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« Quark mteractlons descrlbed by the Viku unltary matrlx

- Unitarity relations represented by triangles in complex plane
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The presence of CP violation in the CKM matrix
iImplies non-trivial values for these angles

current status
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Belle Il goal — test the SM and search for non SM physics using precision measurements
at the intensity frontier through measurements of the triangle parameters
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Achievements at B factories

10 successful years:
first generation of asymmetric B factories BaBar and Belle collected about 1.5
ab-1 of data during 1999 — 2010 — significant contribution to the
understanding of the flavour dynamics in the Standard Model
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Nobel prize to KM

Decisive confirmation of CKM picture

KEKB+PEP-II

111

Evidence of D%-DP mixing
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Observation of b—)dy\) /—/ x

PRL 96 221601

btw. B and B* -

Nature 452 332
Direct CP violation in B2 xr*x- o oh i it i
PRL 93 021601 rect iolation in n
e | PR:."93|31'801 ' -
— Observation of CP violation / PRL 93 191802 =
_in B° mixing system .
~  PRL 87081801, Te—— X(3872) =
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E__,L/—‘!/ 1 1 T 1 1 -
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year

* Discovery of CP violation in B

meson transitions and
confirmation of the CKM
description of flavour physics

* Precision measurement of the

CKM matrix elements and the
angles of the unitarity triangle

« Constraints on various new

physics models

» Observation of several new

hadronic states

- Strong evidence of D meson
mixing

Cracow, 10 Jan 2017
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Next generation B factory ("™

— e e [ ———

SuperKEKB — major upgrade of the KEKB B factory at KEK

Tl pT00 . e*e" — BB mainly at Vsem=10.58 GeV
- I I I L e-7Gey  (Y(4S) resonance) « Doubled beam currents
2 | ‘ :!' \ =y Yws) .
R AT ::x-ul |~ 4GV * Reduced beam spot size
—— : . . .

(nano beam scheme)
Lpeak: 8x1035 cm2s-! (40 x KEKB)
' Lint: 50ab-1 by 2025 (50 x KEKB)

Peak Luminosity Trends (e'e” collider) SuperKEKB
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New beam pipe S upe rKEKB
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_ F 40 times higher KEKB ]
Add / modify RF systems - Iumlnoslty
for higher beam current
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From Belle to Belle2 o

Many upgrades to increase the performance and cope with more severe background conditions

Vertex Detector

- 2 pixel layers e = 3
- 4 layers of double-sided silicon microstrip sensors \

— Extended region
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Central driftchamber = T/l

- upgrade of electronics
- Csl + CsI(TI) crystals (high light output, short Xo)

-some RPCs layers substituted with scintillators
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From

E— —

Many upgrades to increase the performance and cope with much more severe background conditions

Vertex Detector * gain in robustness against beam-related background

* Improvement in impact parameter resolution
—Extended VXD region * 30% increase Ks efficiency

Central drift chamber « improved K/mt separation with 1t fake rate decreases by

.............. ~2 5
- Small cell size, longer le

* improved 10 reconstruction

EM calorimeter

- upgrade of electronics
- Csl + CsI(TI) crystals (high light output, short Xo)

-some RPCs layers substituted with scintillators
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We are here
Calendar year 2016 2017 2018 2019 o
1 — — - .
Japan FY JFY2016 JFY2017 | JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 2018 (power saving)
'(end Feb. — mid Jul. 2018) w/ full Belle I \
phase 1 W/ teien .phase 2 (MR); ' phase 3
e 1 . - - -
l w/QcCs | !
MR renovation for phase 2, including e ‘”t’ 8:(“"' U {noVXD) :
MR startup installation of QCS and Belle || f "oner VXD installation
|
— : .| phase 3 operation
DR installation & startup DR commissioning ' | 9 months / year

- - \g 8 T -

| !
— | . x
| | |

- -

Phase 1 (Feb - June 2016): beam storage, vacuum scrubbing, optics studies, no collisions

Phase 2 (2018): first collisions, complete Belle |l detector except for Vertex Detector
Phase 3 (late 2018 - 2024): full Belle 1l detector
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All plots and performance figures
~ shown today are based on simulation
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decay time-dependent measurements

Interference between B—B mixing and B decay amplitudes — time-dependent CP
asymmetry

TAGGING SIDE

key aspects:

- At resolution—vertex fitting

e ..................
Y (4S) ~ SIGNAL SIDE
asymme’[riC energieS prOduce | B Y | - Flavour tagger
boosted Y(4s), decaying into \'L' v I
coherent BB pair 0.
AzmByAT Az ~ 130 um (Belle I)
¢ » Az ~ 200 um (Belle)

Time-dependent rate asymmetry of B meson decays into CP eigenstates

[[B(At)] -T[B(At)] [~ o) o C = direct CPV
a At) = = C'Y1cos(AMA S)sin(AMA
for (44 [B(At)] + I'|B(A?)] V ( g O ( g S = sin(2¢ief)mixing induced CPV
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Belle I performance Vertex fit C
gf‘:omj/q; S ~An improvement in vertex fit posmon resolution
5 HH A resolution: wrt Belle : compatible with the expected
£ 10 | 56 LM improvement in the impact parameter resolution
o H due the Belle Il Pixel Vertex Detector
simulation-based plots
2;:3 T SO Sr— B0 = J/p K% decay mode: benchmark for
vertex fit residual testing the Belle Il vertexing performance
3 x10
t b . | ] g
2 wof D€lle 1l 00 53um 7| Tag side vertex fit 5 .0 Atresolution [} Belle Il 0:0.77ps
S ofBelle o: 89um = Belle 0: 0.92ps
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Determine the flavor of the accompanying B°
meson at the time of its decay

Many B decay channels provide unambiguous
flavor signatures through a flavor-specific final
state but it is unfeasible to fully reconstruct a
large number of flavor-specific B, ,decays.

Instead of a full reconstruction, the flavor tagger
applies inclusive techniques ( in semileptonic
B—DlIv decays charge of the lepton identifies the

flavour of the B meson)

Advanced tagging algorithm is expected to
provide high tagging efficiency:

£crr = 35.84% (e ,pemiie= 30.04%)

Belle Il performance: Flavour tagger

.........................

KinLepton

41::. Xinlep.

Cozbiner

I

SlowPion

_@<
P

Belle |l tagging categories
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~sin(2¢2): isospin analysis (p2-a) """

= 0 at tree-level
but possible penguin pollution!

The most precise way to determine ¢2 is based on applying the isospin [M. Gronau and
D. London, PRL 65 3381] measurementtoB — rtrmand B — pp

To disentangle the tree contribution and extract A,.

\}§A+_ 4+ A0 — A+0 : - A,
\}[ﬁ— + A00 — 40
2

A0 = A9 (pure tree)

with AT = A(B = ptp) currently g2 =(94.245)°, (166.4+0.8)°
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Sin(2¢2). Bomnm _ (@e-

- Branching fractions and CP violation parameters are the input parameters of the isospin analysis
- At present no enough data to perform a time dependent CP-analysis of the decay mode B — mr®

« S js an important input for isospin analysis — Belle2 opens new possibilities

Expected sensitivity at the Belle Il integrated

Decay modes considered in the B — mrt: ' luminosity of 50ab—1 3¢, =3°
1. Bgig — 7r2,7.(—> YY) 71‘2.7,-(—> YY) . _
2. Bgig = w0, (— ete™y) 2 (= ¥7), approximately reconstruction of the
3. BY 570 (= (= ete)y) 72, (= 7). B decay vertex for time-
5 - g - dependent CP measurement
-l 1l -1 ' 'y .
o T o 1 St ‘ il t‘
' ' —- 0.83 T
~ 0.8 Belle ~ 0.8 . 0.40 ,"l ,,}
0.6 0.6 081 R
0.4 Belle ” -+ -0.94 "l z 'l
0.2} 0.2 1\ FEy L
i 7\ § % % R
o\ ./ BN DN B U
0 30 60 90 120 150 180 0O 30 60 90 120 150 180
o, () ¢, ()
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sin(2¢2).B—pp  (92-0)

E') 1= B~op t BELLE
"_ 0.8 [ BELLE I
- “ S 000 Improvement in the B— pp analysis
0.6/ [ 4—— alone and when combined together
- | | with B—
0.4 | |
3 a |
0.2 [\
[\ 1F
ol—— - - ! B — pp BELLE
+
85 90 95 1 BELLE II

Soo

The expected uncertainty on g2 with the 0.4
‘j combined B— rmtand B— pp is 0.6° 0.9"
OF 1 el . o N
85 90 95 100 .
- 0, ()
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The most powerful methods for measuring this angle are based on the
interference between b — cus and b — ucs tree amplitudes with different weak
and strong phases in the charged B decays to charm final state: B+ = DK.

The tree-level nature of the amplitudes W- f K- b u Do
involved in B — DK allows the theoretically u B- W- ¢
clean extraction of ¢s - theoretical ambiguity B~ lz ¢ 0 S

In such measurements is much less 1% u o o u

COLOR-SUPPRESSED

: : : interference between B+ = DK+ followed by
Direct CP violation ” D > fand B — DK=followed by D— f.

 Very challenging —>  CKM and color suppression

There are several methods to measure ¢3 that can be grouped according to the choice of the final state.
Belle Il golden mode: Dalitz-plot analysis of self- conjugate D decays (GGSZ) [PRD68, 054018 (2003)]

b3 = (78+1 5__I 6)° Belle measurement —> Precision on ¢sis an order worse than ¢1. Can be
improved significantly by experimental advantages alone

P3 = (76.8+5'1 -5.7)° LHCb measurement

Cracow, 10 Jan 2017 Belle Il prospects for CP-violation measurements 15
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@3: GGSZ method  (ps=y) "
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- The first sensitivity study of Belle Il for @3 applies the GGSZ analysis of B+ = (KsOrt+T)pK=

Dalitz binning used for model- independent analysis _ /
large branching fraction

good KsP reconstruction efficiency

- Dalitz plane is divided into a number of diagonally-symmetric bins.

- For each bin numbers of B+ = DK+decays are measured

- D decay strong phases difference between D and D decays for each bin of Dalitz plot are essential
inputs to interpret the measurements related to ¢s. (defined on charm-factories, the systematic

uncertainty on these measurements will become more significant with future running of both Belle Il
and LHCDb)

© 30

25
expected uncertainty on ¢3 versus

luminosity (based on toy Monte ”
Carlo studies)

BRAEEesssane

154

3° precision at
10— . 50ab-1
53 = 3° at 50 ab-! JEERN |
0(J l ‘ 2lO ‘ 40 ‘ 60 — 810 l I(I)O

Amount of Data [ab)
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@3: projections  (¢s=y) "

P A = s ——— SN

In Belle measurements using other D decay modes (ADS, GLW techniques) have been performed.
Therefore, 3 programme at Belle || must at least include all these modes and possibly others to
realise its full potential.

extrapolation with a the extrapolation is predicated on

combination of other D modes there being sufficient BESIII data
. . collected at the Y(3770),

Further improvements are possible Sbs = 1.6° at 50 ab! _ »

as several B = DK modes have ' apprOX|mater 10 fb™ ', to

not been exploited in Belle determine the strong-phase

difference parameters required.

Belle Il and LHCb will be in competition in ¢ 3 sensitivity:

elle I  Projection (Feb 2017)

-
o

- LHCDb will clearly have more precise

¢3 [deg] Uncertainty

results in fully- charged final states

- Belle Il sensitivity to neutrals will

allows to include more D modes

LHCb
=@~ Belle (Il) 70% data Y(4S)
~@- Belle (Il) all data Y(4S)

0 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

expected sensitivity for LHCb and Belle |l experiments
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The angle ¢1 can be measured In processes with a tree dommant interaction (B—>J/L|J K%) or

with penguin quark transitions (B—¢ K%, B—n’ K%)

The “golden mode” is B—J/Y K% Advantages of this decay channel for sin2¢1 measurement:

('] /¥ * clean signature
)
C . - relatively large branching fraction, so a large signal yield is expected
. [3 ~+ contribution of penguin diagrams expected to be less than 1%
(] W
d \ 5 | Su kos =0.670 = 0.029(stat) + 0.013(syst) Belle [PRL 108 171802]
| _ . + 0.045
Cunpkos = -0.015  0.021(stat) T 502 (syst)
penguin pollution | Sces=0.667 £ 0.023(stat) = 0.012(syst)
J/Y Ceos = 0.006 + 0.016(stat) = 0.012(syst)
C\/e
" Belle Il the measurement will be dominated by systematics
b . - tag side interference
B0 & Vv\&\ 5 2 irreducible systematic errors:
S ~ - vertex reconstruction
‘v,/’" d \ KS
currently o1 =(21.4+0.8)° Expected an experimental precision better than 1% on ¢+

Cracow, 10 Jan 2017 Belle Il prospects for CP-violation measurements
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sin(2¢1) fromb = qgs C

—— e e = —_— ==

Complementary determination of ¢1through b—qqgs (q =u, d, s) are
dominated by penguin transitions. More sensitive to non SM physics effects.

| — BaBar [arXiv:1201.5897] and Belle [arXiv:1007.3848] extracted
ﬁ B—'gb KOS the B — ®KO CP asymmetry parameters from time-dependent
— analysis of the K+K—KO final state:

current value average

b
+0.11 sol

0
PK A -0.01 x0.14

— * * more complex n’ decay channel
| n s - larger branching fraction (x10)

* no competition with LHCb expected due to neutrals in the final state

BaBar [arXiv:0809.1174] and Belle [arXiv:1408.5991] Sy kg = +0.57 = 0.08 + 0.02(BaBar)

collaborations performed the CP-violation
analyses for this channel : Sy kg = +0.68 £ 0.07 & 0.03(Belle)

Cracow, 10 Jan 2017 Belle Il prospects for CP-violation measurements 19



el Other CKM measurement: Vi o

—— = e, . T

The | Vypl parameter can be measured through exclusive and inclusive semileptonic B decays

The most promising channel for exclusive IVypl measurements at Belle Il is B — v

. / ‘
Exclusive dl'  GE|\Vuwl?| 3787 2v2 proportional to IVypl and to the B = 1t
o = Pl S (07)]

o dg2 ~ 2473 form factor

b o q Form factor through QCD based calculation.
gh 4= its uncertainty limits the precision on Vub but a factor 5
improvement is expected

- B — Xylv rate measurement complicated by B — X¢lv background

| Inclusive / - |Vubl is extracted from the differential B — Xylv rate in various
W < phase space regions

v
- [Vypbl value extracted from the fit to the differential B — Xylv rates

B X\
Vb with a fit model defined from simulation.
o Xq - predictions of shapes of these functions depend on the dynamic of
the decaying b quark — limiting factor for the inclusive | V|
determination

CURRENT VALUES:
IVupexell = (3.67+0.09(exp)+0.12(theo))x10—3

3 standard deviation discrepancy
IVupinell = (4.52+0.15(exp)+0.11(theo))x10-3

Cracow, 10 Jan 2017 Belle Il prospects for CP-violation measurements 20



Vub: exclusive measurement o

The most promising channel for exclusive IVyubl measurements at Belle Il is B — rilv

“Hadronic Tagged” measurement “Untagged” measurement

tag

tag-side signal-side

N

.
‘.
‘.
.
.
.
.
.

- Exact momentum of companion B gives good g2 » Indirect determination of companion B
resolution momentum spoils g2 resolution.
+ £=0.55% (0.30/0@89”6) « £ =20% (110/0@89”6)
- Improvement w.r.t. Belle is due to the better tagging - Improvement w.r.t. Belle is due to the better
algorithms ROE handling
Belle II MC
~@— tagged + current LQCD
=M~ untagged + current LQCD

6 current —8— tagged + LQCD
status - - U:Jtug,‘.;l‘li } L(‘)(‘D IZL-FJ ¥TS
B il £ 10 i 03 - Expected precision from B— zlv

(untagged) = 1.7%

bj A Forecast of [Vl
O e e sensitivity in B—zlv | Expected precision from B—zlv
R T g — 4 —-
e 2 (tagged) = 1.3%

I L [ab™}]
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Events with one fully reconstructed tag-side
B meson candidate and at least one lepton
track for signal candidate are selected

4.5 1 T l ]
o, Belle 1II Projection -
| = (exp. + param. uncertainties)
To improve IVybl precision Belle Il will exploit model- ——-lab ! |
. . . . . -1
independent parametrisation of shape function. _ Sab B
[arXiv:0807.1926] 3 \
R} \
—_— \ \\ —
" " " \\
Such parametrisation includes B— Xs) data (as the -
dynamic of the b quark in such process coincides with | \\\_j’ R
that for the B — Xylv at leading order) . o': S | X ,1(.’11/]+X Y
' 4.65 4.70 4.75
| m;> [GeV]
. Factor 2 improvement: expected precision of Projections of global Dﬁuil) fit at Belle I
. . 4 Wi ap ' an ab ' Dy
inclusive IVUbI at 5(50) abis 3-4(3)0/0- collaboration. Theoretical uncertainties of
the same size are not included.

22
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- Major upgrade at KEK for the next generation B-factory Current world average

T 1 T T LB S S S S S S

———
Amy& A CKM
% am A DR

K

- Large dataset and improved detector

mmm

CKM mechanism will be tested at 1% level

« Sin(2¢1): precision better than 1% on ¢1 using ccs

dlo b bl

modes

I

« Sin(2@2): new inputs for the isospin analysis.

Expected sensitivity 6¢2 = 3° at 50 ab’ Belle2 projection @ 50ab ™ '

Illll

[V |
o
' A l A A ' L l’

0.4 0.6 0.8

Most likely, the most relevant contribution using CKM physics

to probe NP offered by Belle Il will be a significant improvement *

llllllll

I=

in the determination of ¢3 and |Vypl:

'IIIIIIIII

. @3:.from B—DK decays 6¢s = 1.6° at 50 ab™

el

—
o

b

Vub|: from exclusive (inclusive) semileptonic

measurements expected precision of 1.3%(3%)
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Detector componen

—— e __

Z
-
z)

/

Purmpose Namwe

Henm pipe Hery livum

Com ponent

Conliguration
Cylindrical, inner ra-
divs 10 mm, 12 pm
Au (eheck), 0.6 mm
Be, | mm paratlin,
0.4 mm e

Readout

8 covernge Performance

Tracking PxXDn

SVD

che

Silicon
(DEPFET)

Pixel

Silicon Strip

Drilt Chamber

Sensor stze: 15x (L1
136, L2 170) mm?”,
Pixel size: S0x(Lla
50, Lib 60, L2a 75,
L2b 85) pm?, Two
Inyers at endiic 8, 12
min

Rectangular nndd
trapezoidal,  Strip
pitch: 50(p)/160(n)
« T5(p)/2Win) pm,
Four lnyers at radii:
35, 80, 104, 135 mm
small cell, large cell

10M

215k

11k

(1771507

(177 1507)

(1771507
=F

Calorimetry ECL

Csl(T1)

Barrel: r 125
16&m, endcap: 2
102 « «196¢m

6621
1152
060 (BWD)

(Barrel),
(FWD),

SR G _r.T"‘;v E
v

(12.4°:31.4%), >
[32.2°;128.7°|, 1.2% ~
[130.7°;155.1°

—

P
[

Partick 1D Toe

ARICH

RICH with quartz ra-
dintor

RICH with anerogel
rivdintor

16 segments in @ at
ro~ 120 em, 275
em long, 2em thick
quartz bars with4x4
channel MCP PMTs
2x2 em thick focus.
ing radintors with
different n, HAPD
photodetectons
FWD

sk

sk

[31°;1287)

(147307

Muon 1D KLM

KLM

barrel: RPCs and
scintillator strips

end<cap: scintillator
strips

2 layers with seintil
lator strips and 12
layers with 2 RPPCs
1 layers (V-
10)x 40 mm* strips

of

& 16k, ¢ 16k

17k

[407; 1297

[25%;40°], [129°;155°|

Trigper

Table 2.1: Summary of the detector components,
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Observables Expected th. accuracy  Expected exp. uncer- Facility (2025)
tainty
UT angles & sides
o [°] aas 04 Belle 11
é2 [°) > 1.0 Belle 11
é3 [°) oe 1.0 Belle 11/LHCb
|Vep| incl. = 1% Belle 11
|Vep| excl. ee 1.5% Belle 11
|Vis| incl. o 3% Belle 11
V| excl. o 2% Belle 11/LHCb
CcpPV
S(B - ¢K?) ooe 0.02 Belle 11
S(B - K" ooe 0.01 Belle 11
A(B = K°2")107?) soe 1 Belle 11
AB - K*x™) [107?) ses 0.20 LHCb/Belle 11
(Semi-)leptonic
B(B - tv) [1079) o 3% Belle 11
B(B - uv) 107%) o 7% Belle 11
R(B - Drv) oe 3% Belle 11 -
R(B - D*rv) e 2% Belle 11/LHCb Observables Belle or LHCb Belle 11 LHCb
Radiative & EW Penguins (2014) 5ab~! 50 ab~' 2018 50 !
B(B - Xyv) o 4% Belle 11 3 .
Acp(B = Xoay) (1077 *% 0.008 Belle 11 Charm Rare B(D, — uv) 531-107°(1 £53% £3.8%) 29% 09%
S(B - K%x") 0.03 Belle 11 B(D, — 7v) 5.70-1073(1 £3.7% + 5.4%) 3.5% 2.3%
S(B = py) . 0.07 Belle 11 -6 o
B(By = vy) 1079 o 0.3 Belle 11 B(DP — 7) [1079] <15 W%h 2%
B(B - K*vi) 1079 eoe 15% Belle 11 KK 4
B(B — Kvp) (10~9) e g Charm CP  Acp(D° = K*K-)[107%) -32+21%9 11 6
R(B - K*tf) o 0.03 Belle 11/LHCH AAcp(DP - K*K") [10-3] r 05 0.1
Ar (1073 0.22 0.1 003 002 0005
Acp(DP — =°2°) 1073 ~0.03 £0.64£0.10 029 0.09
Acp(D° = K22°) [1073] -021£0.16 £0.09 008 003
Charm Mixing z(D° — K3x*=") [107?] 056 +0.19+ 00 0.14 011
v(D°— Kgx*x ) (1077 030015+ g0 0.08 0.05
l/pl(D° — K3x*x~) 0.90 + o1% + 0% 0.10 007
#(D° = K%x*+=~) [] 611+ 6 1
Tau 7 — py 1077 <45 <47 <47
T — ey [1079] <120 <3 <12
7 — ppp [10-9) <210 <30 <03
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LER/HER KEKB SuperKEKB
Energy [GeV] 3.5/8 40/7.0
fy” [mm] 5.9/5.9 0.27/0.30
" [mm] 1200 32/25
I+ [A] 1.64/1.19 3.6/26
Cby 0.128/0.09 0.09/0.09
£ [nm] 18/24 3.2/46
# of bunches 1584 2500
Luminosity [10%cm“ s°'] 2.1 80

INFN
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el Sin(2p1) fromb = ggs: B—g K% (YN

Complementary determination of ¢1through b—qqgs (Q=u, d, s) are ¢
dominated by penguin transitions. More sensitive to non SM physics effects.

BaBar [arXiv:1201.5897] and Belle [arXiv:1007.3848] extracted
the Bg = KO CP asymmetry parameters from time-dependent

analysis of the K¥K—KO final state: 2" Q
- | B[ |
current value dadverage K’_d\p Ks
S +0.11 Channel Ereco Yield o(S) o(A)
gl 0.74 -0.13 1 ab™! scenario:
CIDKO S(K+K-)Ks(ntn—) 35% 456 0.174 0.123
A  -0.01 0.14 H(KTK)Ks(n'7%)  25% 153 0.295 0.215
ot n)Ks(ntn™) 28% 109 0.338 0.252
K g modes combination 0.135 0.098
Channel At resolution (ps) Kgs + K, modes combination 0.108 0.079
O(KTK )Kg(ntn) 0.75 5 ab~! scenario:
O(K+K~)Kg(n"n") 0.77 H(KTK )Kg(rtn™) 35% 2280 0.078 0.055
p(ntnn")Kg(ntn™) 0.78 H(KTK)Kg(n%7%)  25% 765 0.132 0.096
o _ d(rtr n")Ks(ntn™) 28% 545 0.151 0.113
Sensitivity estimates for Syko and A(pKyﬂ K< modes combination 0060 0.044
parameters for 1 ab‘1 and 5 ab‘1 Ks + K1, modes combination 0.048 0.035
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ol Sin(2¢1) from b = ggs: Bon' K% ('

Differences with respect - more complex n’ decay channel
Bd — ¢KO: - larger branching fraction (x10)

* no competition with LHCb expected due to neutrals in the final state

BaBar [arXiv:0809.1174] and Belle [arXiv:1408.5991] S, ko = +0.57 & 0.08 £ 0.02(BaBar)

collaborations performed the CP-violation |
analyses for this channel : Sy kg = +0.68 £0.07 + 0.03(Belle)

estlmated resolutlon

Channel vield o(S) o(C) Channel vield o(S) o(C)
| 1 ab™* 5 ab™!

n(2y)K3(m*) 969 0.13 0.08 n(2y) K3 (r*) 4840 0.06 0.04
n(27)K3(27°) 215 0.27 0.17 7,(27)1{0(276’) 1070 0.12  0.09
n(3m) Ko (n*) 283 0.25 0.16 n(3m)K2(r*) 1415 0.11  0.08
p(m*)K3(m¥) 2100 0.06 0.07 p(m*) K3 (m*) 10500 0.04 0.03
p(m*)K2(2n") 320 0.10 0.17 p(m*) K (2n") 1600 0.10 0.07
K¢ modes 3891 0.065 0.040 K g modes 19500 0.028 0.021
K modes 1546 0.17 0.11 K, modes 7730 0.08 0.05
Ks+ K modes 5437 0.060 0.038 Kg+ K, modes 27200 0.027 0.020
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== e

Branching fractions, fractions of

longitudinally polarised events and CP
asymmetry parameters entering in the
Isospin analysis of the B — pp system

i

) BELLE . rBELLE [l .
Value Belle @ (.8 ab~ ! || Belle2 @ 50 ab™}
fL,p - 0.988 | #0.012 + 0.023 (1] +0.002 £ 0.003
L,p0° 0.21 40.20 £ 0.15 |2 +0.03 £ 0.02
Bp...p.. 1079 28.3 +1.5 £ 1.5 1] +0.19+ 0.4
Bp"p” 0% 1.02 40.30 £ 0.15 |2 +0.04 £+ 0.02
Cp+p_ 0.00 +0.10 £ 0.06 1) +0.01 +£0.01
Sp*pﬁ —0.13 40.15 4 0.05 [1] +0.02 +0.01
Value | Belle @ 0.08 ab_" || Belle2 @ 50 ab™ "
fL,p+p0 0.95 +0.11 4 0.02 |3 +0.004 + 0.003
B+ o 0™ 31.7 +7.1 + 5.3 [3] +0.3+0.5
Value | BaBar @ 0.5 ab_ " || Belle2 @ 50 ab_ "
Cpopu 0.2 +0.8 + 0.3 [4] +0.08 +0.01
S’popu 0.3 \ +0.7 £ 0.2 1 {0 +0.07 £ 0.01 )

[l]: PRD 93(3) 032010, [2]: Add PRD 80 no.11 119903,
[3]: PRL 01 221801, [4]: PRD 78 071104
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CCs: projections

<O

sin(2¢1) from

e ey,

Belle Il the measurement will be dominated by systematics

Three different scenarios:

- “Belle” : Belle irreducible systematic uncertainties are assumed to not improve in Belle Il (not realistic)

- “Belle II” : improvement of 50% is assumed for the systematic due to the vertex positions

- “Leptonic categories” : analysis is performed using only the leptonic categories for flavour tagging

Belle | | Belle 11 leptonic Belle | |Belle 11 leptonic
B=J/p K ('atl(‘gnri(‘s b—ccs categories
S (50 ab—1) S (50 ab™1)
stat. 0.0035]1 0.0035 0.0060 stat. 0.0027 | | 0.0027 0.0048
syst. reducible 0.001211] 0.0012 0.0012 syst. reducible 0.0026 | | 0.0026 0.0026
syst. irreducible | 0.0082] | 0.0044 0.0040 syst. irreducible | 0.0070 | | 0.0036 0.0035
A (50 ab™ 1) A (50 ab™1)
stat. 0.0025 || 0.0025 0.0043 stat. 0.00191 1 0.0019 0.0033
syst. reducible 0.0007 || 0.0007 0.0007 syst. reducible 0.00141 1 0.0014 0.0014
syst. irreducible | 70055 [ | Tooit 0.011 syst. irreducible | 0.0106 | | 0.0087 0.0035

Expected an experimental precision better than 1% on ¢+
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A scan of the confidence for @2 from a x2 distribution which is obtained by minimising 2 log(L) is
performed. The likelihood L has the form of a multivariate normal distribution:

sin(2¢2). B (g2-

Y’ = —2log

exXp (‘l! (x(lntu - xt'nm)lll »-1 (xdut:\ - xt.lwu))
v/ (27)" det & |

where Xdata and Xtheo are vectors containing respectively the measured values and the theoretical
prediction of parameters B+, B0, B+0, C+, S+, C0o0 and So0

The covariance matrix 2 contains the uncertainties in the diagonal and the correlations between the
measured parameters in the non-diagonal part.
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®3: LHCb and Belle 2 projections ("

= = ey, . T

expected sensitivity for LHCb and Belle |l experiments

>
£ elle I Projection (Feb 2017)
5
2 10
= For Belle Il, we base the projections on a combination
g 8 of B & DK measurements (already performed at
& Belle), where the D meson decays to:
6 « D—=KK,D—-mm,D—Krt
4 * D—Krom
\\ - Do Kgmm
LHCb
= -@- Belle (Il) 70% data Y(4S) . _
~@- Belle (Il) all data Y(4S) where the combined precision on ¢3 for Belle is
05015 2016 2017 2018 2019 2020 2021 2022 2023 2024 taken from CKMFitter
Year

The LHCDb value is based on an extrapolation of the 2015 Run-1 results in LHCb-PAPER- 2014-041 and
also analysed by CKMFitter. The results are based on a combination of measurements from B+ — Dht and
BO — DK*0 decays, where h* corresponds to either K+ or i+ and the D meson decays into:

« D—=KK,D=mm,D—Kn
« DKot

- D—KSrt
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Table 95: Expected uncertainties on the S and A parameters for the channels sensitive to
sin(2¢;) discussed in this chapter for an integrated luminosity of 5 and 50 ab~'. The present
(2017) World Average [601] errors are also reported.

WA (2017) 5 ab~] 50 ab !
Channel o(S) o(A) o(S) o(A) o(S) o(A)
J/KY  0.022 0.021 0.012 0.011 0.0052 0.0090

¢K"Y 0.12  0.14 0.048 0.035 0.020 0.011
n' K" 0.06 0.04 0.032 0.020 0.015 0.008
wK? 021 014 008 006 0.024 0.020

Knly 020 0.12 010 0.07 0.031  0.021
KnY 0.17  0.10 0.09 006 0.028 0.018
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