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Belle Il Experiment
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» 40 times higher instantaneous luminosity from KEKB to SuperKEKB: 8 x 103> cm™2s~!
» Detector upgraded for higher particle multiplicity and tracking capacity

* Physics data taking with full detector started in March



SuperKEKB/Belle Il Schedule

Phase 1: Beam operation run (2016) v

Phase 2: Commissioning run (2018) ¢
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* 9 months/year operation
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* Will reach “flavour milestone” in two year



SuperKEKB/Belle Il Schedule
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Event Reconstruction with Tagging Techniques
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e Untagged
e | oose constraints on signal
e Very large statistics, but also very large background

e Efficiency ¢ ~ O(100%)

e Semileptonic tag
e Mid-range reconstruction efficiency ¢ ~ O(1%)
e Due to multiple neutrinos, less information about Biag

e Hadronic tag

e Cleaner sample
e Knowledge of p(Bsig)

e Low tag-side efficiency € ~ 0(0.1%)



Improved Tagging Algorithms

New Full Event Interpretation (FEI) algorithm

for tag-side reconstruction

tag side signal side

e > 5000 B decays modes reconstructed
 O(200) particle decay channels for training
e Qutput is candidate-wise signal probability

Tagging £ on MC

Tag FRI FEI Belle FEI Belle I
Hadronic B™ 0.28% 0.76% 0.66%
SL BT 0.67% 1.80% 1.45%
Hadronic B 0.18% 0.46% 0.38%
SL BY 0.63% 2.04% 1.94%

1Belle Full Reconstruction algorithm.

1807.08680

[ Tracks j [Displaced VerticeSJ [Neutral Clusters]

]



https://arxiv.org/abs/1807.08680

Hadronic FEIl Performance

hadronic BT tag hadronic B/ B" tag
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Hadronic FEIl Performance

Candidates Efficiency Purity
FEI Signal Probability 7 > 0.01

Charged Candidates  937+126 0.17%  24%
Neutral Candidates 394+ 59 0.09% 25%
FEI Signal Probability P > 0.2
Charged Candidates 389+ 43 0.07%  63%
Neutral Candidates 182+ 24 0.03% 73%
correct correct
Efficiency = d: Purity = Vi

total [l
NEHES) Ng



Analysis of Inclusive b — Xev

- Commissioning run data 0.4915 fb-

* Fox-Wolfram moment R2 < 0.4 to suppress

continuum background

» Veto leptons from J/Y decay
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Analysis of Inclusive b — Xev

e Observed 42191+ 304 (expected 40209 + 200) signal events in 0.6 < p(cms) < 2.4 GeV
e Agreement of data and MC for momenta above 1 GeV

e No statements on [Vu|, |Veo| Oor branching fractions
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Analysis of B’ > D"fe i

€

e Commissioning run data 366 pb-1

e Analysed decay chain: B — D*ev, D¥ — D( — Kn)x

slow

e Slow pions p(cms) < 0.4 GeV/c
e Reconstructed mass of D in (1.85, 1.88) GeV/c2

e Mass difference between D* and D in (0.144, 0.148) GeV/c?

e Continuum suppressed by R2 < 0.25

2EXEE — M7 — m;

e Eventually measure cos@,, = S -, Y - visible final system (D*, ¢)
PPy
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Analysis of B - D e

e Observed 22 signal events in total after
all selection

e 15 events foundin —1 <cosfpy, <1

e Expected 13 events
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Early Physics Run Results ...COming soon

Looking for forward to early Physics run results (later summer):

e Hadronic and semileptonic FEI performances study and calibration
 Untagged inclusive B — X¢7v endpoint measurement

e Hadronic and/or semileptonic tagged inclusive B — X£v

e Untagged B — n£v and B — pfluv

e Hadronic tagged and untagged B — D*{v

and more...
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Prospects of Belle Il

Belle 1l Physics Book

Observables Belle Belle II
(2017) 5 ab™! 50 ab™!

Vep| incl. 42.2-107° - (1 + 1.8%) 1.2% —

V| excl. 39.0-107° - (1 £3.0%ex. £1.4%) 1.8% 1.4%
V| incl. 4471077 - (1 £ 6.0%ex. £2.5%n.)  3.4% 3.0%
V| excl. (WA) 3.65 - 1077 - (1 £ 2.5%ey. £3.0%.)  2.4% 1.2%
B(B — 1v) [107Y] 91 - (1 + 24%) 9% 4%
B(B — uv) [1079] < 1.7 207 770

(
R(B — Drv) (Had. tag) 0.374- (1 £16.5%) 6% 3%
R(B — D*rv) (Had. tag) 0.296 - (1 & 7.4%) 3% 2%
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https://inspirehep.net/record/1692393

Summary of |Vub| Projections

Belle 1l Physics Book

Statistical Systematic Total Exp  Theory Total
(reducible, irreducible)

|Vp| exclusive (had. tagged)

711 b1 3.0 (2.3, 1.0) 3.8 7.0 8.0

5ab ! 1.1 (0.9, 1.0) 1.8 1.7 3.2 :

N 0 03, 10 1.2 0o Vub| uncertainty @ Belle |l
|V.,p| exclusive (untagged)

605 fb~* 1.4 (2.1, 0.8) 2.7 7.0 7.5 exclusive ~1.5%
5 ab ! 1.0 (0.8, 0.8) 1.2 1.7

50 ab~! 0.3 (0.3, 0.8) 0.9 0.9 _ _

IVubl inclusive I“CIUSI"e ~ 40/0
605 fb~! (old B tag) 4.5 (3.7, 1.6) 6.0 2.5—4.5 6.5—7.5

5 ab™ 1 1.1 (1.3, 1.6) 2.3 2.5—4.5 34— .

50 ab™! 0.4 (0.4, 1.6) 1.7 2.5-4.5 leptonic ~ 3%
|Vup| B — 7v (had. tagged)

711 b1 18.0 (7.1, 2.2) 19.5 2.5 19.6

5ab ! 6.5 (2.7, 2.2) 7.3 1.5 7.5

50 ab~! 2.1 (0.8, 2.2) 3.1 1.0

V.| B — Tv (SL tagged)

711 b~} 11.3 (10.4, 1.9) 15.4 2.5 15.6
5 ab ! 4.2 (4.4, 1.9) 6.1 1.5 6.3
50 ab~ ! 1.3 (2.3, 1.9) 2.6 1.0
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https://inspirehep.net/record/1692393

B - DY¢y (€ =1,e,u) @Belle Il MC

e R(D) and R(D*) provides a good test for LFV and NP
(uncertainties on FF, |Vcb| cancelled out)

e Polarisations of T and D* also sensitive to NP

e Other useful observables: precise differential
measurements in g2 and helicity angles

Br (B — D%w,)

Rpyy = —————
7 Br(B— DMC,) (¢ =ep
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B - DY¢y (€ =1,e,u) @Belle Il MC

Belle Il Physics Book

e Had/SL/untagged analyses

5 ab~! 50 ab~!
Rp (£6.0 +3.9)% (£2.0+£2.5)%
R p- (£3.0£2.5)% (£1.0+2.0)%
P.(D*) 40.18 £0.08 +0.06 4= 0.04

e | eptonic T decay chosen for cleaner background

e Dominant background is B — D**{v

;\ 0_5 B 1 1 I 1 | I 1 I | I | L I |||||||| I |||||||| I 1 1 | g 1 I I I
a - . I - _
- B o ] ~ a Belle Il Projection -
oC 4 _ . gg::g g;;og?:;:):n - o u Belle Combination —
O- 5 __ === Babar __ - SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) —
B LHCb 7] 0.5+ Scalar —
B —— World Combination - — Vector PRD87 034028 (2013) ]
O 4 - SMprediction: PRD92 054410 (2015), PRD85 094025 (2012) — B Tensor _
035 N = T __— E
TR : ‘
: — - 0.5 ’
0.25 - — I -
B 10 contours N : :
0-2 I I T T T N I A vy v v by 00 | I N T N N T | _ 1 I I l 1
0. 25 0.3 O. 35 04 O. 45 05 0. 55 0.6 d.2 0.25 0.3 0.35 04
R(D) R(D?)

17


https://inspirehep.net/record/1692393

Golden Channels @ Belle Il

Belle Il Physics Book

S_ys. limit New
Process Observable Theory (Discovery) vs LHCDb vs Belle Anomaly :
ab-1] Physics
B — #lv Vib 10-20
B - XIlv V., 2-10
B — tv B >50 (2)
B — uv R >50 (5)
B - DYy | Ve | 1-10
B — X Iv | Ve | 1-5
B - DY R(D®™) 5-10
B - DYty P, 15-20
B — D**[p R - -
B — lvy Ag _
B - K®w B F, >50
see also:

Flavor Physics at Belle Il by Francesco Tenchini

18


https://inspirehep.net/record/1692393

Summary

e Belle Il has successfully finished commissioning run and started physics run
e |Improved tagging algorithm FEI successfully applied on data

e Successful observation on B — Xer and rediscovery of B — D¥*ev

e | ong-term prospects are promising

e Early physics run results can be expected in later summer

and much more on the way...
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Back up

BY = 7t~ @Bele

B = X lv @Belle

Source

Error (Limit) [%]

Tagged [%] Untagged
Tracking efficiency 0.4 2.0
Pion identification - 1.3
_epton identification 1.0 2.4
Kaon veto 0.9 —
Continuum description 1.0 1.8
Tag calibration and N 5 4.5 (2.0) 2.0 (1.0)
X, lv cross-feed o 0.9 0.5 (0.5)
Xclv background — 0.2 (0.2)
Form factor shapes 1.1 1.0 (1.0)
Form factor background — 0.4 (0.4)
Total 5.0 4.5
(reducible, irreducible) (4.6, 2.0) (4.2, 1.6)

Source Error on B (irre-
ducible limit)

B(D™v) 1.2 (0.6)
Form factors (D™ () 1.2 (0.6)
Form factors & B(D™*) () 0.2

B — X, lv(SF) 3.6 (1.8)

B — X, lv(g — s5) 1.5

B(B — m/p/wlv) 2.3

B(B — n"v) 3.2

B(B — X, (v) unmeasured /fragmentation 2.9 (1.5)
Continuum & Combinatorial 1.8
Secondaries, Fakes & Fit 1.0

PID& Reconstruction 3.1

BD'T /Normalisation 3.1 (2.0)
Total 8.1

(Total reducible) 7.4

(Total irreducible) 3.2
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