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Big picture
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Belle Il aims at 5-10x precision improvement over first generation B-factories and
explore rarer processes. Competitive with, and complementary to, LHCb.
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https://arxiv.org/abs/2103.11769

The instrument
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Partlcle identification
. 90%, fake rate 5%

- No additional particles = low backgrounds; //

Central Drift Chamber

- Known collision energy + hermetic detector Spaial resolution: 100 m
. dE/dx resolution: 5%
= full event reconstruction;

prresolution: 0.4%

Coherent B and B evolution. 75 m



The data

Started in 2019, currently ~210 fb-1.

® sample comparable to BaBar’s and
Belle’s by summer 2022;

@ 50 ab-1 in the next ~10 years.

Successful operations even during
pandemic, 89.5% efficiency.
Super B-factory mode (records):

- intensity: 3.12 x 1034 cm-2s-1;

- 1.96 fb-1 per day;

- 12 fb-1 per week;

- 40 fb-1 per month.

Tentative plan:

- shutdown in 2022 for vertex detector
works and PMTs replacement;

- might have a long shutdown in
~2026 to improve interaction region.
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Tentative long-term operation plan
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Flavor physics at Belle I

Neutral reconstruction, precise knowledge of \/E high flavor-tagging performance
offer Belle Il the best/unique reach on final states with multiple 1%, n, y, v, ...

= complementarity with existing flavor experiments.

® Improve on |Vuw| and |Veo|, advantage on semileptonic L My, = /514 = pj?
decays, full suite of approaches; - Signal /\
. . - Continuum
@ ydown to ~1°, systematics different from LHCb’s; ' BB background

® Compare tree and penguin on g exploiting unique final states;

® Reconstruct full sets of isospin-partner decays to cancel
hadronic uncertainties and systematics (a, Krr-puzzle, ...);

® BSM searches in decays with (semi-)invisible final states;

® Time-dependent CPV exploiting efficient flavor tagging and
neutral final states;

® Charm CPV and rare decays.
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Beyond flavor (not in this talk): dark
sector, r physics, spectroscopy...
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Today: first sampler of competitive measurements and perspectives for near future.
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Performance overview

docs.belle2.org/record/2012

docs.belle2.org/record/2604

docs.belle2.org/record/1558
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Strong charged particle identification. Good momentum resolution. High y efficiency.
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Flavor tagging efficiency comparable to Belle.

Greatly improved time resolution
compared to previous B-factories.


https://docs.belle2.org/record/2604/files/BELLE2-NOTE-PL-2021-008.pdf
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Precise D lifetimes

Stringent tests of effective models used
for predictions.

Understanding of systematic effects for
time-dependent CPV/mixing analyses.

Current best from FOCUS 2002, ~1%
precision dominated by systematics.

High-purity D*-tagged
D’ > Kzt and DY - K ntn™.
No lifetime-biasing cuts.

[arXiv:2108.03216]
Submitted to PRL
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https://arxiv.org/abs/2108.03216
https://inspirehep.net/literature/584712

World-best

[arXiv:2108.03216]

Submitted to PRL

2D fit of decay-time and its uncertainty. NN
Resolution model from data. 10 Belle I1
Challenge: controlling the systematics. - [Ldt=721b"
Leading contribution from misalignment, L Preliminary
. . . : e E 0 — .
calibrated periodically with control data. < : D= K"w
Dominant bkg model syst. for D+. 5 - 4 Data
g 10°F — Fit
Belle II World average g :
#(DO) = (410.5 + 1.1 + 0.8) fs (410.1 + 1.5) fs 5 oL
7(D+) = (1030.4 + 4.7 + 3.1) fs (1040 + 7) fs
World’s best. Dominated by sample size. : —

-

Ll lllllll L1 lllllll 11 lllllll

- llllll

L1 llll.l

Decay time [ps]

Excellent vertexing capabilities, key for time-dependent measurements.

o))


https://arxiv.org/abs/2108.03216

Invisible final states

v 14
BSM search in b—s penguins; p g -
+ + —
B* — K™u7: unobserved, th. clean. W5 ’ W W+
Unique Belle Il reach. b—> > s b > s
U, C, t U, C,t

Key: keep signal efficiency high.
Wrt previous searches, inclusive tagging

= much higher efficiency: e~4.3 % \% \;
(O(10) better than Belle/BaBar). % %:‘

Signal candidates from highest-pr track.

v

Distinctive topology: train BDT to Bl Il
discriminate signal and background. 200 | |
. . . 1500 o Z 150 i
Apply first selection, then re-train BDT» s ~100 |
— significant separation improvement. ~1000 [ Esof ]
_ _ _ _ g 90 02 04 06 08 10 ]
Validate BDTs in data and simulation on ~ BDT,(BDT;>08)
. 500 -/ JB"—=K"J/¢,,+, MC ¢ B"—=K"J/¢y_,,+, Data| 4
B+ — K+]/l//(_>ﬂ+ﬂ_), also removing muons IB*K*J/y_,, MC & B*—K*J/y_,, Data
. . . . . Bt*—K ww MC ]
and reweighting p(K+) to mimic signal. B ——

BDT,

Novel approach yields great efficiency improvement.
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+ + — . -
B~ — K~uvU signal extraction

0.93<BDT,<0.95]0.95<BDT,<0.97:0.97<BDT»<0.99: 0.99<BDT, |
| . .

| .
CR11 : Belle 11

400 Poiy :
L [Cdt=(63+9)fb !

2x12 regions in the BDT2 x pt1(K*) space
In on- and off-resonance data. Extract
signal from binned fit.

B B K v |
[ Neutral B |
B Charged B |
B Continuum _|
¢ Data

300

Events

. . . 200
Templates from simulation, constrain

continuum bkg by fitting jointly 100
off-resonance data.

scaled by 2

0
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5

Leading systematics from background Pr(KDGeV/el o xiv:2104.12624]

normalization of individual contributions. Average Accepted by PRL
E " B‘eller,_i H..@ Inclusive)
Purlty:. | | 1 | Belle,(, s
- 6% in signal region |
- 22% in BDT2>0.99 region i . E‘?H?p' Had)
__._E_ B\ab_algRg) Had+SL)
o 2 4 6 8 10

10° x Br(B*—K * vi)

Precision already comparable to that of Belle/BaBar, despite 5-10x smaller sample size.
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https://arxiv.org/abs/2104.12624

Prospects on anomalies

R(D®): measured in B — D"zv decays. Currently
addressing normalization modes B — DOlv.
Belle and BaBar results show how impactful
B-factories results are.

R(K®): first measurement of B* — K*[*]~ decays.
Signal yield from 2D AE-Myc fit, main challenge
Is the low statistics.

N(B* —» K*I*I7) = 8.6153(stat) = 0.4(syst)

Projection to reach 50 sensitivity at ~20 ab-1.
Hardly competitive with LHCb.

12

Candidates / (10 MeV)

B T I T T T T I T T T T ' T T T T I T T T i
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F Belle1? E
02— + Average of SM predictions HFLAV
B R(D) = 0.299 £0.003 L_Spring 2019 |
: R(D*)=0.258 = 0.005 P(xl) =27% :
1 l 1 1 L 1 l 1 1 1 1 [ L > | I 1 l i 1 1
0.2 0.3 0.4 0.5
R(D)
docs.belle2.org/record/2310
18
16~ ¢+ Daa Belle Il
= Fit preliminary
I Ldt = 62.8 fb”
12 :— Combinatorial Background - .
C— [ Peaking Background
10— + +
: B" > K'I'|
8—
61—
41
ol
0:'.“ e L LT LiJilI{
-0.1 0.1 0.15 0.2

AE [GeV]
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Searches for b — sy

Proceed dominantly via penguin loops
= sensitive probes for non-SM physics.

Belle 2017: presence of isospin
asymmetries [arXiv:1707.00394].

More promising in early data over b — s
owing to higher rates and final states
suited for Belle |l.

First Belle || measurements.

Signal yields from fits of AE distributions,
efficiencies from simulation.

Main challenge in the treatment of y
coming from 10 or n decays.
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Candidates / (20 MeV)

18
¢ Data «
12 —rt  B'—> K"  Bellell
N - * 0
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8 4
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Mode

B.F (Fit) x1075

B’ — K*[K*tn ]y
B? - K* K%Yy
BT — K*T[K 7%y
BT — K*T[K2nt]y

4.6+0.3£0.3
4.4+09=x0.6
5.1+0.5+0.5
5.0+0.6 0.4



https://arxiv.org/abs/1707.00394

Targeting /

p from penguins: B® — ¢K?, ¢n'.
Compared with tree (B — J/yKy).

First reconstructions of B — 'K

- BDT against ete™ — gg background;

- model misreco’d signal events from simulation;
- signal from 3D fit of AE-Mowc-BDT output.

B(B* — n'K*) = [63.4137(stat) = 3.4(syst)] X 107°
RBBY - n'K°) = [59.9fg:§(stat) + 2.7(syst)] X 107°

BY — J/¥K{: alternative approach to measure
sin(26), unigue to Belle . Key in K reco, done
with MVA algorithms. Signal from AE fit.

NB® - JIY_, ., K) = 267 £ 21(stat) £ 28(peak)
N(BY = JI¥Y_ ,.,-K) = 226 + 20(stat) + 31(peak)

—ete

Events / ( 10.0 MeV )

Events / (2.5 MeV )

160

140 |
120 |
100 |

80

[arXiv:2104.06224]

Belle Il - Preliminary

B —n'(—py)K*

f Ldt=62.8 fb™

¢ Data
— Fit
— Signal
---- Continuum
2 Peaking

60
40 L T e
20
0 &\\\\\\\\\\\\ AN R G L R TN RPN T
-n2 -015 01 -0.05 O 0.05 01 015 0.2
AE [GeV]
., [arXiv:2106.13547]
70 | Belle Il preliminary
60 b f Ldt=62.8 b
: —e— Data
50 —— B — K, JAy signal
40 2 - Combinatorial background
E Peaking background
30 |
20 F + + + *
I Hdtte s 4T
10F [ Tt ++ IERERA Y
O: ‘IIllIlll|llIlllll|ll|ll|lllll||l+|ll|lllllll
20 10 O 10 20 30 40 50 60 70 80

A E [MeV]

First steps in channels where Belle |l will be competitive.
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Towards &

Unique Belle Il capability to study all the B — zx, pp partner decays to determine a.

- Belle Il (prelimina e Data
30 - (p ) —Total fit

- Ldt=62.81fb" - B® = 7070
25 = ---Continuum
C BB

BY — 7%z very challenging because four y’s.

Train BDT to suppress background photons.

Then 3D fit of AE-Mpc-continuum suppression BDT.
Unique Belle Il reach.

RB(B" — n°xn’) = [0.981035(stat) + 0.27(syst)] X 107°

[arXiv:2107.02373] R S R R

Candidates per 0.035 GeV

AE [GeV]
0 . A 200 Belle Il (preliminary)
BT — p*p": m-only final state, large background 5 ol [ra-een
. g Q. -
because of p mass width. Additional challenge of 2 140l

angular analysis — 6D fit including helicity angles.

ff(BT > p oV = 0. 936+8 83?(stat) + 0.021(syst)

BB+ = ptp) =[20.6 = 3.2(stat) + 4.0(syst)] x 107°

20% precision improvement wrt Belle on the same lumi!
Wrt BaBar's best (scaled): better on BF, same on fL.

Normalized
Residuals
'# 'l\) onN S

7 08 06 04 02 0 02 04 06 08
cosep.

On track to measure the CKM angle a at Belle Il.
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https://arxiv.org/abs/2107.02373

Exploiting isospin relations

KOTL'+ :%(Koﬂ_i_) TBO
- BEKAT) 154

I, =A™ +A

Surprising differeces btw AX;* and AX "
Accommodate all B—»Krm results in a
reliable SU(3) “sum rule”: stringent SM test.

BY = K%z': simultaneous AE-My. fit of the
two flavor-specific samples to determine
BF and time-integrated Acp.

Need flavor-tagging.

A ko0 = — 0.40J_r8:jg(stat) + 0.04(syst)

B(B" — K'z°) = [8.511-/(stat) & 1.2(syst)] x 107°

K+ 70 %(K_i_ﬂ'o) (3:0 _ AKoﬂ_o %(Koﬂo)
P BEK) T+ P BEK*)

Belle Il (preliminary)

e Data 70 | Belle Il (preliminary) e Data
®r f Ldt=628fb — Total fit 60 : f Ldt=628fb" — Total fit
30 F —-B° > K’ +cc. b —-B° > K +cc.
F B-decay background 50 | B-decay background

-+=+= Continuum background -+=+= Continuum background

40 F
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Belle Il input fundamental to reduce uncertainty on Krn-isospin sum-rule.
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Standard Model references
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Preparing for y

B~ — DYYK~ best probes of y through
interference btw b — ciis and b — ucs
(golden channel with D° — KJz*z7).

Ratios between decays suppress
systematic uncertainties. Simultaneous fit

of K/mt-enriched samples.
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0.09
6.32 +0.81 7997

9.22 4 0.58 4 0.09
LHCb R*/0 (x1072)  7.77+£0.04 £0.07 [24] 7.774+0.0440.07 [24] 8.22 4+ 0.11 4 0.25 [25]

Parallel re-optimization of measurement on

Belle data is ongoing.
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Belle + Belle Il combined measurement of y soon.
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Towards CKM elements \Vcb\ and \Vub‘

Semi-leptonic B decays free of BSM a6 = ST g 'NblMeasrements oe;Tme )
contributions — key roles for |V, | and |V, |. PER

é“‘: t s 't + + +°—*° :
Inclusive and exclusive determinations offer | ] 1 ttde ot
independent and complementary results e
= long-standing discrepancies observed.

*|V,| fromB — XIv, B— DOy (I=e,u) .
*| V| fromB = X, lv, B = z(p,mlv (I =e,p) =

exploiting Belle Il unique features: 1

- partially reconstructed final states (v);
- use missing energy as observable;
- reconstruction of tag-side to increase puirity.
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Inclusive-tagging

Belle Il Full Event Interpretation (FEI) exploits

MVA in tagged approach to reconstruct O(103)

different tag-side decays.

Key is to have a reliable data-driven calibration.
Measured by fitting the M2miss distribution.
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B(B® — n1My) = [1.54 = 0.43(stat) + 0.07(syst)] x 10~*

[arXiv:2008.08819 |

Combine Belle Il features and new analysis tools to improve |Vun| and |Vcb| precision.
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Inclusive and exclusive b — (c, u)lv

Exploit large variety of different analyses to understand the remaining discrepancies.
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EPS 2021, to be submitted
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B(B° — D™I7D) = [4.60 £ 0.05g15; £ 0.1751 £ 0.45,1%
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https://arxiv.org/abs/2103.02629
https://arxiv.org/abs/2008.08819
https://arxiv.org/abs/2008.10299
https://arxiv.org/abs/2008.07198
https://indico.desy.de/event/28202/contributions/102726/
https://indico.desy.de/event/28202/contributions/102726/

Summary

Belle Il aims at probing uncharted non-SM territory and improving the precision
on flavor-physics parameters.

First competitive measurements, even with reduced data sample.

> D lifetimes [arXiv:2108.03216];
» BT — K*uU [arXiv:2104.12624];

Plethora of preliminary results shown, good understanding of all detector aspects.

We are back.
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backup
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DO and D+ lifetime measurements
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