D D
</ ORUSDO
BELLE Belle II

Recent beauty measurements
from Belle and Belle I

——— —

=

S s —— e

La Thuile 2024
Les Rencontres de Physique de la Vallée d'Aoste

Valerio Bertacchi *
on behalf of Belle Il and Belle collaborations

La Thuile, 6 March 2024

* bertacchi@cppm.in2p3.fr - Aix Marseille Univ, CNRS/IN2P3, CPPM, Marseille, France



CKM matrix measurement for SM precision test in suppressed B
decays: B — n’Kg, B' - Kgﬂoy

Substantially improve B decays knowledge :
- Bt > Dop [NEW|

. B-> D<*>K—Kg)>0 and B — DD [new

- B 5> ww [New]

Access rare decays to investigate New Physics via Flavour
Changing Neutral Current (FCNC)

- b—os:B— Ko

- b>d:B— her [new)

- radiative: 5 — py

Lepton Flavour Universality (LFU) tests: (™) and R(X )




Belle Il & SuperKEKB status

 Run 1(2019-2022)

60

2
Qo

o Peak luminosity 4.7 - 10°* cm—2s~!
(reached the 22/06/2022)

[,.qeln i

e Integrated luminosity: 424 fb~!
(~Babar, 0.5 Belle)

 Long Shutdown 1 (07/2022-01/2024)
for major upgrades

Peak Luminosity [x10°°cm s™']
o

0 !
2019 2024 2029 2034

- new two-layers pixel detector

Belle 11

* Run 2: data taking resumed in | First Collisions of Run 2
February 2024 v » — — w

[More information about SuperKEKB
and Belle Il in the backup]




B FaCtOFyba SlCS - AE = E — \/s/2

Signal
/\ Continuum

BB background

545)) = 10.38 GeV ~ 2my >
consl:ralne kinematics

* Hermetic detector = complete event ;
reconstruction Py e

« Asymmetric collider =
Boost of center-of-mass

 Excellent vertexing

'\, measurement of
-\ Arfortime

~ violation (TDCPV)

0.1 0.2 0.3 5.2 5.22 5.24 5.26 5.28 5.3
AE (GeV)

Expected AE ~ ()

\/ (/5/2)2 — B2

Signal
Continuum
BB background

My (GeV/c?)

Expected M, . ~ my

dependent CP —c  y

[arxiv:2402.17260]|

performance
(0 ~ 15 um)
e coherent BB paII'S Recently developed a new mzzzz o Smggggf
prod uction Graph Neural Network Flavour ™| - 59, Category-based
. tagger (GFlaT) withe = 37 % %] o Categonybasec
» Excellent Flavour | (18% gain compared to sl
tagging performance v R S



https://arxiv.org/abs/2402.17260

CKM precision measurements
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b — ggs gluonic penguins, suppressed in the SM (BF ~ 10~ — 10

T from suppressed penguins

= —— —_ e . ———————

_6)

- SM test measuring sin 23°':
N(BO — fep) — N(BO — fcp)

N(B® = fcp) + N(B® - fcp)
where C ~ 0, § ~ £ sin 2/ in the SM —

m f
- Relatively clean theory prediction S - % -

4 b
venguin = T S10 25+

t
. . C. . =
- Access to new physics (NP) amplitudes penguin M pen\g:é%

d

(Ar) = S sin(AmAt)—C cos(AmAt)

A ~p(AF) =

 Experimentally challenging:

- Fully hadronic final state with neutrals

- Low purity = dedicated continuum suppression algorithms N
Sk = T8in 2 |
- Unique to Belle I Cprpir = 0 RO




GlUOnIC pengum BO — }7'KO [arXiv:2402.03713] | L

Belle Il preliminary [rdt =362 fb?
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- —— Fit 1 Signal
-- Continuum s SxF

 Two sub-channels:
- ' =>n(—>yprr
- = p(—=> Ty

U
o
T I T T 1
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o

N
o
ST 1‘4“7 — 1&";' '

e High bkg from random tracks from gg events = suppressed with dedicated BDT

[
o
1 l U 1 T

Entries per 3.0 MeV

e Fit (AE, M, ., BDT output) ol
no oF
* S and C parameter extraction: > 9
> —0 06 -0.04 -0.02 0.00 0.02 0.04
: AE [GeV
- Bkg At Shape FrOm SIdEband 10 Belle It preliminary[ ]j'ﬁdt=362 flo~1
. . . " 3505_ B° - n'Ks Background
- Bkg asymmetry included in the Fit &1 oreliminary h ¢ BOtag
2300? ¢ BOtag
- validationon B™ — n'K™ 2 oo}
| Compatible with SM | 3
Precision compatible with Belle D
or BaBar despite smaller sample R = =
e

SM [HFLAV]: § = 0.63 £ 0.06, C = — 0.05 £ 0.04 At [ps] V4


http://arxiv.org/abs/2402.03713

 Photon polarization constrained by flavour = interference (i.e.
TDCPV) helicity suppressed ( ~ m./m,) = Sp sensitive to NP

e Considered:
- Exclusive decays B’ —» K'( — Kgﬂo)y
- Inclusive decays BY — Kgﬂ'o}/

* Challenge: B vertex without prompt tracks

- Kg — 77~ information + beamspot constraint

30
- poor-quality vertex events used for time-integrated Ffit S 2
 Fitto (AE, M, ) to extract the signal, followed by the At fit % 15 |

IS
(&

Events /1.0 ps

Top plot: BY - K*Oy,
0.8 GeV < m(K{x") < 1GeV

Bottom plot: BY — non-K*Oy,

excluding above mass region  3s,

=
o
T I T

(K%)= 0.000:36 7 04

| C(K*Py) =0.10+0.13 +0.03,

SM [HFLAV]: §=-0.16x0.22,A =—-0.07£0.12, S

—0.15+0.20,A =-0.07%0.12

N w
o o
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L Belle Il (preliminary)
- [Ldt=362 fb?

—4- g=+1
- g= -1
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. Belle Il (preliminary)
- [Ldt=362 fb?

- g= -1
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Improving B decays knowledge
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In channels with missing energy = use of the the Rest of the

Event (ROE) information: B Tag
tag reco
e Exclusive tagging:
Step 1: Reconstruction of the partner B (B,,,) using well- Full Event Interpretation (FEI)

known channels \
'« MVA based B-tagging algorithm

 Hadronic tagging: lower efficiency, but full tag | ‘ .
reconstruction * hierarchical approach to reconstruct

0©(10%) decay chains

e Semileptonic Tagging: higher efficiency, but lower

purity © Ehaq = 05%, eg = 2%
Step 2: Using the Y (45) constraint, infer the information on w ey G e
the second 5 (B,): flavour, charge and kinematic e R :

constraints
I

* Inclusive Tagging: signal reconstruction first, and then use of
the ROE+Y (45) constraint to infer the signal signature

[T. Keck et al, Comput Softw Big Sci 3, 6 (2019)]
e



https://doi.org/10.1007/s41781-019-0021-8

Branchlng Fractlon oFBJr — D (770

R . L Belle 1I
= . Bellell
» Motivations: = " prminary st
= 100} Signa
) i -4 Self-cross-feed
- BT = D™ is one of the main modes of hadronic B- o B 55 ckround
tagging T 6o
C 40 kN
- One of the ingredients to test heavy-quark limit and SN '
Factorization models (see for instance: /Nucl. Phys. B
591,313 (20002]) ° -0.15 -0.1 -005 0 005 0.4 0.15 02
(T ommm AE [GeV
- World average B(B* — D"p) = 1.35 = 0.18 is driven > 180 Be..e.. .
by an old measurement [CLEO, PRD 50, 43 (1994)]) = o preiminay — Fitresul
g 140;_ Soiss: 23? iﬂross feed
e signal extracted From AFE in bin of helicity angle, to o 132 B9 65 backgrounc
separate B —» D" p( >« 7% and B —» Dzt 7" § 50} 0.55 < cosd, < 0.70
components S 60
O 40
20

0 A m sy e
-0.15 01 -0.05 O 005 0.1 0.15 0.2
AE [GeV]
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https://www.sciencedirect.com/science/article/abs/pii/S0550321300005599?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0550321300005599?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0550321300005599?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0550321300005599?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.50.43

Branching fraction of BT — D p(770)™

I . Belle 11
0 émoo;— Belle I + Dem
« Template fit to cos «9 distribution using B — D"p 5 taoof. Prefminary 8~ D0

0 & 1200

and B — D rn tem lates

p sooi'_r”—rb % ‘_*—T

- Non-uniform binning to have cos 6’ uniform
distribution for the B — D"p

- found (1.9+1.8)% of B —» D’z *n"

World best result

More than factor 2 |
improvement in precision -

- Bellell t Data
so0 [ Preliminary —— Simulation

0
B D a*n?

20 tension with the w.a.

. Systematically limited, by 7" efficiency calibration

065 07 075 0.8 085 0.9
m(z*7% [GeV/c?

12




Belle 1II

] Belle I preliminary [Ldt = 362 fb’
e B — DKKisacompletely unexplored sector, few % of B BF expected, only 0.28% measured 3 wf g pokK© — Totl i
- =mmmmm | na
o | - | - T
- simulation and B-tagging techniques will take advantage from an improvement s I ﬁ KKz cross-feed
2 o —— Data
@ 100 —
 Signal extracted from a fitin AE Y ek
. — . * . — . . .
- challenging background from B — DK~K*rin K ° channels = Ffit to m(K*7 ™) distribution
: . . : : . (*) -0(*) 0C)NY 3 2F
o BFs extracted applylng dan eFﬁaency correction differential in the plane WL(D K( S) ) m(K K( S) ) o M e e
.
” T 005 0 05 07 035 02 05 03
AE [GeV]
e Observation of 3 new decay modes
(D+ D*O D*+)K—KO I — - : : ——————————————————
? ’ \) ~ Channel Yield (K% / K*9) Average ¢ (K% / K*°) B [107]
o 0110 %0 j‘ B~ - DK~ K? 209 + 17 0.098 1.82+0.16+0.08 |
 x3 precision on D"KK¢ and DKK ~ B> D*K~K? 105 + 14 0.048 082+0.12+0.05
modes . B - DK K 51+ 9 0.044 1.47 +0.27 +£0.10 observatlon *
. B° - D*tK~K? 36 4+ 7 0.046 0.91+£0.19+£0.05 L~ |
1d b : B~ - D°K~K*° 325 + 19 0.043 7.19 + 0.45 + 0.33
* World best measurements for B° - DYK~K* 385 =+ 22 0.021 7.56 & 0.45 + 0.38 |
B — D! )DS_, reconstructed in B~ — D*K-K*0 160 + 15 0.019 11.93 4+ 1.14 £+ 0.93 |
_ _ _ R BY — D*t* K~ K*0 193 + 14 0.020 13.12 4+ 1.21 £+ 0.71
D; - K" K{and D - K"K™ |
. B~ —=D°D; 144 +12 / 1563 + 13 0.09 / 0.04 95+ 6+ 5
BY - D*D: 145 +12 / 159 + 13 0.05 / 0.02 89+5+5
B~ — D*'D: 30+6/29+7 0.04 / 0.02 65+ 10 + 6
LEO — D*t D7 43+7 /3717 0.04 / 0.02 83+ 10+ 6 13




» extracted bkg-subracted and efficiency-corrected
invariant mass and helicity angles with an sPlot

Low-mass structures observed in m(K_Kg) system, with

a dominant J© = 1 transition (one or more p’
resonances)

Low-mass structures observed in m(K~K ) system,
compatible with J© = 1% transition (one or more a

1
resonances)

Belle 1II

Belle Il preliminary fLdt = 362 fb
> L ]
8 700 - B — DOK K g Phase-space Signal
600 [
102 - = B— Dp(1450) Signal
% 500 g
T 400} T ba
2 ol 1
© 300} +
O ;
D 200f * +
-g) i
Ollllll[llll'lllll[l'll'l_lr
1 1.5 2 2.5 3 3.5

Belle Il preliminary

m(K ' K$) [GeV]
(Ldt = 362 fb’

- B— D°K'K™

+

—— Phase-space Signal
- B— Da,(1260) Signal

- B— Da (1640) Signal

—e— Data

2.5 3 3.5
m(K' K°) [GeV]

14
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* |tisarare, never observed decay

» The polarization f; and the direct CP violation parameter A p
will be useful to understand better the B — V'V decays

 Untagged measurement, reconstructed w — ata

 BDT for bkg suppression

» Flavour tagging exploiting Rest-of-Event

» Simultaneous fit for f;, A-p to 7 kinematic variables

—e— data

—— total fit

----- signal long.

B signal trans.

----- continuum
BB bkg.

First observation of the decay (7.90)

f; compatible with SM

no significant Ap

SM Expected f; = 0.9 —0.95 [PRD, 77, 095004]

| |711 b~}

‘ ; e

-Belle preliminary

(a)

824 525 526 527 528 5.29

M, . (GeV/c?)

_ (f) Belle preliminary



https://arxiv.org/abs/2401.04646
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.095004

Flavour changing neutral currents
&
Lepton flavour universality

16



First evidence of BY — K™ v (1) levxivzsii14647) 362

To appear in PRD
» FCNC, strongly suppressed in the SM: e B
B(BT — K*vi) = (5.58 £0.37) X 10™° [prp 107, 014511 (2023)] o o W
- NP can enhance the BF (for instance [PRD, 98, 055003 (2018)]) ] .
 Tagging: combination of two methods, (almost) statistically independent: ,;y:_\ B+ . Y@4S) — B- :_g
e =

- hadronic-tagging: higher purity (more conventional)

- inclusive tagging: higher efficiency (more sensitive)

 Bkg suppression and control is extremely challenging: only one K track, two K*
neutrino in the final state . Boo0p —
2 _ 287 Belle 11 == B°B
- Bkg suppressed with two BDT in cascade targeting gg and other B decays g . 2 {“3@2”" : gf lllllllll
- Bkg control validated for each specific source of bkg 7 f1 e
- Signal efficiency validated with B — K*J/y( — uu), without matching 5 " ;Hj%
the muons S *
- Closure test: extraction of the BF of B — Kz as a function of 7 0 E g™ g

g, = s+ Mlz( — \/EE;? = found consistent with w.a. 0 ; 10 - %


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.119903
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.055003
https://arxiv.org/abs/2311.14647

First evidence of BT — K v (2) lorvivzai1. 14617 |3

To appear in PRD —

Hadronic tagging: fit in bin of  Inclusive tagging: fit in bin of BDT
BDT output (1) output (1) and dineutrino mass qrec

| n(BDTy) | | SM \\(11 oe
125 _ 0.92 0.94 0.96 0.98 1.0 0.497 + 0.037 43
! Belle II — BL_J{ v I : . ' . : —— Belle 11 (36‘2 fb-!. combined)
oo [ £dt=362fb" — BB 3000 bt :inclusive tagging | 23407 This analysi
— [ ' Bl cc I :  Belle II : ! Belle II (5()) ﬂ) , hadronic)
- [ - : [Ldt=(362+42)fb! HEE BT K ww , 1.1+1.1 This analysis
B vu, dd, ss 70! ] . —
} 75 | i, A, 29 3 —3 B'B’ : O B( lle II ( %()) fb-!, inclusive)
g t * Dﬂta '-g 2000 I: B + B - | + 0.7 Thi lysis
,CUG % - Cjontinuun] i C l C ”( [l |,() H) . 111( lll‘ sSive ,]
o~ . . 1.9+ 1.5 PRLI27, 181802
s hadronic tagging = t  Data |
S . Belle (711 fb!, semileptonic
g O 1000 | 1.0+0.6 (PRD.%. 091101 : )
O : ! o Belle (711 fb!, hadronic)
=:= : 2.9+ 1.6 PRDS7, 111103
0 : | BaBar (418 fb'!, semileptonic)
: 0.2+0.8 PRDS2, 112002
oF : : : : ; BaBar (429 fb™!, hadronic
— @-
— - : : : . I 1.5+ 1.3 PRDS87, 112005
:'-: 5 () :—---—--------—T---—-------—--?----_----------‘; --------------- 1 ! ll I 1 1 L l L 1 1 l 1 1 1 I 1 1 L
D’: _5 | l ! | 1 i | | i | 1 0 2 4 §) & 10
—5tL | | | 1 | -1 4 8 25]—1 4 8 251 4 8 251 4 8 25 105 <« B ( + 4 —
. r(B™—K " vv)
04 05 06 07 08 09 10 @2 [GeV?/c]

n(BDTh)

0= 4.6+ 1.O(Stat:_ . SV

Combined result:

. —

3 50 above the bkg only hypothe5|s
2.70 above the SM prediction 18


https://arxiv.org/abs/2311.14647

Branching fraction and isospin asymmetries of B — py

——— e = e e = A

= R _ _ _ P — = e — = = _— = ==

e Motivations:

- b — dy FCNC = BFs are one order of magnitude smaller than
b — sy and possibly sensitive differently to NP

(—)
c2T(B° — p%) —T'(B* — p*7)

Ar = (—)
- From previous measurements, isospin asymmetry is currently 2o coT(B® = p) + T(B* = p*7)
from the SM /Belle, PRD 101,111801 (2008)]

S 45
()
— . = 40 elle Il B"—p% (prelimina
« BT - p*( - 72y and B —» pY( — #t77)y reconstruction = 501 B
& 30 ,I 4‘1 signal + bkg, signal
o o o D continuum bkg,
» Challenging due to B — K*y bkg (when K is misreconstructed) £ 2 L B K
> 20 +
L) | ; 5
. Fitto (AE, M, ., m(nx)) . ﬁ»
0 P Y L o S LT T 2T I R T
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE (GeV)

World best measurement for BFs
A; compatible with SM

19


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.111801

rch

— e ———————

e Search:
- B> (0,7, ptete”
- B — (nawvﬂoap_l_)//t /’t_

e all of these are never observed » — d FCNCs

e Bkg suppression via BDT
» Signal extraction by fitting (AE, M, )

 No signal observed = set upper limits:
(3.8 —47) x 107% at 90 CL

T

e e —

|
|
|

e Complementary with LHCb limits [uHEP 10(2015)034,
PLB743(2015)46] 0N B — (7z+,p0),u 1, and consistent
with our B — he*e™ modes

Best UL for all the channels
First search for highlighted channels

e

BT > pTeTe

Bt s ptetem

channel BYY (107%)
|

!

B° — nete” < 10.5
B’ s nutu” < 94
BY — et~ < 4.8
|

B° — wete” < 30.7
B > wptu” < 24.9
BY —» nete” < 7.9

0 0,4+, —

B —-mu"u < 5.9
BY — w0t~ < 3.8
BT s ntete” < 954
B° — plete” < 45.5

Events / [2.5 MeV/c?]

Events / [7.5 MeV]

Belle preliminary

20 | —
(e) B° — p’eTe
15
10 1
I +¢ 0.
5
0 : S0

52 522 524 526 528,
M, [GeV/cT]

Belle preliminary

(e) B® = plete”

N
o
T

—
(&)

—
o

(8))
T

-0.15 -0.1 -0.05 0 0.05 0.1

AE [GeV]
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https://link.springer.com/article/10.1007/JHEP10(2015)034
https://doi.org/10.1016/j.physletb.2015.02.010

'LFU test: R(>‘<

S— o Belle 11
. B(B - DYt~ w,)
% R(DW) = 22— T
e First R(D*) measurement at Bellell R(D™) BB = DOy’
 Hadronic B tagging
e Reconstructedonly 7 — v, 04 o e
S) :!:!E!Il Ay* = 1.0 contours :
e Signal extraction from 2D Fit: MOBS S -
. . 2 2 E Bellell E
- Missingmass: M~. . = (P,+,- — P, — Pp+ — Py) N =
— LHCb*
- Extra energy on calorimeter E & 025 - =
» Bkg validation on on multiple data sidebands o.zf— FHFLAV SM e WD L0 S _
I e L Revmems R T
0. 041 O 035 02 025 03 035 04 045 05 055
R(D ") = 0.262 "o 039 (stat) +0 032 R(D)
40% precision improvement compared to
Belle with the same luminosity
Compatible with SM 21


https://arxiv.org/abs/2401.02840

Belle II

Belle II preliminary [Ldr=189fb!

)  laxiw2311.07248]

e The measurement OFR(XT/E) = B(B — XTI/)/B(B — Xfl/) iS: M2 <1 |M2% e(1,23]| M2 . €(23,4]| M2 . €(4,6] =§((Z—>ewlv
I 1 BB Background|-

B Continuum

N
o

247

MC tot. unc.
¢ Exp. data

Mr%liss € (6’ 8] Mr%]iss >3 |

(-
(o)}

20

- complementary test of flavour universality compared to R(D*), since is
statistically and systematically distinct

=
N

- unique to Belle I 3 8 I |
S LB
 Hadronic B-tagging e ) .-_ i B
&) 25.._'_-_. ® oo’ e n_,_-_... .
» Reconstruction of 7 — £vv and considered X all the other particles in the final  g-2f " i S R IR R
cbates § ciymgey T TFEEL R
pB [GeVic]
e Challenging bkg contamination = data driven subtraction using sidebands Belle 11 preliminary [Cdr=189fb~"!
! M2 <1 [$| M2 €(1,2.3]| M3 €(2.3,4]| M3 €(4,6] | N ?HW]U
. Signal extracted from a template fit of (pZ, M. ) with templates from Xzv, 20} | o 24| — 55 Background
_ _ . 6r 6r I Continuum
X?v, BB bkg, gg bkg (constrained from off-resonance data) 16} | .‘J | 200w | FF MClot unc
e ———— . — e 12} *af at o = M2 €(6,81] M2 >8
R(X,/p) =0.228 +0.016 (stat) £+ 0.036 (syst Consistent with SM, " P S b L2
R(X /o) = 0.232 - previous measurement T 08, il A
T/ €E - - -
>X< . L . . -
R(X,,,) = 0.222 - and w.a. R(D*) -
;“"‘ * [JHEP 11,7 (2022)]

 Limited by MC sample size, PDF shape and bkg BF systematics



https://arxiv.org/abs/2311.07248
https://link.springer.com/article/10.1007/JHEP11(2022)007

Conclusions

Shown several analysis which are fully exploiting the available samples before Run 2:
- Belle Il Run 1 sample (362 fb-1)
- Combined Belle+Belle Il sample (~1ab-1)

sin Zﬁeff fFrom gluonic and radiative penguins produces competitive results, exploiting Belle Il unique
channels (like B — 'K?, B® — K97%)

We are constantly improving the B decay knowledge (like ), also observing new decay
channels (like and )

Strong push to investigate FCNCs:

- several new world best upper limits in transitions ( ), or best BFsinb — dy (B — py)
- Evidence of B —» K1y, 2.70 above the SM

LFU test effort is ramping up exploiting unique channels (R(X_,) ) or contributing to the known one R(D¥)

| atéking ut resumed, with [Jpraddt and —SW

23
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Belle Il experiment at SuperKEKB collider

SuperKEKB Belle Il
e Successor of KEKB (1999-2010, KEK, Japan)

| Elect;omaQH;’cTa
. + — . . Calorimeter
 Asymmetrice e collider: [Csl(‘D K, and muon detecor (KLM)
o 'Resistive Plate Chamber (barrel)
'B}/ 0.28 ( A g R 128 //tm) electrons (7 GeV) Scintillators+WLSF+MPCC (endcaps)

- /s = m(Y(4S)) = 10.58 GeV

1

. . 35 . 1cm radius positrons (4 Gev)
« Target peak luminosity: 6 - 10°° em—2s I 2N
Vertex Detector (VXD) \
(X 30 of KEKB) 2 layers Pixel (DEPFE'Di -

4 Iayer bSSD J Part|cle Identification |

TOP: Time of propagation counter (barrel)

- \ ARICH: focusing Areogel RICH (forward) J

'Magnet \ 7 | -

Superconducting solenoid |
B=15T

]

Central Drift Chamber (CDC)

56 layers of longitudinal and stereo wires
He(50%):C2He(50%)

Y (/’tm) _0005

-/

z (mm)

[Belle Il Technical Design Report arXiv:1011. 03527

Nano-beam scheme:
250 um (Z) % 10 um (X) x 50 nm (Y) 26


https://arxiv.org/abs/1011.0352

Long S

——— T e B ————

Long shutdown 1 (LS1): LS1 activities:
czjgléaz-takmg sopped In JUly * replacement of the beam-pipe

* replacement of PMT of central PID detector (TOP)
e installation of 2-layer of pixel detector

- shipped to KEK mid-March

- final test scheduled in April

e improvement of data-quality monitoring and alarm
system

e complete transition to new DAQ boards (PCle40)
: : * replacement of aging components
Data taking restated in
February 2024! e additional shielding against beam backgrounds

e accelerator improvements: injection, non linear-
collimators, monitoring



CP-asymmetry in interference between mixing and decay:

N(B® = fep) — N(B — fep) (t) —

(Scp sin(Amgt) + Acp cos(Amyt))
N(B° — fcp) + N(E — fcp)

Acp(t) —

with Scp: time-dependent asymmetry and Acp: direct CP-asymmetry.
B°-B" mixing:

— BY) — N(B° —

)(t) = cos(Amgyt)

— BY)+ N(B° — E")

[FromThibaud Humair,

MoriondEW?22] | g




|

'

Belle 1II

BY — n'K?: extrainfo [arXiv:2402.03713]

n' — n( - yy)r*x~ (358 events) n'— p( =z x7)y (471 events)

~ Belle Il Preliminary [cdt=362fb? Belle Il Preliminary [cdt =362 fb? Belle Il Preliminary [cdt =362 fb? . Belle Il Preliminary [cdt=362fb~! Belle Il Preliminary [cdt =362 fb? Belle Il Preliminary [cdt=362fb~!
() = T T T ] T ! ! 1 ! ! ! ! ! T T T T T T T T T T T T
; A Fit e Signal %) 60 | —— Fit mm Signal 40 | —— Fit B Signal § 140 | — Fit mm Signal % 120F — Fit pm Signal 1 —— Fit m Signal
Q@ 60 | ---- Continuum WM SxF (@) --- Continuum W SxF 8 -=- Continuum W SxF Q 5 -- Continuum am SxF @) -- Continuum B SxF N OO e Continuum W SxF
O . —— BB { Data m S50F—-— BB t Data o - —-— BB t{ Data G OF_._ BB { Data ™M 100 | —— BB { Data g —— BB { Data
8 0F 8 40 © i 8 100 8 © 150
S a0} o o o o T
= - S Q 20 o 9F = 3
o Q ' = 60 o on 100
P o 20 F ‘= S 2
n K, <10 40 = =
) - c n 3 ¥ s0f
= 10} o 10} v L ) = <
2 & - | 5 5 -
u_l O o L Bl A 1 FE 0 uc-l O LIJ O e " . 0
g (5) g # ' ' ] ' ] g e (V)] 5 7)) 5 T T T T T T wn 5
Q i | 1 1 Q 5 1 1 1 1 1 1 o— _5 1 1 1 3 o 3 0 ._-_d-i—--—--____.-..ﬁh-.- D 0
5210 5275 5280 5285 5290 7 =006 -0.04 -0.02 0.00 002 0.4 0 ! 2 > - _92.76 5275 5280 5285 5290 & -5 0.06 —0.04 —0.02 0.00 002 0.0 * -5 0 ] 2 3
My [GeV/c? AE [GeV e : : : : : ~0.06 —0.04 —0. . : :
be [ /c4] [ ] BDT My, [GeV/c?] AE [GeV] CSgor
Source C 0 S 10
nKg nKg
. . . Signal and continuum yields < 0.001 0.002
. I~ -
e Systematic uncertainties: SxF and BB yields <0.001  0.006
Cgpt mismodelin o -
~ Signal and background modeling
Observable correlations
At resolution fixed parameters 0.005 0.009
At resolution model 0.004 0.019
Flavor tagging 0.007 0.004
7,0 and Amy < 0.001 0.002
Fit bias 0.003 0.002
Tracker misalignment 0.004 0.006
Momentum scale 0.001 0.001
4" A
Tag-side interference 0.005 0.011
BB background asymmetry 0.008 0.006
Candidate selection 0.007 0.009

Total 0.027 _ 0.037 29
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100

80 |-

60

20 b

100

Events / 0.02 GeV
()

60 |

40 |

80 |

T —rr—
AE [GeV]

Z Belle Il (preliminary)
det—362 fb~?

~385 S|g ev. §

L A ‘s

e A
- Belle Il (preliminary)
- [Ldt=362 fb?

+

.
.
.
.
.
.
.
.
.
.
e
.

Tag-side interference

K*O,Y K2W07

Source | S O S C

E and p scales +0. : 10.

~ Vertex measurement +0.021 £0.009 +0.023 0.036

Flavor tagging +0.005 Toose +0.008 005

Event-by-event fractions £0.003 10003 #£0.032 £0.013

Resolution functions +0.014 =£0.009 +=0.032 =0.013

Physics parameters < 0.001 < 0.001 £0.003 < 0.001
BB asymmetries F0-010° 10,022 0023 +0.03 ﬁ'

< 0.001 —0.002 +0.001 +0 00

Total

+0.033
—0.037

0.032

—0.031

+0.100 +0.071
—0.098 —0.070

Top plots: BY = K™%, 0.8 GeV < m(Kgﬂ'O) < 1GeV
Bottom plots: BY — non-K*Oy, excluding above mass region

30
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Systematic uncertainties

Source Relative uncertainty (%) ¢ data/MC ratio correction

Npp 1.5

/e 24 « D't - D - K nta")n*
Bsub 0.8 and

Fit modelling

D't - D% - K zHnt

jﬁquﬁcicnc

Particle-identification efficiency .
Continuum-suppression efficiency 1.5 e 3s a function of momentum

Tracking efficiency 0.7 and pOlar angle O': ﬂ.O
Total 2.3

31



B - DUK _K((;))O and B — DD :extrainfo (1) 6 S

bkg-subtracted and efficiency corrected m(K~K) distributions

. . -1 -1
- Belle Il [Ldt =362 b - Belle Il [Ldt =362 fb”" S 3500 Belle Il [Ldt = 362 fb > 2000 _Be"i I [Ldt =362 fb
o 700 - B-_> DOK-Kg ——— Phase-space Signal ® 700 - ?O_’ D+K-Kg ——— Phase-space Signal 8 B-—’ DOK-K : B Phase-space Signal 8 B — D+K-K 0 = Phase-space Signal
2 600 : g 600 _ o 3000 3 ~ B— Da(1260) Signal o 7000 B— Da(1260) Signal
S 500l T ETasIEeE = 0o T B Del1450) Slgnat S 2500 F B Da(1640) Signal | g 6000 5. Da(1640) Signa
B | B 8 | * B 5000 |
= i + 400 T 2000 | —e— Data T —e— Data
o 400t o : @ f D 4000 | t
> 200 | 3 S00¢ ® 1500 | o
© 300f 2 200l - F - 3000 t 4
® - ® : 21000 | 2 t
= 200} = : b= ' € 2000
o 1 o 100} D [ D2
‘© 100} ‘© : © 500¢ ® 1000
- 0 [ . I Y
= o+ ;1005.,.“_1.l{.{l_.,,.l = obee T T O ers obr= . PPteteesS
1 15 2 25 3 35 - 1 15 2 25 3 3.5 1 1.5 2 2.5 3 3.5 1 1.5 2 2.5 3 3.5
- - - ‘0 . - - -
m(K'K?) [GeV] m(K'K%) [GeV] m(K K °) [GeV] m(K K °) [GeV]
-1 -1
Belle Il (Ldt = 362 fb’’ Belle II (Ldt = 362 fb - Belle II [Ldt = 362 fb S 4000 Belle II [Ldt = 362 fb
. . - i > e . - 4000 F - 001" = i - —=0 ') — i
% B D 0 K KO —__ Phase-space Signal © I BO—> D + K KO _ Phase-space Signal Q ; B—D 0 KK 0 Phase-space Signal [0 B —D +K K 0 Phase-space Signal
& 350 e % S O : O 3500 |
» 300 ot 200 o 3500 _ B— Da (1260) Signal o | B Da (1260) Signal
~— s B—> Dp(1450) Signal ~— [ . B— Dp(1450) Signal ™. 3000 F ) ) . 3000 ) )
CS 50 | O Q : - B— Da/(1640) Signal o : B— Da,(1640) Signal
> : > 150} _r & 2500 | | & 2500 |-
E 200 F E - -1~ ¢ —*— Data c [ —e&— Data = - —e— Data
o -1 ® ’ © 2000 © 2000 | *
> > 100+ ¢/ o :
o ™ 5 | 5 1500 F + + o 1500 |
: D : D :
g 100 | %’ ‘ £ 1000 | + = 1000 | f“
) 1 (o) 2 - ' 2 :
2 50} L= “‘—\—\_\_L o 500} M“~*++ ® 500
1 . . . T T , , R Loy . | I PR W T S N S T PR W R S N T T PO PR S T | PO W SR SR (N W SR T PR T Y
1 15 2 25 3 35 . 25 3 3.5 1 1.5 2 2.5 3 3.5 1 1.5 2 2.5 3 3.5
- \ - ; "0 ' ‘"0 ,
m(K'K%) [GeV; m(K'K%) [GeV; m(K K °) [GeV] m(K K ~) [GeV]
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Belle Il [Ldt = 362 fb”

— - e e — N

Belle Il simulation

E 60 F B D*K'K’ — Total fit s 3.5 : B — 0.08 ?
O A Signal @ | m ks
Q 50 O - 0.07 -5
= S (T Background = 3 =
E 40 | —— Data % I -] 0-06
. >
W 30 % \¢
20 | ﬂ 3 - =
o T L
0 beud i L *tera, J ] * wl [ *
n=3_ 21 é:f::ffff;ﬁ;fffff;ifffff:ffff;ﬁ:::ffffifi:::f:f:ffjffffﬁfffffﬁf:f::fﬁffiffffffff:i
]
__21 T
01 -005 0 005 041 015 02 025 0.3 2 25 3 35 ) 4* , 45 5
AE [GeV] m(D"K™°) [GeV]
-1
5 5 Bellell [Ldt = 362 fb Belle Ii fLdt = 362 fb”
1 . | Al > i — - -
%) [ 120 E 8 700 - BO—> DK K g — Phase-space Signal
O 3} ® o 600F .
@) i — 100 3 g 500 _ = B— Dp(1450) Signal
lx 25 B e B : ——
X I 80 S "qc')' 400 | Data
N B
S £ 3 300fF
oL 60 @ ()
_ o T 200F
I 40 8 % - |
1.5} £ 5 100 fﬁ H H
[ 20 @ O 0 .+-|_ + + I |
: = = : | !
1_....1111.11,1111 T I _1OO_|||||1||||1||||||1|||1||
2 25 3 3. 4 45 5 1 1.5 2 2.5 3 3.9

m(D*K?%) [GeV]

m(K'K2) [GeV]

Belle Il

(Ldt = 362 b’

2500

2 GeV

2000 |

1500

Weighted events/0
o
3

| —0 -
. B - D'K'K%
~ —— c0s20, x¥/ndf=8/9

| —— const, x2/ndf=46/9

const VS cos?0=6c

— Phase-space Signal
=== B— Dp(1450) Signal

—eo— Data

500
0
-1 -0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1
coS(0,«)
Belle II (Ldt = 362 b’
> | —0 - —— Phase-space Signal
500 + 0 P 9
(CB  B—-D'KKsg __g. Dp(1450) Signal
I —e— Dat
© 400} -
S [
S [
+ 300 ¢
q) |
> i * l
D 200}
© ,
_|G_J, I | 1 .
5, 100} - ’ I
2T T
O_|...I....I||..I.||.I....I..|P
2 2.5 3 3.5 4 4.5 5
m(D*K’) [GeV]

Example of all the derived results for a single channel (BO — D

1400 BElE (Ldt = 362 b’
> - —0 +1-1,0 — Phase-space Signal
8 12003_ B—-DKKg __ B— Dp(1450) Signal
(q\ I —e— Data
% 1000 | —— const, x%/ndf=25/9
o 800
> I
(()) i
- 600
) :

C B
[} 400 : *
o ; + * |
; 200 + ! + i T
ot—— e
-1 -0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1
cos(GKS)
Belle Il (Ldt = 362 fb’
% 700: —0 +1,-1,0 — Phase-space Signal
ol B—-D'KKs __g. Dp(1450) Signal
To) —e— Data
S 500:—
D i
2 a0l !
O 300 -
©
Q
c
D
)
=

Belle 1II

200 M,

1002— .'_"T | * I

2 2.5 3 3.5 4 4.5 5

m(D*K?%) [GeV]
-




Fit variables:

-10

- 7\
-
- @ / \
-~ . P \
Ty A
DA \
; ~
/
/

=
PR S T 1 PR S T 1 b d |~

5.25 5.26

M, . (GeV/c®)

527 528 5.29

—e— data

—— total fit
signal long.
8 signal trans.
continuum
BB bkg.

(e —

ww: extra

- ™

1 L A A

0
0.

- i -
- i :

- -
" .-

74

0.76

078 0.8
M, (" n’) [GeV/

g2

¢’

W

.
et

0 Brost i 0 L
074 076 078 0. 0.82
M, ("7 n°) [GeV/cT]

(9)

BELLE

TABLE I. Systematic uncertainties on B, fr, and Acp. Those
listed in the upper part are additive and included in the sig-
nificance calculation as discussed in the text. Those listed in
the lower part are multiplicative.

B (%) fo Acp

Source
Best candidate

selection
Signal PDF ___ |
Fit bias
Background PDF
Tracking efficiency

7° efficiency

PID efficiency
Continuum suppression
Flavor mistagging
Detection asymmetry

NBOE() .
Blw—=ntn 1) xB(#@® =~y 16 — —
Total 11.4 0.13 0.11
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BT —» K"wu:

S e —

Dedicated bkg validations:

e ee¢ — ¢q bkg simulation validated with off-resonance [ oot [ 20 s2n
(60 MeV below Y(4S) ) data 50005 é 000 L '
0 é 4000 |/ "% E\ N
« B — X .( — K;X) bkg validated with lepton- and pion-£ s} | © olessssssstid
enriched control sidebands S oo BDT; (BDT; > 0.9) N
| CZIB*— K* J/4 simulation ¢ B*— K*.J/4y data \
0 . . L 0 -0 1000 E:}B: — I{:__._l-/'rﬁ'.silnuléti(nl b B* Kt Jfgdata [\
» Undetected K; validatedwithee™ — yp( —» K/ K) etz w
L LS 0.0 0.2 0.4 0.6 0.8 1.0

BDT4
» B —» KtKYK" bkg simulation constrained with

previous measurements (B — K+K§)KO,
B — K+K_Kg)
35
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"= Ko

= e e

Combination:
- profile likelihood Fit

- including correlation in syst

0.6

Efficiency:

[ Statistical uncertainty - [ Statistical uncertainty

g 15T Belle II preliminary L\T 0.5 —_—-—’_-__’_‘—'—‘_‘_ Belle II preliminary - EXClUd I ng COmmon events FrOm InClUSIVe
simulation E— i simulatios . .
; I I . : 04l simulation tagg I ng Flt
i or { ne U.SIVG A s 0.3 hadronic HTA
5 - tagging = tagging 15.0
Tj - = 0.2F - Belle II preliminary SM
— I - 5 - . ) . —
5 7 5| 12.5 F [ Ldt= (362 +42) fb! HTA
N v 0.1 — ITA

F : ! —— Combination

0 | | | ] I ] ] ] l_x 0.0 | | 1 | I 1 1 ] 1 1 10 0 B
0 2 4 6 8 10 12 14 16 18 20 22 24 0O 2 4 6 8 10 12 14 16 18 20 22 24
q* [GeV?/ct q* [GeV? /el

o 210g(L/Lmax)
~J

Results separated in the two tagging approaches: 00—

- Hadronictag: u = Z.Zﬂ:g f%:?, BF = (l.lfg:g fgzg) X 107°1.1¢ above bkg only, 0.66 above SM

- Inclusivetag:y =54+£1.0x1.1, BF=2.7£05x0.5) X 107>, 3.50 above bkg only, 2.9 above SM
36


https://arxiv.org/abs/2311.14647

B+ _) K+Z/I/ extra “"‘FO [arXiv:2311. 74647]

Source Correction Uncertainty Uncertainty Impact on o,
type, parameters size

Normalization of B
ion of continuum backgroun —
Leading B-decay branching fractions —

S S t e m a ti CS Branching fraction for BT - KT KK} q° dependent O(100%) Shape, 1 20% 0.49
y p-wave component for Bt - KTK{K? q> dependent O(100%) Shape, 1 30% 0.02
. . Branching fraction for B — D** — Shape, 1 50% 0.42
I n C l U S Ive Branching fraction for BT — K nn q> dependent O(100%) Shape, 1 100% 0.20
. Branching fraction for D — KX +30% Shape, 1 10% 0.14

ta g g I n g Continuum-background modeling, BDT. Multivariate O(10%) Shape, 1 100% of correction 0.01
Integrated luminosity — Global, 1 1% < 0.01

Number of BB - Global, 1 1.5% 0.02

Off-resonance sample normalization — Global, 1 5% 0.05

Track-finding efficiency — Shape, 1 0.3% 0.20

Signal-kaon PID p, 0 dependent O(10 — 100%) Shape, 7 O(1%) 0.07

Photon energy — Shape, 1 0.5% 0.08

Hadronic energy —10% Shape, 1 10% 0.37

K? efficiency in ECL —17% Shape, 1 8% 0.22

Signal SM form-factors q> dependent O(1%) Shape, 3 0(1%) 0.02

Global signal efficienc ;

Slmul_atglﬁamgle size 7 T —

Source Correction Uncertainty type, Uncertainty size Impact on o,
parameters
~ Normalization of BB background e - ,
Normalization of continuum background — ~ Global, 2 - 50% 0.58
Leading B-decay branching fractions — Shape, 3 O(1%) 0.10
Branching fraction for Bt - KTKK? q* dependent O(100%) Shape, 1 20% 0.20
S S te m a ti CS Branching fraction for B — D** — Shape, 1 50% < 0.01
y Branching fraction for BY — K nn g* dependent O(100%) Shape, 1 100% 0.05
h a d r O n i C Branching fraction for D — KX +30% Shape, 1 10% 0.03
Continuum-background modeling, BDT. Multivariate O(10%) Shape, 1 100% of correction 0.29
t . Number of BB - Global, 1 1.5% 0.07
a g g I n g Track finding efficiency — Global, 1 0.3% 0.01
Signal-kaon PID p, 0 dependent O(10 — 100%) Shape, 3 0O(1%) < 0.01
Extra-photon multiplicity Nyextra dependent O(20%) Shape, 1 0(20%) 0.61
K? efficiency - Shape, 1 17% 0.31
Signal SM form-factors q* dependent O(1%) Shape, 3 0O(1%) 0.06

Signal efficienc

Slmulated sample 751ze - —
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B — pY: extra B

Yields and efficiencies

Mode e |70] Ns Nyg :
Belle BT — p*y 5.5+0.5 19.74+4.0 14.0 £0.7 Systematics
Belle B~ — p 5.0+ 0.5 16.7+3.8 12.9 0.7 Source [)’p+7 x 1083 Bp07 x 10° A1 Acp
Belle B — po”y 10,3 +0.4 41.7 7.2 3.8 £ 1.6 Reconstructlon 11 1.3 . 0.5%
Belle II BT — p+’7 11.0x 1.1 20.7x4.2 23.3 = 1.1 Sm - “j" 3.4 4.0% 0.5%
Bellel B~ —-p ~v 11.04+£1.1 176 =4.0 23.1 = 1.1 Fixed PDF 1.1 917 8% 0.2%
Belle I B° — p°y 14.940.5 31.1+5.4 55.9 1.8 Signal shape 4.7 3.0
Histogram PDF 1.0 0.6 0.1%
— . — - K%~ yie 34 5. 3.1% 0.1%
BB peaking yield 2.2 0.8 0.9% 0.2%
g BB peaking Acp 0.1 0.0 0.1% 1.0%
; ol Number of BB'’s 1.7 1.4 0.3% 0.1%
% : Other parameters 4.0 3.6 3.9% 0.0%
% Total 12.5 3.6 7.5% 1.4%
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 extra

———= = —— e — e —
e e - S = =

de™

info

, .. channel Nsig Ny e (%) BYE (107%) B (107%)
e Full list of limits
B° — nete” 0.0715 3.1 3.9 < 10.5 0.073% £0.1
B° s nputp 0.8712 4.2 5.9 < 94 1.9732 £0.2
B® —» ntte 05159 1.8 4.9 < 4.8 1.3725 4 0.1
B = wete™ —0.3152 3.7 1.6 < 30.7 —2.172554+0.2
B’ — wptpu” 1.7t9% 5.5 2.9 < 24.9 777192 +£0.6
B° — wtte~ 1.0773 3.6 2.2 < 22.0 6.417107 £0.5
B’ — neTe” —2.9719 4.0 6.7 < 7.9 — 58755405
B° - nutp —0.5159 6.1 13.7 < 5.9 — 04752 +0.1
B® — w00t~ ~1.8179 2.9 10.2 < 3.8 — 23772 +0.2
Bt s ntete” 0.17%:2 5.0 11.5 < 5.4 0.17%% +0.1
B’ — plete” 5.675°2 10.8 3.2 < 45.5 23.67175 £ 1.1
Bt = ptete —4.41%3 5.3 1.4 < 46.7 —38.21975 £ 3.4
BT — ptutpu” 3.0730 8.7 2.9 < 38.1 13.07155 £ 1.1
Bt — ptete 0.47%3 3.0 2.0 < 18.9 2.57317% +£0.2
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Reference for measurement of f with gluonic
penguins (next slide)

Clean, high yield, channels to benchmark Belle Il

analysis performance

Validation of GFlaT performance = 8% reduction of
statistical uncertainty

| Compatible with SM

SM [HFLAV]: § = 0.695 = 0.019, A = — 0.000 = 0.020

5

3

N

ndidates / (0.5 ps)

-
o
o

L2 T I ’ L4 1 g L4 1 ' L L) L) T l L) T T
[
)

Asymmetry Ca

400

o
- Belle Il (Preliminary) } BO ‘

- [rdt =362 b1

00} |77

o

I
[
—

-10.0 =-7.5 =-5.0 =25 0.0 25 50 7.5 10.0
At [ps]
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Belle 1II

00 Belle Il simulation

90
o GFlaT: Graph neural network Flavour Tagger 3000 [ —— B°, GFlaT -
13 7000;_ —— B9 GFlaT
- Use of particle relations to improve separation BY- S oo B, Category-based
BO o B, Category-based
= 5000
Q
&= 4000
Cat. FT: ¢ = (31.68 + 0.45) % S o
S 2% | .
- GFlaT:e = (37.40 £ 0.43 £ 0.36) % = 18% of i TR
ga|n NIl JL LR ——
-1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00
qr
Source Etag | /0] S C
k__ Detector alignment 0.08 0.005 0.003
o GFlat performance evaluated on ng — D T Interaction region 0.16 0.002 0.002
Beam energy 0.03 < 0.001 0.001
Sample A FE-fit background model 0.11 0.001 0.001
A E-fit signal model 7 0.08 0.003 0.006
. . L sWeight background subtraction 0. 0. 0.001
¢ SyStemaUC unce I'l'_alnl'_les ) Fixed resolution-function parameters  0.07 0.004  0.004
7 and Amy 0.06 0.001 < 0.001
Oa¢ binning 0.04 < 0.001 <0.001
At-fit, bias - 009 0002 0.005

- CP violation in B,

- B -5 D" x" sample size - _

 Total systematic uncertainty 0.36 0. 014 O 013
Statistical uncertainty 0.43 0035 0020 41
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Systematics

Source

f‘ PDF_s;haées‘

!’ Slmulatlon sample size

Bkg control studies:

B — D0~ Uy branchmg fractions 1’ 507
. +2.7%
Fixed backgrounds o 30
Hadronic B decay branching fractions J_rgigz
: : 2.0 R S~
Reconstruction efficiency f2 OZ" = [lacwan o
By S8 100 | ED""
. . . D**t)v
Kernel density estimation +g'g?72 S 1o B o
= e - Fake D'’
Form factors B ?Z’ & 200 Wt P iy
—U. 0] ©
5
: : +0.4% S 100
Peaking background in AMp~ 0. 4% 0 -
— — — . . 0.2 o
T~ — £ v,y branching fractions J_FO 2(;‘; _ 2f
' g Op
i* +O. 1% -2 :— 1 1 1 1
R(D~) fit method Z01% R I ERCRCRL
eci 1€
. . 13.5%
Total systematic uncertaint T
y y —12.3% Aaoo;- Belle Il D+ —p’x —— Data
L 700F [Lat=1893m" [ Ladd
: @8 o1y
8 600 ':' j =g‘!‘(’r,lv
T} 500 3 l.lmhon:l-:'tli
= : B Fake D
Yields: B — D*
I e S (] TU. ~ 1 O 8 o 3005__ Fil uncertainty
3 :
° ° S 200 F
< :
O 100 F
Parameter Observed (expected) yield PN - == ST
D*t — DOt D*t — Dtx° D*° — DOx® _ 2 .
)
. ) o L - 4
Arb"‘rl/ +A’7'¢D‘TV f-misID 5().S)j: 7.8 7.8:t 1.2 49-2 :t 7-5 —2:- ...... . 5 . . | PP | —
. ' -2 0 2 8
Niep, 1084.6 + 36.7 (1041.0 £11.2) 137.9+6.6 (133.2+4.3) 940.9 + 36.0 (927.2 + 10.7) M (GeVIIC)

Candidates /(0.1 GeV)

Pull

Candidates / (0.5 GeV?/cY)

Pull

» Fake D* bkg validated in Am = my.

» B — D*£v validated in low g sideband

8

Candidates / (0.5 GeV/c?)
- NN W A O O

Pull

Pull

70F Bellell p+—p'x o Data
Ldt=1893 1" Bl Dty
60 f B piv
50 B o*=ifr)v
B Hadronic 8
40 B Fake p"
[] Other BG
30 Fit uncertanty
20
10
0
2F
0 fpreee
_2 .— AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
002040608 121416182
120 F Bellell p+—p'x* —— Data
b [Ldt=189.3 1" L
100 - f B v
i ' B o=t )v
80 . ; B Hadronic 8
[ B Fike D
60 |- [] Other BG
i Fit uncertanty
aOr
20F
0 TUEN 2T S T I
2F
oF S S ——
_2 r " 1 1 e L A
-2 0 2 , 4 , 6 8 10
M. [GeV/c?

» B — D**£yvalidated in the extra-z" control sample

— my, sideband

Belle 1II

00

E Belle ll p*'—p'x’ e Dats
00 [Lot=1893m° B v
00 F [ p*iv
E -D“Iflh'
00 F B Hadionse B
- B Fske D'
00 - [] Other BG
00 F Fil uncertainty
00 -
00 —
0 s k'
2F
ok .
_2 :_- At de—db— PR l PP P
-2 0 2 8 10
mic.c. [Gevefcdl
800
f  Bellell p¥'—-p’x’ —— Data
700 [Let=1833m" B D=y
600 DD‘!v
-D“-(!h'
500 | B Hadionse B
g B Fake D'
400 3 [ Other BG
300 [ Fil uncertainty
200
100 -
0 :—-——ﬂﬁ—-—ﬁ :
2F
ok .
—2 :—A PR DU SR S B S S PR 1 s = 1 & =
-2 0 2 4 £ B 10
M. [GeV°icY)


https://arxiv.org/abs/2401.02840

R(D")

Constraint on R(D*)

T = with expected SM contributions of D ” .. X, removed

(eap)

0.35 - 68.3% CL contours

',;X EV M)é Sh&l;

R(D)

Bkg details:
e continuum constrained using off-resonant data

» p, > 1.4 GeV for normalization
e same-B-flavour sample for BB and fakes bkg

Belle 1II

Systematic uncertainties

Source Uncertainty [%)]

Experimental sample size
~ Simulation sample size
Tracking efficiency

_ Lepton identification

Background (py, M x) shape 5.8

~ X{lv branching fractions
X 7v branching fractions
X .7(£)v form factors

Total 18.1 25.6 17.3

Modelling details:
e B — D**¢(£)v:BLR model [PRD 97, 075011
(2018)]

e Gap modes (discrepancy between sum and total
semileptonic widths): B — D*zx7(£)v and
B — D*nt(€)v 43



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011
https://arxiv.org/abs/2311.07248
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b — dy FCNC, particularly sensitive to heavy NP
 Bkg suppression using:

- high quality, energetic photon requirements
- rejection of photon from 7" and 1
- BDT targeting gq bkg

 Fitto (AE, M, ., transformed BDT output)

» Result not approved yet

Previous world best: < 3.2 X 1077 [Belle, PRD, 83, 032006]  SM prediction: B(B" — yy) = 1.4341“(1) %g;. X 1078 [JHEP_ 169 (2020)] 44



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006
https://link.springer.com/article/10.1007/JHEP12(2020)169

e Extraction of partial branching Fraction as a function

mB+m% — g

2mBmD

of hadronic recoil and angles.

 Measurement of B — D*¢v angular coefficients

 Conversion in non-perturbative form fFactors of the
B — D¥* transition (two parameterizations used)

» adding Lattice QCD input (beyond zero-recoil lattice),

and external BF, |V bl can be extracted

Vio| = (41.0 £ 0.3 + 0.4 +
[Veo| = (40.9 4 0.3 £0.4 %0,
I N A

|

stat+syst external BF theory

Compatible with previous results
(inclusive or exclusive HFLAV average)

'investigated via asymmetries

[arXiv:2310.20286]
Belle

- 4 B-DIy, pmm BGLEY, CLNFit

4\»1115 4\N125 \N135 4\N1'50

is Wor
BGL33z O MILC+HPQCD+]JLQCD (p=0.75)
BGL33: o MILC (p=0.81)
BGLz3 o HPQCD (p=0.50)
BGLzs O JLQCD (p=0.83)
O
O
O
O
o
. E;,m @
Incl. g Moment O
M Unite O
37 38 39 40 41 42 43 44 45
|V bl X 10

Lepton flavour violation

and polarization, but there is no |

d evidence.



https://arxiv.org/abs/2310.20286

BELLE

. o o TABLE 1. Compatibility of the lepton flavor universality ob-
® RECOﬂStFU CtIOnZ Had ronic tagg | ﬂg servables with the SM expectation. The AX = X* — X°
are the observables testing the lepton flavor universal by cal-
culating the difference between the decays with muons and

 Tested FLV-sensitive parameters: electrons.
Observable x* / ndf p-value
AArB 1.7 /4 0.79
- Lepton forward-backwoard asymmetry AR(D') 2374 00
AJi 42 / 4 0.38
- D* logitudinal polarization AT soht oa
AJs 7.4 /4 0.12
AJy 2.5 /4 0.64
S; o J; parameters from [EPJC 81, 984 (2021)] A, a8/4 03
AJgs 2.1/4 0.72
Belle 0000 - Belle AJs. 1.1 /4 0.89
¢ sn VS & we) e ©i 0L 0L e o AJ 16/4 0.81
| I 0.010 - Ajs 3.3/4 0.51
_ o . vl + s 00051 g a t,+ + AJy 46 /4 0.33
| 0.0 - +v + + \ A5 0.000- + +;3 j“ 60 u+++o Ajz 41 / 48 0.76
i g, 2 ﬁ Y ‘F -0.005 ¢ |

e Systematic uncertainties: dominated by MC sample size 46
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Belle Il | ince

\ —~
| ¥ I S A S S S S — 2.5¢ g |
‘ MA _ al ANAA A | L .+.Cosm|c E 1.0 ‘”..’..,'.oooooooooooooooooooooooooooo"T |
:A ' : WA AL L AN A : : — ‘{‘ |
% 0.8} e H “‘“‘m i‘m~ — 2~ + Plon - " . barrel region onl ‘
@] - A K ID eﬂuc:ency (data) 32 A e o 05Fh 9 y r
'é.:’ : L K IP eﬂucn;enCY (W) : Belle Il 2020 g - E 4 data Belle Il Prelmjilnary i
w 0Bt e Sliinary) ] £ 1.5 g boMC [Ldt = 71.2 fb
g : [Lat-37.0 1" 3 F : 00 |
S 0.4} S — S — e ' w
5 : Yy = mis-1D rate (data) a - 1.025
= 0.2 Vv nmis-lDrate(MC) i %"’ u <), , ' 19054et 144 ."* ” ‘
¥ 0. - [ —-— <|% 1.000 Proftele ol ' oft »
- 0.5 ———— T | bl I” "”"“ i
0l - |
Momentum [GeV/c] %6204 08 0. 8 b ¢ G'.ev/c; 274 76 T8 2 1 2 3 4 5 |
. 1 [GeV/c]
PID still 20% worse than Belle but . . Phecol
. . Momentum resolution 20% better than Belle High photon effic
Improving : Ign phaoton efliciency, |
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e |
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Nearly 2x better decay-time resolution r interval
than Belle Tagglng performance similar to Belle and |mprovmg |




