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*=  The Belle Il Experiment

Belle Il is a B factory experiment at the The
SuperKEKB e’e” asymmetric-energy collider _ S—

« Design instantaneous luminosity of 6 x 10°*°cms™
with record of 4.7 x 10* cm™s™ already achieved

e Target data sample of 50 ab™
~30x combined data set of previous experiments

-----

- ~100 billion B mesons

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintiltator + WLSF + MPFC
{end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(T1), wavetorm sampling electronics

——
—
—
—

Optimized for tracking and B vertex
R reconstruction, K - t particle
ST Ge\}f“"“‘ 3 Particle Kdontification identification, and precision

Frow focusing Aerogel RICH (fowarc) calorimetry

Vertex Detector

2 layers Si Pixels (DEPFET) + ! ° i i id-

Slayrs 51 ol sidd s 0550 UG e Cle?nder;wr;)nment with Iargde sollccjj
Wi angle detector coverage and goo

missing energy reconstruction

Central Drift Chamber

Smaller celi size, long lever arm

positrons (4 GeV)

e Inclusive trigger (Ntacks>3) as well
as dedicated low-multiplicity triggers
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" Belle Il experiment <D

CUSB (https://inspirehep.net/experiments/1109659) -
7 * - G}\ Belle 1l data set now approaching
goof 1 the integrated luminosity of
gl ! A .‘"{Gev previous generation of B Factory
A o experiments (BABAR and Belle)
= - & |
ICOA AR *f O, l  Current results based on <1%

' by . YT ORI ¥ X L o TR S

° Yas) - Yes) ’*‘I‘ms)l S e of target data sample

3.44 046  10.00 10.02 1034 10.37 10.54 10.5% 10.62

Mass (Gercg) Belle 1l Online luminosity Exp: 7-26 - All runs

Integrated luminosity
mmm Recorded Weekly

15.0 - s ffRecordeddt - 427.79[fb_1] AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA - 400

Physics data taking began in 2019

12.5 1

« Total integrated luminosity of 362 fb™ at
the Y'(4S) resonance

I 300
10.0 A

1.5 4 - 200

« 42 fb™ recorded 60 MeV below Y'(4S)
(“offpeak™)

5.0 A1

Total integrated luminosity [fb~1]

T
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o
o

« 19fb"at 10.8 GeV for exotic hadron
studies (Y'(5S) and Y'(6S) region)

2.5 1

Total integrated Weekly luminosity [fb~1]
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‘s  Belle ll physics program
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Belle II

Broad physics program for precision TN 2 -

tests of SM predictions in B meson P s Am, &
05 ¢ sin 29, \\

deCayS o g ¢2: leing + b N uﬁd (excl. atCL > 0.95)

« CKM matrix elements and CP-violationin © 03

0
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the B meson sector L WVupl: b = ubi, A
! Vi |
 Tree and loop-level (e.g. FCNC) processes o | !
probed to test for evidence of beyond b= ués/ciis F= V. 1: b > ctv
Standard Model contributions L& e L | “fll' — e

¢ ,: mixing +

—| b - ccs,ccd

P

y Y
{ ”’/
q
b s.d \< b /\ s Process

B - KWetem, B° - KKK, B? - K*y, bb
B - Kvv, .. B? - ¢K[s}: B° - p%y, ... _
CcC

Very extensive program of non-B physics as well: Light quark qq
« Quarkonium and “exotic states” TT
. Light Higgs, Z', ALPs, dark sector etc. e'e

 Tau, charm precision measurements and rare decay searches

o (nb)
1.1
1.3

~2.1
0.9
~40




Outline

T lepton mass

Charmed hadron lifetimes

Lepton flavour universality and R(X), R(D*)
Search for B"'— K'vw

Prospects
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" T lepton mass <2

hadrons

Mass of the 1 lepton is a fundamental SM parameter

» Use kinematic edge of M, distribution in T—37mv decays

Pseudomass endpoint method:

Moin = \/ M2y + 2(V5/2 = E3,)(E3, — i) < m

* Assumes neutrino is collinear with 37 direction, N 3
and utilizes beam energy constraint N / Tag th,L
- ) Lt _, / !' (Known decays)
f e
OF Belen 72 CM frame
140} ILdt=190fb'1 T
S 120} . 3
R : ; T pai duced at Belle Il i
= 100;‘:—]‘51 backgrounds .’ . T7T palrS are pro ucea a elie N
T gof L e'e" — 1’1 with relatively high boost
® - i Others
< 60 N 1] L) H
2 3 « “Jetty” topology, with the decay daughters
o from the two taus cleanly separated into
20 two “hemispheres”
0.6 T'B « “Tag and probe” to cleanly and inclusively

M, [GeV/c?]

edge is smeared by select T signal candidate sample

detector effects and ISR




T lepton mass
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Critical to control beam energy and track momentum scale calibrations

 Beam energy calibrated using B meson hadronic decays

 Momentum scale sensitive to magnetic field imperfections, detector material etc.
Extract scale factors for K and = using D** — D’ (— K=x") n" from data

CM Energy
10.59
" Belle I — Vs
I I[_ dt=190 fb™! Total uncert.
10.585 |- sk
= [ 2E,
()
S,
@ 10.58 oo v,gnominal
o
Q
o I
o 10.575
O R & I
< S S
4 g g
10.57 | & o I

0

100 200 300 400 _ 500

Chronologically ordered events

CIx10°

. - mPPG [MeV/c?]

Measured D* mass

Belle Il - i{ Before momentum correction
= j L dt=190fb™ —4 After momentum correction
D" 5> Kn'n" ——
- 3 A 4
1 L I 1 L 1 I L 1 | L 1 1 | L 1 1 I L 1 1 I 1 1 L I 1 L 1 | 1 1 | L 1
-1 -08 06 -04 -02 0 02 04 06 0.8 1

cos0,
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" T lepton mass <

x10°
Mass determined from unbinned maximum 16| Belle I +g:li o — Fit
i i i - : . i B u
likelihood fit to an empirical endpoint function: 14 IL dt = 190 fb” a—-=eed

& 14k
%
o 12F m, = 1777.09 + 0.08 + 0.11 MeV/c?
b »
) w 10
m, = 1777.09 + 0.08 + 0.11 MeV/c 2 of
2] [
£ S
o [
Uncertainty LI>.| 4
Source (MeV/c?) 5 F
Knowledge of the colliding beams: 0 5
Beam-energy correction 0.07 .
Boost vector <0.01 — 2 . e : g
Reconstruction of charged particles: T 0 & -’.-"-:"- RS -5'.-.-'.’". WA T e ‘]
Charged-particle momentum correction 0.06 -2 o S . """"""""""" S o S
Detector misalighment 0.03 17 172 174 176 178 18 1.82 1.84
Fit model: M_ . [GeV/c?]
Estimator bias 0.03 min
Choice of the fit function 0.02 PDG Average (2022)
Mass dependence of the bias <0.01 1776.86 + 0.12
Imperfections of the simulation: BES (1996)
Detector material density 0.03 1776.96 *0-18 +025
; &0 021 -0.17
Modeling of ISR, FSR and 7 decay 0.02
Neutral particle reconstruction efficiency <0.01 BELLE (2007)
Momentum resolution <0.01 1776.61+0.13 £ 0.35
Tracking efficiency correction <0.01 KEDR (2007)
Trigger efficiency <0.01 1776.81 **®5 1+ 0.15
Background processes <0.01 023 =
BaBar (2009)
Totd s 1776.68 + 0.12 + 0.41
i ) BES Il (2014)
* Most precise experimental 1776.91+0.12 9
: : I \ Belle Il (2023) _
determination to date! et e NN —
1 1 1 I 1 1 1 1 | 1 | 1 | | 1 1 1

Phys.Rev.D 108 (2023) 3, 032006 1776 1776.5 1777
arXiv:2305.19116 [hep-ex] m, [MeV/c2]
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== Charmed hadron lifetimes

Charmed hadrons have lifetimes of order
0.1 - 1 ps, resulting in decay distances of
typically 100 — 500 um at B factories

« D’ D' D, A" and QC°

* Decay time determined from flight distance
between production and decay vertex

production vertex
(interaction region)

Momentum vector constraint (from tracking)
and hadron mass (from decay daughters)

g 140 Fit function: o = \" a+ —Lﬂ
5 . ppsin(0)
Belle c 120 , Belle SVD2 cosmic (Data) BN715
2 : —s— a= 17403 um
S 100[+ b= 343 0.7 um GeV/c
§ 80 . Belle Il single track events (MC)
. . Fol | e a= 90+0.1um
Substantially improved o e b= 17.5 2 0.2 um GeVic
vertex resolution and ¥ e
reduced beam spot size 40r
compared with Belle 20F Ty~
_ 0 | | |
> 24fF
E 2.2
m\b 1gh+ b P yoosd e 1—*—._§_.
Luminous region is {10,0.2,250} uym {x,y,z} 730 1‘66 M S S
(compared to {100,1,6000} pm for Belle) ppBsin(6)*? [GeV/c]
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=*= Charmed hadron lifetimes

D* D' (—Krn")r"

+ _—
~171k with 99.8% purity Ac—pKkzn
. . . ~116k with 93% purity
Consider only high purity, S
Belle 11 ¢ Data . . 8000 [~ —
B T r P | T large branching fraction L [ been } Dat
RS S 2 L. Back d % - _ P — Total fit
3 1 §§ ke decay modes Foof [ra=amamt [} T O
— ? """ Background
) 24000 |- -
3 107 e Charm from B decays g
< : . . . =]
S e vetoed (to avoid lifetime P~ : | h
8 10k O\ Y bias) ° L . 1IN
0 o .__-//Il.1 -.\.\I P ' 1ty
2.26 228 2.30 2.32
1 ; | * Backgrounds modelled M(pK ") [GeV/c?]
175 18 185 19 195 2 using invariant mass 0. Ot
m(K~) [GeV/c] sideband regions ¢ e
9 QA pr)K
D** »D'(—=Kn'n")a’ - Very small background- ~90 events with 67% purity
2l with 1% purly related systematics F Bewen t Data
y [ Ldt=207 fb! r — it
o E_ Belle I # Data 2 ” :_ '''' Background
F - -1 — Fit S L
% fra=net o f i D" —@(—KK)r" ~116k with 92% purity T wf
= b 16000F s C
pr > tao00f- [ Bellell I Data & [
g E 12000 _[ L dt =207 fb — Total fit -
3 = toooog- ) e Background T 20f +
g E’_ 8000~ : g : O
O E H L
» 6000 : : A..
$ o 2 2 ° HHE
: o B 2000F : ; : NN B :
Fi i Lo | . i g by TR C P > , E2000s . y = o , ; 1 1 INNNNY} L L1 1 1 I
1.75 1I_8 1_;35 1{9 1.I95 2 8 0 1.93 1.94 1.95 1.2)6 1.97 198 199 2 2.01 2.02 0 2.6 2.7 2.8

m(K-m*7*) [GeV/e?] M(gz") [GeV/c?] m(Q " *) [GeV/c?]

10
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=*= Charmed hadron lifetimes

. . ) . ) £ +E¢ Bellell ) 4+ tData
Lifetimes are extracted using an unbinned maximum- LTS 4 Ds RS
likelihood fit to the decay time (t) and decay-time 1ol ‘
uncertainty (ot) 210k

o 1
10* Belle IT 107153 ] R
. DO Jra=72m £(ps)

7 E Dt « Signal distributions are (D) =498.7 £ 1.7(stat.)“_“(1):é(syst.) fs
o - convolutions of an - ——
% - S VSR Background expongntlal Wlth a é oL det=207.2fb" ]
2 resolution function : { Data
g _ _ _ “;é 102? — Total fit
5 e Simultaneous fit to signal % o} --- Background

. . &) r
S and sideband regions XN it
with all shape 0 ¢ Dol 0
parameters free 7(A¥) = 203.20 + 0.89(stat.) = 0.77(syst.) fs
* Possible backgrounds E  Balem —
2 02 4 time6[ . & I Ik from long-lived particles o [fLdt=2071" — Fit
e taken into consideration 8 r g Background
7(D%) = 410.5 + 1.1(stat.) + 0.8(syst.) fs (e.9. Ec—dc ') 3 0 3 0
7(D") = 1030.4 = 4.7(stat.) = 3.1(syst.) fs :é [ Qc
S I |
PRL 127 (2021) 21801 Systematics at 'E }
7 o s e B g el g g pim i
arXiv:2306.00365 level of 0.2% 3 2 -1 0 1 2 3 4 5

PRL 130 (2023) 071802 Decay time [ps]
PRD 107 (2023) L031103 2(Q0) = 243 + 48(stat.) + 11(syst.) fs

11
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=*= Charmed hadron lifetimes =

Not previously measured by BABAR or Belle!

« Most precise D°, D*, D" and A." lifetime measurements to date

r r L] e L N B
415“ 72 fo-! y el 72 fo-! 520:_ _ 207 fo-t | ; 207 fb-1
z [ [B lE | s b B gl s
P 2 SE| e | 2 2 | g s = 18 2] o 2 o 8=
a i °l I 5 ° 1% 5”4 - o 1% | > )
Q = Q | - 80 5 > < L
405~ & 1020 L= . 1 - &
f po D+ | «f Dst{ ™ & Ag
400 J F
w0 mio 200 00 o0 2000 R R TT R T 0 H 2
Year Year Year Year
50 2 8 . : .
207 a A ~ Confirmation of unexpectedly long lifetime of Qc° by LHCb
T Qe . .
o g | A - not the shortest-lived weakly decaying charm baryon
& 2001~
£
g | :
¥ | Clear demonstration of the performance of the
i 1 2 g 00 Belle Il tracking and vertexing system
"R 00 i B0 * Precise detector alignment, calibration and understanding

Year

at a level not previously achieved at B factories

12



e R(X) and R(D*)

: : : T
Semileptonic B decays occur via tree-level ;tagdle_lrd
processes mediated by weak interaction ocer
w- V.
« Potentially provide experimentally clean and high-rate f
measurements of CKM matrix elements Vb and Vg b >

* Lepton flavour universality (LFU) tests provide d < <

J T
theoretically clean SM probes in semileptonic decays / vy
: Possible b L c
LQ
— . 4——

« Long-standing “anomaly” in LFU related to 3" new physics:
generation leptons:

IS W)
IS

£ M0 e Test LFU in ratio of b —clv decays to 3"
= = = 1.0 contours - . . .
~ : . 1 generation 7 relative to light 1% and 2™
S =1 generationeand
" Bellell ]
- - *
03 i - R(D*) = B(B — D*tv;)
5 B(B —p D*éll/g)
- B LHCb® -
- 1 « Alternatively, can study the inclusive
. World Average : ratio of branching fractions:
0.2 =  $HFLAV SM Prediction R(D) = 0.357 £0.029,,,, —
E RDb- 02540005 p=037 o] B(B — X
B Ak I Ll L 1 I Ll 1l 1 I Ll Ll 1 I Ll 1l 1l I Ll 1l PI(Xi)T3I3O/:) L I Ll 1l 1l l L I- R(X ) — ( % TI/T )
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 B (B — Xﬁl/(‘)
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DD
. R(X) Eg;;EP 2023 P

B — Xtv signal events contain multiple neutrinos in the final state

» Significant missing energy and limited kinematic constraints

2+ #
\e* 4 f’ﬁr
+
Reconstruct the accompanying ‘w vy,
“tag B” in one of a large number of - 0’ i
hadronic decay modes; referred to .'B 1Y (45) 1.
as “Full Event Interpretation” (FEI) - D+*‘ \
» Search for the signal B decay in ‘K\_Do e 't e\
the remainder of the event — |
« Signal electron or muon from
T—evw, T— Uvw Primary experimental challenge is
pria(e) > 0.3/0.5 GeV modelling and characterizing
Dria(it) > 0.4/0.7 GeV backgrounds, which arise from:
« Remaining reconstructed particles * B—Xlv (I=e,p) decays
in the event comprise the hadronic .= . : :
system “X” * generic BB events with mis-reconstruction

e “continuum” qq events

14



g ¥ R x EPS-HEP 2023 C D
= ( ) 189 fb” Belle IT

Data-driven X/ modelling using My distribution in p®;> 1.4 GeV
sideband region

Belle II Preliminary Jea=10n-  olgnal determined from 2D
: BO# SX[tt S twl, f=e,u [ Bkg. dIStrlbUtlon Oprl VS M2miss
gl ¥ ¢ ’ ’ 3 xo
j =  Total of 34 bins in (p®;, M miss) plane

611/ « Four fit components in each of e, n
i \ modes:

- signal B—>Xtv

2, [GeV?
miss [G eV ]
N
] T
g g
F —
' r’-}!‘
4 C,)Q > y
sziﬂ“
/

: - \\ \ “\) - B->Xk baCkg round
_ - other BB background

I : \?()()0
p @0& Cr— > - continuum background
g « Systematics dominated by data-driven
AP I PR N BN 7. corrections to background and signal
0.5 1.0 ., 1.5 2.0 mOde”ing
py [GeV]

15



m I{ X EPS-HEP 2023 Pl
- ( ) 189 fb” Belle II

Results consistent with SM expectation, and previous measurements
(from LEP):

Belle II Preliminary /[jdtz 189fb~! Belle II Preliminary JLdt=189fb~!

20F MEi<1 gl M% €(1,23]| M2 €(23,4]| M €(4,6] | W Xz el M2 <1 ced M2, €(1,2.3]| M2, €(2.3,4]| M2 €(4,6] E §[T—>uvv]v

miss < _Q miss ’ miss 4 miss ’ - Xe £ /ll/
c = e I/Background £ 20¢ . [ u: Background
L 16F B .: Continuum o E - B //l Bl B 4 Continuum
g 3 g l;lcttot. unc. g 16F 20k - : gactgot. unc.

ata E -8
e 12} M2, €(6,8] M‘%‘iss>8 42 12F [’ 4l J al : J M €(6.8] Mg >8
c 2 | E - Lo [ i i
Z 4 ERAA i o ' L
S 4 T4 ad : 0.4 0.4 0.4 1,
2 2 el :
3 2.8 - 5 2'8 g s * =
T 0.0 . T 0.0f* R
w-20F , Ve " $—2.0 T o——E———r——— ——————————— .
€ 288a2%8n L € 888887 T S88]ST
ScScmaay FcSoaaN VO A VO aed g
B [GeVic] pp [GeVic]
B(B - Xru.) R(X,,.) = 0.232 £ 0.020 (stat) = 0.037 (syst)
R(X) = J
(X) B(B — X/lv) R(X;,,) = 0.222 £ 0.027 (stat) £ 0.050 (syst)
 Systematics dominated Combined:

measurement, even with _ L N
this “small” data set R(X) =0.228 = 0.016(stat) £ 0.036 (syst)

SM expectation: 0.223+0.006

16



m R I)* Lepton Photon 2023 Pl e
epton oton
. ( ) 189 fb-1 Belle II

Alternative approach: .. B(B— D*rv,)
RID") = BB S Divy)

Exclusively reconstruct the hadronic

X" system in addition to the tag B Tagged

(Full Event Interpretation)

 Three D* signal modes are considered:

D*" — D%" and D'’

.--._~~Signal
D*O — Doﬂio Y \,‘ Leptonic T decay
* Identify electron or muon from D
T— eV, T— uvv <

* Require that there are no additional
charged tracks or n° candidates left over

WV Three
neutrinos
e e in final
state

* Residual calorimeter energy Excr. and
M’ miss = (Pete- - PB -pp* -p1)° Used to
extract signal

Primary experimental challenge is to understand the significant
(and poorly known) backgrounds from B — D**/v

17



D

H ¥ R D * Lepton Photon 2023

Belle IT

Very detailed data-driven validation of background and signal
modelling based on studies of sideband regions

« Sideband regions enhanced in specific backgrounds:

1.0 < M3 < 5.0 (GeV/c?)?

2 T T T 1 T T 1 T T 1 T T T T
- Belle Il Preliminary «— Data ] 30 - Belle Il Preliminary «— Data = 200 = Belle Il Preliminary o Data E
250 - [| gt =1893 1" B Dy ] - [ Lat=189.3 1" B Dy ] 180 |- | Ldt=189.3 " B Dy 1
F B D*iv ] 25 B p*iv 7 160 [ [ p*iv B
B D**i(t)v ] F B D**li(t)v ] 140 | B D**lt)v 3
8 [ Hadronic B g 20p [ Hadronic B 8 120 3 [ Hadronic B E
3 B Fake D" ] 3 r [ Fake D 1 2 E [ Fake D
e T 15| - T 100 | .
S [[] Other BG S b [[7] Other BG 1 § [] Other BG
© © MC stat. error ] o

MC stat. error ] MC stat. error

H 80
10 : 60
: . 8 F 40 | D** - D°n®
s : : 20 - 3
0 —— 0 0 ]
4F ! E 4 F E 4 ]
- 2F = _ 2F 3 - 2F 3
E 0 ; E 0 - E O e et o, .
-2 ] -2 -2 ]
-4 E 1 1 1 1 ! 1 1 ! x -4 ] 1 1 1 1 L 1 ] -4 | 1 ] 1 1 -
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2 -2 0 22 4 6 8 10
2
EgcL [GeV] Eec, [GeV] M? . [(GeVic?]
B— D*/ v sideband B— D**/v enhanced sideband D* mass sideband
q* <3.5 GeV (i.e. requiring an additional n°) (Amp+ = mp* - mp)
(below m,” threshold) unknown rate and can mimic signal constrain fake D* yields

« Excellent agreement between data and simulation after sideband-
based corrections applied

18
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H ¥ R(D *) Lepton Photon 2023 @
1
.! | 189 fb Belle IT
Signal extracted using 2D binned likelihood 1.5 < Mpiss < 6.0 (GeV/c*)®

fit to Erc and Mzmiss 255_ Belle Il Prelimir:ary D¥ D' ; g:trav _

. B(B — D*rv,) | Jra=189031 — 5

o * 20 - B D**i(t)v 7]

B(B — D*{lv) 2 : -Hadmn:cB ]

8 15 B Fake D"’ ]

2 [] Other BG ]

%) — +0.041 +0.028 - =
R(D*) =0.267" ygaq(stat) ” 035 (Syst) S 10 ‘ Fit uncerainty

5
_— Bellell Preliminary —o Daa .

[ Lat=189.3 1" =g:" 4 T

80 _— , D"—-D“,-p - D**i(t)v —_ é g i e . - = j

3 ! [ Hadronic B ) N _‘ . . . _
g 60 B - Fakc D‘.) 7] B_> D*Tv -i E_ PR U B PO RN NS i | P Ll o Ly A_i
bl i [ Other BG . enhanced 0 02 04 06 08 1 12 14 16 18 2

8 40 i Fit uncertainty ]|

Egc [GeV]

N ! First R(D*) experimental result
ST I L R from Belle Il
- g; S TS - Consistent with SM and previous
o 22 4 6 8 10 experimental results, but still fairly
M2 [(GeV/c?f] large statistical uncertainties

19
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B" — K'vv is a rare decay in the SM occurring via a one-loop electroweak
FCNC process

Precise SM prediction:
BB —K"'w)=(5.6+0.4) x 10°
(arXiv:2207.13371)

Complementary to similar FCNC B decay
such as B —»Xgyand B — KI/'I

Can be enhanced by BSM contributions,
and signature of “K + Eniss’ potentially
sensitive to other non-SM models

(e.g. dark sector)

Very challenging experimentally due to
lack of kinematic constraints for
background discrimination

Previous searches by B factories have
relied on exclusive reconstruction of the
accompanying “tag B” in hadronic or
semileptonic decay modes

New Belle Il analysis utilizes an
“inclusive” search strategy

Large statistical advantage (~8%
compared with ~0.4% for hadronic
tagging), but challenging backgrounds

Conventional “hadronic B tag” method as
an auxiliary measurement

20
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e B+ —> K+Vv o

Belle IT

Select signal candidate as charged kaon which BB B(~Kw0)B aa

yields the minimal mass of the di-neutrino ¢’ .
(computed as the recoil from the kaon) §;% %; .
« Ultilize event topology, the signal kaon, and information
about additional particles in the event - e — Event shapes

Neutral B
Charged B
i3

Belle IT preliminary

]
T T

Three step selection process:

Ll

dd
[ B*—=K'w

 Event preselection

fraction of events
N

N
e 1

- 4 < Niracks < 10, Eiotal > 4 GeV
al’ld 170 < emiss < 1600

Belle II preliminary simulation

0.0 0.2 0.4 0.6 0.8 1.0 e N

« BDT1 - Eventshape variables sphericity
(12 inputs) g 6000
« BDT2 - Kinematic and “rest-of-event” 2%4000
quantities (35 inputs) o0
. . . ign 0
Precise understanding of the background is critical: 092 094 0% 095 10

BDT?2 classifier output
« Use multiple control channels to validate all aspects of the analysis performance

« Background mainly from B decays, with B* KKK, B*—Knn, B— Xc(—K."+ X),
and pion mis-identification being problematic

21
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e B+ —> K+Vv o

. Belle IT

D

Backgrounds containing K" are

50 — Belle II preliminary B B"—>K*K)K)
. . L . i " Ldt=362fb! il
potentially a significant issue oF : oy e

« K" detector performance verified
directly in data using radiative
(p_) KLO KSO

« B'—K'K’K’ branching fractionis
poorly constrained. Use B" KKK’

sPlot weights/(1 GeV?2/c?)

to estimate B'>K'K K¢’ . OF

LEn x 104 Q:j 0 -—-ga raa" ST s "‘| ez ons

i - Belle I preliminary BB B with DK X R . e T EETEEER R B TR P SV S W NS W S ——

= 1.25 k [Ldt=362fb! WEE B without DK X 1.0 1.5 2.0 2.5 3.0 3.5 4.0
4 Il Continuum
< 100 I Diie Myoky [GeV/c?]
n 777, MC stat. unc.
2 0.75 . .
= Pion sideband Pion and lepton enriched samples
< 0.50
g to study B— X, (=K.’ + X)

0.25

0.00 « scaling MC predictions leads to
= 0 excellent agreement with data
A 5 B

092 091 096 095 100

,LL(BDTQ)

22
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e B+ —> K+Vv o

Signal extracted from binned maximum
likelihood fit to ¢* and classifier output:

Classifier output

0.92 0.94 0.96 0.98 1.0
3000 - ;
] Belle IT preliminary [ BT —K tuvi

% fﬂdtz (362+42) fb—1 1 BYRBO
= 2000 : : B BB
E I Continuum
g ¢ Data
&S5 1000 :

0
f— 5 F
) e
A _5 g L L i L L i 1 1 i | |

1 4 8 2511 4 8 2541 4 8 251 4 8 25
Q2. [GeV?/c]

Belle IT

362 fb™’

Binc= (2.8 £ 0.5 (stat) = 0.5 (syst)) x 10~

« 3.60 evidence for B" — K'w
occurring at a rate somewhat
above SM expectation

p = 5.6 % 1.1(stat)*; o(syst)

Candidates

Pull

Hadronic tag analysis

Belle‘II preliminary B Bt—K*tui
J £dt=362fb! 1 BB

B cc

. g

{ Data

100

A4 0.5 0.6 0.7 0.8 0.9 1.0
Classifier output

Bhaa = (1.1 0 (stat) "os(syst)) x 10°°

Hadronic tag analysis consistent with
no signal, and SM prediction

p = 2.2 +2.3(stat) 3 S(syst)
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= Prospects <D

Belle IT

Belle Il is now approaching an integrated luminosity which is
directly competitive with the previous generation of B factories

* Improvements in detector, trigger, and analysis strategies have enabled

precision measurements and new physics with early Belle Il data, and
demonstrated the capabilities of the upgraded detector

» Very active ongoing program of research with many new results across a
very broad range of physics topics

10 , I — 60
Data collection and . —[” .
. . 'y 8 w—nt. L[ab- - .
physics programis & R 202D 2T)
jUSt beginning! "Z;:_: 6 | VTX installation | 40 =
. > LS1(2022-23): =
Stayl,;[ une.,:jhfor nkej\,N 8 4 PXD2 installation / &
results with world's £ L / -
= recorded 4 20
largest B Factory 3
data set E 2 1 10
o
0 1
2019 2024 2029 2034
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Additional material
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== Charmed hadron lifetimes

X
"“‘i&.
iR
4

t [ps]

Factor of 2 improvement
in impact parameter
resolution compared with
BABAR or Belle

PDG
2018

LHCb
Semileptonic

LHCb
Prompt

Sci. Bull. 67 (2022) 479

0 =0 —
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—_— [ ] —_
-0 0 —
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L] L — b
=0 0
Z Q,
L] ——
LHCb Comb.
........................
100 200 300 400 500

Lifetime [fs]
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] *. R(D *) %ggt?brLPhoton 2023 P}

Belle IT

800? BeIIeTII Prelim%nary D"I—-D“,'r' _'._ Data | —
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= [ p*iv |
0.03 600 - J‘ B iy
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¢ 0.015 o :
3 100 |- R .
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0 02040608 1 12141618 2 4F . — . .
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2
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Bellell simulation B — D*lv Bellell simulation B — D*lv
10 %) 10
M miss —
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= N
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not used in tag B or
D* reconstruction 3
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B" — K'vv <>

Very detailed signal validation:

Kaon identification performance
corrected using D*"— D(— K" )r"
control samples, and validated using
B*— D(— K'r)h" (h=K, n)

Veto D’ daughters to mimic signal
signature

6000 | |

5000

4000

3000 /|
2000

1000 £

Belle II preliminary / Ldt =362fb "

[

1000

Candidates

0 1 1 1 1 1
0.0 0.5 1.0
Signal discriminator

1Bt — K* J/¢ Simulation ¢ Bt — K% .J/y Data
IB* — K™ J/¢ Simulation ¢ Bt — K* J/p Data

Bt — K*v i Simulation
N e e ——M

0.2 0.4 0.6 0.8

A

Belle I

70 ¢
i - Belle IT preliminary — Total
60 ‘ [ £dt=2362fb" BP0
£ —— B* DK
40 _ ¢ Data
wE * Pion fakes
20 -
10

+
0 X | 1 ’ | N

—0.100 —0.075 —0.050 —0.025 0.000 0.025 0.050
Difference between observed and expected B energy [GeV]

 B'— Jiy K" with J/y daughters
removed to validate MC
modelling of extra neutrals

28



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

