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Unitarity triangle : 20 years of development

® UT constructed from CKM matrix has angles and sides which are
well-defined (physical) quantities

®* New Physics can cause inconsistency in the triangle parameters
or inconsistency between tree-dominated and loop-dominated modes
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Unitarity triangle : in 15 years?

® UT constructed from CKM matrix has angles and sides which are

well-defined (physical) quantities

®* New Physics can cause inconsistency in the triangle parameters
or inconsistency between tree-dominated and loop-dominated modes
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2035?

50 times larger Belle Il data set will improve the precision to the sub-percent level
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CP violation in interference of mixing and decay

e The |S|~sin 2¢, measurable from the time-dependent BY - > fcp
asymmetry between B® - f_ and B® - f_, \ Omix
—0
B
0 0
Acp(At) = gEgO : ;23 §0 : ;ZE = S'sin AmdAt ) + A cos(AmgAt)
IXing-induce
CPV
SKgK2K2 = sm2q)1 + AS ]/II’Kg = sin2¢,

_____________________________________

CIPANP 2022 | 30 August 2022 | Radek Zlebgik



Workflow for time-dependent B measurements

time, luminosity

: Tie between : ,
LHCb dominated LHCD and B-factories Dominated by B-factories

B? . D&t B° _, JIlIJ K. B° . K.KKs
Done 4-times less stat than Belle B° - Kmt°
4-times less stat than Belle
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Sin 2¢,= sin 2 and the B°B° osc. frequency A mq

 Most precise sin 2¢, estimate - "EF'-AVIZOIZl -
comes from Belle (4BAI?;AR; o 0.506 =0.006 £0.004 ps”
. . . analyses
* The oscillation frequency driven BELLE " o 0.509 20,004 20,005 ps !
(3 analyses)
by the LHCb measurement LHCb ’ 0.5062 +0.0019 +0.0010 ps™
(4 analyses)
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04 -3 P e - = PRELIMINARY

-3 NN, 4 3 BaBar - , | 0.69 +0.03 £ 0.01
03 F- | . = PRD 79 (2009):072009 | ;

- ! P . 3 Belle : § i 0.67 +0.02 + 0.01
= . = = PRL 108 (2012) 171802 | :

- —_— ] LHCb ’ ] L 0.76 +0.03

- _ = JHEP 11 (2017) 170 = !
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b Belle Il with full lumi can achieve 0.5% precision for sin 23
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Measuring time-dep. CPV at Belle Il BYB° mass

® Due to the asymmetric beam energies —’g“mé. )
B-mesons fly in the direction of the e beam E _
with a maximal deviation of 12 deg R ;
T wof | o ]
o | ? .‘ f \t* . ]
Lo 4 Yoy ]
/D+ o 5: + =+ tq-{ﬂ ' ‘w- “a,...., m.hq;r"‘"’“_."“i--‘-—' 1
— [ TI(IS) | TI(ZS) .T(?’S). | T(:}S) ]
7 Gev 4 GeV 3.44- 946 10.00 10.02 1034 1037 10.54 10.5% 10.62
B = Mass (GeV/c’)
€ m—-@ =¥ C :
T(4S) el : Az~ At - By ut
------ Y
1 _ _ 0 TTTmeeeo J/Y
T(BOBO — B°BY) B, [t S L —
2 G e, Fully From
B%e e F, |reconstructed) | rest of event
Time-measurement distance-measurement — — —
At — (vsig — Utag) " Nboost

Belle Il : Az =~ 130 um 750
Belle : Az = 200 um
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The At resolution function

* Knowledge of the At resolution is crucial for time-dependent measurements

® [n most cases it is driven by tag-B meson
— universality of the resolution function between processes

10°
4+ 0.05<0(AT) <2.0 ps
105 1 Belle Il simulation
104 At unc. fobS(Ata U) — fphys(At) 2L R<5At7 U)
from vertex
2 103, :
5 fitter
$ 1071
10" 4
10% ~ H R((SAt, O-) :(1 - ftail) : G((SAt: Hmain * 05 Smain * 0)
1072 - 1t~ =+ (1 - fexp) - Jrail - G((SAt; Htail = Ty Stail - CT)
E Ow-ﬁ-——‘vﬁ'w‘lv‘v“"-‘"“wvv‘-—'h + ftail ) feXP ) G((S‘Atv Htail = Ty Stail U)
=51 : ‘ : : : : ® ((1 — fr)exp_(0At/c- o) + frexp, (—dAt/c- o))

At — AtMC [ps]
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Belle

Beam spot constraint
* At Belle Il the much higher peak luminosity is ‘
achieved by so-called nano-beam scheme

®* The small beam size can be used to better
constrain the kinematics of the event
(e.g. improving By vertex precision and
consequently At resolution)

Belle Il

oy’ = 0.2um,ox = 13um, oz = 320pum

Beam spot calibration

®* Based on ee - Yy events
with high-stat

® Calibrated every ~30min

® All parameters of the 3D
Gaussian PDF measured
(3 sizes + 3 angles)
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Flavor tagging Eur. Phys. J. C 82, 283(2022)
2500
* Determination of the B flavor using all : f Bellell (e don't e
the particles not belonging to signal B 0 2000 [ A L_kNOW e
* The |gr| is split into 7 bins to test the S 55 4
performance in hadronic B decays data S 1500
— 7))
* The efficiency evaluated from BB/BB = _
asymmetries in all |gr| bins 2 1000}
= :
500
Eoff = g €; (1 — 2w7;)2 © ;
1€ |qr| bins B ol | L
BB 8¢ oF e
Belle %_'5 —2 ;” RIAFAAM 1"#“’_‘”4» s be400
geﬁ' :(30.1:EO.4)% %8_6,..|...|..,|...1...|..l|.,.|..,|...|.l.¢
]l —w,; =2zx -1 08060402 0 02 04 06 08 |
q-r
Belle IT L FBDT
E off — (30.0 T 1.2)% Mistag
B g | fraction Dilution factor : 7FRpT ~ 1 — 2w

Flavor tag : q= =1
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https://inspirehep.net/literature/1938246

Lifetime and mixing: B° - D™ 1t*
®* The Belle Il measurement with 190 fb follows the Belle measurement of 140 fb*
— Mixing measurement in hadronic B decays probes the TD analysis framework
®* Both B mesons are in the flavor eigenstate, one fully reconstructed
® Analysis of B® -~ D™ I* v events in progress

2500

- Belle 11 (Preliminary) ¢ 4 BB
- n
33,317 +- 203 signal events Q 5000 | JL dt =190 fb~? t B°B°/BOB° ]
<
105 T 1 ! ! ! 4 O‘
= Belle Il (Preliminary) —— Combined Z 1500
> | JLdt=190 b} <= B0-DU K" 4cc 0
e I s B-=D [ e o eyl o 46‘1000_
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S B g Background 2 500l
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Data until July 2021 Moriond 2022
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https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf

Lifetime and mixing: B? . D™ 1t* : results
®* Unbinned ML fit in At and o

° : P I Source 750 [ps] Amg [ps™']
Measurement still statistical limited S S50 0.0070
® Sys. unc. dominated by the resolution function, Resolution function 0.0063  0.0028
. Alignment 0.0027  0.0024
alignment and beam spot Better than Momentim scale 0.0002  0.0008
Analysis bias 0.0003  0.0011
Belle / BaBar Multiple candidates 0.0024 0.0009
Treatment of o 0.0005 0.0010
7o = 1.499 £+ 0.013(stat) £ 0.008(syst) ps B® — DW=K* fraction 0.0007  0.0002
. BB AE shape 0.0004  0.0001
Amg = 1.516 £ 0.008(stat) 4+ 0.005(syst) ps @ A shape 0.0006 0.0000
C' shapes 0.0000 0.0014
Beam spot 0.0021 0.0014
Boost vector 0.0003 0.0001
. . . CoM energy 0.0007  0.0003
At resolution function & wrong tag info Total 00077 0.0016

ready to be used in CPV measurements

Results consistent with PDG, competitive with Belle/BaBar
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CPV measurement: B° - J/y K°

e Golden channel for sin 2¢, measurement

e . < | Belle II (Preliminary) } Data
* Both J/LlJ - HH and J/l'lJ -€'€ analyzed % 10 _fL dr=190 fb~! Best fit result:
Sz : Total fit shape
1) Parameters of the At resolution § 0L _ B“zf/wKiw.c.
. . . = E Backgroun
function and flavor tagging obtained = ! °
from B~ D®- mt* analysis g
o S 10!}
2) AE distribution fitted R
3) 2D fit of At, o with only S, A free °
1QO 10 —0.05 0.00 0.05 0.10 0.15

AE [GeV]

Wrong tag Wrong tag
a-Ctlon g-asym. fraction
e—|At/Tgo
{1 — qAw + qu(1 —
+ [¢(1 —w) 4+ p(1 — qAw)|[Scp sin(AmyAt) + Agp cos(AmyAt)]}

PCP(Ata Q)

q=+1 Btag = B’

¢=—1 Biag =B’ Efﬁdem ICHEP 2022
g-asym.
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https://docs.belle2.org/record/3130/files/BELLE2-TALK-CONF-2022-080.pdf

CPV measurement: B° - J/y K°

(] 0 ~ 0) 1 Sample Nevts Dsi (%) Esi (%) SCP AC’P
The 'J/LIJ K's Sample has ~99% purlty BY — J/YK?, 2755 9g8.6 4gO.6 0.720 £ 0.062  0.094 + 0.044

o S Afor Control mode Compatlble Wlth O BY — Jhp(— ptpT)KY 1615 99.2  47.6 0.776 £ 0.078 0.042 £ 0.057
’ B — Ji(— ete )K2 1140 98.0  33.6 0.676 £ 0.093 0.185 £ 0.068

e Slight difference for Abetweeneand u B - ik 0973 981 403 0.016+0029 0.021 %0021
BT Jjo (o p KT 5700 900 466 001540089 0.008 40,028
Bt Jb(— eteT)KT 4213 967 341 005840045 0.040 + 0.033

" — J/YKg Bt — J/YK™
200 _

' Belle II (Preliminary) 0 . Belle 11 (Prehmlmary) .
2 | [Ldi=190 " t B 2 600 [Ldr=190 fb- i
- 150F " t By
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CPV measurement: B° - J/y K°

® Scr vValue have twice larger stat
uncertainty than at Belle due to 4times
smaller sample

® In our convention, the syst. uncertainty
incorporates res. fun. stat uncertainties
from B° - D®- 11" sample size

Projection to Belle lumi
+0.013

Scp =0.720+£0.062(stat) £0.016(syst)
Acp :0.094:t0.044(stat)fg:g%%(syst)

Belle | value:
0.670 + 0.029(stat.) + 0.013(sys.)

PDG : Scp = 0.699 £ 0.017

Scales like stat. unc

Source o(Scp) o(Acp)
Statistical S\ 0.0622  0.0439
BY - D®—x+ sample size . 0.0111]; 0.0093
Analysis bias . 0.0080] 0.0020
Signal charge asymmetry 0.0027 | 0.0126
wg = 0 limit 0.0014 0.0001
Resolution function parametrization 0.0039 0.0008
Tgo, Amy 0.0007 0.0002
Alignment 0.0020 0.0042
Beam spot 0.0024 0.0020
Momentum scale 0.0005 0.0013
oA¢ binning 0.0050 0.0051
Multiple candidates 0.0005 0.0008

F0.0380]

Tag-side interference 0.0020 | 5000

Total systematic 0.0159 4__8:8‘11%

Sin 2¢. measured stat limited, similar sys. unc. as at Belle
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CP violation in B? -, K% K% KO

W+
. . _ «s Uttt % _
® Challenging vertex reconstruction b ‘%%‘(2 K3
®* Two BDT classifiers d wo
0 : : B’ Kg
- to reduce fake K° contribution yy{ s
: — S 1,0

- to reduce continuum gqg background g . 4 Ks
® Simultaneous fit to My, M and O’cs B=6x10°
* Validated in B* - K* K% K%

Lo ;_ Belle II (preliminary) — D-ata 6l i_ Belle II (preliminary) : :::ta
5 —Fit NU .
12 ] J.L dt = 189.3fb" #% Signal > 50 J.L dt = 189.3fb™ £ Signal

< 10 g | Background 5 ----- Background

- S

:n-. = 53 +- 8

E [—] .

2 e signal events

& 5

>
4]
%2 521 522 523 524 525 526 527 528 529
M, [GeV/c’] ICHEP 2022
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https://docs.belle2.org/record/3130/files/BELLE2-TALK-CONF-2022-080.pdf

CP violation in B? . K% K°% K° ,
16 [Belle II (preliminary)

® In the fit S, A not restricted to physical limit 14 [ tmm i
S2 + A% < 1 which can lead to situation, where 3 B
fonys IS SOMetimes negative but f.,s always positive

fobs(At,0) = fonys(At) @ R(AL, 0)

Events / 2.0 ps

e “/[) l
L .-.'.°

i e

A t [ps]

Belle Il (preliminary)
[ Ldt =189.3fb"

S = —1.86 Tos (stat) £0.09 (syst)

A= —0.22 1959 (stat) £ 0.04 (syst)

Belle II (preliminary)

I L dt = 189.3fb™

0.5 — g

Belle
S=-0.71+0.23+0.05
A=-0.12+0.16 £ 0.05

Asymmetry
I
[
N\
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Direct CP violation in B? . K% 11°
Phys.Lett.B 627 (2005) 82
®* From the iso-spin symmetry in the SM holds:

_ B(K°n™) 740 B(K*7°) 70 B(K ")
K+ KO + B —9 K+ 0 B~ 2 KO 0 =1
Acp(K'n™) + Acp(K'm )B(K+7r_) Tt Acp(K™m )B(K+7r_) Tt Acp(K™m )B(K+7r_)
* The Acp(K°m®) is the most imprecise Ace term in the equation
A(K°m®) from iso-spin )
BSM -
ACP = —0.14 £ 0.03 enhanced 70
)
A(K°m®) from Belle & BaBar y > y
Acp = 0.01 =£0.10 Color-suppressed tree Color-allowed penguin

Eur.Phys.J.C 78 (2018) 11, 943
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https://inspirehep.net/literature/1679298
https://inspirehep.net/literature/688948

Direct CP violation in B° . K% 1t°

_—
* The B° - K% m° only accessible at e*e” B factories KO T

Beam spot B

®* Main challenge is the decay vertex reconstruction

®* BR and Acr obtained from 4D fit in My, AE, At, Ocs
- Scp fixed to 0.67, i.e. average from Belle

135 +- 16 signal events

. . 60 70
A(K°mt®) from iso-spin .« Dat i : N
( Tt ) ) SO-SP ) i—Fi?a Belle Il (preliminary) |+ Da Belle Ii (preliminary)
2 50¢ 0 0 = - - —Fit
—_ i > [ - B - K TCO Ldt 189.8 fb o B 0 0 I _ -1
A CP - Oo ]_4 R 0003 (;'.5 C _BE baCI‘S(ground L% 50:_ ..... B—_) KS TEO Ldt — 189.8 fb
S 49 Continuum background s | —BBbackground
P i @ 40F - Continuum background
= = -
[¢b) [7))] L.
Acp = —0.41 + 0.32(stat) £ 0.09(syst) 2 £
Q o C
B =11.0+ 1.2(stat) £ 1.0(syst) x 107° & w
c C
S 10~ }
"...I.‘..\....|‘»:"'.4_|_.;"~r_ . 1‘.‘.~."‘|‘..l...‘;".i;:_ * |
&24 526 526 bH2¥ 528 529 9].0 8 6 4 -2 0 2 4 6 8 10

arXiv:2206.07453 M/, [Gevic?] At [ps]
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https://arxiv.org/pdf/2206.07453.pdf

Conclusions

* Belle Il searches for new physics in loop-dominated
B° decays as well as by (over)constraining
SM CKM parameters

* Time-dependent measurements profits from better
vertex resolution and better knowledge of the
Interaction region compared to Belle

* Several time-dependent analyses performed
Moriond 2022 dataset (190 fb, i.e 200M BB)
- B lifetime and B°-B° mixing
— sin 2¢, from B® - J/P K
~ sin 2¢, from B® - K% K% K%

— Acp in B® - KOS T°
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Tracker Alignment L e

— RMS(y ) =46.9 + 0.3
> 200 —— RMS(y ) = 11.9 £ 0.1

* Alignment is a data driven method to determine positions of

sensors/wires of the Tracker ook b
- Crucial for precise TD-CPV measurements Jsilotiinn
* Recently all the 14336 wires have been included into the alignment = -1oop" %
-~ 60,000 parameters e
(for Pixel Detector, Strip Detector & Central Drift Chamber) =8 fo = f;mu'aﬁm
0 5000 10000
Wire number
Hadronic Di-muon Cosmic
events events events " Data
i 25 _ No wire alignment _
N : .+ p0=2.0 +0.2pl=5.6 +0.6 ]
< 20 With new full alignment with wires —
. p0=0.8 +0.2pl=2.0 +0.6 ]
15 » s Prompt alignment E
10 _ « p0=0.6 £0.2p1=10.2 £0.6 _
5 F L t + :
O* t * ",1"==-‘-'"""'“‘"""':':':'.'5'"'! !“j‘j,,‘,‘,e....* it + -
: § i
St byt Belle I =
i | Preliminary _
VCHEP 2021 Droceedlngs e . IEXI‘)e”‘me?t 1I2, I?'unls 5?8%?-6‘427 (slu s‘Tet)‘,Ju‘ne |18t. -:]usrls:t 2?20. ]
-1 -0.5 0 0.5 1
tan A
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https://doi.org/10.1051/epjconf/202125103028
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