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»  Aim to collect 50 ab-1 of collision data .
(vs ~1ab-1 of Belle)

Positron damping ring
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New facility to search for BSM physics by
studying B, D and T decays.

Asymmetric electron-positron collider.

Major upgrade to the KEKB accelerator with
x40 the design luminosity (8x1035 cm-2s-1).

» X2 raw beam current.

» x20 smaller beam spot (oy*=50 nm)
with new nano-beam collision scheme

First beams and commissioning in 2016




Bel Ie I I DeteCto r KL and muon detector

Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC » General purpose spectrometer

E— (end-caps , inner 2 barrél layers) ) RO"-i n: April 201 7

EM Calorimeter

Csl(Tl), waveform sampling electronics

» Detector upgrade to mitigate
increased beam background

~__

electrons (7 GeV) )

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

» By=0.28 (vs 0.42 @KEKB)
— Reduced boost requiring
_improved vertex reconstruction

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

! positrons (4 GeV)
Central Drift Chamber ’

Smaller cell size, long lever arm

» Solid angle coverage >90%
— High hermeticity for
missing particle decays

IBeIIe I TDR, arXiv:1011.0352 |




Phase 2

» Follows from Phase 1 (accelerator commissioning) |
» Pilot run to test nano-beam scheme :
» Single VXD octant (2 PXD + 4 SVD modules)

» BEAST Il: commissioning detector to study beam
and background conditions

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown) Power saving Summer Lh utdown
(power saving) (power saving) after mid July 20018 (power saving)

/ | (cpabetm——aig . 2018) »
528;.1.. fpbhase 2 (MR)) q bhase 3

= I
MR renovation for phase 2, including w/ Belle ll (no VXD)

1
|
: : HERstart | . . y
MR startup installation of QCS and Belle |l LER 2t2rrt 'VXD installation
(—

: : " |»  Opportunity for analysis preparation and
DR installation & startup DR commissioninlg E early thSICS results
N i /
I I | I I I I I I I | I
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Physics Rediscovery
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» 472 pb-1 — first rediscoveries of known processes
and physics measurements
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Integrated luminosity [fb~1]

P hase 3 Belle Il online luminosity Exp: 7-8 - All runs ~6.5/fb
0.

30 A
EEE Day per Day

m— Total

*>1 Total [ £ dt =6.49 [fb~]

0.20 A
0.15 A

0.10 -

Total integrated luminosity [fb~1]

0.05 -

Total integrated luminosity per Day [fb~1]

0.00 -

Yy " o O
Qo & & o
o) H H q\@\ Ko &
3y

o o o o o
N N & N N
P P P P P P

»  May-July 2019: Physics run with full detector setup.
» Luminosity ramp-up + switch to continuous injection.

» Peak Luminosity: 6.1 x 1033 cm-2s-1 (Belle 1| ON)
1.2 x 1034 cm-2s-1 (Belle Il OFF)

» Final goal: 8 x 1035 (vs 2.1 x 1034 of Belle)
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Tightening the Luminous Region
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» Possible thanks to rapid feedback between accelerator team and tracking group.
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Beam Spot Measurement

» Phase 3 vertex detectors make it possible to
accurately measure the interaction region.

Ay

Vertex fit of 2-track events (~Bhabha) selecting
"good" tracks with PXD, SVD and CDC hits.

14.1+£0.1(stat) pm resolution (x2 better than Belle)

Trac k y
POCA /%0
PV’
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DO Lifetime Measurement

» Powerful test of Belle Il vertex fitting performance

I b(QQf,‘»'"’

» TreeFitter algorithm for full decay chain fitting (arXiv:1901.11198) 0 D0decay vertex
D&

: . : : e 4 N 200 um _

» Direct extraction of long lived particles lifetimes e e e

» D* (short lived) constrained to measured beam spot region

» T1(DO0) =370 * 40 fs using limited data (May/early June)
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Hadron ID Performance
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Lepton ID and Particle Reconstruction B—Jly X
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Neutral Particles
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» Photon selection on plots above based on ECL cluster shape (E9/E25).

» Combinatorial background can be further suppressed with appropriate classifiers.
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Full Event Interpretation Tracks | Displaced Vertices Neural Clusters

» Reconstruction of the second B meson (B-tagging) is [e-l_ j [f j [KJFJ
fundamental for the study of missing energy decays

»  Exclusive reconstruction via multi-stage classifier over
~100 of channels:

»  Semileptonic tag (higher efficiency)

> Hadronic tag (cleaner) Belle Il preliminary [cdt=5.15fb"1
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FEI with Early 2019 Data
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A Physics Example, B—Xev
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Conclusions and Outlook

» Belle Il provides a unique environment to study rare B, D and 1 decay processes.
» Highly performing reconstruction is essential to handle the high luminosity environment:

» Vertex reconstruction » Event shape
» Final state particle identification »  Full Event Interpretation
»  Particle reconstruction » ...and more.

e B "

» Operations are currently restarting in preparation for the Autumn 2019 run.
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Luminosity Projection
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High Luminosity Study (Belle |l off)

Luminosity Performance
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Phase 3 Preparations

‘RVC opening and QCS extractionl BEAST Il extraction|
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Events

Tau Observation
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Preliminary study and preparation for future analyses

3x1-prong topology:

»  Tsigna—>3TTV (+NT19), Ttag—CwwITIV

» Identified through event thrust = )

Dominant backgrounds: gg and

Events
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Tau Mass Measurement

Events

» Measurement in the exclusive T—31v channel using

pseudomass technique developed at ARGUS:

Mmin — \/Mg?ﬂ- + 2(Ebeam - E37F)(E37T - P37T)

»  Fit with empirical edge function
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Data / MC

%00 = Belle 11 2018 (Preliminary)

500 f Ldt = 291 pb”!

400

300

200

100

—4— Data

= MC total (stat @ sys)

T l T T T T l T
Belle (2007)

BES Ill (2007)
[ ]

ARGUS (1992)

- e

Belle Il prod5 (2018)

PDG average

»  First T physics result from Phase 2

» Good agreement with existing
measurements!
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