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SuperKEKB and Belle Il x50 Higher luminosity!!

Instantaneus Target Luminosity: L=6x10"cm s

Achieved Luminosity (world record): L=3.12 x10*cm—2s— 1/ Bel | ell

Target (Achieved)
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e 7GeV 2.6 A(~0.7A)
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Luminosity Milestones
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- Record instantaneous luminosity: 3.12 x 10 ** cm® s™; l
- Running for the first time above the Y(4S), at ~10.75 GeV. SuperKEKB

- 2023 we will have a ~9 months long shutdown to replace the
(incomplete) pixel vertex detector

- A second shutdown will probably take place after 2026

50,000 fb™* by 2031

Belle 1l Luminosity

https://confluence.desy.de/display/Bl/Belle+ll+Luminosity



Belle Il detector

SC Solenoid KLong and muon detector
Resistive Plate Chambers (barrel outer layers)

i iPM’s (end-caps , inner 2 barrel layers)

EM Calorimeter ;

Csl(T1), waveform sampling:
barrel + endcap)

electrons (7 GeV)

-~

Bervllium beam pipe
1 cm radius

[

Vertex Dete@ ;;{_,//
2 layers pixel DEPFET44/ ;::*/

Innermost layer radius atfl.4

positrons (4 GeV)

Central Drift Chamiber:
HE(SO%}ZCEHb(SU%): small cones

lever arm, fast electronics (Core element)

Belle Il has excellent
tracking, vertexing, and
particle ID performance




Large Angle Beamstrahlung Monitor (LABM )

- Bremsstrahlung light produced by the interaction of one beam and the electromagnetic
field of the other.

- Useful for nanobeam.

- New kind of beam monitor.

- Based in measurement of polarization.

Yy

il T —————

Some examples of Large Angle BMST pattern recognition (collinear beams case)
3 asymmetries are defined (4 are possible)



LABM Diagram
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Photomultipliers (32)

X1 {ime>0 && x1 > -10000 && x1< 10000}

Lt

htemp
Entries 97
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St Dev 7509
1/ ndt 20812
Prob 06474
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One channel output




LABM scans
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Synchrotron radiation (Geant4 ) Beamstrahlung radiation
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Status and prospects

UPS
Hardware, electronics, data worked properly.
Possible Beamstrahlung signal in two telescopes.

All problems has been solvable.
DOWNS
No signal in one telescope.

Background 10x bigger than expected.

Upgrade in electronics, mechanics and more PMTS in summer 2022.
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Belle Il Physics

: B
m\’-'mn’iE
Rl —

Charm Lifetimes

Bra
oS m“" Fractions, Dalltz analyses
]% a‘,
@5‘6‘ g% Seton 2 Ravor viglation
{
o '&‘;l]'n d'l-‘(d:"
ENEMeaw:!mkﬂvlﬁ_
\‘-"dm
\I{I.‘IN“ from penguins
yub)
: [\ b, Exclusive measurements
5 (g-i - w Hal:fr ' “"5 &
a+g- ~>ISR, pi+ pi- cross-section ’ One . eﬁ‘e & ¢
‘?.-‘ _'. . @ 2y 3
", CD% - R “2Pton universal
Func “ e
,S_PLFT_-’E"”“”"*"‘W lﬁ’c";# *:&’b . *\b v peta, gamma._
; 0
" gy Q S
S i Time Dependent Measurements 7 reciTuisbien
W
o, Sics o .
Asion-L = &, Belle Il Data G5e8 in b->s: B->phi Ks, B-=eta’ Ks
HON-Like po .
ar"""-"l‘; N
imdsible 7 ¢ 4{'%
Dark Higg \ Da!’kw | i pi Direct CPY, isospin sum rules
¢ sk ph
Haavy tay neytinee— : %‘@3 v -
A p W
e
pall g nbc- ) - W
LLPs fLongLives o s @ﬁ&..m- gamma and radiative penguins, B->K(%) nu nubar
& L .
agnetis . f -
M 2 Tawr Maz. & ."5 - 2V V: righr d
caie 07 : i, : 3 & 8 Tlanded currents, triple products
o SRR Taui Speciral Functioy, &, : = ”%
N g =7 2 p
N ¢ R
Lepton Flavor ViolalioZ <’ I-. lepton universality, NP
I Ly wma determinations
ecy -

o &
Tau electric Dipole MO Qﬁé
= o

{
h'irm““ fEsonances

The Belle Il Physics Book

11


https://academic.oup.com/ptep/article/2020/2/029201/5766205

D%D* Lifetime

- Main PDG result from FOCUS 20 years old ' A
- Useful for LHCb in D; 0§ ;'\ Bellell
- No input from simulation E
i i L D" - D'}
- Bllnql analysis o Belle "' I B ol
- 2D fit, mass and lifetime E
- Mass signal: Two Gaussians + Crystal ball ok 4/
- Mass background: exponential BABAR | -
- Lifetime: convoluted exponential for signal \ |
-ﬁ : y j4
Our result WA i
©(D%) = (410.5+1.1+0.8)fs (410.1%15)fs | ——— AT
7(D*) = (1030.4 £ 4.7 £3.1)fs (1040 7)fs Ll S P —Fit
: 4 % - Background
g CID'-KK
Table I: Systematic uncertainties. % 10’ il
Source (D) [fs] (D) [fs] 2 10 e Qg
Resolution model 0.16 0.39 e e
Backgrounds 0.24 2.52 FI0°F
Detector alignment — 0.72 1.70 E F
Momentum scale 0.19 (.48 = i
Total 0.80 3.10
1.75 1.8 1.85 1.9 1.95 2
World Best Result !! Miass GeVic

12 Phys, Rev. Lett. 127, 211801 (2021)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

T Mass

The least precise measurement for leptons

m, = (0.5109989461 + 0.0000000031) MeV,
, = (105.6583745 £+ 0.0000024) MeV,

m.= (1776.86 £ 0.12) MeV.

Measured in the decay mode r — 3xv, using a pseudomass technique
developed by the ARGUS collaboration.

The tau mass can be calculated as

m} = (p,+p,) =
= ZEh(Er — Eh) o mf -2 | Fk | (ET — E,II) CDS(F},, Fb)

As the direction of the neutrino is not known, the approximation
cos(p,, p,) = L is taken, resulting in

M2 =2E(E,—E)+m:—2|7,|(E,—E,) <m]

min

Then, the distribution of the pseudomass is fitted to an empirical edge
function, and the position of the cutoff indicates the value of the mass.
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Fit window 0.04
Beam energy shifts 0.03
Mass dependence of bias 0.02
Trigger efficiency < 0.01
Initial parameters < 0.01
Background processes < 0.01
Tracking efficiency < 0.01

BES Il (2014)

PDG average ¥

1776.86 = 0.12 MeV/c?

1776.91 = 0.12 + 0.13 MeV/c?

ARGUS (1992)881776.3 = 2.4 = 1.4 MeV/c®
Belle (2007)$81776.61 = 0.13 = 0.35 MeV/c?
[ Do
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Blue: statistical; Green: systematic



T Mass

3 prong in one side for Belle Il
-Better statistics

3 prong intwo sides for Belle

¢ . reconstruction and IP constrain:

3-prong
Use vertex
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Lifetime extraction:
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Bt ey s el - Same statistical uncertainty of Belle.
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B > K*vv

v
Z
- W3 .
- Flavor changing neutral current
- SM prediction is 4.6 x 10" > s > s
- Enhancement means physics BSM -
- Measuring a limit helps in constraining models for SM  Average
Leptoquarks, Axions, Dark matter. s
e ILielle_thlw(”()\J fb~!, Inclusive)
| B Belle (711 iy, SL) Comparable

Analysis based in BDT, use well known
B*'- K"J/V is used as validation.

0+ 0.6 PRDY6, 091101 accuracy!

I
I
i____ o Belle(711 fb"!, Had)
: t.0+1.6 PRD37, 111103
I
I

Inclusive tagging: 4% Efficiency (Belle II) | Babar (429 -, Had+SL)
Semileptonic: 0.2 % Efficiency (Belle) e R B 6 —

10° x Br(BT—K " vp)

Observed ( Expected )
B">K" vv < 41(1.9)x10 @90 % CL

2000 [ : T : g : : T
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16 Phys. Rev. Lett. 127, 181802 (2021)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

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

Lepton Flavor violation in T

- by [T VO l Ihh Ah ]
]
1052_ n® g "UEEgEHm ..l . . g _‘E
E = . - o Em & 5
[ = - .....- - g = . m CLEO
10°g * by § v BaBar
E * v?Y v n E
B .- " v e v v ¥ 2 |4 + Belle
v T
10‘72—" = UE B S - vy V3 ¢ LHCb
B 1Taa ya I ox "y g . .43 *ATLAS
N ™. g
10°% ' = Belle I
10°¢ E
10-10]111111111111111|11|1||1||1||1| Lt sl
= WR FEE SRR &E,_-@'G' 88 vo'='sv'x'r'e

111

xrt:z:f‘ rr:aczx<'<<‘< . o
P '1‘:5.+ E T - ':E ZC - The Belle I Physics Book
B X AR o2z arXiv:1808 10567%2
=o'z

|

'R LR R L i‘
o= 01y 1‘“:&"3 oz 0z’ T2z kR
+o uJim:_“"t%ﬁxx

o=y '2o ' D'

Also we can look for LNV !l

F - XEF[Fu

The Belle Il Physics Book

17


https://academic.oup.com/ptep/article/2020/2/029201/5766205

Conclusions

* SuperKEK is increasing in delivering luminosity. It is hard but we are progressing to
achieve goal. Beam Monitoring it is a very promising tool.

 The Upgraded Detector is working smoothly and new tools in Beam, Software, Tagging
allowed us to get competitive result with less data than Belle

* First steps in 1 physics have been taken. We expect exciting results over the next
years in Belle Il.

* Avery rich physics proarams is ahead and we are already having highly competitive
results in D lifetimes, Bt - K*vv, Z', ALP, etc

* We are working in multiple searches for NP.

Mucha fisica bacana, GRACIAS
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