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Outline of the talk

‘See Malcom John’s plenary talk

» Status of CKM parameters

» CKM angle v/¢3 d s b
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> Belle Il experiment .

> 3 from Belle Il -l o

» Summary t a ] .
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Current experimental limit on CKM

parameters
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Flgu FE€: Current status of the CKM parameters[ll.

> p3 = (73.57%7)° [¢1 = (21.9 £ 0.7)°] l212fi

> 8(¢3)/¢3 = ©(10~7) Bl

Lckmfitter.in2p3.fr/www/html/ckm_results.html

3J. Brod, J. Zupan, arxiv:1308.5663
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Extraction of CKM angle ¢3

» Via the interference between B~ — D°K~ and B~ — DK~
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> Generally three types of D final states used:
» CP eigenstates (GLW™): KK~ ntn~, K2x°

» K*X~ (ADSE DCS: (X~ =n,n 7% 7 7 x")

> Self-conjugate multi-body states (GGSZ[6]) KInth=, Kdntn=n°
4PLB 253, 483 (1991), PLB 265, 172 (1991)
5PRD 63, 036005 (2001)
5PRD 68, 054018 (2003) K\
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Methods to extract ¢3: GLW and ADS

GLW method:

» Both D° and DO are decaying
to same CP eigenstate
» Four observables are

— + - + + e+
Rgpz T(B™ — DgpK ™) +T(BY — DEpK™)

- S - ES
N(B~ — D K—)+T(BY — D7 K*)

4+ T(BT = pE) - (et - DEKY)
cP = - + =
N(B~ — Dgp) + (Bt — Depkt)
Then,

Rgzp =1+ r,23 =+ 2rg cos dgcos ¢3

AL, = +2rg sin 5psin ¢3/RE,

» No need of external inputs
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ADS method:

» D from a favored amplitude
decays to a DCS state
» Two observables are

(B~ to[ktn " 1pK~) +1(BY — [K~ = T]pk™T)
(B~ to[K~nt]pK—) + (BT — [Kt7~]pKT)

Raps =

r(B~ to[kt = |pk ™) — 1(BT — [k~ =t]pk™)
r(B=to[K—nt]pKk—)+ (Bt — [KTx—]pk™T)

Then,

Raps = ré + r,g + 2rgrp cos(dg + dp)cos @3
Aaps = 2rgrp(sin 6 + ¢3)/Raps

AADS =

» rp and 6p from charm factories



Methods to extract ¢3: GGSZ

» For self-conjugate multi-body D aeh :
final states such as K37 t7— [l - '2 6=
. . 2oz s 3
» Bin the Dalitz plot 3 5] .t
symmetrically about m?* = m?. Y .-
» Fraction of D events for K; & 05 f
K; from D"ki — Dﬂéll:ow 05 1 15 2 25 3
) m?2 (GevZ/c?)
» External charm factory inputs 15
- A .Belle
needed- avg. cosine (c¢;) and W l
sine (s;) of the strong phase osh
difference between D° and DO
o of

decay amplitude i*" bin
» ete™ — 9(3770) — D°DO
» Advantage: rg and dg from
single mode

"PRD 85 (2012) 112014
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Constraints on v/ ¢3

% --- Belle 3 Combined
crerss - --- LHCb -~ BaBar
Full Frequentist treatment on MC basis
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Figure: Current status of ¢3 1.

(62" = (73')°
(92 = (6915
(¢3)1 = (74.0155)°

» From all measurements of
B — D(*)K(*) from GLW,

ADS, and GGSZ

» All data from B factories: Belle

& BaBar
» + LHCb run |

— Dominated by GGSZ
— PRD 87 (2013) 052015
— LHCb-CONF-2018-002
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SuperKEKB and Belle |l experiment

e+ 4 GeV3.6 A
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N i SuperKEKB
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Low emittance positrons [
toinject Positron source.

Damping ring - &
Damping g g R New positron target /

‘ 3 capture section

Low emittance gun

Belle Il

New IR

Add / modify RF systems
for higher beam current

Low emittance electrons
toinject

» Improved K2 reconstruction efficiency

» Better K /m separation
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Status of phase 2 of Belle Il experiment

>
| 4
>
>
>

First collision on 25 April 2018 & completes on 17 July
Accumulated > 0.5 fb~! data

Phase 3 kick-off from early 2019

Lit = 50 ab™?! (50 x Belle)

Lpeak = 8 X 103 em~1s7! (40 x KEKB)

F Goal of Belle IT/SuperKEKB

! R TP A = IV EPUPUVP R IR I |
2%17 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year

3 measurements)



¢3 sensitivity with BX — D(Ksm™ 7~ )K decays in Belle Il
» Goal to go for precision ~ 1° &l
» Dominated by B¥ — D(K2r7)K* mode
> improvements, even modest, will have large impact on ¢3 sensitivity
» GLW like states: Interference of B~ — DK—, D — K2p
» ADS like states: Interference of B~ — DK—, D — K*«
» Golden mode to determine ¢3!
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Belle 1l data —
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(q:U,d,S,C) »>Y 0 .
8. Brod et. al, arXiv:1412.1446; BELLE2-PUB-DRAFT-2016-009 (E'EH) K\tm‘
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> §(¢3)® 7" = 3.0° by GGSZ
(with 10 fb~! BES IlI data)

> §(¢p3)® **7" = 1.6° when Belle
GLW + ADS + GGSZ
extrapolated
Further improvements:
> Additional modes
» Improved K2 reconstruction
> qg background suppression



Results from phase 2 data-  reconstruction

o Already resolutlons in MC (Ieft) & data (right) are in good agreement
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Rediscovering the CP modes from phase 2
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Rediscove

of D** — D(K2r+

7 )13, & B from phase 2
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Summary

» Current precision on ¢3 is ~ 5°

> With 50 ab~1! of Belle Il data:

» Bt - D(KInt7)KE:
¢3 sensitivity will improve to 3.0°

» BT D(KOTK' g ‘n'O)Ki:
¢3 sensitivity will improve to 4.4°
(See talk by P.K. Resmi)

19

» Combined ¢3 sensitivity is 1.6°

9JHEP 01 (2018) 082
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@3 sensitivity with B — D(K2rn 7~ %) K decays
» Four-body final statel% ‘See talk by P.K. Resmi‘

> ¢ x Bsimilar to D° — K2t

» Many interesting resonant substructures such as ng, K**pF
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» From 1200 events in Belle, (¢3) = 25° iy

» Projection to 50 ab—! Belle Il sample (5(¢3) = 4.4° @g=y/» .
9JHEP, 01 (2018) 82 (E'D K\tm‘

Prasanth Krishnan (On behalf of Belle Il Collaboration)

Precision measurements of the CKM parameters v measurements)



	Appendix

