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UT status

Still large uncertainties: room for NP !
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Complementarity from different experiments and approaches
is essential to constrain the field.
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For all Belle Il expected performances, please refer to:

The Belle Il Physics Book -

arXiv:1808.10567



SuperKEKB project

. + . — . .
LER (e7) HER (e7) KEKB machine heavily upgraded:
Energy 4.000 7.007 GeV . . .
ne%"gy : ) * New positron damplng rng
Half crossing angle 41.5 mrad
Horizontal emittance 3.2 4.6 nm * New 3 km positron ring vacuum
Emittance ratio 0.27 0.25 % chamber
Beta functions at IP (x/y) 32 /0.27 25 /0.30 min . .
. ([ ]
— - 56 A New superconducting final focus
Beam-beam parameter 0.0881 0.0807
Luminosity 8 x 10% em 257!
Aim to deliver 50 ab! in 6 years !
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SuperKEKB phase 2 run

* Single beam commissioning, without final focus, performed in 2016 (phase 1)
e Collision commissioning , with final focus, nanobeam
scheme, and Belle Il detector in place (without vertex
detector), happened this year from april to july.
What we call «Phase 2».
03/19/2016 0900 - 07/17/2018 09:00JST ___ High current trial ;
Max 800 mA “'LHER | | ~ ] 751 S Nanobeam scheme produces short
(HER)  osf- | SRR ARREN i~ P
o codnd i b glﬂ TR 222 ¢ bunches, effective length 0.5 mm
§ E,H Ny it fm } {‘n A i -.-,:‘_I{-{E i mg Vertical size still to be optimized
Beam g EIP -IA n-.u-.ﬁhtﬂ oA l;‘-d'ﬂnu‘ian B N g, IH *, h-'.l'.-'. -'|.:|1r.|.'._'1! '-'".h-i:lu_ I.L-..J 'l“- I._ (aim to 50 nm)
Current © o.8F-LER : . . ; 350 .
A l INFERIREE. "
§loo ot ol TR R G | S .
ML i .4 : " lf- bbb e Best peak luminosity reached is
" 3 ¢+ =150
Max 860 mA 301 ob o S IR T 33 2 -1
(LEH} 9.2 Ll‘m |Ii| i ;I'- ‘ﬁ :. r"grr i i i i 'E: i o Lja: B 5.5 x 10 cm s
 — Vel m;ﬁmmuhma.f it .
— s fen  LER
T llision collision g =6 mm gy=3 mm )
P e jopts &} =Smm | | ;=4 = Belle Il managed to collect 0.5 fb™!
. 3 - — = . . .
5 LE - in the time left from machine
X °F Vacuum scrubbing First Callision .
- | I l tuning, very useful sample for
B'- i L L L B o LT ST HIFLIIE . . . . . .
8"e"0° 5/1 6/1 e, 171 commissioning and first physics.
4/1/2018 luminosity tuning
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... X40 luminosity means also much higher background...!

2 =
£
_ /@ ...but Belle Il is equipped with upgraded detectors capable to rescue

-
)
4) ~rare signals and reject garbage !

A new and larger drift chamber: longer lever arm,
smaller cells in the inner region, fast readout.

 Animaging Time of Propagation detector to perform
PID in the barrel region

Belle Il real event in Phase2 run

e A PID detector in the forward region (ARICH)
 Animproved z resolution in the interaction region,
thanks to Pixel (2 layers) + strip (4 layers) vertex

detector.

* Fast ECL readout to reduce pile-up

KLM 2 inner layers replace with scintillators
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The Belle 1l detector

Upgrades with respect to Belle detector:
KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

M e
EM Calorimeter o |
Csl(T1), waveform sampling electronics

{l
“
1

. |

Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector . = I

2 layers Si Pixels (DEPFET) + i : v i. —
4 layers Si double sided strip DSSD | w/.

\\

electrons (7 GeV)

positrons (4 GeV)

Central Drift Chamber
Smaller cell size, long lever arm
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Belle Il detector shows already good performance in phase 2 data:
all anticipated particles have been re-discovered. B mesons mass peak
is well reconstructed.

I11|II[I[1II]III[TlI]II][[I[]II][Il]l1[II

B*-=D(KmKam Kna" KK, K 1" K ax)a

B*-=D{Km, K3x)p
B*>D"(Kn, K3n, Kax' )t
B">D “(Kn, Kax, Kan")
B%=D (K, K3x)p'
B-=D* (K’

B0 (Kam)p'

B Jiyp [Tl | K

Belle Il 2018 (preliminary)

fL dt =472 pb”

llllll]lllll]lll|III|[[]]_

827521 522 523 524 525 526 527 528 529
M, (GeV/c?)
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FEI: Full event interpretation,
enhances by a factor of 2 the event tagging efficiency

mt K
v s
N\ 5 B A dedicated boosted decision tree for each step
= ST Ry More than 100 decay channels are reconstructed
Hadronic Tag signal Side
: o
: . o3
* I i : [TracksJ [ VO objects } [KLMClusters } {E‘.CLClusters =2
e_‘>.<_e ~— T ~ oy & 8
/s W o
ot ut K+ = K 2 g_* ?D,{ =
3 E
w

/
/./
/
F ' |I = Q \
// # |'I A
sofelg oyeIpouLIoU]

Very powerful tool for all tagged analyses: high purity but usually low statistics
Untagged analyses by converse have high statistics, high background, and less
kineéfatical constraints (Rest 6f/the Ewvent}s on UT sides and angles




UT sides

(0,0) (~ (0,1)

i.e. measure V,, and V,
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Vub/Vcb

Inclusive vs exclusive measurements
showed since years ~ 3 o discrepancy

r::‘_‘ 5 [ T T ‘ T T u ‘ T T T ‘_
) B B—oD*lv ]
= B B-DIlv 1
_g 45 [ — /]i;) nlv ]

D »b > PHV — |
2 " [ Average 68% CLL. Inclusive ]
[ B Averase A1 IV, J: GGOU ]
- IVl global fit in KS -
4 =
D -
3 —
L HFLAV
C |
2y —

2500 | T P(‘X)TT?%T
34 36 38 40 42 4;&
IV, [107]

Aim to reduce systematics and improve

theory errors !

Exclusive measurements:

reconstruct final states:B>D/v,B> n /v

BR o |V,,|? F (w) (Fform factor)
need input from lattice QCD

01/10/2018

Recent averages and model
independent FF parametrization

recovered agreement
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v,

Inclusive measurements:

Include all B> X,/ v.
via optical theorem:
BR |qu|2 (C(b>qg ¢

HQE needed to determine total rate
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Exclusive V,

t 3
B->D* /v B->D/v

ALEPH i
31.0+ 18+ 1.3 ' i :

: ALEPH ;
CLEO ; 36.67 + 10.05 + 7.33 = :
397+ 12+ 1.6 : e —— i
OPAL excl : :
358+ 16+ 1.6 — N CLEo -
OPAL partial reco i 44.18 + 5.70 £ 3.47 ;
37.0£ 1.2+ 2.3 — ;
DELPHI partial reco ; BELLE
3504+ 14+ 23 A 4194 % 0.60 + 1.21 T
DELPHI excl
358+ 1.7+ 2.0 & BABAR global fit ;
BELLE ; 42234074+ 2.14 i
344+ 02+ 1.0 — :
BABAR excl : ’

: BABAR tagged i
33.6+ 03+ 1.0 = : 460+ 1714 1.26 e
BABAR D*0 ; ;
35.0+ 0.6+ 1.3 A :
BABAR global fit ; Average :
355+ 02+ 1.1 - 41.57 + 0.45+ 0.89 A
Average I
356+ 0.1+ 0.4 - HFLAV

y2/dof = 30.2/23 (CL = 14.40 %) : HFLA V ?”mme’ 2016
i yiidof = 4.7/ 8 (CL = 79.30 %) i
I | | | L [ L | L I | I | L [ I | L

n_ FIV | [107]

Both measurements are systematics limited !
Vcb determination from the 2 channels gives compatible results, but depends on FF
parametrization: CLN vs BGL i.e. discrepancy or not with inclusive determination.

n., G IV 1 [107]

Belle Il will reduce systematic uncertainty, mainly coming from hadronic tag calibration. Its
large dataset can afford FF fit from differential B-»D ¢ v decay rates and help reducing theory

errof @y-parametrization.

Belle Il perspectives on UT sides and angles
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Inclusive V, o2- A

Theory in grey

Perform a simultaneous fit of V,, the b and c quark 0.15
masses and other OPE parameters, to the semileptonic :
inclusive width, the moments of the lepton energy
spectrum and the moments of the hadronic mass

spectrum squared. B HFLAV

0.05-
|

<(E~<E>)f> (GeV?)

0.1/

|V, | "= (42.19 + 0.78) x 103
HFLAV 2016 fit

0_\.|\|||.\|.\|.||

actually dominated by theoretical uncertainties

Belle Il large data set will allow accurate
measurement of the E, spectrum and of other
momenta, and to test the validity of the OPE
description at low energy, thus helping theorists B HFLAV

to reduce errors. I

1.5
01/10/2018 Belle Il perspectives on UT sides and angles E (GzeV)
cut



Exclusive V

B->7n £ v both tagged and untagged.
B.2>K /v untagged only, at Y(5s), less precise.

Extract V,, from a combined fit to the measured g2 spectrum and Lattice QCD
predictions. Higher Belle Il selection efficiencies and improved resolutions will
allow to pin down the Vub error by a ~2 already with 5 ab1.

Lattice QCD improvements may gain another factor of 2.

I s Belle 1T MC ) Belle IT MC
® @ Toy MC untagged data =—8— tagged + current LQCD
® @ Toy MC tagged data o 18— i =M - untagged + current LQCD
1ot . - ' current
1 1o band - lattice only, scaled v7qt atus —0— tagged + LQCD in 5 yrs
& o :!’_ :‘mj - tagged 1 5 =B - untagged + LQCD in 5 yrs
. | 17 -unt
= oost e i —8— tagged + LQCD in 10 yrs
'4 .H""H-H g 4] untagged + LQCD in 10 yrs
% . L
9 0.4 f . B
— — E 3 -
-'."'-L\:_' _________________________________
~Z_ 04 a = 3
= e A S
2 [ "X N S e el S T a
02t 4
£ =5ab™!
] T T T T T
0.0 ! ! ! ! ! 0 10 20 30 40 50
0 5 10 15 2 a5, r [’lb_l]
'.:I - '-J ] -.:I . . i
01/10/2018 q° _GL‘"V 2/ Belle Il perspectives on UT sides and angles 13




Inclusive V

Can be obtained both from untagged and hadronic tagged
analyses, where neutrino momentum is reconstructed or

constrained.
Soft pions used to identify D* and reduce B->X_| v background.

V,, is extracted from a model independent 1
combined fit to:

Hadronic Tag Signal Side

Belle II Projection -

(exp. + param. uncertaintiesj]

|
o
|

BOX,lv ,B>X. 1v ,BOX.y s mee1ab! ]
i —5ab™' ]
together with the parameters of the same shape 5 4.3 ]
function F(k) taking into account b quark = i N ]
[ap]

momentum distribution inside B meson (SIMBA 2 4of \\\\ i
technique). i W i
L | -
L ] i
Belle Il precise measurements of differential 4.1 a..*:‘—_"/# p
distributions will further constrain the fit. - X v+ X~ ]

4.0 1 1 1 | |

4.75
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Summary of Belle Il expectations for V

o L Statistical Systematic Total Exp  Theory Total
% uncertainties (reducible, irreducible) Lattice
|Vaup| exclusive (had. tagged) projections
711 fb ! 3.0 (2.3, 1.0) 3.8 7.0 8.0
5 ab ™1 1.1 (0.9, 1.0) 1.8 1.7 3.2
50 ab~! 0.4 (0.3, 1.0) 1.2 0.0 1.7
|V,5| exclusive (untagged)
605 b~} 1.4 (2.1, 0.8) 2.7 7.0 7.5
5 ab ™1 1.0 (0.8, 0.8) 1.2 1.7 2.1
50 ab~! 0.3 (0.3, 0.8) 0.9 0.0 1.3
Vs inclusive
605 fb~! (old B tag) 4.5 (3.7, 1.6) 6.0 25-45 6.5—7.5
5ab! 1.1 (1.3, 1.6) 2.3 25-45 34-51
50 ab~! 0.4 (0.4, 1.6) 1.7 25-45 3.0-48

Large statistical sample and improved Belle Il particle reconstruction will allow to
reach ~ 1% experimental error on V,, both in the tagged and untagged exclusive
channels, systematics dominated, and comparable with expected theory errors.

Inclusive channel has slightly higher systematics and larger theory error.

Important cross check will come from B> t v channel.

01/10/2018 Belle Il perspectives on UT sides and angles
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01/10/2018

UT angles

/\ N——
B-é / > TFR\B\):(B

-DK _
Ly B—J ll‘/\ %

(0,0) €
Bli—t;D
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Determination of o, (¢,

Time dependent CP asymmetries:

FE_)j’ (Af) _rB—>f (At)
Iz (A + 1, (Ar)

acpy (AL) =

» §1)

= S sin(Am Ar) — C cos(Am At)

RO
Btag

S -2 indirect Qf’
C=-A > direct QI5

T(4S) —>

at Belle Il:
Az~ 130 pm
By~ 0.28
(was 0.45 in Belle)

Az = (BycAt : > g“
e s K
At = tep ttag ‘ n’ K

Need efficient flavour tagging with charged tracks.

Position of both B decay vertexes is required. At resolution dominated by the

error on the position of the B-tag vertex.

Belle Il new vertex detector provides excellent resolution!
01/10/2018 Belle Il perspectives on UT sides and angles
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Flavour tag at Belle Il

Charged leptons, kaons, pions and A’s allow to tag the B flavour without
reconstructing it, thanks to quantum correlation of the two B mesons.

Multivariate discriminating algorithm provides optimized tagging, already
tested on Belle data:

ot = i €(1-2W,)? , w; mistag probability
Tagging efficiency improved by 10%

already on Belle data.
Belle Il will profit of its improved PID.

Old FT Belle data: Eefr =(30.120.4)%
New FT Belle data:  €.4=(33.60.5)%
New FT Belle MC:  ¢,=(34.18+0.03)%
New FT Belle Il MC: &=(37.16+0.03)%

01/10/2018 Belle Il perspectives on UT sides and angles 18



sin2f (sin2¢,) fromb 2> ccs

Tree dominated modes, only small penguin pollution.

Experimentally clean: B 2 J/y K , but also
other final states: y(2S) Ks, X Ks, J/W K, .
Penguin pollution can be constrained by 7® modes.

E 140 . b2
. « s . = | Fit function: =\|/a? + —=——
Actual error still statistically dominated. = B Sy =
H H P C 120 Belle SVD2 cosmic (Data) BN715
Most systematics sources scale with statistics 5 : ERREREEC e o
. . . R S 100+t : b= 329+ 0.8 um GeVic
(wrong tag fractéon, signal fraction, fit bias, e RN
H H Tvi Ly meme== g= 115+ 0.1um
backgroud At, BY lifetime and mixing). © HE ARGl
N % ; : :
| . a0l ™
Non-scaling systematics are: sob
- tag-side interference: avoided using only -
. . . . D | | Ll | 1
leptonic tags, at the price of lower statistics s 24F
- Vertex reconstruction: expect to improve by ° 25
= 16E S
50% 2 T TE e R R EEEE SRR SRR

pSsin(0)? [GeV/c]
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b 2 ccs Belle Il expected uncertainties

Combining all b = c cs modes:

Belle stat syst stat syst syst non-scaling @50 ab!
results x10°3 x10°3 scaling | (with vtximprove)
S=0.667 23 12 2.7 2.6 7.0 (3.6) Belle Il estimated
4.8 2.6 3.5 Only leptonic tag
C=-0.006 16 12 1.9 1.4 10.6 (8.7) Belle Il estimated
3.3 1.4 3.5 Only leptonic tag
2
< 1% final uncertainty on 3 angle is recheablej Belle I Projection (Feb 2018)
T 0.03
g B->J/yK,
;bOB25
Time evolution of the uncertainty on sin(2p) 1 002 N
[an] \
with the only golden b—>ccs channel in = 0.015 ‘
different operation scenario shows 5 N
competitive improvement already with first R S AN 3
years statistics. 0005+ aoe 1y o0 ot s e, ey

Disclaimer: LHCb expectations are simply

based on available public documents.

Belle Il perspectives on UT sides and angles
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—&— Belle (Il) all data {43}, full 9 months, improved KS
LHCh estimate

2017 2018 2019 2020 2021 2022 2023 2024

Year
20




sin2P (sin2¢,) fromb 2> qqs

Penguin dominated modes: depend on [ via different )
vertexes. Tree pollution under control. More sensitive to NP ! B

B> 0K, B2>nK,,

B>wkK,, B> nlK,

With many different final states.
At present all statistically dominated.

sin(2p*") = sm(zqa @] HrLAY

S¢ ~sin (2 ¢, ) + AS;(tree + NP)

_________________________________________________________________

bsccs Wdrld Average = | ; 0.69 + 0.02
ok E&@Q&é@é """"""""" 4 """"""""" o 074011
K" Avérage | M 0.63+0.06
'E"E'E"H\F&é@é """""""""""""""""""""""""" 072+0.19
K Average | o 0570417
Ok Average T L 054 3%
ok, Kﬁé&ééé """""""""""""""""" — 0714021

___________________________

Main background is combinatorial from
continuum. Small contamination from
b = c decays.

Special care required by signal cross feed
from other charmless CP violating B decays .
At resolution ~0.75 (1.5) ps for ¢ K, (n’ K, ).

S and A extracted from a multidimensional fit
to At + various backgr discriminating

el pectlves on %psllges ‘and angles

21

f, Kg Av?rage o] ?

K Average-'- """""""""" 0204053
2 b Average——— || |- 072+071
';;ﬁ'i% """ Eﬁr’éfé;:jé """"""""" * """""""""""" X 09708
KK ,KB%O?@H% | . | BN s
16 14 142 1 08 06 04 02 0 02 04 06 08 1 12 14 186



S and A from b—>ccs and b>qqs expected Belle Il errors @50 ab™

WA (2017) 5 ab ! 50abT  § “‘4? Belle IL I :
Channel o(S) o(A4) o(5) o(4) o(5) oA £ * bt e
J/OKY 0.022 0.021 0.012 0.011 0.0052 0.0090 < °‘2F M s ‘% :
oK 0.12 0.14 0.048 0.035 0.020 0.011 RS 'Y t_ E
K" 0.06  0.04 0.032 0.020 0.015 0.008 — Iﬁ N ‘f&
WK 021 014 0.08 006 0024 002 0 % e #
K97% 020 012 010 007 0031 0.021 ke” Lk s=0m0)
KYr0 0.17 010  0.09 0.06 0028 0.018 4,0 J"*' LK, (e=08
-10 -5 0 5 10
At (ps)
N K, will reach systematics limit R e et et nanan s s
already with 10-20 ab! g o8 " ------------------------ B >¢ K
No competition with LHCb. = :j """"""""""""""""""""""
& 012 .
oK, will keep statistically dominated. = on AN " LHOl
Best sensitivity from K*K'K® Dalitz plot % o0s e g
analysis. U St mbeiov e :
Competition from LHCB quitestrong. (o =2Im i TS —
U_é'611'7' 208 2019 2020 2031 2032 2033 '262'43
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o (¢p,) measurement

sin(2 o) is obtained from the time dependent
amplitude of B> ntwt , B> pp and B>7p decays, b ;
with comparable Tree and Penguin contributions|”

More strong and weak phases are also involved: S; ~sin (2 ol s ), Ol = O + OO0

sin(2 o) extraction via isospin analysis (Gronau and London), 1
using all possible final states and the observables: NG
* BR’s of all modes: B> r*n-, n'n’; B* - w*n® (same for pp)
* Direct CP asymmetries C*,C%

* Time dependent CP asymmetries S*,S% A0 = 40

1I1+_ |' ;'I!I.I:ID — 1"1—'_[]

-5

o

At A% = AH0

<

Only still missing measurementis S_ __ which results into 8-fold ambiguity in a
determination from B—> . Belle Il aims to first ever measurement exploiting 7°
Dalitz decays and y conversions in the inner detectors.

At resolution of 1.14 (1.41) ps is estimated for Dalitz decays (conversions).

01/10/2018 Belle Il perspectives on UT sides and angles 23




Belle Il estimates for o from B> ntrt

Value Belle @ 0.8 ab~ " Belle2 @ 50 ab™ " @50 ab about 270 =° Dalitz

Bﬂ_+ﬂ__ [10'6] 5.04 +0.21 +0.18 +0.03 £ 0.08 events and 50 Y conversion
Bﬂ_owo (1079 1.31 +0.19 £ 0.18 +0.04 £ 0.04 events are expected.
B7r+7r0 [10'6] 5.86 10.26 £+ 0.38 +0.03 £+ 0.09 Despite the |arge error, 1070
L= —0.33  +0.06 =0.03 +0.01 £0.03  channel allows to significantly
S 5 - —0.64  40.08+0.03 +0.01 £0.01 redyce ambiguity of the
C o o —0.14  40.36 4 0.12 + 01  measurement.
— — C +0.29 + 0.03 )
v
[ Bell | ‘ o " Iy
Belle Il simulatio ' - — 0.
' ' - 0'8:_ - 0.40
06 | -061
v -0.94
- 0.4}
- " Bele-H-simulation-fdat- tfiifess
T\ j o.zt»
0F-miend l 0 N DURE S
0 30 60 90 120 150 180 0 30 60 90 120 150 180
0, (° o ()

All measurements still statistically limited. Expected Aa ,, ~ 2°
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Scp (B — m" n*) Uncertainty

Belle Il estimates for o from B> pp

=1 1

O 'FB2>pp i O 'FB2pp+Bonn Belle
' 08l I Belle ' o ,' Belle Il @50ab
- 0.8 I Il @50ab! «— 0.8- | P s
B - 700
0.6/ X G 0.6 |
i || i
0.4 I | 0.4" X
: r=1 oo !
0.2 |\ 0.2 l' ‘\
- / \ i / \
O_L—L._A_.J_I_L_‘_._A___LA_A_lH_._A_.J_I_L—A_._A__A_A 0__L | L L T S
85 90 95 100 . 85 90 95 100
0, () 6, ()
Belle 1l Projection (Feb 2018)
0.08
0.07 Scp from B> 7r channel Ad, (°)
0.06 WA +4.4
0.05 -4.0
00 . B>nn 4.0
0.03 | Q: B-2>pp 0.7
O e = B->mr + B>pp 0.6
001 Belle{H]:.a\I data Y(45), full @ months
O LHCb estimate

2017 2018 2019 2020 2021 2022 2023 2024

Year
01/10/2018 Belle Il perspectives on UT sides and angles
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Y (¢3) measurement

The phase between b—>c and b>u can be extracted from the interference of B’-'%D(B) K*
where D and D decay into the same final state.

%
o
|
=
'\7\
e T ~{
3 X
vy
S
Y
3
/('
@ O 8
N

&
|
]

S

4

e

Ap = Apo +15e'?3e9B A0

rg ratio of colour suppress to colour favoured diagrams
0y strong phase difference. Should be taken from Cleo-c results. Expect BESIIIl measurement
with 10 fb-! at y(3770)

+ theoretically clean channel: no penguins, no mixing
- Both CKM and colour suppressed.

3 methods available at b-factories using different D final states:
* GLW: CP eigenstates (K*K", t*n, K ©°)

 ADS: KX, where Xis t, nnl, 3

* GGSZ: self conjugate multibody states: K h*h-, K nrn—n°
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Belle Il expectations for y (¢;) measurement

ax’ 3
Estimates performed with GGSZ method, in the =

K.t channel (golden for Belle Il, large BR, good K. 251
reconstruction). |

n —5

Dalitz plot symmetrically binned. Differential decay rate 1_5f_ 4
depends on v, ry, 8;. Phase difference between D and D i
decay amplitude estimated from data using D*-> D~ tag. 1
Estimated sensitivity with such methos for ¢, angle at *F
P . 45.1° ;

50 ab? is ~¥3" (current LHCb uncertainty is & go ) T T R X S R

LHCb-CONF-2018-002

Il!llllllllllllllllll
Projection (Nov 2017)

10

¢3 [deg] Uncertainty

LHCB.

—@- Belle (Il) 70% data Y(48)

e~ Bolo (1) 6 of 9 months, 70% data Y(45) \h\*\-—

III|III|III|III|IIII[II_

- LHCb

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Jectiveson UT sides and angles

Year

2
VA

Other methods and channels can also be used:
D>KK*K~, BE>D*K* , GLW and ADS channels.
Exploit sensitivity to neutrals, complementary to

Combining all techniques Belle Il estimated
Sl ) ortariey Soveree rovamaves L sensitivity is Ad; ~ 1.6°
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Conclusions
* Belle Il can measure exclusive V at almost 1% level and inclusive one at
3%. Any discrepancy between the two can be thoroughly tested.

* sin2p (sin2¢,) can be measured at 1% level from b->ccs. Penguin
dominated mode b—>qqgs can get very close too.

* a (¢,) angle uncertainty can get down to 0.6

* v (¢;) angle uncertainty can reach 1.6°

Competition and complementarity with LHCb are essential ingredients to
better constrain the SM phase space.

So the question is now......
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Current world average

Will SM survive the 2025 precision ?
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V,,fromB->1tvVv

e fully reconstruct tag side and lepton on signal side

@ extract signal in Eg¢y:

for reconstruction
o B ox |Vyp|?fam?

Belle | MC, L = 1 ab™

sum over all neutral cluster not used

Belle IMC,L=1ab™

ﬂ 12[][' .Ew _}E -12{"]_""I""I""I'"'I""I"' I 1 1
2 WeE.5E & [ —— j
w1000 [ continuum Y 1000 .
BO0 800 [ ; & pseudo-data —:
I p — signal ]
600 soof — bkg ]
400 aook ]
200 200k ]
0 ol ey 4 L 1 ||:
0 010202040506070808 1 0 01 02 03 04 05 06 07 08 09 1
Eee (GEV) Eop, (GEV)
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B = ccs systematics souces

J/bKs  $(2S)Ks  xaKs  J/pKL Al

Vertexing Sy =0.008 +0.031 +0.025 £0.011  £0.007

A £0.022 +0.026 +0.021  £0.015  £0.007
At S¢  £0.007 +0.007 +0.006  £0.007  £0.007
resolution Af  £0.004 +0.003 +0.004  £0.003  +£0.001
Tag-side Sy =0.002 +0.002 +0.002  £0.001  +0.001
interference  Af t%‘_%%,% t%‘_%%,% t%‘luﬂ%,% t%‘lnﬂ%% +0.008
Flavor Sy £0.003 +0.003 +0.004  £0.003  +£0.004
tagging Ar  £0.003 +0.003 +0.003  £0.003  +0.003
Possible S¢  £0.004 +0.004 +0.004  £0.004  +0.004
fit bias Af  £0.005 +0.005 +0.0056  £0.005  +£0.005
Signal Sy £0.004 +0.016 < 0.001 +0.016 =0.004
fraction Af £0.002 +0.006 < 0.001 +0.006  +0.002
Background &f < 0.001  =0.002 +0.030 £0.002  +£0.001
At PDFs Af <0001 <0001  £0.014 <0001 <0.001
Physics Sy £0.001 +0.001 +0.001  £0.001  +0.001
parameters Afs < 0.001 < 0.001 +0.001 < 0.001 < 0.001
Total S £0.013 +0.036 +0.040 £0.021  £0.012
e A Toon Toor  Toow  Toos #0012

\SEyaEav) ravEe)

pthnc i1 YyCioy



sin(2f3) sensitivities per channel @ 50 ab-1

Channel /E Event yield  a(S) 0(S)yx17  (A)  (A)17

J/YKY  50ab™"  1.4-10°

oK° 5ab~! 5590
n' K° 5 ab™? 27200
wKae 5ab~! 1670
Kor®y  5ab™! 1400
K27 5 ab~! 5699

0.0052 0.022  0.0050  0.021
0.048 0.12 0.035 0.14
0.027 0.06 0.020 0.04

0.08 0.21 0.06 0.14
0.10 0.20 0.07 0.12
0.09 0.17 0.06 0.10

B—>qgs finals states sensitivities

01/10/2018

T N T

$(K*K") KO(m*m) 0.025  0.017
$(K*K") KO(r'r?) 0.042  0.030
¢(rrn®) KO(r ) 0.048 0.036
n’(n,, ) KO(ren) 0.019  0.013
n’ (N30 m) Ko(m*m) 0.035 0.025

n(all modes) (KL +K,°) |0.0085 |0.0063
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