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* Measurement of ¢3 from combined
Belle + Belle |l analysis arxiv:2110.12125
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CKM angles current status
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World average (HFLAV) Global fit (CKM fitter)
[hflav.web.cern.ch] [http://ckmfitter.in2p3.fr]
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NP sensitivity arises from comparison of results
from tree- and loop-dominated processes
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¢3 measurements from B —»DK decays

CI>3 IS the phase between b—>u and b—>c quark transmons B — DK

DOK— « Common final states allow the
iInterference between the two paths
rs ez(éB+(/)3)
* |Interference gives access to the phase

[f1pK™

e The level of interference, and its exact
iInterpretation, depend on the physics
of B and D decays

Results are limited by the sample size

7 S
because of the small branching fraction of suppressecNﬂU K-
the decays involved
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<I>3 measurements from B —~DK decays

GLW Phys. Lett. B 253, 483
* CP eigenstates such as
K™K~, "z~ (CP-even) or
Kn’, K{n (CP-odd)

e Four observables: R&‘Lp, A&:p

* No external charm factory
iInputs are required

BB~ — DepK) + BBt - Dyp K

Rep = - 0K — 70
BB~ — DK~) + B(BT - D'KH)

=1+ ’”1% + 2rp cos(0g)cos(¢s)

BB~ — DppK™) — BBt = Dpp KT

~ BB~ = DepsK) + BB — DepeK?)
=+ 2ry sin(éB)Sin(¢3)/R$p

o\ —
o

ADS Phys. Rev. Lett. 78, 3257 BPGGSZ Phys. Rev. D 68, 054018

e Self-conjugate multi body
final states :
Konm, KIKK, K{nnn’

D from a favoured amplitude
decays to a doubly-Cabibbo-
suppressed state

 Sensitivity to ¢3 by
comparing D Dalitz plot
distributions of B+ and B-

Two observables: R, ¢, Aipg

« External inputs: rp, 05,

* Fit D Dalitz plot with full
Amplitude model

D°K
A D@(h

Ap. = A(m?, m?) + rge’ ) A(m?, m?)

mi = squared invariant mass
of Koh™ : D Dalitz plot

variable
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BPGGSZ: Model-independent approach

: : : s 3F < 3F
* In presence of CP violation, differences < |/ o
between B+ and B- distributions are 2 22N\ = 25N
expected = 2 = 2|
So15 B 15|
« The magnitude and position of the < 1 <
. . | <
difference is driven by rp, dp, ¢h3 and 05| ) T A 557
the physics of the D decays 05 1 15 2 25 3 05 1 15 2 25 3
W (K r*) [GeV7/c’] M? (K°r) [GeV2/c’]
 Model-dependent uncertainty is .
avoided through D Dalitz plot binning :\E‘ZZ D = Ko r* .jg 21 D — KK K* g
D[ & |
o) k 5 @ h >
» Binning schemes are chosen to = o) c =18 =
provide maximum sensitivity $h s = ot a) =
. . . ' E ol
« Observed yields in each bin can be 1 12
related to physics parameters of 0.5[ | T e et
. - - 0.5 1 12 14 16 18 |
interest and D decay information 72 (KOK) [GeVEich
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BPGGSZ: Model-independent approach
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* In presence of CP violation, difference s e
between B+ and B- distributions are
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* The magnitude and position of the

difference is driven by rg, 05, 3 and

the physics of the D decays 05 1 15 2 25 3 05 1 15 2 25 3
pny y VP (K [GeV4/cH M2 (KO TRa\/2/n%

V¢ (K'r) [GeV?4/c]
N
M? (K°rt*) [GeV4/c)

—

-
o

O

o

-Fi + rgF; + 2\/Firi(cim:

hg+: Normalization constant.

Physics parameters of interest: (x4, y+) = rg(cos(¢s + dg), sin(¢3 + d))

Amplitude-averaged strong phase difference between D° and D° over i* bin and are obtained from
external charm factories like CLEO and BESIII.

Fraction of pure D° decay to bin i taking into account the reconstruction and selection efficiency.
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SuperKEKB accelerator
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Positron rin collision point Belle Il detector Be”e’ g o 6 X 10 cm S
g e <~ 107} — : o |
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A £ 1035 L luminosity!! . L
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Gy~100um,c ~2um Nano-Beam scheme

_\/

20 times smaller beam spot and e
1.5 times increase in beam

current &d 30 x luminosity
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Belle |l detector and status

e - e
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K, and p Detector:
: Resistive Plate Chambers (barrel outer layers)
° H Igher beam — Scintillator + WLSF + SiPM’s
baCkg round end-caps , inner 2 barrel layers

e

N

R
.'
c

"EM Calorimeter:’
R‘,";L’:. | - gru . .
ucie lIc entification:

CsI(TI), waveform samplir
me-of Propagation Counter (TOP) (barrel)
% focusing Aerogel RICH (ARICH) (fwd)
N
-

* Higher trigger rate

:
l

5

barrel+ e
(centre)

* New tracking system e - 7 Y
and improved vertexing (seryitium beam pipe: il = ==\

/

r-

1 2cm diameter Yy
capability .4 i
Certex ///// / / S
_ PXD: 2 layers DEPFET = ' 4 Sitro
® NeW part|C|e SVD: 4layers DS a/ ///‘ §§ : ns (4 GeV)

identification systems

/

/

/}/////,

7

Central Drift Chamber:

: i He(50%):C:Hs(50%),
° Better tlme reSOIUtlon at sr?maller cell s!ze, longer lever arm,
CaIO” meter fast electronics
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Belle Il detector and status

Belle Il Online luminosity Exp: 7-20 - All runs 1500
Integrated luminosity Lo Target
mmm Recorded Daily e 1
1 2.0 [ iy UG AT [y e 200 ’;\. 1300fb
> o S
@ = O
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Updated on 2021/11/09 07:37 ST

* Next goal is to accumulate Belle equivalent data set before the long shut-down scheduled
in Jan 2023 (may vary because of the difficulties due to the COVID-19 restrictions)

e 50 ab-1 of data sample will be collected as soon as possible
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Measurement of RO()

O
A N

Already discussed '
in Seema’s talk

Ratio of B.F of B = DK to B.F of
B —» DUr decays

- Important observable related to B
.~ to hadronic decays

- It can test theoretical predictions
. related to factorisation and SU(3)
symmetry breaking in QCD

Phys. Rev. D 83, 014017 (2011)
" Phys. Rev. D 82, 034038 (2010) .

B~ - D°(K 7, Kdn—nt)h™
B— — D*°*(D°(K—7*)w%)h~
B - D~ (Ktn— 7~ )ht

B° — D*~(D°(K—7")n~)h™

. B — D)7z modes are important
control channels for time-dependent
CPV analyses and charmless B
decays.

e B~ — DUVK~ are sensitive to
angle ¢z
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Results from B — D0)h decays
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Common selectlon to aII the flnal states
Ngﬁfn ianceq = (1 = KNor e = kaonlD efficiency « Common signal extraction strategy
* PID selection prompt h: pion-enhanced and

x = pion fake — rate

DK _ ( ) )
Niion enhanced = (1 = ORN,f kaon-enhanced
S - . S 35
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Results from B — D(*)h decays

RO (1 0-2) results

DO(Kr)h

D°(K2rm)h

D~ (Knm)h

Belle Il (62.7 fb~1)  7.66 4 0.55 *0-1¢

6.32 + 0.8110

0.11
9.22 4 0.58 0o

LHCb (5 (1) fb~1)  7.77 +0.04 - 0.07 7

A7 £ 0.04 -

+ 0.07

8.22 1+ 0.11 -

+ 0.25

D*h

D*"h

Belle Il (62.7 fb~1) 6.80 % 1.01 =+ 0.07

0.1
5.99 4 0.82 *0-of

LHCb (5 (1) fb=1)  7.93-

- 0.11 -

- 0.56

7.76 = 0.34 = 0.26

In agreement with the W.A value within 20!
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B— — D(Koh h+)K— decays at Belle and Belle II

Selechons are S|m|lar to »
previous Belle analysis

PRD 85, 112014 (2012)

Improvements

1. Multivariate Kg selection (9%
increase in signal yield)

2. Improved background rejection
tool

3. New signal extraction strategy

4. New strong-phase inputs from
BESIII (reduces systematics)

5. Additional statistics from KgKK

final state and Belle Il (more
30% increase in signal yield)

. Track quallty Crlterla

» K/m separation
using PID info

o |M;,— Mppg| < 30;i =D, K
« M,.> 527 GeV/c?

« —0.13 < AE<0.18 GeV

- Belle Il

0.2} Signal MC [

Entries

- Belle

0.15

0.1

01 005 0 005 01 015
AE (GeV)

- BB’
- B'B
- uds
- charm
-- signal

01 0.15
A E (GeV)

b 0-5
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Background suppression

Spherical et like Dominant background from eTe™ — ¢g processes
el -5 -
< 160 Simulation I"I, :_'Edz . Simulation
>~ 140} - charm :
.§ 120 | --sir;]nal :
£ 100 ; |
W go pir gl fir A f
60 | '-LA-MFH I ;
0 :

40 e
ete” - Y(4S) — BB ete” — qq 23 Lhﬂfﬂ, .

01 005 0 O. 1 0.15 “204 005 0 005 01 015
Inputs to boosted-decision-tree (BDT) A E (GeV) AE (GeV)
————— e 1
. f‘ E 0.14 3 —— BB events E 0.06 : Simulation ~ BB events |
* Event shape variables 50.12) —~ g events u-transformation?80.05| —aqevents) )| |
| E 0.1} Simulation # 0 0.04 | |
* Angular variables 0.08 0.03} Transformed BDT |
| 0.06} Easy modelling 0.02 ;_ output
. 0.04 | BDT output a |
» Vertex variables 0ol 0.01 k
0 ———————— T 0 0.2 0.4 0.6 0.8 1 |
: 0 02 04 06 0.8 1 o
¢ FIaVOur tag VarlableS B - - C http://tel.archives-ouvertes fr/tel-00002991/document [2 ] C
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Signal extraction: Belle data
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S : G 400 P e e g s .. e
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% — ] e oo ° ° ° ° ° data
+ D:'j 0 ‘o ) .-.10 .!‘. ‘0.-'_'7.-. ..o..o 'oo....'%'ﬁ'._.
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AE [GeV] C’

120 Belle B' - DK m)K’ o L DK
< 100 J'—dt=7”fb_1 , jgg Ldte 711 > TR 0
o - o
s “[B—>DK [} fAB—Dr| S wt Ko = 1467 £ 353
~  60f \ T = 250 F
= M ' \ E 200" 0
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20 - “ ; 'l\\ -“‘
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0 Eaoia L e i B e i Lt g Tt v s N vt re i 1 v v v oy B O D R | PG . " . .
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S - 0®® o ° S .o .o ® . 0 - ...._.0.. ° i S - % g e’ __ .... ° %0 o o .°. . ....o. .
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01 -0.05 0 005 01 015 0 01 02 03 04 05 06 07 08 09 1
AE [GeV] C best result of Belle

Niharika Rout 17 B—DK decays at Belle Il



Signal extraction: Belle Il data
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Additional 17%
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Extraction of CPV parameters

0.3
» Simultaneous fit is performed in each Dalitz 02_‘] Bolle + Ballell |
plot bin to extract CP observables: x. and y. 0'1_ e A
* [ parameters are obtained from B = Dh R T & e
data in the fit itself 4 reduce systematic o4 .
uncertainty and reliance on simulation ool e
[LHCDb collaboration: JHEP 02 (2021) 169] i ;
O%3 02 =01 0 01 02 03

Asymmetry as a function of bin yields

Belle Belle Il
= : IL dt =711 fo JL dt = 128 fb_1
< 2

' B — DK B™ —» DK"

xPK = —0.113 +0.032

. yPRh = —0.046 £ 0.042
F T x;_;K = 0.092 +0.033

Kanm Kanm KKK
e LS BT yPX = 0.100 £ 0.042
-8 6 4 -2 0 2 4 6 8-2 0 -8 6 4 -2 0 2 4 6 8-2 0 |
Bin Bin _
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Results

- AN SRS SR LA PSRN MDA B R - Be"e -+ Be"e "
PN IR T T RN PNy SO S SO O & R T S BN PN ORI e T N TR, ORI e T &

Ldt=(711+128) fb"
0.0l jdt( +128) fb

0s(°) 124.8 4= 12.9 (stat.) £ 0.5 (syst.) &= 1.7 (ext. input) _
0.129 + 0.024 (stat.) &= 0.001 (syst.) &= 0.002 (ext. input)|Sx 0.15/-

78.4 4+ 11.4 (stat.) £+ 0.5 (syst.) &= 1.0 (ext. input)

0.1

Belle previous results: PRD 85, 17120174 (2012) 00% =50 700  1%0
o\ +15.1 0, I’
$3()=T1.37 1,41 £43 80 ’
I Belle + Belle |l 1
» This result is most precise to date from the B-factory 160} j Hdt= (1128
experiments 5 140

B

' . . e -
* New inputs from BESIII on strong-phase has significant %4 120}
impact on systematic uncertainty Phys. Rev. D 101 (2020) 112002

Phys. Rev. D 102 (2020) 052008 100F
* Use of B = Dh decay mode to incorporate efficiency el .
effects reduces the experimental systematic uncertainty 0 >0 100 150

0, [°
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Future prospects

Ongoing sensitivity studies with Dp.. final states: <
. ot e > 3
Belle + Belle ll: previously performed with 275 fb-1 Belle data set S . Belle li
= 127
3 60F B* > D(KK"h* § 200 B* 5 D(KK"h' 9 I
% 50;_ BELLE kaorlm) etnhanced % 180 BELLE MC Simulation kao_n) enhanced qC) 10 B
K i i ala i
E; : MC Simulation . + 8" D K* § 160 ] det=711 . —+— [B)*aEDW P : —=— BPGGSZ
s 40 :__‘. Ldt=711fb" 0 B" D’ TR o e B*_ Dr* o 8
> : SN e BB backgroungd 120 i |- o -
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+ ! AR« 40 -
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= Sr = 5t B
8 0 0:. 0 0ote’ . o, o ete, 8 ., ® . 2 B —a
0 006 00 0086 0 O S0 01 02 03 04 05 06 07 08 09 1 0 T T
> OF BewLE B* - D(K_n9h’ § g0 e 2 4 6 8 10
S - MC Simulati \ kaon enhanced o ey B~ DK xh ' ' -1
@ 4pf imulation [+ et ‘:J; 80 MC Simulation kaon Denﬁanced LumanSI’[y(ab )
2 3det=711fb'1 iR - B DK* g + det=711fb'1 faftaow
& 30 . g%—t))g:’;: rour|d e e B: Dn” ' . -1
e DK | ! H B bakgrout “My K070 i it * Expected uncertainty with 10 ab
20 - ] .' JIA . O
0\ i data setis < 3
10 R N M T
Wil ); o N
:,,,,,,._,;_,,,,.,.. . . il ;',.’:’,:.'-':32"1-'-'1'-‘-;-q.‘-‘:l..h__,- _....1 R2PTT }1 . .
. . * Many other multi-body final states and
s I . 0 nclusive D OCH -
00 005 0. 006 00 015 S0 01 02 03 04 05 06 07 08 09 1 KShh frOm inclusive D dalre OngO|ng

L AE (GeV) __ C'
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 The analysis of the first Belle and Belle 1l combined model-independent
measurement of the CKM angle ¢; have been presented.

* The uncertainty on ¢3 has been reduced from 15° to 11° along with the systematic
uncertainty and uncertainty due to strong-phase.

* This Is the most precise result so far from B-factories.

* The results from measurements of ratio of B.F of B =& DK to B — Dt from various final
states is consistent with the world average value.

* Future analyses with Belle Il data will provide an uncertainty of 3° or so with 10 ab-1
of data set.
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Systematics _

All values are quoted x102.
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Source 0, DK 0,k OyDK  OyDK  OyDr 0\, Dr
+ + - -~ ¢ ¢
Fit bias 0.16 0.04 0.06 0.14 0.49 0.08
PDF parametrisation 0.07 0.08 0.12 0.16 0.12 0.12
PID <001 <001l <001 0.01 <001 <o0.01
Peaking bkg 0.03 0.05 0.03 0.04 0.02 0.10
Total 0.18 0.10 0.13 0.22 0.51 0.18
Input ¢;, s; 0.22 0.55 0.23 0.67 0.73 0.82
Statistical 3.15 4.20 3.27 4.20 4.75 5.44
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Data resolution
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20% improvement in resolution at Belle |l.

Niharika Rout

B—DK decays at Belle |




