEKB

10 o B
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SuperKEKB and Nano-Beam Scheme

beam current x1.5 beam-beam param. x1
a4
_ + + LER/HER KEKB SuperKEKB Effect
L= yx (1+5y) Re [+ &y
- Energy [GeV] 3.5/8 4.0/7.0 boost x 2/3
2er, G, R £ B
B y:I:\ Crossing angle 2fy [mrad] 22 83
vertical beta function x 1/20 By* [mm] 5.9/5.9 0.27/0.30 Lx20
e+ 4 GeV 3.6 A | 1+ [A] 1.64/1.19 28/2.0 Lx~1.5
j A — P gy = Oy x Gy [pm] 140/ 140 13/16
= ' New IR . N
o> &~ (By/e)12 /o 0.129/0.09 0.09/0.09  Lx1
’y Luminosity [10%cm?2s™] 2.1 60 L x 30
New beam pipe SuperKEKB ’

& bellows
& | Nano-Beam scheme (P. Raimondi):
Squeeze beta function at the IP (Bx*,By*) and minimize longitudinal

size of overlap region to avoid hourglass effect

effective
Add / modify RF systems
for higher beam current
e 83mrad @» «—> —
Low emittance positrons .
to inject Positron source £f X *
Damping ring # : Half crossing angle: ¢ o =0 < [3
_— New positron target / z — y
capture section ¢x

9
(D Low emittance gun
Low emittance electrons

Belle II

Strong focusing of beams down to vertical size of ~ 50 nm requires

very low emittance beams and large crossing angle (83 mrad)

Wwe Need powerful and sophisticated final focus system (QCS)
5




SuperKEKB Achievements

Belle Il Online luminosity Exp: 7-18 - All runs Plot adapted from Y.Suetsugu
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Ramping up machine performance proves more challenging than initially hoped for

=short beam lifetime, injector power limit, low bunch-current limit, vertical beam size blow-up (crab-waist scheme)

Despite these difficulties: world record reached in instantaneous luminosity of 3.12 x 1034cm-2s-1on June 22nd
6
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Belle |l Detector
TDR:arXiv:1011.0352

K, and muon detector:
EM Calorimeter: " Resistive v e Plate Counter (barrel)
Csl(Tl), waveform samp \ — . - for + WLSF + MPPC (end-caps)

\\
,Fﬁﬁcaﬁon
pagation counter (barrel)
ng Aerogel RICH (fwd)

electrons
(7GeV)

' positrns
Vertex Detector (4GeV)

2 layers DEPFET + 4 i
layers DSSD

~ 4
S
<

Central Drift Chamber
He(50%):C2Hs(50%), small cells, long
lever arm, fast electronics

Trigger and DAQ
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Reconstruction of Undetected Particles

. Comput. Softw. Big Sci. 3 (2019) 1,6
<
0.50
IS
=0.40-
@ ¢
£0.30-
=
@0.20_
A=
7
200.10-
. E 4
4 0.00

0 | 1|0 | 2|0 | 3|0 | 4|0 | 5|0 | 6‘0 | 7|O | 8|0 | 9‘0 ‘100
Purity in %

Full reconstruction of B, decay in O(10.000) different decay chains

with a sequence of BDTs — Full Event Interpretation (FEI)

v' All remaining particles in the event belong to B__ (— hermeticity)

sig

D

/DO v 4-momentum of B, —4-momentum of undetected particles
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DO D* lifetime
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DYand D* Lifetime Measurement

https://arxiv.org/abs/2108.03216

' ¢ Data '
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10? f . Fit 10* I I I Jr/;;g/’i;;;;af;' Belle IT Source Uncertainty (fs) — —
b Py - Background 10° o D>K 7T DK I g 418F
. ¢ Data Statistical 1.1 47 & 4161 —
102 10 — Fit = 414:_ ~ — ©
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i [' o é 3 t y y - _?72 - t t 3 Momentum scale 0.19 0.48 108k - Q al.
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1020 A ]
- dominant systematic uncertainties come from residual mis-alignment (D% and .t
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2000 2010 2020
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= results not yet limited by systematics
Preliminary results consistent with, and more precise than, respective world averages
g » ¥ . Demonstration of excellent vertexing capabilities of Belle |I
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|[Vub|, |[Veb| and R(D) prospects




Towards Measurements of CKM Matrix Elements |Vu| and |Vep

Long-standing discrepancy between inclusive and
exclusive determinations of CKM matrix elements
and

Analysis of inclusive and exclusive semi-leptonic B
decays using both tagged and untagged approach

= |Vuw|: B=Xulv, B—mp.mlv (l=€,pn)
> 42
- [Va|: B—=Xclv, B—=D®lv (I=¢,p) ;

3.8
3.6
3.4
3.2
3
2.8

— 4.

S 46

Tagged approach exploits Belle Il Full Event
Interpretation (FEI) algorithm

Comput Softw Big Sci 3, 6 (2019)

= hierarchical multivariate technique (>200 BDTs)

to reconstruct the B-tag side (semi-leptonic or
hadronic) through O(104) different decay modes

= results in significantly increased tagging
efficiency compared to Belle
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Inclusive and Exclusive b— (¢, u)l v Branching Fractions

Untagged exclusive B> Dol v FEI hadronic tag excl. BO= | v

A large variety of different Untagged inclusive Xul v

. . . : di= 346 b Belle Il preliminary — L 8 i
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Prospects for R(D*

Br(B — D™ tv;)
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First paper on B physics: BT—K*vv




First paper on B physics!
igna

https://arxiv.org/abs/2105.05754 B
%10 .2

» “Search for B*—K*vv decays s Bemenm =TT
using an inclusive tagging | - B Chargedn
methOd at Be”e II" 'b—svv searches, E 6 =j‘"_ B

]_unique to Bellell| < [ _—

 FCNC with missing energy in the | t Eap 9 Fun 3123

final state, searched for at BaBar E S

and Belle using hadronic and

semileptonic tagging methods 05 n . . r .
. SM Aﬁfﬁarage pr(K+) [GeV/c]

* New method used with early Bellell S —
data: inclusive tagging method . RS Pswen mrefiminayy o e)
exploiting kinematic, event shape 1 Belle (711 -1, SL)
and vertexing variables P

| ! . Belle (711 fb !, Had)
BE B(—)K\)G)E qa ' Same Ievel | i 30+ 1.6 PRDET, 111103
E precision with o Babar (429 fi, !, Had+SL)
10 times less _—

0 2 4 6 8 10
10° x Br(B*—K * vi)

statistics
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Belle Il and flavour anomalies : R(K™)

* B factories measurements + LHCb latest results
points to tensions with SM predictions on lepton B(B - K utu-)
flavour universality in b—sll and b—clv Ry = BB S KMerer)

* What can Belle Il say on those modes: R(K(*))

R(K) perspectives R(K*) perspectives

2022
The Belle II Physics Book
® R(K) measurement _ 03[ e -
. L. . i | BRI ; ¥ o
statistically limited € [ - Bellemn2019 x f Belle Il 2019
o 025 _._ ':;‘ P — . . : Proectlons for R K) " {]5 Frﬂ‘]ECtrDHS for HIK-}
in the short term, S R e EI |
. . B onip o3 hd : : i o - 0.045,1.1) GaV
® main syst from 02 : . m=g? €(0.1,4.0) GeV? AN .-.::::1.1,5.0} G!w:
= v o €(4.0,8.12) GeV? El N ™ &  (15.0,19.0) GeV?
leptonID data-MC oqsh L W, eee2e(1.0,6.0)GeV2 3T N v @ > 0,045 GeV?
. : | ~' "”"\“';"',' e S R ST S E ."'1-, v
Cco rreCt|0nS B ,%":‘o, : "-{;';_", ] qz > 14.18 Gev2 0 2._". ‘-.,'t-. 1'*.‘
® ~20ab?!needed 01 | el *-wholeq2 } T ,
Basl Ttethee | | 0.1 e el
to reach 50 level L ] Tl | g, | || J I
0.05 T s -;,,'..‘ ik hk:l'-‘k-% ....... ELLELL L L L T T Tt My :E
(D RN A D T P e I 0! e =
- L j A [Ty 1 10 N 4
0— L i R i RN Intearated Luminositv (ab™
@ 1 0

3
Integrated Luminosity (ab™) 18
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Dark sector studies
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L. — L. model:Z’ to invisible
L, —L; model: Pnys. Rew D. 89, 113004. June 2014

= 7’ does not interact with 1st generation
leptons

1
» includes dark matter candidate f
= potentially addresses (g —2),, anomaly 10 |
Search for resonance in mass of system recoiling against muon pair: |
o 102 |
- Bellell 2018 e Dala -
10° 3 j Lt = 276 pb” Belle Il 2018 L,-L, (obs.) 90% CL UL
E 1 0_3 L,-L. , BF(Z'= inv)=1 (obs.) 90% CL UL -
_ _ — L,-L: expected UL
0 F OO @ /Ldf 276PbT L b it et
g i ::-::::';1:: E -4 i | | | | | | | \
3 f S O T T s 4 s 6 7 s
i - M., [GeV/c?]
107 Tl
el = Simulations: can probe
S TR R S R

w -

0 1 2 2 4 (g - 2) band With nJ 50 fb_l

Recoil mass [GeV/c?] H
Belle Il, Phys. Rev. Lett. 124, 141801. April 2020,
BELLE2-NOTE-PL-2020-012 20



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://docs.belle2.org/record/2028/files/BELLE2-NOTE-PL-2020-012.pdf

Axion-Like Particles: a - yy

An Axion-like particle, a

= couples to bosons. Here focus on a — yy

= could be a “portal” or "mediator” to connect SM to Dark Matter candidates if
ma ~ O (1 GeV/c2)

Belle I 21



Axion-Like Particles: a - yy

445 + 3pb~1! of data taken in 2018

Search for bump on large
ee — yyy background

Require that the photon t/At are all
consistent with each other

No tracks from the interaction point
0.88/ s <myyy, < 1.034 s
No significant excesses observed

Even with a small data set, results
exclude previously unexplored parts of
phase space.

Belle Il, Physics Review Letters 125, 161806 (2020)

Low ALP mass spectrum

700
e Belle Il (2018) ¢, 40
< 600} B oS
r;-‘i [ Ldt = 445 pb 33
> g <t
5 500 (B) :,
O } =
400 | £,
~ 2
W 300} 5
% o 90 : ;
2 2 1~

D 200} My, [GeVe/c™]
O
s
& 10f

0

0 20 40 60 80 100
M2, [GeV?/c*]
High ALP mass spectrum
| } Data
40| Belle ! (2018) LT .
L [Ldt = 445 pb~? E ete” —ete(y)
; HE etem —yyly)
(a) ////. MC stat, uncertainty
300

Candidates / (1 GeV?/c?)

0

0 20 40 60 80 100
rec0|l [GEVZ/C4]

10-2 %
0
fo=
=
& Belle Il
d=
!
1073
w0
=
K
1074
e\ettron beam dump gavZ =0
105 P L P L | PR
1073 10 2 107! 10° 10!
[GeV/c“]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806

Dark Higgsstrahlung

Dark Photon (A’) mass could be generated via a spontaneous symmetry
breaking mechanism, adding a Dark Higgs boson (h") to the model:

- Dark Higgsstrahlung process: et e- — A" — A" h’

Belle Il expected sensitivity on €2ap h'
10~3

- Belle Il Simulati E ted 90% CL UL : L
| Ie ; 9;:;’ R T preliminry At Belle I we are exploring the invisible h’ decay
cdt=9fb"

systematics 10-4 (mr < my), constrained only by KLOE:
estimate j Babusci et al. (2015), arXiv:1501.06795

U
T

B
—rT

L

105 eter — A" — A(— prp) h’(— inv.)

E°"Ap

N
(=3}

Very promising results even considering
only the 2019 data set (9 fb1):
107 - accessing an unconstrained region

beyond the KLOE coverage;
2 4 6 8 10

Dimuon mass [GeV/c?] - probing non-trivial €2ap couplings.
Belle I 23
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T physics and prospects




F(Mmm, ﬁ) = (PS + Py - Mmzn) : tan_l[(Mmin

Events / ( 50 MeV/c? )

Pull

T mass measurement

['(u — evd) 8y

['(r — evd)

The measurement is performed in the decay mode t— 3mv (3x1 prong topology),
using a pseudomass technique developed by the ARGUS collaboration:

Mmm T \/Mgzg * Z(Ebeam . E3:r)(E3Jr il P3n)

The distribution of the pseudomass is fitted to a empirical edge function to

estimate T lepton mass.

600 * ! Belle Il (Preliminary)
i - ILdt =88fh*
_— m, = 1777.28 £ 0.75 MeV/c®

+ Data
20 y2/dof = 1.256
oo} News 8742

it TR
ST

176 178
M, [GeV/c’]

17 172 174 18 182 164

Public Belle Il note
—arxiv.2008.04665

—Py)/Po)+ Ps Muin +1 o

2 md Accuracy of lepton
i universality measurements.
5
g'r ’nr 12000 F
L Belle Il (Preliminary) =l o i
- === gl mow) oS Ex xomr) e it BG
10000 - _[Ldt: 881’ =.+= esll (=8~} & sehh = < Ny} {l=a,=)
i =+ gg [g=u,d,s.c)
8000 -
fn 5
= |-
C 6000 |
L

ao00 L

2000 |

2 15
S
8 05
M,. [GeV/c)
Syvstematic uncertainty MeV/c?

Momentum shift due to the B-field map 0.29
Estimator bias 0.12
Choice of p.d.f. 0.08
Fit window 0.04
Beam energy shifts 0.03
Mass dependence of bias 0.02
Trigger efliciency < 0.01
Initial parameters = 0l
Background processes < 001
Tracking efficiency < 0.01

to be reduced
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https://arxiv.org/pdf/2008.04665.pdf

T mass measurement

The
arxiv.2008.04665

PDG average .‘. 1776.86 + 0.12 MeV/c?
BES Ill (2014)
ARGUS {12)??6. +2.4 +1.4 MeV/c?
Belle (20
BaBar (2009) &

Belle Il (2020)

1776.91+0.12 + 0.13 MeV/c?

1776.61+0.13 + 0.35 MeV/c?
1776.68 £ 0.12 + 0.41 MeV/c?

$1777.28 £0.75+0.33 MeV/c?

1773 1774 1775 1776 1777 1778

m, [MeV/c?]

1779

Belle |l have compatible results with previous
experiments and comparable sys. errors with
previous B factories BaBar and Belle.

1780

1781

Stat. Precision [MeV/c?]

o
co

<
o

ol
N

isto the best m_precision among pseudomass measurements.

l'.

o
~

e Belle

-+ luminosity projection
#0.75 MeV/c” @ 8.76 [fb]

"+.,0.31 MeV/c? @ 50 [fb]

"+.,0.22 MeV/c’ @ 100 [fb ]

"""""
.....
,,,,,

10 10°
Luminosity [fb™]

statistical precision as Belle/BaBar.
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https://arxiv.org/pdf/2008.04665.pdf

T lifetime

3-prong

Production vertex— intersection of the ﬁt
direction with the plan y=IPy.

Important parameter in the SM.

Vr

Test of the lepton flavor universality (LFU). -2\

3x1 topology

World best measurement by Belle (711 fb™):

-
- -
-------
-
--

(p— mn°)
Measurement strategy: ! TTITTTY
s Proper decay time distribution. x5 higher efficiency than
1 . Belle using T— 3mv x T— 3mv topology.
S T hadrons C v -1
_ y ompetitive results at 150 fb™!
p(t,7r) = —e 7 |- R(t) - ome
T Proper time resolution | Betle n2020 (Simuiation)  [[Jstopurtomemn [«

.qﬁ g=u,d,s .qﬁ g=c,b

s Proper time related to the decay length and the

momentum = it to extract t_
l m % 10°
T T 5
b= :_ and p, i
/8 84e C  to be reconstructed

from measurements. 1

—-1000 500

0 500 1000 1500 2000 2500 3000

t 3-prong [fs]
Epiphany conference talk
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.031801
https://indico.cern.ch/event/934666/contributions/4155576/attachments/2192153/3705262/epiphay_2021_tau_lifetime.pdf

T LFV decays

Belle Il Physics Book
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NP models

-

90% C.L. upper limits for LFV t decays
=

1is the heaviest charged lepton :>

T IPY 180 IV I Ihh Ah -

O
E_ an® ..III.. ..I I. g _E
- al o E = = =
_. m ” m ] | m [&] al
L T
=T w o E
= v =
E2 v "' A\ - v =
__ﬁ ¥ ¥ W s "' ¥ Y oy v, v __
E yii _E 2 . AL vy . VE
EV*‘i“Ag&Ix a"g I Y ke vavn&i *‘A‘ *aéaahiié,f
- Two ordersof magnitude of improvement @ 50ab 1 —
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search for LFV(LNV).

Large variety of leptonic and semi-leptonic decays to

LFV is strongly
suppressed within the
SM.

Any observation of
LFV is clear signal for
New Physics!

= CLEO
v BaBar
» Belle
LHCb
e Belle ll
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https://arxiv.org/abs/1808.10567
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[sospinsumrule: B -» K*n—, K*n%, K0xrt
Sensitive test for non-SM physics
KO+ B(Kott) 150 K+m0 B(K+tmY) 150 00 B(K1?) M. Gronau

— — 0
CP B(K+1-) 75+ CP B(K+1—) 75+ CP B(K ) (:zyls.;czei:tg.gE;GZHZOOS)

Ixn =Acp” +A4

0 - B0 -+
B - Km B oK™ Bt — Ktn® | | B > Kn
45— — 4 ——
% fgg | Belle Il (preliminary) o D % fgg [ Belle Il (preliminary) s Data %; Belle If (preliminary) o Data %: Belle Il (preliminary) o Data
= Ldt=6281b" —=Tomtt = Ldt=6281b" o = 9 fL dt=6281" _Lelil.ﬂ;t( 0 = “F fL dt =628 " _Lc'“i”::' 0
o e Let-ez it il S it/ ) g wf ‘ e g f ‘ LB
5 140F . qﬁa T oo 5 140 B mwres % a0k | A e\ B decay background % 30 ----- B decay background
o g2 BB 2 120F 5B s F e\ qq background £ «=-++ g background
0 @ ) 25 F [0 25 |
£ 100f £0x £ I @
S 80T ! b 20 | 20 [
o R i T T i - 2
c oof I g 15 15
O awf + (] 10 fa 10k
20 b Sf T — o
g FRRORTE L L e i, 5 0 PR Ll Loy L o BT ey - ) P S SO SS coares A N
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 -0.3 -0.2 -0.1 0 0.1 0.2 03
AE [GeV] AE [GeV] AE [Ge(\)l] AE [GeV]
Probes tracking & PID separation Probes 1t reconstruction & PID separation
-

Bt - KO0t B~ - KO~ ‘ B(B? - K*n~) = [18.0 + 0.9(stat) + 0.9(syst)] x 107°

: :_}M(MTW } = 5 ® —}M — o Acp(B® » K*m~) = —0.16 + 0.05(stat) + 0.01(syst) | arXiv:2106.03766

_% s ;‘, 2 - B(BT - K*n%) = [11.9]:)(stat) + 1.6(syst)] x 1076

8 : Acp(B* - K*n®) = —0.09 + 0.09(stat) + 0.03(syst) |arXiv:2105.04111
.'_0.05 0 O.-D.S AO; [Ges,]w -0.16 -0.1 -0.05 1] 0.05 zé [Ge\(}.]lﬁ B(B_I_ _) K07T+) — [21.4_'__%%(51_31_) i 1.6(5)/51_)] X 10_6

K9 reconstruction Acp(BT - K%+) = —0.01 + 0.08(stat) + 0.05(syst) 30
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https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://arxiv.org/abs/2105.04111
https://arxiv.org/abs/2106.03766

[sospin sum rule : B - K97Y

I precision is dominated by this channel

J ¥

K+m= koz+ B(KOrt) g0 w+-0 B(KT0) 70 00 B(K1?)
Ign =Acp™ +Acp i — 2Acp e — 2A¢cp b
B(K*m~) g+ B(K*m~) 1p+ B(K*Tm—)

Belle II: unique access to this channel !

Flavor-tagging technique
in Belle Il arXiv:2008.02707

BO tag B tags

12

[ Belle Il (preliminary) . Daia,ﬁotags
E f Ldt=6281" — Total fit

0 0
—-B = Kgn®

[ Belle Il (preliminary) . Data,ﬁatags
10 de::sz.e ! — Total i

[ Belle Il (preliminary) * Data, B tags
E f Ldt=6281" — Total fit

s o
—-B = Kgn®

[ Belle Il (preliminary) ¢ Data, B’ tags
10 der=62.sib" — Towlft
C —-B = K®
sk [ B-decay background
) Continuum background

25

—-B8"- K:Jr"
8 [ B-decay background
L Continuum background

[ B-decay background
----- Continuum background

[ B-decay background
----- Continuum background

Candldatesaper 3 MeV/c?
Candidates per 30 MeV
Candidates per 3 MeV/c?
Candidates per 30 MeV

o |
AN
oL L 0 L oL J_.;\_LT,_.+U4_.T+|_£/ |\ 0 L
5.24 5.25 5.26 5.27 5.28 5.29 53 -0.3 -0.2 -01 0 0.1 0.2 0.3 5.24 5.25 5.26 5.27 5.28 5.29 5.3 -0.3 -0.2 -01 0 0.1 0.2 0.3
M, [GeV/c AE [GeV] M., [GeV/c AE [GeV]

N(B® - K070) = 45%7 B(B? -» K70) = [8.5}7(stat) + 1.2(syst)] x 107° | Acp(BY - KO1t0) = —0.401345(stat) + 0.04(sys) |

arXiv:2104.14871
First measurement in Belle Il data!
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https://arxiv.org/abs/2104.14871
https://arxiv.org/abs/2008.02707

[sospin sum rule — projected uncertainty

Procedure

» K7 : Dominant uncertainty from A¢p(K°n%). Calculate o;,  with Belle Il results
e Ktn~= K*tn0,and K%t : Take world best measurements, and investigate

future projections with Belle Il and LHCb expected luminosities.

D

0.30

0.25 1

0.00

Belle IT (Preliminary)

Ix.=—-0.11+0.13 Belle+BaBar+LHCb+Belle II Winter 2021
- == Projected uncertainty without Belle II
—— Projected uncertainty with Belle 11
2021 2022 2026 2030
Year

arXiv:2104.14871

The projected
uncertainty on Ig;

<O

Belle IT

Fundamental role of Belle Il in improvement of precision !
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https://arxiv.org/abs/2104.14871

Belle IT

Conclusions

Belle Il produced
interesting and
competitive results with
little data already

The Belle Il physics
program is very broad

New ideas are
extending the physics
reach

Searching for new physics
phenomena. Stay tuned.
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Nobel prize to KM /

Decisive confirmation of CKM picture N

Observation of direct
CP violation in B = r*n

M

L2
-

Observation of Observation of
CP violation in b—dy
B-meson system \
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D° mixing
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Observation of B—rv
B — KMl

}

~ Evidence for direct
CP violation in B — K*a-
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A comparison with LHCb

o5 (nb) ~150,000 ~1
[Ldt (fb™1) ~95 ~50,000
Background level High Low
Typical efficiency Low High
Y, K efficiency Low High

Initial state Not well known Well known
Decay-time resolution Excellent Good
Collision spot size Large Tiny
Heavy bottom hadrons B, B, b-baryons Partly B,
T physics capability Limited Excellent
<> B-flavor tagging efficiency 3.5-6% 36%

o 5

Belle IT




T—-l+y, t—> 31

In SM LFV is highly suppressed Br ~ O(107*)

3c
B(T e 4 .ufﬂl/) == S | £U U,m
% SUSY

vT vuu vr VIJ

o 162
% 134_ -Background:g.(v“ v,
G TE Background: v,
£ 7°°E" Il Background: v w ()
XE —1.68— - Background: qq ) [
- Yo S de =N
¥ . L e e~
= = eg® e ® 0 O ﬁq{ .
8 472 .
>g< e & weefn DE\D :
= ‘ :
W A474— - =« = & o o o o [~ . O =
= B ....“I.' .03‘;.. .‘—.EU_II__D/
.76 gie® Os 0 'O*® O o
178 X .
A Y b
1.8 .
-1.82—
H P S I I e
-0.2 0 0.2 0.4 0.6

e N RN
T - e = A Tﬁ_

e'e —-T1TT
&

NP model predictions:
O(107°-107®).

Rotated signal region (t= ny)

M’#’Y

v

:\/E.tzt’Y_PL%‘Y

C M
E E beam

coss) (a5)

AFE =
(2s)=( =,

Belle Il Physics Book.

BR(t— u+y)<272x10°
o Improvement ~Belle limit/2.

M, xcosu + 0 E xsina [{Ge\ﬁc)z]

Belle |l Physics Book

(no sys. unc. included)

AE' [GeV]

BKG free selection w/ 1 ab™.

Golden channels

1 prong + missing(v,y)
uy, uuu (LFV mode)

Signal determination as 7 — puy.

— 40
~1.66 [-Belle Il 2020 (prellmlnary)
- Simulation: N 35
-1.68 ¢ — 3y (10* events)

1.7} e ==
_1.72F N
174 0
-1.76 | 15
-1.78F ° 10

-1.8F 5
il 2"
~1.82 b 2=

01 02 03 04 05 06

Belle: 2.1 x 107® (782fb™).
Belle Il: ~1071°,
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https://arxiv.org/abs/1808.10567
https://arxiv.org/pdf/2103.12994.pdf
https://arxiv.org/pdf/1001.3221.pdf

Rediscoveries of B—>J/yK0 and B — n'K

. arXiv:2104.06224 arXiv:2106.13547
« The measurement of sin(2¢p1/p) Rediscovery of B—>J/y KoL Rediscovery of B -1’ K
using BO— J/yKoL complements the : T st e
N fr' m BO_, KO ;— Belle Il preliminary 35 ;—LR>0-7
one iro J/\II S 2 J-Ldt=62.8fb'1 30 E—lg:tlta
= signal yield compatible O e 25 |- &5 Sonel
with Belle result (no sys. emsocraroon "] 20 3 peaking
error yet) 15 F
m it - I 3 ,Hlul\ 4 LHI i
next to come: precise - Y il s 1 77777 1r 11|T mm
. . . . -20 10 O 10 20 30 40 50 60 70 80 9.2 5.22 5 24 5.26 5.28 53
lifetime and mixing AE [MeV] M_ [GeVic?]
frequency
« Rediscovery of rare hadronic AE=E -Epeam My = (E2ct - p?)°?
penguin diagram mediated
decay B-nK
partICUIarIy SenS|t|Ve to This analisis World average [7 ]
new physics in the ) ~ Channel B (x10%)
hadronic loop Nsig ("W ) = 267 £21(stat) £ 28(peaking) pF 7 63 #3713 9(syst) 706 L 25
Nsig (€¥e ) = 226 £20(stat) £ 31(peaking) B’ — K" 60.4 *37(stat) = 2.9(syst) 66 + 4

= measured branching
$ ratio in agreement with

world average
Belle I 37




R(K) Belle2 vs LHCb

Candidates / (24 MeV/c?)
5

LHCb ¢ 600
—— Data 9 b’ -
—— Total fit ﬁ 500
...... BY—= Ktete- ™= 400
B B — Jhyp(ete )K* ‘;
B Part. Reco. Z 300
Combinatorial -‘3
g 200
o
© 100

Belle IT

m(K*e*e”) [MeV/c?] r

— M

% 165 4 Daia Eﬂlﬂq n

o r i

2 ~----si:;r pre |mmary_1

© o d\'ﬁ e |LOt=62810

E 153‘ I Feaking Batkgiey

o

] a% ‘

=]

< EE e | |

\47, A1

r | -t hd
g'-.-].l].-lthljn.:l ..."'. [T
52 521 522 523 524 525 526 527 528 529

M,. [GeV/c?)

[LHCb, arXiv:2103.11769]

LHCb
—4— Data 9 fb"'
—— Total fit

Combinatorial

5400 5500 560
m(K*u*u~) [MeV/c?]

Signal
SameKee
Statistics
B->K mu
mu
Efficiency

B->Kee
Efficiency

B->Kee
Resolution

High g*bin

Belle II LHCb
K+, Kﬂ K+
1 ab-! 1 b1
30 % ~5 %
30 % <5% Lower
due to
tracking
and trigger
Better Worse
thanks to because of
Mbupe Brems
Accessible Hard
38



Probing t-u Universality and LFV in Y(3S) Decays

. ~ . ) 5 o (02 P - : Phys. Rev. Lett. 125.241801
The decay widths of a q qbound state into a pairs of Ly = doPei— T (1 4 2m2/M2) \/1—4mg/M?

M2
leptons can be precisely calculated
The ratio of decay widths in t pairs and p pairs R, is V(nS)| SM prediction
therefore a sensitive probe for New Physics such as Croer (14 2m2/M2) /1T — 4m2 /M2 T(15)[0.9924 + O(107°)
Rry = T = —— —— T(25)|0.9940 + O(10~°)
- light CP-odd Higgs in 2HDM (Type-Il) models T (14 2m [M2) 1 — dmg, /M T(35) 0.9948 + O(10~%)

with large tanf

= New Physics contributions that might resolve

tensions in R(D*) measurements Result of template fit after continuum background subtraction

x10° x10°
QUOOFT T TT [T GO Eo 5 d FAm T B Ed [ A8 L] o\ S \ T \ \
Based on Y(3S), Y(4S) and off-resonance data the S.«0f BABAR . S M
Babar measurement exploits differences between S0l —— . £
. | " 1 (52N o
resonant and off-resonant di-muon processes to 100p) e . :
. . [ K Cascade Y (25) — uu,tt i r
improve the precision 801 Cusute 109 > puse . B
. . . . . 60l {777 Other T(35) decays E 6
The result is six times more precise than previous ot E e
measurement and agrees with the SM prediction of "3 3 L
0.9948 within + 20 - AT E
8 08 09 095 1 1.05 1.1 0
My s
The dat Is0 used to deri limit Y@s) - Lxorr
e data are also used to derive an upper limit on R; ) = ———— = 0.966 + 0.008,, * 0.014,
electron-muon flavor violation in Y(3S) decays: Cyoppu-

B (Y (3S) > e*u¥) < 3.6 x 10-7 at 90% CL

39



L — L. model: Z" to invisible

Measurement done using 2018 pilot run data: only 276 pb-1 usable due to trigger conditions.

Looking for:

- a peak in the mass distribution of the system recoiling against the dimuon pair;

- nothing else in the rest of the event.

- Bellell 2018 e Data
16°5 _[Ld 276 pb™”
- = P b N
G 2B e'e W) 3
E E ;ﬂ{%.‘z‘e'—) Ty '_
8 1 _ %e'e'—) efe )W ! | u ?
= Ht
LJ . || pﬁﬁ\} N
—— Y| s AN
107 | N \ IS
> \\\\
3 B SEENNIN BN : §
102 > \§§\ \
:I | I . | | O ] Fla - I L1 11 | o111 | Ll L I‘.l -‘"ltl | { B | ml L1

0 1 2 3 4 5 6 4 8

Recoil mass [GeV/c?]

90% CL upper limit on the g’ coupling constant
Belle Il Simulation Expected 90% CLs UL - Median

10°

) --- JLdt=9fb! — [Ldt=50fb1
1073 ¢
TR det = 50 fb~! (more inclusive trigger)
mmm Belle Il PRL124, 141801, [Ldt = 0.276 fb~1
10—4....|....1....|....| ........ L e o U v by

0 1 2 3 4 Elm 6 7 8 9
M, [GeV/c?]

Starting to probe the (g — 2). band already with 50 fb-:



Belle Il Prospects (R(K*), angular)

—

2022
= —— Belle ?019 Belle 2019 —~ 0.6— O O R O
o —_ LHCb§2017 Preliminary é - f ‘; lle Il 2019
E p=-BaBat-201 - [Belle arXiv: 1904.02440] - e e X
- —_— Q:ﬂ ‘:-;rlzi::,dno'a (2018 1 ° 0'5— nh l rejectlona ort {K )
- T * Cos RN
- Belle (R(KY)) 04 = P € (0.045,1.1) GeVA
- e . Tripiim wm g € (1.1,6.0) GeV?
= - Largest deviation in the low g2 bin 3 .. e (150,190 GeV?
: 0.3 ", “-‘“ _ u-:-'_- o > 0.045 GeV*
;_ 0'2: : I.“'. Yay :’.f Y
: e T B G
0.1—-
C R L ] 1 Lo i : ™ p I adr ) e 2t
10 15 20 [Belle Phys. Rev. Lett. 118, 111801] - e 5

o (GeV?/c?
Belle P’s

E= oy | The largest deviation with 2.6

i LHCb 2015 ] . .
 CMS 2017 ; sigma observed in muon channel

ATLAS 2017

i R— Electron channel is deviating with

5
o
T { . 1.1 sigma
e st | - With 2.8 ab-1 the uncertainty on

— ' ] P’s (both e & mu) will be
; comparable to LHCb 3 fb-1 (mu
q° [GeV®/c

1
| Belle Il Highlights and Prospects | Slavomira Stefkova Integrated Luminosity (ab™) 20



L — L model:Z’ to invisible

L, — L model:

= 7 does not interact with

1st generation leptons

» includes dark matter candidate

= potentially addresses
(g —2), anomaly

u
e
ZI
N\ V, X
\
v/Z K
e
u

Phys. Rev. D, 89, 113004. June 2014

Search for resonance in mass of system
recoiling against muon pair:

1 E T = T ‘ T T 7T T T 7T
10~ 2
o 107 g
L,-L. (obs.) 90% CL UL

1073 Belle Il 2018 L.-L., BFZ —inv)=1 (obs)) 90% CLUL _|

— L,-L. expected UL ]

- -1 ]

_/Ldt =276 pb ~ L,-L. , BE(Z' — inw)=] expected UL :

1 0—4 | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘

M. [GeV/c?]

= Simulations: can probe
(9-2), band with ~ 50 fb1

Belle 1l, Phys. Rev. Lett. 124, 141801. April 2020,
BELLE2-NOTE-PL-2020-012 42



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://docs.belle2.org/record/2028/files/BELLE2-NOTE-PL-2020-012.pdf

Axion-Like Particles: a —

445 £ 3pb~1 of data taken in 2018 . \ i
1072 F seoyy ®

Search for bump on large | <
ee — yyy background o | Bellell

%J 1077 ¢ o, \ “
Require that the photon t/At are all S e o, \ 2
consistent with each other s | 5 \
No tracks from the interaction point

- - i ) Oayz = 0

0.88¢ s < myyy < 1034 s T S T T

m, [GeV/c?]
No significant excesses observed
FIG. 5. Upper limit (95% C.L.) on the ALP-photon coupling
Even Wlth a Sma" data Set, I‘ESU|tS from this analysis and previous constraints from electron beam-

excdude preVi OUSIY unexplored partS of dump experiments and ete~ — y P invisible [6,9], proton beam-

dump experiments [8], efe™ — yy [11], a photon-beam experi-

phase Space. ment [12], and heavy-ion collisions [13].

Belle I, Physics Review Letters 125, 161806 (2020) 43



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806

	Belle II status and prospects
	                                          Outline
	                                Complementary Pathways to New Physics
	                    Ambitious Next Step at Luminosity Frontier: SuperKEKB                 
	                                 SuperKEKB and Nano-Beam Scheme
	                                          SuperKEKB Achievements                                            
	Diapositiva numero 7
	                                                     Event types                                                                     
	                         Reconstruction of Undetected Particles
	Diapositiva numero 10
	                               D0 and D+ Lifetime Measurement�
	Diapositiva numero 12
	Diapositiva numero 13
	                      Inclusive and Exclusive b→(c,u)l n Branching Fractions
	                                  Prospects for R(D(*))
	Diapositiva numero 16
	                                       First paper on B physics!
	         Belle II and flavour anomalies : R(K(*))
	Diapositiva numero 19
	Lm	–	Lt	model:	Z’	to	invisible
	 	Axion-Like	Particles:	a	→	γγ	
	 	Axion-Like	Particles:	a	→	γγ	
	 	Dark	Higgsstrahlung	
	Diapositiva numero 24
	𝛕 mass measurement
	Diapositiva numero 26
	Tau lifetime
	Diapositiva numero 28
	Diapositiva numero 29
	Isospin sum rule : 𝐵 → 𝐾+𝜋−, 𝐾+𝜋0, 𝐾0𝜋+
	Isospin sum rule : 𝐵 → 𝐾0𝜋0
	Isospin sum rule – projected uncertainty
	                                Conclusions
	Back up slides
	                                            A comparison with LHCb                                             
	𝛕 → l + 𝜸, 𝛕 → 3 l
	                      Rediscoveries of B→J/yK0L and B → η′K
	               R(K) Belle2 vs LHCb
	 	Probing t-µ Universality and LFV in U(3S) Decays	
	L	–	L	model:	Z’	to	invisible
	Diapositiva numero 41
	L	–	L	model:	Z’	to	invisible
	 	Axion-Like	Particles:	a	→	γγ	

