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- B factories legacy.

SuperKEKB and Belle II status and timeline.

Selection of tensions with the SM and prospects
for Belle IT and HL-LHC.
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Spectacular accelerator and
detector performance.

Discovery of C'P violation in B
decays.

Confirmation of the CKM picture
of flavor physics.

Discovery of several new particles.

Probe of rare B decays.
Limits on New Physics scenarios.

New resonances discovered
at B-Factories
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Complementarity to LHCb
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https://confluence.desy.de/display/BI/B2TiP+WebHome

SuperKEKB accelerator

arlsruhe Institute of Technology

Upgrade for SuperKEKB and Belle II to achieve 40x peak £ under 20x bkgd

e Reduction in the beam size by 1/20
at the IP.

e Doubling the beam currents.
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» First turns achieved Feb. 2016

» Beam-background studies ongoing
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Belle II targets: Year

Instantaneous luminosity 8 X 103%cm
Integrated luminosity 50ab™! by 2024
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Belle II detector
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Time of Propagation counter Electromagnetic Calorimeter
DIRC with 20 mm quartz bars 8000 Csl Crystals, 16X,
MCP-PMT readout PMT/APD readout

Pixel Vertex Detector
2 layer pixel detector (8MP)
DEPFET technology

Central Drift Chamber Aerogel RICH
proportional wire drift chamber Proximity focusing RICH with silica
15000 sense wires in 58 layers - aerogel

Targeted improvements: Increase K2 efficiency; Improve IP and secondary
vertex resolution, K/m separation, and ©° efficiency; Particle and p ID in endcaps.
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Vertex detector

Si pixel (2 layers) and strip (4 layers):

o 1% pixel layer at
r = 1dmm to IP
[Belle at r = 20mm]

Improves vertex
resolution along
2-QT1S

e Larger SVD
w/outer layer at
r = 135mm.
[Belle at r = 88mm]
Higher fraction of
Ks’ with vertex
hits improves
vertex resolution
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Tracking detector

Belle IT
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Central Drift Chamber:

e Larger outer radius of 1111mm TR TR ATTT
(Belle 863mm) allows for
improved p resolution.

e Smaller cells with lower occupancy
and capacity for higher hit rate.

normal cell

Wire configuration 10-20mm.

Full readout of the CDC

efficiency
—4—2

Single track Showering event

L
' vackpBev

Simulated track reconstruction efficiency
Stable performance for up to 3z predicted beam BG
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Average e vs. ™ fake rate
improved: Fake rate

by =~ 3 for the same €

Particle identification

Two RICH systems covering full momentum range

- Barrel: Time of Propagation (TOP) counter (16 modules).

= Measure z-y position of Cherenkov v’s and their arrival time.
- Forward Endcap: Aerogel Ring Imaging Cherenkov detector (ARICH)
= Prozimity focusing with silica aerogel (4o separation at 1 — 3.5 GeV/e)

4 track
expansion prism /6.
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spherical mirror

quartz bar

15t Cherenkov rings observed
Cosmic ray test (8/2016)
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Electromagmetic calorimeter

Belle I
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time sampling

Re-usage of Belle’s CsI(TI) crystal calorimeter,
but with new electronics with 2MHz wave form
sampling to compensate for the larger
beam-related backgrounds and the long decay
time of CsI(TI) signals.

= Resolution much better at Belle 11
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Belle II today
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Roadmap

Phase 2: Feb.-July 2018
e First collisions.
e Beam commissioning.
e Physics run without VXD on
Y(4S) & Y(6S). £ ~ 20fb~!.
= Physics measurements:
T(6S) conventional
bottonium and exotic states
(e.g., Zp, QCD hybrids in
BB*)
( )-
e New triggers for exotic dark
signatures in low multiplicity
events ( ).

Phase 3:

D

Belle IT
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SuperKEKB luminosity projection
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e Luminosity tuning. = Physics run with full Belle IT: £ = 5(50)ab~! by 2020(2024).

Many open questions and as-yet unobserved processes awaiting Belle II data...

P. Goldenzw
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https://docs.belle2.org/record/599/files/BELLE2-TALK-CONF-2017-057.pdf
https://indico.cern.ch/event/653347/contributions/2695712/attachments/1530062/2394352/2017_darkflavour_torbenferber_final.pdf
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The future of the UT (?)

Belle IT
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e Belle II expects to improve precision to a ~ 0.3°, 8 ~ 1.0°, v ~ 1.5°.

e Improvement in precision should help to resolve the tension between inclusive
and exclusive measurements of |V, | and |V_,|.

Future sensitivities assuming data consistent with the SM:

‘Vuh‘
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https://arxiv.org/abs/1309.2293

e Very clean prediction from theory.

e New Physics could change the ratios

*)y _ B(B>D™ )
R(D™) = B(B—+D™)ew)*

e Effect could be different for D and D*.

e World average 40 away from SM.
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——
Ax? = 1.0 contours
=== SM Predictions

R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D*)=0.252(3) S. Faifer et . (2012)
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B — D®r7 with Belle II & LHCb

Belle IT
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Measurement SM Current World Current Projected Uncertainty®
prediction Average Uncertainty Belle 11 LHCb

5ab~! 50ab~! 8fb~! 22fb~! 50fb~!

2020 2024 2019 2024 2030

R(D) (0.299 +0.003)  (0.403 % 0.040 =+ 0.024) 11.6% 56%  3.2% - - -
R(D¥) (0.257 +0.003)  (0.310 + 0.015 =+ 0.008) 5.5% 3.2% 22% 3.6% 21%  1.6%
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https://arxiv.org/abs/1709.10308

Improved algorithms @ Belle 11 %(I

arlsruhe Institute of Technolog

Deep NN based flavor tagger

New Full Event Interpretation (FEI)
P

algorithm for tag-side reconstruction 20000 —t
7

_ , 15000
tag side signal side I
@ 10000
b T(4S) °
g 5000
Biag  Bsig
t, % %0 0.2 . .6 0.8 1.0
t ‘Vr classifier output
2 Tagging € on MC
Tracks | | VO objects KLKClusters | | ECLClusters ) Category-based Deep NN
. Belle IT MC 33.29 £ 0.01% 40.69 £ 0.03%
ot w K* ;* K Belle MC 29.30 + 0.10%° 34.42 + 0.09%
2Belle flavor tagger
Jje i)

Deep NN based ete™ — ¢g

(0o, ) background suppression

B° B*

Tagging € on MC <
Tag FRT FEI Belle  FEI Belle 11 L.
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Electroweak penguin dec

e Within the SM, decays proceed via one loop
diagram:

8R, 1%

RK -

BBtsKtutu=)
B(Bt—Ktete

1.00030+0.00010

y = —0.00007

LHCD reported a 2.60 deviation for the dilepton
invariant mass squared region
1< q?<6GeVi/c

Rr =0.74

Electrons and muons have the same ¢ at Belle II:

.090
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= Both low and high q* regions possible.
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https://arxiv.org/pdf/0709.4174.pdf
http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.113.151601

Full angular analysis of B — K*lI
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2017 ATLAS & CMS results, and lepton-flavor-dependent

angular analysis by

e Largest deviation of 2.

from the SM for the muon

channel for

4 < q® <8GeV*/2 ¥ i
0.0
e Electron channel deviation | "
of 1.10. 05} - ;.
—-1.0
e Belle IT and LHCb will be
comparable for this process. =180 25 B0 75 100 125 150
2
e Belle II will be able to ¢ [GeV?/c|
perform an isospin Belle II sensitivity of Pj
Comparison of K*Jr and q° (GeV?) Belle Belle II (50ab— 1)
K*° or the ground states 0.10- 4.00 | 0.416 0.059
K 4.00 - 8.00 | 0.277 0.040
: 10.09 - 12.00 | 0.344 0.049
14.18 - 19.00 | 0.248 0.033

Belle

Belle IT

60
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DHMV

LHCb 2015
ATLAS 2017
CMS 2017

tals -k 4

Belle (muon mode)
Belle (electron mode)
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https://arxiv.org/abs/1612.05014

Neutrino EWP decays b —

= The ultimate test of Belle II

e Theoretically clean due to a
maximum of one electromagnetically
interacting charged particle in the
final state, as opposed to K®t—
decays.

e Several new physics models (SUSY,
non-standard Z coupling) could
enhance these decays.

v
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New Belle semileptonic tag result:
(to appear in PRD(RC))

s, dvy
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®  BaBar hadronic == SM prediction

Belle hadronic Belle semileptonic

A BaBar semileptonic
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®
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K v Ko K- ow K0 wovr a0 o prow
B decay channel
— E 1 —i - — 3 —5
KTur < 1.9 x 1072 K*tur < 6.1 x 107°
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O 18| © 10
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EE:?(GEV])Z ¢ EECLI(GEV])Q
Extract the signal yield by fitting the extra
energy in the calorimeter:

Epcr =Y Ecalor. — (3 Etag + > Esig)
Sum of energies of neutral clusters not

associated with reconstructed particles

.10.2017 20 / 36


https://arxiv.org/abs/1702.03224

B — K%z and B — vv @ Belle 11 \“

arlsruhe Institute of Technolog

Belle IT

e Observation of B — K*v7 (combining charged and neutral) with 4ab™*
(based on FEI algorithm).

e Expected sensitivities of B(B — K*v¥) to reach 10% with 50ab™" (comparable
with SM predictions).

e Longitudinal polarization (fr) of K* reaches 0.08 for charged and neutral B
decays. (SM uncertainty is 0.03 .)

Sensitivities of modes with v¥ in the final state

Observables Belle 0.71 ab—1  Belle II 5 ab—!  Belle II 50 ab—!
B(Bt — Ktup) < 450% 30% 11%
B(BY — K*Oup) < 180% 26% 9.6%
B(Bt — K*tvp) < 420% 25% 9.3%
fr(B° — K*Oup) - - 0.079
fo(BT = K*tup) - - 0.077
B(BY — vi) x 108 <14 < 5.0 <15
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https://arxiv.org/abs/1409.4557
https://confluence.desy.de/display/BI/B2TiP+WebHome

NP in B — K®uz @ Belle II

Constraints on NP contributions to CNF & CHP (norm. to the SM value of Cy,)

Gray areas show the 90% CL excluded regions from Belle & BaBar.
Allowed region (@68% CL) of B — K+ vv with 50ab~!
(assuming sensitivities in prev. slide)

e Constraints from B — K*vv using B only.

0.8
——= Belle + BaBar B — Kvv 90% CL excluded
0 ---== Belle + BaBar B — K*vv 90% CL excluded
- Belle IT B — Kvv 68% CL allowed
Belle II BR(B — K*vv) 68% CL allowed
0.4 y Belle IT B — K*vv 68% CL allowed
0.2 4
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N \\
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-08 —0.6 -04 -02 00 02 04 06 08
NP /1SM
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Summary A\ <SS
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» The SuperKEKB accelerator is operational and beam background
studies are under way.

v

The Belle II detector construction is nearing completion.
Physics with partial detector scheduled for early 2018.
Full detector to begin taking data in late 2018.

Broad program to search for NP with flavor observables.

vV v v Vv

Significant complementarity with HL-LHC in many interesting
channels.
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Tagging techniques

Purity
Efficiency
Inclusive Semileptonic Hadronic
B — anything B — DWWy, B — hadrons
e~ 0(2%) e~ 0(0.2%) e~ 0(0.1%)
Very large statistics; Mid-range reconstruction Cleaner sample
Also very large background efficiency; Knowledge of p(Bsig);

R o b EE temsine ce 3
Less information about Btag Lower tagging efficienc;
due to neutrino
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R(D*) with SL tag @ Belle

arlsruhe Institute of Technology IREAAAE
Semitauonic signal-side decay and Normalization events are double
semileptonic tag-side. semileptonic decays.

Numerator in R(D™) Denominator in R(D*)

D* reconstruction:

B — tv with semileptonic tag
> D*+ — DO7T'+7 D+7T0 (N 100%) ~nnF PRD 82, 071101(R) (2010)
o G = ZEl>ea..|E,1)rf‘":f —mp = Mpe, i
: 10 modes (~ 37%) g 20555 - |50 | '
+ s M ,’ Signal
D™: 5 modes (~ 22%) a0 [
! qq
200 i, RBORBo
#
100 ,f.‘ ) B*B~
. . q . ..,.,..»W“M -
Tag semileptonic B-decay: Combine e ),“j; T
D** and opp051tcly charged lepton candi- ©2Paey

Belle IT & ¢ ation w/HL-LHC 31.10.2017



R(D) it SL s o bl SN JB
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Separate correctly reconstructed signal and normalization events using
NeuroBayes with the following variables:
e Missing mass squared: M2 = /(2Ebeam — 3, Ei)2 — [ >, Dil?

o Visible energy: Eyis = ), F;, where (pj, E;) is the reconstructed four-momentum
at the Y (4S5) rest frame of particles used in the reconstruction.

® COS eB-D*Z

= Trained on MC samples of signal and normalization.

sty heckmrermd 2D fit to |NN |and | Egcr | to extract
signal and normalization
e Fake (falsely reco’d) D*. &
e B — D**ly, with D** — D™ Component Yield Shape
. . Signal Float 1D X 1D
e B —» X.D* with X. — decaying ena o
semileptonically. Normalization Float 2D
) o Fake D) Fi 2D
Separated from signal and normalization us- ke X
ing the sum of energies of neutral clus- B Dl Float 2D
ters mot associated with reco’d parti- Other Fix 2D
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*) with SL tag @ Belle (IT.
arlsruhe Institute of Technolog Belle I

2D fit to NN and Egcor:

_——_—_———_—_—\—.___,
r‘1/ Signal-enhanced region

1
|
T T - T r

— i I signal ¥ o

~ 10° Normalization 1 \qDJ NN > 0.8

S L | Edvi L] n

8 102 e | Others ' 3

8 I rake 0" S

o ~

< W

10 P

g - 2

> 1

w0 -05 0.0 0.5 1.0 B0 02 04 06 08 10 12 80 02 04 06 08 10 12
NN Egq [GeV] Ege [GeV]

1 €norm Nsig

D*) = .
R( ) B(Tﬁ — lfﬂlVT) Esig Nhorm

Enorm/Esig = 1.289 £ 0.015 (from MC simulation)

‘R(D*) = 0.302 %+ 0.030(stat) + 0.011(syst) (13.80) |
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R(D*) with SL tag @ Belle

Belle IT
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R(D") [%]
Sources e —e | B =c | rflE =y
MC statistics for PDF shape 2.2% 2.5% 3.9%
PDF shape of the normalization Jjé:é% t%ié% tgig%
PDF shape of B — D**{u, 9% T0-T% 2%
PDF shape and yields of fake D(*) 1.4% 1.6% 1.6%
PDF shape and yields of B — X.D* 1.1% 1.2% 1.1%
Reconstruction efficiency ratio énorm/€sig 1.2% 1.5% 1.9%
Modeling of semileptonic decay 0.2% 0.2% 0.3%
B(r— = £~ Dpwy) 0.2% 0.2% 0.2%
Total systematic uncertainties fg:é% fé‘;% fg‘}g%

e Dominant uncertainty arises from the limited size of the MC samples for the
PDF shapes. = Fvaluated with Toy MC' studies.

e Large error due to poorly known B(B — D**ly;) and of the D** decay.
= Varied within their uncertainties.

Consistent results for individual samples (separated @ Bgig)
R(D*) = 0.3114+0.038+0.013 (£ =¢)

R(D*) = 0.304+0.051 £ 0.018 (£*& =
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Extended binned ML fit to Egcyr:

Ktuvp K%uo K*tuvp K*%ui
s
S S o < S 7
8 S o ® &
— - - — 6
S S a4 S S
2 2 g 2 2 4
g g g g 3
i i i &
| -y
0.8 1 1.2 DO 02 04 06 8 1 12 02 04 06 8 1 12 % 02 04 06 08 1 12
. Eccr (GeV) o Eeer (GEV) i Ecc, (GeV) Eccy (GeV)
27 T VU p vy p vo
5 70] + g % 3 I = o
= + + s s + ° comnuum
3
= = = < 19
P ot Ll J( il
] & g $
: + g g g
2|
04 06 08 1 1.2 0.8 1 12 % 02 04 0.8 1 12 % 02 04 06 08 1 1.2
Ecc, (GeV) Eccr (GeV) Ecc, (GeV) Ecoy (GeV)
. . Channel Observed N Significance
e Histogram templates to model signal and bkgds from =
Ktvw 177 £ 9.1 + 34 190
, charmless B decay, and K§vo 06+ 42+ 14 0.00
. K*tuw 162 + 74 + 18 230
: : K*%p —20+ 36+ 18 0.00
e Relative fractions of the background components o C6 i1 L5o 0on
. o '
fixed to MC expectations. s 02+ 56+ 16 000
prvw 62 + 123 + 24 030
. . Ovir 119 = 9.0 + 36 120
e Signal and overall background yield allowed to vary. £

relation v
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Channel Efficiency Expected Limit Measured Limit

Ktvw 2.16 x 1073 0.8 x107° 1.9 x 107°

e Expected (exp.) and Kduvw 0.01 x 1072 1.2x107° 1.3x107°
observed upper limits  K**w#z 057 x 107° 24x107° 6.1x107°
at the 90% confidence K*%wp 0.51 x 1072 24 x 1078 1.8 x 1073
level (including systematic ﬂ:m/ 202 x 10_2 1.3 10_: 1.4 x 10_;
xlvir 1.42 x 10~ 1.0 x 10™ 0.9 x 107

uncertainties) ptuw L11x 1073 25%x 1078 3.0x 1078
v 0.82 x 1073 22x 1073 4.0x 1078

Combine charged and neutral modes:
e The systematic uncertainties are evaluated on
independent MC and data control samples for

charged and neutral modes. B(B — Kvp) < 1.6 x 107°
= Can be considered uncorrelated. B(B — i ) <27%107°°
e Add the -£ and scale the B of the neutral B(B — mvb) < 0.8 x 10°°
modes by 74 /TB and repeat the calculation of ’ s
the limit: B(B — pvi) < 2.8 x 10

P. Goldenzw Belle II & correlation w/HL-LHC 31.10.2017 31/
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Ktvi Kvi K v K % o v P v
K veto 0.2 0.2 0.1 0.2 0.6 04 0.6 0.0
fixed fraction 0.4 0.3 0.1 0.2 1.3 0.1 0.1 1.0
continuum correction 2.0 0.0 0.0 0.0 31 0.0 0.0 0.0
tag correction 0.5 0.2 0.1 0.1 1.9 0.1 0.2 0.5
shape uncertainty 2.6 1.3 1.8 1.7 4.5 1.5 2.3 34
fit bias 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.2
total 34 1.4 1.8 1.8 5.9 1.6 24 3.6

e Uncertainties related to the signal yield (table [absolute]) are estimated
by refitting the data with each quantity varied by 1o, with the
exception of the shape uncertainty which is evaluated from Toy MC
studies.

e Remaining uncertainties include: 7° and charged track veto (4%); raw
track requirement (1%); particle ID efficiency (2%) 70 efficiency (4%),
K efficiency (2.2%) Nz (1.4%).

P. Golc vel Belle IT & ¢ ation w/HL-LHC 31.10.2017
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Charmless hadronic: Direct CPV in B — Kn

Belle IT
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Measurements of DCPV in BT — Kt79 found

a v b w to be different than in B — Ktx—, contrary to
w, <5 5 cg . .
: § ‘U" ”_{:Qs;," K naive exrpectation from the presence of

. ~ BB g N . .

i o o wo gy electroweak penguin diagrams.
Figure 17.4.4. The dominant Tree-level (a) and Penguin-loop .A[(+ 70 — AI{+ o = 0.112 4+ 0.027 4+ 0.007 (40’)
(b) Feynman diagrams in the two-body decays B — K= and
B —mm (Lin, 2008). The difference could be due to:

1000

- Neglected diagrams contributing to B

“g 800 | BT decays (theoretical uncertainty is still
§ 600 large).

H Ktn=:T+P+ P,

A 200

K*r%: T+ P+ C+ Ppw + P§y, + A
- Some unknown NP effect that violates

-3
<3
3

N
=]
3

A Brvs B Isospin.

-
S 2
S 38

= In combination with other Km measurements and

2]
<3
3

with the larger Belle II dataset, strong interaction

Events/(5 MeV/c")
N
8
8

N
=3
3

100 effects can be controlled and the validitiy of the

0
52 5225 525 5275 52 5225 525 5275 53 SM can be tested in a model-independent way.
M, (GeV/c)
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http://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.031103

st of sum rule
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Test-of-sum (isospin) rule for NP nearly free of theoretical uncertainties, where the SM can
be tested by measuring all observables:

_ B(K%xt) Tgo B(xktx%) 7o B(K970)
Thn = Agtn— TAKOt BEFr) Tpt  SAKTO B(RFr=) Tt KO0 B(KFx—)

I, =—0.270+0.132 £ 0.060 (1.90)

Isospin sum rule can be presented as a band in the Ago,0 vs. Ago., + plane.

Current data Belle II £ = 50ab~ !

0 e E
0 o E E
Aom A Q £ B K nBdle+B- K'reBelen s’  Belle-]] 3
o (AR RIS — r 8- K nBellell 50’ Preliminary
. 0.10 & . 0.10 & 1k T g 3
$ & £ 68.3% 3
0.05 7 0.05 N L ]

3 chsured 3 megured
H nepsuT EL p S 4
H E 107 ¢ o E
£ 005 005 040,0)5 020 025 030 oz 5 005 005 0197015 020 025 030 Koz E 95.5% 3
£ g S E ]
-0ds h =005 L ]
2L 4
I 102
£ 99.7, ]
0 [ 1

107
-1 -05 05

IKT[

— Most demanding measurement is K °7" final state. With Belle II, the uncertainty on
A(B — K%7%) from time-dep. analyses is expected to reach ~ 4%
= Sufficient for NP studies.

Improvements in flavor tagging key to reducing

Belle IT & cc


https://arxiv.org/abs/hep-ph/0508047
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.58.036005
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WA (A)Acp results for K®7r and [((*)p
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Extension to K*7 and K™ p systems.
(N)NLO calculations for (A)Acp & isospin breaking parameter:

K'7" BaBar, Belle
— 0.040 % 0.021
K'7 BaBar, Belle, CDF, LHCb
- 0.082 )0
AAcp(KT) = Agemo — Agor
—_ 0.122 +0.022
K*'z" BaBar
0.06 £ 0.2
K BaBar, Belle
_ 0.23 % 0.06
AAep(K*7) = Ageoro — Agein
0.17+0.25
K*p" BaBar, Belle
" 0.363+0.116
K*p~ BaBar, Belle
AAcp(Kp) = Agep — Aoy
0.150 + 0.158
K**p" BaBar
_— 0.31+0.13
K**p~ BaBar
0.21 % 0.15
AAcp(K*p) = Agesp — Ay
0.1+0.2
-0.4 -0.2 0.0 0.2 0.4 0.6 08

(A)Acp

Uncertainty much improved in K but still too large in K*m and K™ p
systems to be conclusive.
High precision results from LHCb and Belle II necessary.

lation w/HL-LHC 31.10.2017
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http://www.sciencedirect.com/science/article/pii/S0370269315007121
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DCPV in

First measurment of Acp in Bs decays by

arlsruhe Institute of Technolog Belle I

4000 1 8%Kn

. HE BlKn

LHCb: . o
Acp(Bs = Ktn) = -

Comb. bkg

0.27 4+ 0.04 &+ 0.01(6.50).

Allows for a stringent test of
A= Acp(B=KTn7) | Agp(B° K 7)1y
T Acp(Bs—K—7t) Acp(Bs—Ktn—)1g

= —0.02 £ 0.05 £ 0.04

No evidence for a deviation from 0 is Bl
5 51 52 53 54 55 56 57
observed. K%~ invariant mass [GeV/c’]

H
8

Candidates / (10 MeV/c?)

ool 5
51 52 53 54 55 56 57 58
K invariant mass [GeV/c’]

At eTe™, T(5S) decays are well-suited for studying large multiplicity Bs decays due
to the lower particle momenta, the almost 100% trigger £, and the excellent 7/K
separation.

First observation of By — K°K° by Belle with 121fb~!:

®)

Events £ (0.01 GeVic?)
Events /( 0.02 GeV )

SE 536 sab s sa s 0z o1 o 0.1
M, (GeVich) AE (GeV)
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