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Belle Il Run 1 Y (4S) dataset: 362 fb~!
It is used to:

e CKM matrix measurement for SM
precision test in favoured and
suppressed B decays

ISy

» Observe new decay channels:
B — D(*)K_Kg

* Access to known rare decays to
investigate New Physics: 5 — X y
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. /s = m(Y(4S)) = 10.58 GeV =~ 2m, =

constrained kinematics

reconstruction

» Hermetic detector = complete event “ ﬂ_

 Asymmetric collider =
Boost of center-of-mass
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» Excellent vertexing

measurement of B=<bqp -~
- At for time '

performance (6 ~ 15 um)|

» coherent BB pairs
production

» Excellent flavour tagging
performance
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o Essential step to validate Af resolution (~1 ps) and flavour tagger performance
(€rag ~ 30 %) for TDCPV analyses

» Reference for measurement of f with gluonic penguins (next slide)

e Clean, high yield, channels to benchmark Belle Il analysis performance, but:
- Only half of the dataset has been used
- Not yet competitive with world-best

33K events from BY - D—z*

3000

2.8K events from B — J/yK,

200

" Belle II (Preliminary)
[ /L dr=190 fb~!
150 |

[ Belle 11
2500 [/ L dt=190 fb!

b By

t R

[arXiv:2302.12898]

2000 [

[arXiv:2302.12791]

1500 | 100

1000 |

Candidates / (0.5 ps)
Candidates / (0.5 ps)

_ 50 F
500 F

. <
wo

Asymmetry
Asymmetry
)

)

80 -60 -40 20 00 20 40 60 80
Aty [ps]

| Sgp = O 720__0‘062(Stat)::0.0l6(syst) w.a. () 698 + O 017
“ Agp =0.094::0.044(stat) © 0 8%$(syst) w.a. _() ()()5 + 0. ()1 5

— ———— —_— @ — —— — —

]

|

740 = 1.499 £0.013 %0.008 ps wa 1.519 = 0.004 ps
Am, = 0516 % 0.008 = 0.005 ps~' w.a. 0.5065 = 0.0019 ps ™!



https://arxiv.org/abs/2302.12791
https://arxiv.org/abs/2302.12898

pet 1" From

- m——————— > _ - —\_ —_— — = -

e b — qggs gluonic penguins suppressed in the SM (BR ~ 107> — 107°)

- SM test measuring sin 23°':

P(Ata Q) —

—|At|/’7‘d
€ {1
47‘d

q| Acp cos(AmgAt)

where A-p =~ 0, S-p =~ sin 2f in the SM

- Relatively clean theory prediction

- Access to BSM amplitudes

 Experimentally challenging:

- Fully hadronic fFinal state with neutrals

Scp sin(AmgAt)] }
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- Low purity = dedicated continuum suppression algorithms

- Unique to Belle Il

Siyky = —2s1nf

AJ/l//Kg =0




Gluonic penguins: BO — ¢KO
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- Challenge: non-resonant B — K+K_K§) bkg = discriminated
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Gluonlc pengums BO KgKgKg
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o Challenge: only displaced tracks! (KbQ Flight distance ~10 cm) - Belle Il preliminary :
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B 0 K 'NEW for|
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K+n— TB+

- Exactly 0 in the limit of isospin symmetry and no EW penguins

- Theoretical precision below 1% [Phys.Lett. B627 (2005) 82-88], experimental precision O(10%), driven by Ao

We measure all final states: B - K*z~, B* - K¢z*, B* - K%z, B’ - Kn"

120 | Belle Il (Preliminary) ---- Signal
F|t: ZD (AE, C’) IfL dt =360 fb~! B BB background
> 100F Continuum background
(()) !
° . oy © ° 2 .
BRs and A-p results in agreements with world averages and competitive with = |
world best s
§ 40 F
In particular, B — Kono is combined with time-dependent analysis, to obtain: 20 |
0.
= 25¢F
S ps| T TN
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https://doi.org/10.1016/j.physletb.2005.09.014

(1,0)

Motivation:

- CPVintheinterference b — cits and b = ucs

R T U
ASUP(B — D K ) — ,),,Be’i(5B—q53) j :IK_
AfaV(B_ — DOK_) : }/ W 3
- b : - b .
- Tree-dominated = A¥eory/7 ~ 107 B—O V., O n0 BT
i i

Multiple approaches, according to the chosen D decay final
state:

- BPGGSZ: self-conjugate final state E “I Bellel
D — Kgﬂ'_l_ﬂ'_, KSKJFK_ [JHEP 02 2022, 063 (2022)] «UE) 12f
c 10
—_ () ; e
- GLS: cabibbo-suppressed decays D — KgKiﬂ"" o 8f e
6 — —=— GLW + BPGGSZ
- GLW: CPeigenstates D —- K*K ", n"n", Kgﬂo of
Challenge: statistical limitation 2r
0 [ | | | | |

2 4 6 8 10

Current world average experimental precision Ay ~ 4° Luminosity [ab-1] 10


https://doi.org/10.1007/JHEP02(2022)063

B* —» DK*,Drn*, D — K{K*z*

7 CP observables: 4 asymmetries, 3 BRs ratios

Measurement performed in full D phase space and in the
enhanced-interference D — K*K region

2D Fit (AE, C') of 8 categories: (SS,0S) x (DK,Dn) x (+,7)
- SS=K from D and B have the same charge, OS=opposite

external inputs from CLEO are needed (D decay
parameters /phys rev. D 94, 099905 (2016)7) £O extract y

The results are not competitive, but combining Belle and
Belle Il data sample, they are the best constraint we can
provide with this approach

Events / (10 MeV)

Events / (10 MeV)

A

_ NN W s OO N O © O
T LTI T

.
'Moriond

|
i

e e

= Belle Il (Preliminary) g B 5 DK’
3 I L=362fb"

- @ data

= sum of fit

- — = B->DK

- oo Bo D

- — . BB background
— qq background

L o] | e 't 3
' jllTLQ\.LJ;‘; vy

15 -01 -0.05 0 0.05 0.1 0.15
A E (GeV)
—_ Belle (Preliminary) SS B'_) DK'
- I L=711fb"
0 0.05 0.1 0.15
A E (GeV) 11

|

INEW for| Belle Il + Belle: |
362 fb~! + 711 fb~!

i‘
1
fy
t
1}


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.092016

C KM y ang| le W|l:h G LW method

. B* - DK*with D — K*K™ (CP-even) or D — Kg’no (CP-odd)

- CP-odd only accessible at B-factory

* |nterference between the to CP eigenstates:

Repr =1+ 'r% + 275 cosd g COS O3,

ACP—: m— ::27'3 sin 53 sin ¢3 / RCP--‘

 Controlsample B* - D( — Ktz 7)hto access to D decay information

« 2D Fit (AE, C’) of 6 categories (Dx,DK, )x (K+K_,K§)7ro, Kt n™)
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. B — DKK IS a completely unexplored sector, Few % of B BR, only 0.28% measured

- simulation and tagging techniques will take advantage from that

e Observation of 3 new decay modes (D™, D*O, D*+), X3 Erecision on DY

» Low-mass structure observed in my-— g, system

e Multiple structures observed in the Dalitz plane
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Fully mclusweB - X, [arXiv:2210.10220]

T e e e e T e

P

e b — sradiative FCNC transition =SM suppressed SN S
and particularly sensitive to New Physics
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o
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https://arxiv.org/abs/2210.10220

Shown the fist analyses that use the Full Belle Il sample (362 Fb_1)~ BaBar size

. % from gluonic penguins (B — ¢K§,BO — KgKgKg) and y (GLS, GLW)
measurements are getting competitive with world best

. BY > Kgﬂ'O produced the world-best input for the Isospin sum rule

» Observed 3 new channelsin B —» DKK, with unexpected structures

» Photon energy spectrumin B — Xy, competitive with hadronic tagged
results

Data taklng W|ll resume next winter, W|th an upgraded detector and |mproved

1 collider, aiming for more lum|n05|ty' :

- 15




Thank you for your attention!
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SuperKEKB Belle Il

. ilIJEj:(CEJSSOF of KEKB (1999-2010, | Blectromagmeticl
Calorimeter I I
Jdpd n) [CSKT) K; and muon detecor (KLM)
. . o 'Resistive Plate Chamber (barrel)
e Ta FQEt peak lu manSIty: eleqtrons (7 GeV) Scintillators+WLSF+MPCC (endcaps)

6-10% cm—2s7! (x 30 of KEKB)

. . . {Beryllium beampipe I p
» Target |r11teg rated luminosity: fem radius . positrons (4 Gev)
50 ab™ (x 70 Belle at Y (45)) Vortex Detector (VXD) |

2 layers Pixel (DEPFET) | L\ -
o EUETREEE J | \ Particle Identification
TOP: Time of propagation counter (barrel)
o \ ARICH: focusing Areogel RICH (forward) J
'Magnet | - - | | 1 /
'Superconducting solenoid |
Y (um) o' ? 523_5 T 9 Central Drift Chamber (CDC) |
— 56 layers of longitudinal and stereo wires

He(50%):C2He(50%)

—

z (mm)

[Belle Il Technical Design Report, arXiv:1011.0352)]

Nano-beam scheme:
250 um (Z) X 10 um (X) X SOnm (YY)
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https://arxiv.org/abs/1011.0352

SuperKEKB

* Successor of KEKB (1999-2010,
KEK, Japan)

=l a— —— —1 1

Current Status

e complete detector data taking
started in 2019

e Current peak luminosity

4.7 - 10°* ecm—2s! (reached the
22/06/2022)

| e current integrated luminosity:
~ 424 th~! (~Babar~0.5 Belle)

 Long Shutdown 1 (LS1) is starting
] now for several upgrades (beam pipe,
pixel,IOP PMT)

Belle Il

Electromagnetic|

Calorimeter

Peak Luminosity [x10”°cm s™']
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10 60
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2] 8 | e | 11 L[ab-1]‘ o0
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https://arxiv.org/abs/1011.0352

e — e e P ———

Long S

Long shutdown 1 (LS1): LS1 activities:
czjgléaz-takmg sopped In JUly * replacement of the beam-pipe

* replacement of PMT of central PID detector (TOP)
e installation of 2-layer of pixel detector

- shipped to KEK mid-March

- final test scheduled in April

e improvement of data-quality monitoring and alarm
system

e complete transition to new DAQ boards (PCle40)
 replacement of aging components

On track to resume data

taking in winter!  additional shielding against beam backgrounds

e accelerator improvements: injection, non linear-
collimators, monitoring



B-Fa ctoryldea B

Asymmetric collidere™e™, E,. = m(Y(4S)) = 10.58 GeV

= coherent BB pairs

Boost of center-of-mass (f/y = 0.28)= measure of Az

High luminosity = precision measurements

Hermetic detector, high precision in vertexing = closed

kinematics /
_ N /

Y (4S)=<bb»

) 7/ 2
Iy sy = 10.58 Gel / C

. _ —19
T ~ 1.5 x 10 l“S
mp ~ 5.279 GeV/¢?

25
- Y(1S)
[}
—20[ e
Rk 0
£, R « C
— L 0 = N
» [ ! = 0
S 150 | ! =
O B T
3 | m
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T 10} P .
3 - |' ," ‘ /.‘ E
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! ¢ 7oy :
: t te :’ ‘.3:' :‘ e Neret . -
ol Qi (R YO Y
9.44 9.46 1())0 1002 1034 1037’ 10.54 10.62

e* e Center-of-Mass Energy [GeV]

ete” —  Cross section [nb]

Y(45) 1.05 + 0.10
cC 1.30
S8 0.38
UY 1.61
dd 0.40
777 () 0.919
prp () 1.148
ete () 300 £ 3
2



Bfactory variables

. AF = E>x< ) 2 o Mpg=M, = \/Eggam — D » 2 variable mostly uncorrelated
beam
e tag-signal relation:
* Expected AE ~ 0 » Expected M), =~ myp . Ef =E* — /512
For properly For properly e Bug '
reconstructed signal reconstructed . -,
signal » Pg, = ~Pp,,
Vg W) ~~ 03—
QO |
50000 [ (2) [ 350000 - (©) | %) -
w ! b [ 0.2
C . <-50000 | O : -
Q40000 - v | 1] o1
40000 - -
30000 [ : <l
' 30000 - :
20000 |- 20000 |- o - SR -
10000 | 100003— _____ J \\ '0'2;_' - L -
S ra— 1 02 o Oy 5% 524 526 528 53 087w sa sm s :

m_.(GeV/c?) My(G eV/ C )



CP-asymmetry in interference between mixing and decay:

N(B® = fep) — N(B — fep) (t) —

(Scp sin(Amgt) + Acp cos(Amyt))
N(B° — fcp) + N(E — fcp)

Acp(t) —

with Scp: time-dependent asymmetry and Acp: direct CP-asymmetry.
B°-B" mixing:

— BY) — N(B° —

)(t) = cos(Amgyt)

— BY)+ N(B° — E")

 [FromThibaud Humair,

Moriond EW22] | .3




[Eur. Phys. J. C82,283(2022)]

2500
i Belle II
e Crucial step for all the TDCPV analysis 9 2000 | Jra=seamw,q doritknow o
. %.1500E it's BO +++ it's BS
» MVA to flag the flavour of the 5,,, using the g
. . . . . ©
information of intermediate and final state 3 "
particles S s00
 Performance: wrong tag fraction (w) and efficiency 82 ° """""" H m """" """"
of taggable events (g) B o T T T
S 7708 06 04 02 0 02 04 06 08 1

= g0 =¢(1 —=2w)" =300+ 1.2+ 0.4) %

9 Tegor
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https://link.springer.com/article/10.1140/epjc/s10052-022-10180-9

— e —————

e —

TDCPV: B IF

» Atand Amare centralingredients for TDCPV analysis

e Reconstruction:

_ Bg reconstruction in specific Dz7/K* modes

g

reconstruction from the Rest Of the Event tracks

tag

- Flavour tagging = Same Flavour / Opposite Flavour
categories

 Bkg: ee = ¢qq, BB suppressed with AE+BDT

e Fit: At using a model including wrong-tagging and vertex
resolution effects

e Results: Not competitive, but syst. reduced compared to
Belle

» Next steps: add semileptonic, sin 2/, increase statistic

(Belle measurement is only 150 fFb~!, butincluded
semileptonic)

’ lifetime - extra info
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» At obtained projecting the two vertices in the

CPV:

—_— e . ———————

= ——

— e ~ — —

direction of Y (4.5) momentum:

AtMC _ AEMC At _ AE*
Byy* By
; 1 —|AtME|
fphys (ATa Q) o nzg €XP ( -

e Previous measurements:

) . (14 q(1 — 2w;) cos(AmgAtM©)).

’ lifetime extra info (2)

systematic uncertainties

Uncertainty

T[ps] Amg[ps™']

Collaboration+year 8 [ps] Amyg [ps™!]
BaBar 2005 [3] |1.504 +0.013 £0.016{0.511 4 0.007 £ 0.007
Belle 2005 [2] 1.534 £ 0.008 4= 0.010|0.511 £ 0.005 £ 0.006
LHCb 2016 [5 : 0.505 - 0.002 + 0.001
LHCb 2014 [6] |1.524 + 0.006 + 0.004 :
Belle TT 2020 [1} : 0.531 + 0.046 + 0.013
PDG [4] 1.519 + 0.004 0.5065 + 0.0019

Statistical
Analysis bias
Alignment
Resolution function
Momentum scale
Multiple candidates
Binning of oa;
BY — D™+ x— fraction
AFE; LTBDT shapes
— bb AE shapes
— qq AFE shapes
— LTBDT shapes
Beam
— Beam spot
— Boost vector

— CoM energy
Total systematic

0.0130 0.0079

0.0006  0.0010
0.0007  0.0003
0.0004  0.0001
0.0006  0.0000
0.0004 0.0014
0.0021  0.0014
0.0003  0.0001
0.0007  0.0002

0.0077 0.0046
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TDCPV: BY — J/wK{ - extrainfo A ANy
T ———— e i glozh B Background
% . | Data
* high yield, tree dominated, small penguin 4
amplitude (1%) e M |

10Y

e B = DO~x% control channel for calibration of 90 0% 000 080
flavour tagger and resolution

systematic uncertainties

e signal extraction from AFE Fit — (5or) o(Aor)
Statistical 0.0622 0.0439

BY — D& =gt le siz 0.0111 ] 0.0093

« BT — J/wK™ control sample as null asymmetry Fae i e 500801500020
Cross CheCk Signal charge asymmetry 0.0027 | 0.0126 |

wg = 0 limit 0.0014 0.0001

o o o Resolution function parametrization 0.0039 0.0008

* Limited by sample size 50, A 0.0007 0.0002
Alignment 0.0020 0.0042

: ; . B t 0.0024 0.0020

e adding BY — J/l//Kg will reduce systematics Mo o 00005 0.0013
oAt binning 0.0050 0.0051

Multiple candidates 0.0005 0.0008

Tag-side interference 0.0020 1ﬂio:0380

Total systematic 0.0159 j_L0:0173




TDCPV: BV —

T o —————
e e

180 ' 300 L ] 1 1 ] ] L] L]
L. 0 0 { N .
6o Belle W (Preliminary) W B 20K ' Belle Il (Preliminary) W B°-gK]
I 57K KK, B BC-K Y KKD
- [cdt =362 b2 . 250 [rdt =362 _ ©
k) 140 F gq background A { ---- qq background
> ¢ Data P~ _ ¢ Data
D 120 © 200 F 2
E o 4 ,"/ "{“l‘
—— l’“ ".“
2 100 0 H
~ % 150
g ®f g \
© ©
2 eof, | ' ¢ | £ 100
@ 40F 1 { ¥-. .
O so |
20 b
— - PR Q! ‘
£ 50 5.0 5.04 5.26 -100 75 -50 -25 00 25 50 7.5 100
' r
Mg [GeV/c?] Ocs
350 1 1 | ] 1 350 1] 1 ] L 1 ] ]
Belle I (Preliminary) B B"-¢K] Belle NI (Preliminary) BN B"-¢K]

300 | [ edt = 362 o1 B B KKK - 300 | [ edt = 362 ! B B°-K*K-K] 4
’g Lat= qq background g_ e qq background |
o 250} Buglg=+1) . ¢ Data o 250F Bl lg=-1) ¢ Data
wn 1 n '.i
€ 200 € 200 f
—— —

s s |
= 150 | 'f { 5 150
° °
S ' \ S
c 100 ! c 100
T ' T
O a O ‘t
50 | ;oo 1 50 b
_ 4/‘ K- oc¥® "*\Q:‘
R 0! ‘
-8 6 -4 -2 0 2 4 6 8 -8 6 -4 -2 0 2 4 6 8
At [ps] At [ps]

O — 0.2
 main variables: Thrust, CosTBTO, FWR1...

Continuum suppression: O-¢ = log

e Training: signal MC

¢K§) - extra info

40

Candidates / 0.07

20 F

0 '
-1.00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00

vvvvvvvvvvvvvvvvvvvvvvvvvv

t Belle Il (Preliminary) BN 599K

-~ @q background

i

-

F [cdt=362 0!

?ﬁiﬁi + /

"ﬁ"ﬂﬁ ;‘LHHG t
; A

cos By

Systematics

NR bkg:

o Cuton my, 10 MeV

* syst For neglecting

nterference

Source o(Acp) o(Scp)
Calibration with B — D™~z decays
Calibration sample size 0.010 0.009
Calibration sample systematic 0.010 0.012
Portability to B® — ¢K? o0s 0,000
Analysis model
Fit bias Too2 062
+0.000

Correlations between observables
B’ - KK~ K¢ backgrounds
Fixed fit shapes

7o and Amy

K+*K-K K+K-K
ASp and Sip

BB backgrounds

Tag-side interference

Multiple candidates
At measurement

Detector misalignment 000 00
Momentum scale 0.001 0.001
Beam spot 0.002 0.002
At approximation oo ool
Total systematic fg.’ggg fg.‘ggg_
Statistical 0.201 0.256

At Fit: flavour tagging and
reiolution calibration from
D ~r"
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TDCPV: BY

e BDT to suppress fake K

37405740
KeKghKs -

xtra info

B e e ———

(kinematics, hits, pion tracks) and

continuum (event shape)

* Signal extraction fit:

180

~ 160 | Belle II (preliminary) -+~ Data
NQ — Fit

= 140 f Ldt=3621b" %% Signal

==+ Background

é 120 F B' — K{K!KSTD

2 |
=

S~

o3

=

o

-

=

52 521 522 523 524 525 526
M, [GeV/c?]

Events / 0.007 [GeV/c?

2

L Belle II (preliminary) - :;“
f Ldt=3621b" 2 signal
-++- Background

B" - K{K.K;TD

g 8
T ' v

4
=

20

5.25 o) 53§ 54
M(K!KK?) [GeV/c?]

545

Events/ 04

Systematics
Source ) dA
Signal probability 0.014 0.008
Fit bias 0.014 0.004
Flavor tagging 0.013 0.012
Resolution function 0.013 0.008
Tag-side interference 0.011 0.006
Vertex reconstruction 0.011 0.004
Physics parameters 0.009 0.000
Detector misalignment 0.008 0.007
Background At shape 0.004 0.002
Total 0.032 0.020
45 F Belle II (preliminary) "':“
0 f Ldt=362fb" %2 Signal
35 ===+ Background

B" - K{K:KTD

-

""""""""
‘ i
- it
"""""""""""
""""""""""""

N T




TDCPV: b O ] OKOKO extra mFo (2)

e

« AfrFit

P(At, g;73, S, A, 5aet) =g / IAY Py (A q)@ At — At sqe))+ ( fSlg@bkg AD

\
\
Y

Psig(At,q; 78,5, A) = —e B 11— q@-l— q(1— @ )(S sin(AmgAt) + Acos(AmgAt))]

47'3
u neglected — systematic uncertainty
: Signa| fraction (signal probability) (flavor asymmetry in flavor tag efficiency)

- Resolution function (At response functlon)
- Background At PDF

o mis-tag probability

fsig » R, Pykg, W, Aw are changed per event

‘composed of 4 functions: R =Ry ®Rrec ® Ras® Ry |
o Ry :corrects approximation of boost factor > R, - tag-side detector resolution t
 ° Ryec! : CP-side detector resolution - > Rpp : tag-side blas due to non- prlmary tracks

30



xtra info

Parameter Fitted value PDG value

 results from B lifetime: Tifetime (ps) | 1.46 £0.05 | 1.519 & 0.004

©
o ._ Systematics
220F + Data Belle Il (preliminary) 300;_ . E‘?ta Belle Il (preliminary)
Afgg : _gct) > KO 70 det =362 250 - """" Bli—> Kq n° det =362 fb" Source .
3160 BB background + R —B_B background FIavo.r tagglng
2140 99 background & 200 -+ qq background Resolution function
o120 250k BB background asymmetry
%1285 g gq background asymmetry
T 60f 4 4y 0 Signal modelling
401y aFas 50 | Background modelling
28 . 05 Py, ST | Possible fit bias
524 525 526 527 528 529 8 6 4 20 2 4 6 8 External inputs
My [Gevic’ Cou Tag-side interference
VXD misalignment
Total




‘Gluo

Experiment N(BB) —NSh—sqgs Ch—rqqs
K"

BABAR 262]  470M 0.66 + 0.17 + 0.07 0.05 + 0.18 + 0.05
Belle 261]  657TM 0.90 *5:%% —0.04 4 0.20 + 0.10 & 0.02
Belle Il (362M BB pairs) 0.54 + 0.26+39 -0.31+0.20732

K{K K,

BABAR 383]  468M
Belle 1384]  722M

Belle | (362M BB pairs)

0.94 +8:3411 + 0.06

0.71 £ 0.23 £ 0.05

0.35
~1.37%935 £ 0.03

—0.17 £ 0.18 £ 0.04
—0.124+0.16 == 0.05

0.15
—0.07750 £0.02

BABAR 381]  467M
Belle 378]  657M

Belle | (362M BB pairs)

0.90 = 0.20 = 0.03
0.67 £0.31 =0.08

0.20
0.741920 + 0,04

0.134+0.13 £ 0.03
—0.14 = 0.13 = 0.06

—0.04 £ 0.15 = 0.05
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[(By(t) — n°Ks) — T(BY(t) — n°Ks)

: _
= AZKS cos(AMyt) + STKS sin(AM 1),

(B, () — n9Ks) + [(B%(t) — nOKs)

rB— f)—I'(B— f)
'B— f)+I'(B— f)

e where Acp(B— f) =

e Expected equal asymmetries between B’ - K*7~ and
BT - KT7z'at Lo

e |sospin sum rule:
B(K°n*) 7go
B(K+7T_)TB-+

B(K*n") 7go
B(K+7T_) TR

B(KO’/TO)

B(K+m—) 0

Ikr = At + Ao+ 2A pr+ 0 2A 0.0

in the limit or isospin symmetry and no EW penguins

 iF EWP are considered, still precision below 1% with largest
uncertainties from B — KzY

 Deviation can be NP or enhancement of color suppressed tree

U ﬂ'” 1\'3
Scp

08

0.6

04

0.2+

0.0 ———!

[sospin relation

p — ’ §
]

Current data

Sum rule
prediction

lllllllllllllllll

-0.2 -0.1 0.0 0.1 0.2

7Kg
"4("1’

[Eur. Phys. J. C 78, 943 (2018)] |
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Cand. /10 MeV

Pull

Cand. / 10 MeV

Pull

Belle Il (Preliminary)

1500 F [ dt =360 fb*

-—== B0 K*n—+c.c.
mm B°-sntn+c.c.

0.20

1250 B Background
1000
750
500
250
0
2.5 = - = -
_2‘5.. 1 - ..—-...l.‘.
-0.10 —0 05 0 00 0 05 0.10 0.15
AE [GeV]
800 " Belle Il (Preliminary) -—-- BYan*tn—+c.c.
L dt=360 fb~? B B°-K*m+c.c.
600 } B Background
400 }
200

0

ZSE
-25 o 1. . . 1 . . . . | . ., . . | . . ., .

-0.10 —0.05 0.00

0.05 0.10 0.15
AE [GeV]

0.20

Cand. / 10 MeV

Pull

Cand. / 10 MeV

Pull

400 |-Belle 1l (Preliminary)
[ [L dt =360 fb™?

300 F

200

100 |

-=-= B*aK'n’+c.c.
mm B -n'n+c.c.
B BB background
j—

Continuum background

0
2.5F = T e
-2.5...‘l...‘l.‘..l....ll...l....
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
AE [GeV]
250 F —
' Belle 1l (Preliminary) -—- B*antn’ +c.c.
500 L L dt =360 fb~! W 57K +coc
! B BB background
150:_ B Continuum background

100 |
50

0

25E .
-25 PR SR SR S S S T |

-0.3

-0.2

—01

0.0
AE [GeV]

.0-1. —

Cand. / 10 MeV

Pull

Cand. /10 MeV

Pull

1000 ' Belle Il (Preliminary)
- [L dt =360 fb~!
800 |
600 |

K¢n* signal
KK* background
BB background

Continuum background

-03 -02 -01 00 01 02 03
AE [GeV]
120 }Belle 11 (Preliminary) ---- Signal
100 [ [L dt =360 fb~! BN BB background
: B Continuum background
80 | +
i 001 + "‘\+ +
40 ’ \\
20

a b -01 2 N a a

AE [GeV]

0.3
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- extra info (2

e e —

TABLE III. Summary of the fractional systematic uncertainties (%) on the branching ratios.

Signal Source B 5 Kt'n B 5 #ntn Bt > K™n” Bt 5777’ BT - Kent B - Korn
Decay . B [107°] Acp Tracking 0.5 0.5 0.2 0.2 0.7 0.5
yield Ngg 1.5 1.5 1.5 1.5 1.5 1.5
B — Ktn~ 3868 + 71 20.67 + 0.37 &+ 0.62 —0.072 £ 0.019 &+ 0.007  f+0 2.5 2.5 2.4 2.4 2.4 2.5
B’ — ntn~ 1187 + 43 5.83 + 0.22 + 0.17 — 7 efficiency - - L - 5.
BT —» Ktx© 2070 + 57 14.21 4+ 0.38 + 0.85 0.013 + 0.027 + 0.005 gSO efflfii?lency 0 0 0 o - o
Bt — 7tn® 786 + 44 5.02 £ 0.28 £ 0.31 —0.082 £ 0.054 £ 0.008  pry i 01 01 o1 09 ; ;
BT —» K%t 1547 + 45 24.4 + 0.71 + 0.86 0.046 + 0.029 + 0.007  AE shift and scale 0.1 0.2 1.9 2.0 0.3 0.2
BY — KO9;° K~ signal model 0.1 0.2 0.1 <0.1 <0.1 0.1
(this analysis) 502 £ 32 10.16 + 0.65 + 0.65 —0.06 £ 0.15 =+ 0.05 . onal model <01 0.1 <01 <01 ) )
BO _ KO 0 K7 CF model <0.1 0.1 <0.1 0.1 - -
e - 10.50 + 0.62 + 0.65 —0.01 + 0.12 =+ 0.05 7 CF model 0.1 0.2 <0.1 0.1 - -
(combination with Ref. [9]) K9K+ model _ _ _ _ 0.1 _
BB model - - 0.3 0.5 <0.1 0.3
Multiple candidates <0.1 <0.1 1.0 0.3 0.1 0.3
Total 3.0 3.0 6.0 6.2 3.6 6.4

TABLE IV. Summary of the absolute systematic uncertainties on the CP asymmetry.

Source BT - K™n~ BT - K7 BT > ot Bt = Kont B - Kon®
AFE shift and scale <0.001 0.001 0.002 0.001 0.003
K2K™ model : - - 0.001 -

BB background asymmetry - - - .

qq background asymmetry - - - -

Fitting bias - - 0.007 0.006 -
Instrumental asymmetry 0.007 0.005 0.004 0.004 -
Total 0.007 0.005 0.008 0.007 0.052




Y G LS _5 o

2rprpksin(dp — dp) sin ¢

r4r? + 2rgrpk cos(dg — dp) cos @3’

2rgrpksin(dg + dp) sin ¢3

A iy 3
Aos = Nye+ NGg’ 95 T 2 412 4 2rgrpkcos(dp + 6p) cos g
* 3 Ratios:
~ +
- gt gt Nss + Nss DK/Dn 1 + r41r + 2rgrpk cos(dg — dp) cos @3
: N§T9+N~:5§, fiss _Rl-l-7"27'2 + 277 K,COS(5’ — 0 )Cos¢ ,
BTD BTD B —OD 3

- +
RDK/Dw i N,os + N(,)s’ Phvsics meanings RDK/D” : erB + 1% + 2rgrpkcos(dp + dp) cos @3
N+ N 12 2 4 o R )

0S 0S r's + 1% + 2r)yrpk cos(d’; + dp) cos @3

RDT N;g + N:qg RDT 1 + r'i3r%, + 2r'yrpk cos(d’z — dp) cos s
i Nc,)_s ap N(,)qu’ il e r's + 15 + 2r'iyrpk cos(d + dp) cos ¢z
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Numerical results

Full D:

K* region:

Aggt = —0.089 + 0.091 =+ 0.011,
Ags = 0.109 + 0.133 + 0.013,
Age = 0.018 = 0.026 + 0.009,

AZ% = —0.028 + 0.031 + 0.009,
REF/P™ — 0,122 4+ 0.012 + 0.004,
Rog/P™ = 0.093 + 0.013 + 0.003,
Rgg)0s = 1.428 = 0.057 = 0.002.
AL =0.055 +0.119 + 0.020,
Ags =0.23140.184 4 0.014,
Ags' =0.046 + 0.029 + 0.016,
AZs = 0.009 =+ 0.046 + 0.009,
RES/P™ = 0.093 + 0.012 + 0.005,
R+ /P™ = 0.103 4 0.020 = 0.006,
Retog = 2.412 + 0.132 + 0.019.

Systematic uncertainties (relative)

Ass. Ags Ass A53 Rss ' Ros' " Regos
full D phase space
PID 038 056 019 014  0.05 0.06 0.09
€px /€D 0.00 0.03 0.00 000 004 003 002
Model 062078 002002 ( 030 0 2
0t €t 082 0.83 082 083 ) 001 001 002
Total syst. unc. 1.10  1.30 0.90 0.90 0.40 0.30 0.20
Stat. unc. 9.10 13.30 2.60 3.10  1.20 1.30 5.70
K" region
PID 037 0.61 017 015  0.03 0.08 0.13
€px /€D 0.02 0.02 001 001  0.03 0.04 0.04
Model 1.04 097 020 003 046 0.49 0.61
€l gt /€yt~ 160 080 160 080 0.0 0.10 1.70
Total syst. unc. 200 140 1.60 090  0.50 0.60 1.90
Stat. unc. 1190 18.40 290 4.60  1.20 2.00  13.20
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GLW - extra info.

I ——— . — e ———————

F[B_ — DCPK_] — F[B+ - DCPK+] 2rBsin6BSin¢3

A —
° CPt [[B~ = DcpK~] +T[BY » DcpK*]  — 14 £ + 2rgcosbgcoss

+

B(B~ = Dyp, K )+B(B™ = Dyop KT)  Reps Ry = B(B- - DyK )+B(B™ - DyK™")
° B(B~ — Dy K™) + B(B™ — Dy, K™) Raay  \with B(B~ — Dym )+ B(B" — Dx")

= Rope =1+ 75 £2rpcosopcosds (with the assumption of CP conservation in B — Dz™)

Yields
Channels: N(B - DK) N(B — D)
. . 0_0 D — K*n" Belle 4238(94)  59481(267)
e signal: B - D( — KK, Kgﬂ )K Belle II  1084(44) 14 229(126)
D — K"K~ Belle 476(36) 5559(85)
e Rrav control channel: B - D( —» Kn)K Belle I 107(15) 1336(40)
D — K¢n®  Belle 541(42) 6484(95)
» Rx control channel: B = Dnx Belle I 145(16) 1763(46)




7 GLW-extraj

Yield extraction

CL of the Final result

DO bt DO

»»68‘.3% CL

95.4% CL

0.9

8.7, 20.5] 08

o3 (°) [83.8,96.1]  [4.7,175.8] |l o6
163.4, 173.1] < 05

g 0.282, 0.489] 03

[ﬁ 0.2
0.1

0

B e

|

2)

1F A(B* > DyK5)|N(B — DyK)Ry e 6,
1F A(B* = Dyn™)| N(B = Dym) K

A d

Belle + Belle II
fL dt= (711 + 189) fb"

Systematics
Rors  Rer-
PDF parameters 0.012 [ 0.014}
PID parameters 0.010
B B-background yields 10.033 1 0.002
Efficiency ratio 0.001 0.001
commonality of AF modes —0.005 —0.006
Total systematic uncertainty 0.036 0.019
Statistical uncertainty 0.081 0.074
e — —
1 . WA value !
‘ 0.21 0.2 B syst. uncert, |
| 01 - O o1 £ W, uncer |
_é 0.0 5 oo B |

Observed value 0.1 1 (

n 4
‘ =019 * X . ‘
o WA value N @ |
B syst. uncert. | |
\ =0.21 feeesel Stat. uncert. —0.2 |

0 WA. uncer. I

0.8 0‘.9 1:0 1.'1 1'.2 1.3 1.4 ' 0.8 09 1.0 1.1 1.2 1.3 1.4
R R | [

Acps+ = (+12.5 +5.8(stat.) + 1.4(syst.))%  Rcps = 1.164+0.081(stat.) + 0.036 (syst.) |
| Acp_ = (—16.7 £ 5.7(stat.) + 0.6(syst.))%  Rcp- = 1.151+ 0.074(stat.) £ 0.019 (syst.) |

AMcep ~ 30%; |
- Opposite signs of A, are as expected with 3.50 significance }

significance of CP violation:

> 2.00 for CP+ mode 1

2 2
\/—.2 ln(‘C'O/[’max) Ustat/\/ostat + Usyst
= 2.8 0 for CP- mode |
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Events/0.006 GeV
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B — D(*)K_Kg - extra info

Events/0.006 GeV
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Systematics (relative)

info (3)

B e e ———

Source B™ — DOK_Kg BY — D+K_Kg B~ — D*OK_Kg — D*+K_Kg
Eff. - MC stat. 0.62 0.90

Eff. - tracking 0.72 0.96

Eff. - slow 7™ - -

Eff. - KJ 344 -
Eff. - PID 1.28 1.41

Eff. - 7¥ - -

Signal model 0.58 1.10

Bkg model 1.06 0.8

Fit model 19 312
Self-cross-feed - -

D*? peaking bkg - -

Ngg, f+-,00 2.66 2.78
Intermediate Bs 0.76 1.71

Total systematic 516 614
Statistical 8.31 13.50
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b — s transitions are FCNC =SM suppressed (forbidden at tree level) =
sensitive to NP

SM BR @(10_5 — 10_7) with 10-30% uncertainty, but ratios, asymmetries,
angular distributions can be used

Opportunity to test LFU and LFV (eg. Ry, B = K£'¢')

- NB: Belle Il has similar (and good) performance both in electron and muons

Most of the channels in Belle Il will become competitive with few ab—!, now
Belle Il is statistically limited

Several unique opportunities in Belle Il (radiative, multiple neutrinos)
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In channels with missing energy = use of the the Rest of
the Event (ROE) information:

1. Reconstruction of one B (B,. ) using well-known

tag
channels

2. Using the Y (4S) constraint, infer the information on
the second B (B....): Fflavour, charge and kinematic
constraints

sig)

e Hadronic tagging: lower efficiency, but full tag
reconstruction

 Semileptonic Tagging: higher efficiency, but lower
purity

* Inclusive Tagging: signal reconstruction first, and then
use of the ROE to add information to the signal

Tag
B reco

Full Event Interpretation (FEI)

|
'« MVA based B-tagging algorithm

0©(10%) decay chains

o &.a=05%, e ~2%

Tracks Displaced Vertices Neutral Clusters

ot (et (k[ ] (xS v
I/ 71'0
Ks
D’ D' D,
[D*o p*+ D,Skj
[T. Keck et al, Comput Softw Big Sci 3, 6 (2019)] [ B0 g+ ] | 4 5



https://doi.org/10.1007/s41781-019-0021-8

— e ———————

Fully incl

 Bkg suppress:ion‘:

- veto of 7¥ — yy and 1 — yy decays,

associating lower-energy photons,
basing the veto on an MVA

- BDT for continuum
- FEIl probability for tag-side
- MC for residual bkg from X,

 Unfolding: bin-by-bin multiplicative factor
based on signal model (Nexp/Ngen)

1 dI;

) g : :

1 1

EiXNB

[pdEB

XS

= e e e  —

« Signal MC: BTOXGAMMA with the addition of

- extra info

|

- B - K%y

| RS - : Fit Signal Background

CEB [GeV | L4l (107%) Statistical Systemat Oth

T [GeV ] B dET ( ) Statistical Systematic procedure efficiency modelling er

| 1.8—20 0.48 0.54 0.64 0.42 0.03 0.49 0.09

| 2.0-21 0.57 0.31 0.25 0.17 0.06 0.17  0.07 |
2.1 — 2.2 0.13 0.26 0.16 0.13 0.01 011  0.01 |
2.2 — 2.3 0.41 0.22 0.10 0.07 0.05 0.04 0.02 |

l 2.3—24 0.48 0.22 0.10 0.06 0.06 0.02 0.05 }
2.4—25 0.75 0.19 0.14 0.04 0.09 0.02 0.09 l

u 2.5 — 2.6 0.71 0.13 0.10 0.02 0.09 0.00 0.04 k
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