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Unitarity triangle : 30 years of development

® Unitarity Triangle constructed from CKM matrix has angles
and sides which are well-defined (physics) quantities
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+ LHCb and improved theory

6 ways of (over)constraining the Apex of the Unitarity Triangle
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CP violation in interference of mixing and decay

* The S measurable from the time-dependent asymmetry BO - > fcp
between B® - f_ and B - f_, \ Drmix
Evo

_ B(B° — fep)(At) — B(BY — fep)(At) .
Acp (At) = BB for)(A) + BB = for)(AD) Ssin(AmgAt) — C cos(AmgAt)
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Belle2 & SuperKEKB status

® 550 fb? of integrated luminosity collected so far
(most analyses based on 364 fb?* of Run 1 4S data)

* World record instantaneous luminosity 0.47x10% cm= s

- target 6x10%* cm=2 s’
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Frequent beam instabilities has resulted in
smaller integrated luminosity, and even to
preventive turn-off of PXD in 2024
— Most of the 2024 runtime dedicated

to accelerator studies
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Measuring time-dep. CPV at Belle Il

e Collisions energy just above B°B° production
threshold

® Due to the asymmetric beam energies
B-mesons fly in the direction of the e- beam

B°BY mass
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In this talk 0(I¢2=(84i4)°:
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Spring 21
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GNN-based Flavor tagger and B® - J/Ip K°

®* The Graph Neural Network based Flavor tagger

- . - Phys.Rev.D 110 (2024
leads to ~20% gain in the effective statistics Yo-RE (2024)

compared to category-based FT eSf (CB) =(31.7+0.5 + 0.4)%
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precise than BaBar. ar
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https://arxiv.org/pdf/2402.17260
https://arxiv.org/pdf/2309.09728

CPVin B° - Jll.l.l L% arxiv:2410.08622

e Color suppressed b — ccd tree-level decay
— loop contribution plays a role

® Important input to correct for the penguin
contamination in the B® - J/Y K%
(tree only: S=-sin 2¢1 ~ -0.71)
S =-088+0.17+0.03 BR=(2.00£0.124+0.10) 10"
C =+0.13+£0.12 £+ 0.03 | B (preliminary),/\\{ + Palamt1) {
[ [L£dt =365 fb! e B g= 1) B’
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The world’s most precise measurement of this mode PhysRevD.98.112008

(higher precision than Belle)
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https://arxiv.org/abs/2410.08622
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112008

¢. = B from Penguin b - s transitions

arXiv:2402.03713

Phys.Rev.D 108 (2023) 7

Phys.Rev.D 109 (2024) 11

BO_) rl’ KOS BO_) (p KOS BO_) KOs KOS KOS

* N - N(-yy)m+n- ®* Major challenge is from non- * Major challenge is to reconstruct B°
n - py resonant B® - K* K- K% vertex from three K% “tracks”

* ~800 signal events background with opposite CP * ~160 signal events

® ~160 signal events

,_Belle Il Preliminary [cdt=362 fb=? 80
-----------
@ 350} B~ n'Ks Background | Belle I ¢ By (@=+1) 60 |-
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_ 0.06 _ +0.35
S = +0.67+=0.10 £ 0.04 S = +0.54 + o,zﬁjo 03 S = —-137"34: £0.03

C = —-0.19+£0.08 & 0.03 C' = —0.31£+0.2040.05 C = —-0.074+0.20£0.05

Results compatible with World Average, not at the Belle precision yet.
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https://arxiv.org/pdf/2403.02590
https://arxiv.org/pdf/2307.02802
https://arxiv.org/pdf/2402.03713
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Experimental framework

® For B> 1t and BY - 1Y 11° the
tree-level and loop contribution have
similar size, but different phase

Need for
® All branching fractions
® Direct CP asymmetries C%® C*
*TD CP asymmetries S S*

[ )~ Projected Belle Il sensitivity for a is 1%
(currently 5%)

® Usage of Gronau-London isospin
. - - -+ -
relations for B - 1111 t0 disentangle TS p HFLAY T C HFLAV

PRELIMINARY CP PRELIMINARY

th e eﬁ:e CtS (C K M fltte r, U Tflt) BaBar " -0.68+0.10+0.03 BaBar ' o . -0.25+0.08+0.02
PRD 87 (201%) 052009 | f PRD 87 (2013) 052009 | X |
Belle - -0.64 + 0.08 + 0.03 Belle - e i -0.33+0.06 +0.03
A+0 — At /\/5 s AOO PRD 88 (2013) 092004 H PRD 88 (2013) 095008 | !
LHCb Run 1 : g -0.63+0.05+0.01 LHCb Run 1 ! -0.34 % 0.06 + 0.01
— — - PR D98 (2018) 032004 | * X g PR D98 (2018) 032004 :
0 — 00
A+ — A+ / 2 + A LHCbRun2 . | ¢ -0.71+0.04 + 0.01 LHCb Run 2 , , -0.31+0.04 + 0.01
JHEP 2103 (2021f075 | JHEP 2103 (2021) 075 ' \
+0 — A+0 Average -0.67+0.03 Average -0.31+0.03
’ A | T | A | HFLAV correlated average| ’g‘ HFLAYV correlated average ’;‘ .
-0.8 0.7 -0.6 0.5 -0.5 -0.4 -0.3 0.2 -0.1

Can be also done with B - pp
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Time integrated B° - 11° 10° FPCP2024

g _ 12620 signal events
* Very difficult for LHCb, important
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https://indico.cern.ch/event/1291023/contributions/5866449/

Time integrated B° . t* T and B*— " me®

* All decay modes are still stat-dominated since the 1° efficiency

systematics will improve with more data

* Measurement of the B° - 1t*1t" CP asymmetries in the pipe-line
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(5.83+0.224+0.17) x 107°

World best
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250 F
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https://arxiv.org/pdf/2310.06381

Time-dependent CPV in B°- p* p~

* The P- VV decay, i.e. full angular analysis needed

== Long. signal
-==- Trans. signal

Events / 1.0 ps

Pull

for polarization extraction, notice p* - 1t* m°

® Two soft 1° in the final state
— difficult for LHCDb

* 6D time-dependent fit for signal extraction

80

60 |

- Self-crossfeed

[Belle IT preliminary g’ (4= +1) ]

T/'ﬁdt_%‘“b . 0.875<r<1.0 ]

At [ps]

Peaking backgrounds

Events / 1.0 ps

Asymmetry
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My [GeV/e?
B(107°) fi
Belle I 29.0133 35 0.921*3035 10013
Belle 283+15+15 0.988 £ 0.012 + 0.006
BABAR PS5 2k 7l w5 0.992 + 0.024 *392¢
S C

Bellell —0.26+0.19+0.08 —0.02 +0.12*39¢
Belle —-0.13+£0.15+0.05  0.00 +0.10 £ 0.06
BABAR —0.17 £ 0.20%5:52 0.01 + 0.15 + 0.06

All parameters are measured with precision
better than BaBar but worse than Belle
- extract ¢, using new data

page 15


https://indico.cern.ch/event/1335188/contributions/6137428/

Impact on the ¢./a

* The world average of ¢.is
dominated by B factories and
B 1t & B - pp decay modes

®* The B - pp only world average:
¢2 = (91.5753)°
®* The B - pp only world average
(+ Belle Il B°- p*p)
2 = (92.61573)°
7% improvement in the ¢, precision.

The fit dominated by S(p*p’) and S(p°p?),
both only measured at B factories.

The p-based estimate is slightly higher than
Ti-based but still consistent within 20.
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Current world average:
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https://indico.cern.ch/event/1335188/contributions/6137428/

Conclusion

* Broad CPV physics program at Belle Il
— Precise measurements of Unitarity Triangle angles
- CPV In rare b - s decays sensitive to New Physics

* The Run | Belle Il dataset similar to BaBar but often the
precision Is better:
— Smaller interaction region
— Better vertex resolution
— The GNN-based B flavor tagging

* After LS1 (Spring 2024) Belle Il continues in data
taking
-~ Exceeding Belle statistics in one or two years
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Backup
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Combined Belle & Belle Il fit

* Interference between b — cus and b - ucs

- K (%)= b Vub D)0
W — S B_O -
b K )
B—O Vb OD(*)() U
" K(*)—

favored U
= 0 5 *
i - D K - Vcbv us

1

®* The amplitude ratio rs and strong
phase 0s are model dependent
- There are several methods
of determining y
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suppressed

B DK =V V*
A rBe'(f’B' b3)

JHEP 10 (2024) 143

B‘Al/v o \ f
\ _ /'

DO K-
Al rBei(éB —3)

B decay D decay Method Data set (Belle 4+ Belle IT)[fb~!]
BT - Dht D KO K KT GLW 711 + 189

Bt - Dht D-osKta Ktra® ADS 71140

BT - Dht D KJK nt GLS 711 + 362

Bt -+ Dht D KShht BPGGSZ (m.i.) 711 4 128

Bt -+ Dht D Kdr—atal BPGGSZ (m.i.) 71140

D* = D% D — K%, K%, KQw,
B % DFK+ K-K+ nmnt S 39 K GLW 210+0
Bt - D*K* D*—= Dn% Dy,D — Kt BPGGSZ (m.d.) 605 + 0
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https://arxiv.org/pdf/2404.12817

B* _ D°(Ks h* h) h*

D° , KsTU' 1T

.-b o OO N
|Bin number]|

N W

JHEP 02 (2022) 063

D° -, Ks K*K-

2

|Bin number|

1 12 14 16 18 1

m?2 (ng) [GeV?/c?]

Bins from BESIII & CLEO

Events / (10 MeV)

Pull

* Model-independent BPGGSZ o
method using Dalitz-binned D° 5
. 2,
amplitudes: =
-~ NN-based Ks reconstruction im |
— Considering h=m, K Et o5
(5DK_ 05 1 15 2 25 31
Ap+ (m2,m3) o Ap (m2,m2) +rBRel05" =) Ap (m2,m2) m? (Kon) [GeVAic
v = 78.4 £+ 11.4(stat)
+0.5(syst) + 1.0(ext) deg i
S 100; IL d?:“:n fo! B DKk
% 80 | D y a
2: m:_,,t.m \.,,,u Dy o W
= 5 []
n:- 0._-' o 9 a L]
BaBar: Y = (69 + 17) deg ST 005 0 005 01 045
AE [GeV]
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https://arxiv.org/pdf/2110.12125

Combined Belle & Belle Il fit: Results

JHEP 10 (2024) 143

Belle + Belle IT (2024)

* Fitted combined likelihood with 18 free L —
parameters, inputs: | 1502- BN FCG ol I
— 45 Belle/Belle Il data points 10| N Al ey
- 14 “external inputs” (D decays) 10}

® Consistent results for various methods and 22 1|
various decay modes, good fit quality o
(chi2/ndf =38 /41) 100y

] 90
* Small correlations between ®; and the strong | contours at 68.3% CL
. . T
phases 0s & amplitude ratios rg A S

Be”e I I reSUIt B decay D decay Method Data set (Belle + Belle IT)[fb~!]

—_ o BT - Dht D KO K KT GLW 711 + 189

CD3 - (752 i 7'6) Bt — Dht D— Kt ,Ktn 7° ADS 71140

B 5Dkt D — KQK—W“L GLS 711 + 362

LHCb result AREIRG: emey

D3 = (646 + 2 .8)0 Biv o DEK ii;ﬁi’ﬁ  Kom, Kad, Kow, GLW 21040

BY - D*K+ D*— brrO,D’y, D — Kt BPGGSZ (m.d.) 605 + 0
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