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The Belle Il detector

* Higher beam background
* Higher trigger rate

 New tracking system and
improved vertexing
capability

* New particle identification
systems

e Better time resolution at
calorimeter

* Unique capabillity to
reconstruct final states with

multiple neutrinos and 7'/
photons

(EM Calorimeter: |
Csl(Tl), waveform sampling

Beryllium beam pipe: —
2cm diameter ,
/

-
.

Vertex Detector: /
PXD: 2 layers DEPF

SVD: 4 lavers DS 6/ /
-

He(50%):C2Hs(50%),
smaller cell size, longer lever arm,
fast electronics

So far 424 fb-1 of data collected, today’s results are based on 190 fb-1 of Y (4S) data;
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K, and p Detector:

Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s

_(end-caps, inner 2 barrel layers) /
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Today’s talk

 Time dependent measurements The primary goal of Belle Il is to

probe non-SM physics as well
as Improve existing precision
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- BO lifetime and mixing

b,/ measurements on CKM
I Unitarity triangle by over
. 10 00 -0 constraining it.
- CPVinB”Y — KSKSKS
T T " Bl —r—Ta = U e
e Charmless B decays e i E i =
0s £ -
- Kn puzzle: B — KgﬂO, K*t7" E3 el sicizom
1= é? > A -
: 0.0 " E4 Vsl 3
- p,la:B = mx, pp :
0.1 \ —y s
e (),/y: combined Belle + Belle I H e, IR —_ :
.04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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TDCPV measurements INEN
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Decay rate of BY meson to CP eigenstate:

—|At]| /T 0o

P(At,q) = == - Z 14 q(Aspcos Amy At + Sop sin Am  At)]
B
Tag side B Direct CPV Mixing mduced CPV
BO U ACP

B)y———>|f) —_ lfop)

TC
K ESignaI side B |B)L> f) \ /
g K 1B

>

8x3.5GeV@KEKB, , n
e (L

9x3.1GeV@PEP-II A 7~ B y At

x4 GeV@superKEKB L

<AZ> =130 pm at Belle | » B meson flavour tagging 4

e \ertex position measurement
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The FlaVOur Tagger [Eur. Phys. J. C 82, 283(2022)]

- Crucial to determine the quark-flavour content of O Beten
B-tag 0 2000 I Ldt =628, o donl't know :;a:
o I _ ¢
Multi ' : ' ® - it's BO ¢ it's BO
- Multivariate algorithm to infer B-tag flavour from S 18001 7
flavour-specific decays. Use information from g ool N
particles kinematics, track-hit, PID variables etc ‘.;’ |
S 500
0 } BelleSVD2([Ldt = 571 b7 | B g - —— l l l l l l
- 12.5 4 ¢ Bellell '2()19([)1‘('li111i11a1'}‘)(fl:(lt — 87 c—gé :2200‘_01,##’.’1#’0 ””,0’00”00.”1“..,’
X 1007 SE "5 06 04 02 0 07 04 06 05 1
5 14 l 9 Iegpr
% so- | + . ' e Good data-MC agreement
L e Fffective tagging efficiency:

) (300£12£04)%
A0 0250 _35W Q6P 0799 08T 100 YT e T/
- . .

0.000 7 00 7T 250 050N 0627 IV T T G &/T

r interval e Comparable to best results from Belle and
BaBar 5




B! lifetime and mixing frequency

Goal: validate the At resolution function as a key step
towards the time-dependent CPV analysis

Use about 40K BY — D)= z+/K* decays

Strategy: measure 7z and Am, from the background-
subtracted distribution of Af¢

- Background subtracted with sWeights calculated from 2D fit of AE
and CS output

Good agreement with the WA

7go = 1.499 £ 0.013(stat) £ 0.008(syst) ps |

| |
J md = O 516 + 0. 008(stat) + O OOS(syst) ps” -l }i

Not yet competitive with global best results (from LHCb), but
systematic uncertainties already on par with best Belle/Babar results.
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- [L dt =190 fb™?

2000 |
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1000 |

500 |

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- Belle 1l (Preliminary) Combined .

-—=- B°>DY=K* +c.c. |

------- B°-»D"=n* +c.c. ]

B BB Background

B gg Background
| Data

0.00 0.05 0.10 0.15

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

' Belle Il (Preliminary)
- [Ldt =190 fb~!




Measurement of sin2¢,

<[>
Belle 11

INFN

TRIESTE

. BY mixing phase ¢, = arg[— V= V 4/ (V¥ V)] from:
* Tree decays: further constrain possible non-SM physics in mixing

 Penguin decays: probe non-SM in decay by comparison with tree measurements

51 /9K

= sin2¢, SKgKgKg = —sin2¢, + AS

S ED G G D D ED GD GD G GD GD G G G5 G G G G G I G G G D G5 GD P G Gb GF G G GF G G5 G G G e . P S SR SR SRR SRR SRR SRR R SRR R R B R R R R R R R R R R R S R W SRR B S R R R — -

. MSM penguin : | mﬁ NP .
E - < < < = 170 E E — < o < 5 KO E
: b ﬁ,f,fd;}}h’<fi KS L b b S%T<d > :

d 170 0
B <SKS'B S
g S KO !l d S KQ
> d S > d ">
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sin2¢, from B! — J/ nyg

Signal yield: 2774 + 55

« Tree dominated b — ccs golden mode; theoretically SN prmpry— E—
and experimentally clean g (lramon = caran
8_ 02 Data
* Time resolution and flavour-tagger calibrated with p '
Y . . © 101 ¢
B’ — DY)~xt/K* decays and validated in control = Mt |
Sample B _) J/WK 19%.10 —0.05 0.00 0.05 : 0.10 0.15
AE [GeV]

° ReSUItS: 250:BeIIeII (Preliminary)
e | | Qo[ JLdt=190 b ¢ Btoag
Scp= 0.720 + 0.062 (stat.) £ 0.016 (syst.) S ol
| +0.042 g
Acp =0.094 +0.044 (stat) 0017 (Syst) 5 100|

e Dorminant termatics: Tools are ready for an impactful * |

© ant systematics. sin2¢; measurement 2 05
e Size of the control sample: S p £ oo
< -05

e Tag-side interference and charge-asymmetry: A p %
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CPV in BO —> K(S)K(S)Kg arXiv:2209.09547]

e b — s transition mediated by penguin loop: potentially

40

- . - Belle II (preliminary) —e—data
sensitive to new physics o — fit
30 b f t= %4 signal
: ---- background

* Challenge: B vertexing as there is no prompt track; only
Kg — 77~ tracks are extrapolated back

25 |

Events / 0.00747 [GeV/c?]

. Signal extraction fit with 3 variables: AE, M ox0x0 and
STSTHS
CS output

Signal yield: 53 = 8

g a1 RO
. Control sample: Bt — KTKJK{ =~ —— OF Been raminary) 9= B,
E_ 12;_ ILdt=189.3fb,'l_,_:.;"x“- ©-q=-1, Btag
Qo q18f 09T 00 S
| Scp= -1.86 "7 (stat.) £ 0.09 (syst.) s o
| +0.30 = :
iACP — '022 027 (Stat) i' 004 (SySt) ;E
| ——— ot N
O—8 -6 4 -2 0 2 4 6 8



Towards Belle Il I . INEN
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. K7 puzzle: unexpected difference of A -p in isospin related decays B” — Kz, BT — K*n"

* Propose to examine the anomaly through a sum-rule:

L ARy 4K BK°n*) T A B(K*7’) 50 KR RB(Kn°) 0
Kz P P %(K-Fﬂ'_) Tp+ P %(K-i_ﬂ'_) Tp+ P o.%(K_'-ﬂ'_)

o Stringent null-test of SM, sensitive to the presence of non-SM dynamics

— e _ —

* Belle Il is unigue to most of the final states

involved @Belle II:

BO _, Kgn’o [arXiv:2206.07453]

+ +.0 oy
» [ sensitivity limited by the large uncertainty on B _’If & [arx'+V-220_9-05154] +
B — K'zn~, Kgn™ [arXiv:2106.03766]

ACP (B — Koﬂ:()) - ~ =

10




D

[arXiv:2206.07453]

CPVinB’ - Kgﬂ'o

« Main challenge: decay vertex resolution from Kg — a1t
and |IP constraint
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Ay TSR - = s —ar

E— e
' Signal yield: 135 -15 |

60— - so 9N YIEIC. 199 15
. :—Flt Belle II (Prelmlna:y) 605_ . Data Belle Il (preliminary)
Beam spot S S0p 0o |Ldt=189.81b - —Fit
3 [ B oK 2 [0 : jl_dt 189.8 fb
8 ' BB background o 50F B” - Kgm B
S 40 Continuum background 5 —BB background
©f o] 40  Continuum background
Strategy: 30~ S |
i g 30 |
Perform 4D fit (AE, M, ., At, and CS). 20'& lH > +
4y [ :
: T > f \
Use B - J/l//Kg to calibrate At shapes. 107 14 11 of !
I - T 4, : 1111 e
Constrain 7g_, Amy, and Scp from WA, oo pimpbte, 0884 57072 4 o b T

2 M, [Gev/c ] At [ps]

11

~ ACP(BO K" 0) = —0. 41+g 2(stat) + 0. O9(Syst)




Towards measurement of ¢,/ INEN
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Least known angle of the UT, limiting the global test of

the CKM unitarity ¢2[0] = 385 -ng

[HFLAV]

. Penguin pollution complicates extraction of gbzeff = ¢, + A,

* |sospin relations to disentangle tree and penguin contributions

» Use isospin symmetry to get rid of A¢, combining BR and A~p measurements
from B — zzwand B — pp decays

 Belle Il can access all isospin-related decays

12
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 Most challenging final state, very difficult for LHCb and +q

unique for Belle I . f S
— 25| --Continuum
* Multivariate algorithm is used to reject fake photons S 20}
and increase purity :

. Control channel: B » D(Kzr")x"

Pull

* Using flavour tagger to obtain direct CP asymmetry

\‘ (§5 22 3 ‘L --ggntinuum
I S |
c 15F4
g’ 10f Belle 4 *
5 5f det 189.9 fb
Results are competitive with Belle with just 1/4th of data 820 5255 527 2 528be[268§\,,05:29
set size 2| T
_4Et
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1 Belle Il (Preliminary)

[Ldt = 181&)-1

o)}
o

BO —> p T p B [arXiv:2208.03554]

IS
o

0

Broad resonance of the vector meson and a iz in the final state

N
o

Measurement of longitudinal polarisation is hecessary for CP

Residual Entries / 0.01 [GeV/c?]

. © 0
analysis 3% 5
© 0
g (
o -5 . - ' ,
= 0.6 0.7 0.8 0.9 1.0 1.1

Angular analysis using helicity angles of p’s

my+no [GeV/c?]

Belle Il (Preliminary)
6D fit to the variables: 2*M(xx), 2*helicity angles,AE and CS 100 Jtdt=18977
output S 75
Results: A’long. - 2351—%@ Ntrans. — 211—%2 g

Normalized
Residual

—— ALL aq
——= Longitudinal signal BB
. _ N Self crossfeed Peaking
Measurement of BR limited by systematic uncertainty;, i:gggﬁ:z:; . O gzggrounds

0

largest contribution from the 7~ reconstruction efficiency. = .. Self crossfeed

(Transverse)

14




Belle Il (preliminary)

:— Ns,g_345+31det 189.25 fb

B T —> p T p 0 [arXiv:2206.12362]

Similar analysis strategy as BT — p+p0

Candidates per 15 MeV

6D (AE, CS, 2*M(xx), 2*cos(helicity angles) ) template
fit taking correlations into account

- Fit distribution of helicity angles of JZ' 53 of
| I o - gg —015 -0.1  -0.05 0 0.05 0.1 0.15
! AE [GeV]
— — -+ -+
»I :QyCP O 069 O 068 (Stat ) O ()6() (SySt ) * g 400 ] Belle Il (preliminary) +'[r)a:al "
- B =(23.2157 (stat.) £ 2.7 (syst.)) X 107° ‘ g asof Ja-mzw' g
\ ' | 2 sof -
+0.035 | 2 250} — =
i = 0.9437G % (stat) +0.027 (syst) -
- - - ° 150
100
50

Comparable with the WA values and the largest
systematics comes from data-MC discrepancy

SANOMN A
Tl il s

Normalized
Residuals

-1 08 06 04 02 0 02 04 06 15
cosew
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Towards measurement of ¢,/y

0-7 I I I I I I I ! I I I I I I I I I I I I I I I I I I I 0.7 T T T I T T T ! T T T I

oo Y il oo amg EE R - DYK~
o E 2 Doesn’t include latest LHCb results . PV E
SEE - ° EES™ 2 N Gt
0t 5 - = Ioop-levémiat = Lo
- mg - 1= mglls =
0.3 tree-level — 0.3 -
0.2 v —f 0.2 f— —E
0.1 —f 0.1 f— —f
0.0 =+ o+ L s - - L SR S oo b )
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -0.4 -0.2 1

gl -

* The direct measurement of y is a SM benchmark

 \ery precise theoretical predictions [@(10_7)]

e Jesting direct vs indirect extrapolation can serve as an

excellent probe for new physics Current WA dominated
| | o by LHCDb:
» Direct experimental measurements are statistically . L33
dominated y['1=0659 T3 HFLAV

16
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Belle + Belle Il combined analysis
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40 | 400 F

_ J- Belle Il B" - D(K’nm)K’ .y j Belle Il B* - D(K'm )’
—~  35F |Ldt=1281b" — = |Ld o’ ° : .
s f T4 S b 10T v Dat Signal yields
S - ' 2 enF Ko I dr! Ve B* — Dn*
= B —> DK | B - Dr|z =B — Dx| | —- B DK Belle: Belle Il :
> 20 \ 4 > 200 KR4 | e BB background
s 15 } * ' S 150 " - dabackground Kgﬂ'ﬂ': 1467 + 53 KSQJZ'JZ': 280 + 21
o 10 ARVIVANE. & 100 f

s * o Vo s KJKK:194+17 KJKK:34+7

0 e .8 N PR My CULLECIRLI CRDIVERRY. . AMSAAVAARS . b tP S 220 St s it moma o
—_— S : —_— .
= [ oo ° ° =) ° . o ° e eo_ o o
& :. o ® L ] . L ] .. ° ° [ ] o o000 [ 1] [ ] m °® [ 1 [ 2P o 9% [ ] [ ] [ ] ° °

S T91 005 0 005 01 015 ™91 =005 0 005 01 015 [JHEP 02 (2022) 063]
AE [GeV] AE [GeV]

e R ————— —_—

58(°)  124.8 £ 12.9 (stat.) & 0.5 (syst.) £ 1.7 (ext. input) | ‘
e 0.129 + 0.024 (stat.) £ 0.001 (syst.) £ 0.002 (ext. input) ] 08}_ N fL dlate=||¢(a7:1|ie1||298;|fb_1
; ¢3(°) 718.4 - 11.4 (stat ) 0.5 (syst ) 4+ 1. 0 (EXt lnput) | 81

- - e —————— el

* This result is most precise to date from the B-factory experiments

 New inputs from BESIII on strong-phase has significant impact on
systematic uncertainty

0 50 100 150

 Use of B = Dh decay mode to incorporate efficiency effects 0, ['
reduces the experimental systematic uncertainty

17




Summary and Outlook

Presented several results that showcase
Belle Il rich program

« Based on 190/fb. Have twice the data on
tape, a sample as large as that of BaBar
but with an improved detector

 EXxploiting Belle + Belle Il combined
analyses too

D
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arXiv:2203.11349
Observable 2022 Belle-11 Belle-11 Belle-11
Belle(II), 5ab™1 50 ab™1 250 ab~1
BaBar
sin 283/ ¢1 0.03 0.012 0.005 0.002
v/®3 (Belle+Bellell) 11° 4.7° 1.5° 0.8°
/Py (WA) 4° 2° 0.6° 0.3°

1 T T T T I T T T v | ' T ! ! I /U SapPO0000
: Am, Am_and Am, s G
b 2001 nd 1k
06 fj,f':if,ff?z;,. 3
oaf Bd _—T - -
= ( / R S T S.v::: A
) A s e
1 0.5 0 0.5 1
5

>

l|Illl|[llllllllllllllllll

1.0

Potential for Belle lI
to go much further

18
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B-factory variables
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Two key variables discriminate against background for fully reconstructed hadronic final

states

AE=Ej-EL.

Signal
Continuum

™ BB background

- Continuum
. BB background

Main backgrounds: e " e™ — g
events (collimated jets, very
different event shape as

compared to e e — BB

events) and also some
misreconstructed BB events

Spherical
% Jet-like

e~ et — BB

03 -02 01 0 01 02 03 52 522 524 526 528 53
AFE (GeV) M. (GeV/c?)

Separate signal from gg Separate B-events from ggq.
and misidentified B’s.

__|_ —_
e e —qq ).
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B —> Ksﬂ' }/ arXiv:2206.08280] INFN
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. B — Ksﬂ' y is expected to have small/none S s
mixing induced CPV in SM G 4f 1 L [asson
N 3BF /"“
b — syp is helicity suppressed (m . /m,) wrt b — sy; & 30 PK_ Y,
_ S sf DPDr—mat+ .
. B > SY; VS B’ - B’ —» SYr % 20} v -+ Data
9 15 - — Signal+Bkg
_ © - ---- Signal
 First measurement of the BR S 10} Background
© 5k LY
i O 1 111.11...111.1.1..1.|\l;;.‘;j-4 |
. Signal extraction: fit to AE  Yield: 121 &= 29 T T e T T T e e o s

— AE [GeV]

B (B0 s K%O»y) (7 3 + 1. 8 (stat) £1 o (syst)) x 1076}
 Compatible with the known value

* Full TDCPV analysis is ongoing

22
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K+(7Z'+)7Z'O

[arXiv:2209.05154]

K puzzle: Unexpected large difference between A¢7 _ and ALY .

Isospin sum rule provides null test

BKOW"‘ TBO

of standard model:

ZA BK+7TO TRo

= AL+ AT .
KTm— KYm BK+7r—TB

+
+ K+m? Bk+.— T+

ZAKO ; BKOWO ~ 0

BK+7T_

Belle Il is a unique place to measure all involved decays!

N(KT7°) = 887 + 43, N(ntn°) = 422 -

- 37

AP =0.014 £ 0.047 (stat.)
By+.0 = (14.30+0.69 (stat.)

AP, = —0.085 =+ 0.085 (sta

B

+ 0.010 (SYSt.)

+0.76 (SYSt.)) .10~°

t.) + 0.019 (SYSt.)

= (6.12 + 0.54 (stat.)

7+ 70

+ 0.52 (syst.))-10~°

WA: ‘AK+ , = 0.037+0.021, By+ .0 = (129 T 05)10_6

B precision limited by systematic uncertainties associ-

ated to size of control samples.

- common
selection for
both the modes

- 3D fitof M., AL
and CS output

120

~ 100 |

# Candidates [a.u.]

80 |

80 |

60 |
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| Belle Il (Preliminary)

fL dt =190 fb~?

B*->K*n%+c.c.
| Signal enriched

Belle II

B BB Background
B it Background

Bl Continuum Background |
-=-Signal

Bt — K*t7Y

llllllllllllllllllll

. ,00

- Belle 1l (Prelummary)

fL dt =190 fb~!
Bt on*n’+c.c.
- Signal enriched

B BB Background
B K Background

Bl Continuum Background —
-=-Signal

+ 0

BT - n'r




CPVinB - K%Y

e Dominant uncertainty comes from Ao 0
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® fundamental role of Belle Il in precision improvement

020 World average (no Belle II)
> E Including Belle II
> 0.151
—
'z
-
g 0.10

5

NM

0.05¢

: PR [N TN TN SN SR AN TN TR SR S N SR S

0 10 20 30 40 50
Integrated Luminosity [ab™'] 24
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» For statistically limited B — V'V decays, integrate over ¢
and fit helicity angles to extract f;

Image credit: PRD 76 052007 (2007) 0
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