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Belle/BaBar era — confirming the Standard model (SM)

* Data collection period: 1999-2010

* The main goal of these experiments was:
* observation and precise measurements of CP-violation in B-decays

* sin2f is still the most precise measurement in the World

* Also many other results were obtained:
* precise measurements of all CKM parameters
» study of heavy flavor spectroscopy, including many unexpected results: |
* exotic states observations, starting from X(3872)

* new bottomonium states
 studies of 7, yy and rare decays
* etc.

* More than 1000 papers were published by Belle & BaBar

The success of these experiments led to the Nobel prize

for Kobayashi and Maskawa in 2008




Belle Il: new experiment — new goal: search for New Physics

* With total statistics of 1.5 ab™! accumulated by Belle & BaBar no significant deviations
from Standard model were observed

 Belle Il will test SM on the next level using 50 ab-! data (x 50 of Belle data)
e CPVin b — s—search for new CPV phase to explain a large matter-antimatter asymmetry in the Universe
* precise measurements of CKM — search for NP in the Unitarity triangle inconsistency
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BR of B* = [* v and B — D) T v — search for charged Higgs

CPV in B > K2y — search for left-right asymmetry

b— s, svv—search for New Physics (NP) in FCNC transitions

search for exotics states, like tetraguakrs, pentaquarks and hybrid QCD states
study of T decays — search for LFV

direct searches for new light states, dark sector



Belle Il experiment

Mt. Tsukuba (877m)

Belle Il Collaboration contains
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countries and is actively growing
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Upgrade of KEKB accelerator to SuperKEKB
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Upgrade from Belle detector to Belle |l

* Higher luminosity — higher occupancy & background level
e Upgrade of all Belle detector subsystems was done

KL and muon detector
Resistive Plate Counter (banel outer Iayels)
Scintillator + WLSF + MPPC

— -‘ (end-caps , inner 2 barrel layers)
e — SVD
A

St -4 |ayel's of DSSD
77 i - r=3.8,8.0, 11.5, 14.0 (cm)
+ L=60cm

EM Calorimeter
Csl(T1), waveform sampling electronics

Belle Il SVD+ PXD
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Particle Identification

electrons (7 GeV) e Time-of-Propagation counter (barrel)

Prox. focusing Aerogel RICH (forward)

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

Central Drift Chamber
Smaller cell size, Iong lever arm

PXD (pixel detector)
+ 2 layers of DEPFET
+ r=1.4,22(cm)

+ L=12cm

positrons (4 GeV)
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SuperKEKB & Belle Il schedule

MR startup installation of QCS and Belle Il LER start
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Checking detector performance



Events / ( 0.0002 GeV/c?)
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Entries/(0.6 MeV/c?)

Tracking and particle identification

Kg »>ntn-

| LI ¥ T

6000 — + —]
Belle Il 2018 (preliminary) _|_ Data
5000} » .

E J-L dt = 250 pb — Fit ]
4000+ .
3000 K S—— i = (497.159 + 0.013) MeV/c? |
2000: S o = (3.462 + 0.075) MeV/c?
1000~ .

o: —  — —

0.47 0.48 0.49 0.5 0.51 0.52

Good charged track’s
momentum resolution

m(r*n) (GeV/c?)

Events/0.002 GeV/c?

60
50
40
30
20

10

8

¢ = KK w/oPID

x10°
_' ” ' L N N A R N L R L N '..-:
- Mppg = 1.020 GeV e e anhh 1 .
- - 1 2
- - 4 2
C ¥ 1 o
C o ] O
E Belle 12018 § &
= Preliminary q °
e -1 Q
C Ldt=356pb'] &
- 3 c
C ] 9
- w/o PID 4 w
g il | PR IS ST U U T S T 'Y P ]
99 1 1.01 1.02 1.03 1.04 1.05
M, (GeV/c?)
o I i
€ ooF Bt
Q "k
@2 = = L e
2 08F ~ e
e 0_7:; K efficiency (data) | pans 1 2019
9 c3 Kefficiengy (MC) I;’relirninary
299 Jratszezie™
E o_5§ (ARICH-and TOP-fiducial-region)
< 04F
0 35 ' 7 mis-ID rate (data)
“E¥  nmis-ID rate (MC) 3
0.2F ey T
e RN~
o —y—— P ;
OEI_ 1111 1111 1111 1111 | 1111 1111 1111 |
0.5 1 1.5 2 2.5 3 3.5 4 45

Momentum [GeV/c]

N
o

1.5

o
o

o

¢ - KK w/PID

x10°

—
L *> .
. Combined PID Belte # 2018 ]
E 5 - elle 1
- Mppg = 1.020 GeV Preliminary ]
=B - N,
- ILdt=356 pb’ ]
o B -
: - :
" - .
~ e =
- - 0" “""“-0”00-
e PID for both K -
:. " P PR UR WT W VT W T WY W SN WA U W SN U N 'Y :
99 1 1.01 1.02 1.03 1.04 1.05

M, (GeV/c?)

High PID performance



Candidates / (5 MeV/c?)
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Full event interpretation (FEI
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FEI:

— enhances by a factor of 2 the event tagging efficiency
— important tool for the analyses with neutrino,

like B* = It v, D")lv, K("lv, ect.
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Small portion of data is presented on the plot

Number of fully rec. B events per pb! depends

e signal purity cut on NN output



First physics results



Events

Data / MC

T reconstruction (Phase 2 data)
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Upper limits for LFV t decays at B factories

GJ:.(D 3_0) 3_0)10)3_0)3_0310)

The Belle Il Physics Book arXiv:1808.10567
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Dark sector searches

Belle Il trigger is optimized to search for such processes

Search for e*e - u*uwZ', Z' - nothing
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Phase 3 run with VXD installed



First B-like event in the Belle || Phase 3 run




ime-dependent analyses: CPV in BY=2J/U K

Belle Il 2019 Preliminary I Ldt=262fb"

LA N B B B R |

T T T T I T T
Belle Il 2019

: Preliminary
10 } JLdt=2.62tb‘l_
electron Y (45 _ ]

|
|
| L
1N I I 5
|
1

—
oo |
\'i
9
counts / (10 MeV)

_— - I V ] : 7 . ’/l/ 4
; - 0 |
posﬁron?“._‘ > D . TCH j gl a 1
'BO | \ e B X I ; 4 556 526 53
I K— A E[GeV] M, [GeV/c?]
' Py=0.425 +
|-
"l_ B ol IS AL AL LA B L L
AZ~200um <+ Bellell 2019
! 2 | Preliminary
& | |Ldt-=262fb"
® 10_ -
Vertexes are reconstructed using vertex detector 2

Lifetime is determined by the distance between two vertexes

N(B=> J/U K¢) = 26.7 £ 5.2

B2 522 524 526 528 53
M, [GeV/c?)



ime-dependent measurements: DY life-time

N(D°) = 860 + 30 t(D° = 370 % 40 (stat) fs
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* Uses ~1/15 of the Phase 3 dataset tpe (PS)
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* Partial reconstruction and time determination uses only lepton tagging
* Use flavor specific final states but requires tagging

* VVerifies Belle Il VXD capabilities for CP violation measurements

ime-dependent analyses: BY-B%bar mixing
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Initial state radiation measurements

ete = Y(2S, 39) vy,
Y(2S, 3S) » n'rY(1S),

Y(1S) = pw

Belle 1l 2019 Preliminary I Ldt=3.45fb"

965 o uDo ounn o EI]D;:
N o OoooD
9.6:_ o ¢ a o o oo DD :;
. o -] L] I =] =] 0o
955:_ o o oou o o uoou u:g
0o a o 0o oo o
gg-s:_ ug o cu oo E] :n
8 j o nnE]:n g “CHII%E
‘__‘9'45~_nn 20D @nn a o ] nqujn °
E‘; ~ Dnnn o(Je
- =] (=]}
9.4 e
: o[Jo a o
935 o s o o
- a o o
9.3/ : a
R N R T SN R
9.9 10 10.1 10.2 10.3 104

Mn‘xp’u - Ml'}l + Mt?@;) [GeV/C2]

Events / (5.0 MeV/c®

Events / (2.5 MeV/c?)

45 Belle I
40 2019 Preliminary

15 Ldt=345"
25

20

15 ‘

10 )'

o b ) uulu R L) .w.-.. 0

9.9 10 10.1 10.2 10.3 10.4
M - My + MOTS [GeVieY)

Belle Il Belle Il
2019 Preliminary 201 2019 Preliminary

Ldt=345f" 18 | Ldt=345f"
20

Events / (2.5 MeV/c?)

0

10 1001 10.02 1003 1004 10.05
Meruoe - My + Mg, [GeVic?) L~

1033 1034 1035 1036 1037 10.38

M, + M2 (Gevic?)

With the larger statistics possible to search for new resonances in bb system



Belle |l prospects (based on The Belle Il Physics Book, arxiv:1808.10567)
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Conclusion

* SuperKEKB accelerator has been commissioned

* First 500 pb-1 data were collected during Phase 2 Belle Il commissioning
w/o vertex detector

* Phase 3 in March-June 2019: L= 6.49 fb™! data is collected
* Some of the first results are presented in this talk
* Operation will resume in October 2019 and continue till July 2020

Thank you!



