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SuperKEKB and Belle IT

Interaction
Region

linear injector

positron damping ring

N

Design instantaneous luminosity: 6.5x103°cm?2s

30 times higher than its predecessor KEKB
Achieved: 4.14x103*cm?s™!

Super-KEKB

T SuperkERE
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L1 Trigger: CDC+ECL+TOP+KLM
Maximum L1 DAQ: 30kHz
Inclusive trigger: ~ 100% efficiency

Belle Il detector

Asymmetric e*e” collider with CM energy at Y(4S) = 10.58 GeV resonance
Y(4S) -» B¥B~ (~51.5%), Y(4S) —» B°B° (~48.5%)

Belle IT is a general purpose 4m detector
Good charged tracking reconstruction efficiency, gamma reconstruction,

electron / positron gnd particle identification for kaon, pion, proton, electron, muon and K;

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers) A
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EM Calorimeter

Csl(TI), waveform sampling electronics

~7m
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~ Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

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

my

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

~7.5m 4
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Belle IT Luminosity

Belle Il Online luminosity Exp: 7-26 - All runs Data Taking efficiency ~ 90%
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> Belle IT has a broad and comprehensive physics program
v' CP violation in B meson decays is only one part of program
v' This talk only covers few selected recent analysis results
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How to measure CP Violation

/B0 (Signal B)

t= 0I |t After a time At, the second B
Y(45) - B°B° u*Jy/ . (call it signal B) decays into a CP
040 : — vV Reco side or flavor eigenstate that is fully
: (CP eigenstate) reconstructed
By=0.28 ] (At can be negative)
b e+ l
€y :
Y(4S) , At = 22 (A6)~70
=—, o(At)~70um
resonance Byc H

Az ~130pum  Upsilon decays to B/anti-B pair in
coherent angular momentum state

Electron and positron collide
producing an Upsilon meson _ _
boosted in the lab frame (same technique used for all time-dependent CP analyses)

>  Flavor tagging:

>  Y(4S) produces coherent BB pair, B® - flavor eigenstates ~ 100%
>  Determine the flavor of Biq, = infer the initial flavor of B,

W
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Flavor tagging performance at Belle II
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> Category based flavor tagging based on the BDT
> Calibrate using fully reconstructed flavor-eigenstate B events: ~500 signal/fb!
> Time-integrated measurement

¢ SBOT € WBO T Who
€t = (30.0 £ 1.2(stat.) £ 0.4(syst.))% [Bellel]] 2 9
= (30.1£0.4)% [Belle] Ae=ego —€go Aw = wpo + wp
Ceff — ( . . 0 y— AG/(2€)

€Ceff — (312 + 03)% [Babar] = Z i = Z - (1 _ 211)@)2
» Sys error dominated by MC statistics
> Expect improvement of performance

v' Improve the current PID performance at Belle IT
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https://link.springer.com/article/10.1140/epjc/s10052-022-10180-9
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202110.00790

Time-dependent Analysis

0 > 0 | > —
B 4 >J /WK g BY >D
:2q,f>1
v
— DT~
CPV due to interference B°/B° Mixing

between mixing and decay

N(BO — fcp) — N( — fcp)
N(BO — fcp) + N( — fcp)

Acp(t) = (t) = (Scpsin(Amgt) + Acp cos(Amgt))

S: mix induced CP violating parameter, A: direct CP violating parameter

Precision Measurement of mixing parameter and lifetime is critical fo fime-
dependent CPV measurements

N(BO N BO) — N(BO — )(t) — COS(Amdt)

mix(t) =
N(BY — BY) + N(BY — £")

> Vertex resolution for decay time measurement
> Flavor tagging calibration and validation
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Mixing and Lifetime measurement
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Also see: BELLE2-TALK-CONF-2022-031
> Using hadronic B -» D®W~=n*/K* final states: ~ 40K signal yields
> Distinguish signal and background (bg) using AE and event-shape multivariate classifier
v' Subtract bg from sideband (sWeights) to obtain bg-free signal sample

v" Fit signal At distribution with wrong-tag fraction and vertex resolution model
> Result consistent with the world average

Tgo = 1.499 £ 0.013(stat.) £ 0.008(syst.) ps Tgo = 1.519 £0.004 ps [PDG]
Amg = 0.516 £ 0.008(stat.) £ 0.005(syst.) ps~* Amg = 0.5065%0.0019ps™* [PDG]

» Important milestone: we are ready for tfime-dependent analysis
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CP Violation of B® - K, n°

> Test new physics based on isospin sum-rule

B(K°x") 70 B(K*7°) 740 B(K°7")
Iip=As —+A B _ 9 B 9A0 0
K K’ Koxt B(K*n™) 1+ Ko B(K*n™) 1+ K'x’ B(K*n™)

» Uncertainty of Ix, = 0 test dominated by Ap(B° - K°): only feasible at Belle IT
» Time-dependent analysis needs good vertex measurement with beam spot constraint
v' Using B° - J /YK, to calibrate At resolution and bias
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World average: Acp = 0.00 +0.13.

_ —6
B =(11.0+1.2 (stat.) + 1.0 (syst.)) x 10 Also see: BELLE2-TALK-CONF-2022-031
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Decay of B? - K; n%

> No time-dependent CP asymmetry in the SM
v" Right (Left) handed photon in B® - K% (B° - Kn%y)
> Possible non-zero CP asymmetry from NP contribution
» Similar challenge for time-dependent analysis as B® - K n°
v' Still on going
v" Branching fraction measurement compatible to the world average

B = (7.341.8(stat.) £ 1.0(syst.)) x 107°
B = (7.0+£04)x10"° [PDG]
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Bt - p*p® (p* - wtn®,p° - wtn)

> Measure CKM angle ¢,/a using hadronic B — pp (p°p% ptp~p*p°) final states
> Possible direct CP violation due fo interference between tree and penguin diagram
» Measure longitudinal polarization f; using angular distribution
v' Helicity angle distribution cos @: angle between =™ momentum and opposite
momentum of BT measured in p rest frame
> 6D template fit taking into account of correlation
v’ My, cos0, AE, m(ntn™), m(n*n?), event-shape multivariate classifier
v' Charge asymmetry of track reconstruction determined using D* - K, n*

Belle Il (preliminary) Belle Il (preliminary)

f Ldt=189.251b"

- Data
500 ¢ — Fit result
— Signal long
— Signal trans
— Self x-feed
mm BB bkg
— B f X
— B— pnn
—B—an
Continuum

600 -

1
= 200} * det-189.25fb

400

Candidates per 0.1

300 |-

200 |

peseent

015 01 005 | 005 0.1 015 - -0.8 0.6

04 02 0 102 04 06

AE = E; — E [GeV] cos 05+

beam

Acp = —0.069 + 0.068 (stat.) + 0.060 (syst.)
Also see: BELLE2-TALK-CONF-2022-031 B(B* — p'p°) = (23.2757 (stat.) £ 2.7 (syst.)) x 10°°
fi = 0.943%9:0% (stat.) + 0.027 (syst.)

World average: Acp = —0.05 + 0.05
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Conclusion and Prospects

> A few selected recent results from Belle IT
v Measurement precisions are limited by the data sample
> Demonstrate key ingredients for Time-dependent analysis for CPV
> Expect exciting physics results and reach from Belle IT in the future

Belle IT (Preliminary)
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Backup
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Short-term SuperKEKB Plan

Int. Lumi (Delivered)
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