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® |ndirect new physics searches
® Belle Il experiment at SuperKEKB
® Selected highlights

® T mass measurement

® /' — invisible

® | epton flavour universality
tests

® Search for B+—=K+vp

Elisa Manoni, INFN Perugia
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The flavour way

€k
0,/Y Am, | levels @
Am, | 95% Prob
v Am,
/ q>2/oc

= 1.2 UTfi-t
F 5= 0.160 + 0.009
06:_¢/B

A 1 = 0.346 + 0.009

W /

NS , A = 0.2251 + 0.0008
' A = 0.827 + 0.010

I I A “This could be the greatest discovery of the century.
04 06 08 1 1.2 Depending, of course, on how far down it goes...”

P
Standard Model (SM) flavour Tensions observed wrt SM prediction,
sector successfully tested but no clear path to New Physics (NP)

The flavour way:
® probe NP in an indirect way, complementary to direct searches

® increase precision for favoured processes, explore suppressed ones which are
unmeasured or “poorly” known

Elisa Manoni, INFN Perugia 3 11/07/2023



Flavour physics at B factories

25

® c+e- beams colliding @ 1(4S) resonance: L Y(1S) Y(4S)
B -0 [ i on-resonance
ete- =»1(4S)—BB pairs, o(ete- 21(4S)) ~ 1.11 nb z Here be B
. _ _ sk ]
® comparable cross sections for ete- =cc/r+r: B factories 3| * | vos ‘,’,fé ;’:::‘Z‘;‘l‘:e
are also charm and z factories Pl
S A A (€N
® clean environment: events with low multiplicity and {3 R B T} \ v
- - - - [ by e T\ PP S b SIS
constrained kinematics allow for precision measurements : AL
R — — R — T —

9044 946 10.00 1002 ” 1034 1037 ” 10.54 10.58 10.62
e*e” Center-of-Mass Energy [GeV]

® First-generation B factories: Belle @ KEKB + BaBar @ PEP-II
® ~ 1.5 ab’ collected @ 1(4S)

® many achievements, e.g.: confirmation of CKM mechanism, b—ctv, direct CPV in B decay

® Higher precision requires higher luminosity — Second-generation B factory: Belle Il @ SuperKEKB

Elisa Manoni, INFN Perugia 4 11/07/2023



The Belle 1l collaboration

~1200 physicist and engineers from 122 institutions in 28 countries/regions

Elisa Manoni, INFN Perugia
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+ SuperKEKB

S u pe r KE KB o First-generation .

KEKB 150 nm

22 mrad

® Upgrade of KEKB accelerator to achieve x30
instantaneous luminosity and multi-ab-T sample

® |n the nominal configuration:
® x1.5 by increasing beam currents
[ = N, N_ bf 0
e x20 by nano-beam scheme - 4,1'0\*7; /‘{ By )
X, e

® While getting there, world record Linst = 4.7x1034 cm-2s-1

® [oward 103> cm-2s-1- regime
® SuperKEKB integrated luminosity was lower with respect to initial plans
® mainly due to low injection efficiency, beam size, beam lifetime, orbit, and optics instabilities

® strong effort to overcome this, e.qg. simulations studies for improved optics tuning, hardware
upgrades on collimators and injection system

SuperKEKB is exploring uncharted territory

Elisa Manoni, INFN Perugia 6 11/07/2023



The Belle Il detector

Major upgrade of Belle to keep similar or
better performance in higher background
environment

® all components are new or
considerably upgraded

® only solenoid and CsI(TIl) crystals of
EM calorimeter (red by upgraded
electronics) are re-used

Nearly 47 detector

Elisa Manoni, INFN Perugia

arXiv:1011.0352

C Solenoid )

Krand g detection
K? p-resolution: 15 MeV

b

identification efficiency: ~90%
EM Calorimeter — ~
. A
Energy resolution: 4%-1.6% -
- Vertex Detector
& Vertex resolution: 15 um
2 Ot ‘ I
——— \ A
electrons (7 GeV) A il ¥ '
Z —
) Z & | .
/’ 7 ,‘ }, B e positrpns (4 GeV)
) ;- \'
‘ \ Particle 1dentification |
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dE/dx resolution: 5% \
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v
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https://arxiv.org/abs/1011.0352

Detection and reconstruction performance

Some examples:

| — PRrecoil = 2.0 GeV/c : :
S . - T T T 11— ;
g 1.0_-”“ 090990000000 090000000 0000000000000, ?,,"'—-
3 » : # o
S e Belle I S 0ol A8200ais
= 05¢ Jrot = 71267 1 2 _A KID eff|C|ency (data) Addad
D™t —» Dzt o { Data f ' g B A KID effnc1ency (MC) ?
D(_) s K][ .5 _ + Simulation 2 0-6 I S .................. ............................... B ellellpreliminary
I e ———————— N I A R N N N
? -———————————————— 3 & [ §jl.cltzoaﬂo
1.025 + g 04__ ................. .................. .................. .................. e,
<o - botd Potette * | W | Y nmls ID rate (data)
£|= 1000 | brotyttoayttteltTTT gpoue 1 o V n mis-ID rate (MC)
~ ¥ im*' ‘ ALY ‘ ] S 020
' 0.975 | ; |
I l . | | | . | | . 1 1 1 | l | I I . | I | . 1 1 1 1 1 | . |
1% 0.5 1.0 15 2.0 2.5 065 195 2 25 3 35 4 45
z [ps? ORrecoil [rad] Momentum [GeV/c]

~2 X better time resolution wrt
BaBar and Belle, thanks to new
pixel silicon detector

High photon efficiency in all
electromagnetic calorimeter
regions

Good kaon identification in full
momentum range

Good capabilities in reconstructing and identifying neutral and charged particles + constrained kinematics —
Belle Il is well-suited to measure decays with missing energy

Elisa Manoni, INFN Perugia 8 11/07/2023



Dataset

Belle Il Online luminosity

Exp: 7-26 - All runs

. mm Recorded Weekly
>
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Total integrated luminosity [fb™1]

® Between 2019 and 2022, collected:

Collected ... Sample size (fb1)
362
© 1(45) [(387+6)x106 BB pairs]
60 MeV below 1(4S) 42
above 1(45) 19

® Currently completing Long Shutdown 1

® installation of the complete 2-layer pixel
detector and other detector works

® improvements on accelerator side to reach
higher luminosities and mitigate machine
background

9 11/07/2023
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https://arxiv.org/abs/2207.06307
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https://arxiv.org/abs/2207.06307

A precision measurement: the 7 mass_

Phys. Rev. D 108, 032006

16f Belle i { Data — Fit
Precision measurement of fundamental SM parameter and proof of G 1af [La-roonr  EBackground
Belle Il capabilities for controlling systematics E 12 m, = 1777.09 + 0.08 + 0.1 MeV/c?
o 10
Measure m; in 7— 37y with “pseudo-mass” method i :
£ 6f
. . . . . () N
® neutrino is collinear with (37) system + beam energy constraint o 4
2
O - e PR TR
o 2 * * * = 2 .. ® o .. ® [ )
Manin = \/ M3, +2(/5/2 ~ Biy) (i — pi) < e ] =
17 172 174 176 178 18 18 184
- M. [GeV/c?]
Require excellent control of track momentum scale and beam energy
ISR/FSR and decay form factors lead to moderate systematic T TT096 2042
uncertainty (0.02) orrbog i ozs
BELLE (2007)
Result: m; = (1777.09 £ 0.08 £ 0.11) MeV/c? 1776.61:0.13 £ 0.35
KEDR (2007) .
1776.81 2025+ 0.15 R
® Dbetter statistical precision with smaller sample wrt BaBar and Belle BaBar (2009)
1776.68 £ 0.12 + 0.41
® reduced systematic uncertainty 1776912 0.12 103 2
Belle Il (2023)
World best measurement| "e=e*=n
1776 1776.5 17TF

Elisa Manoni, INFN Perugia 12
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006

Dark matter searches: Z2' — |nV|5|bIe

PRL 130.231801

- ete »ete utu- Belle Il det=79.7 fb~1
 E ete > THT ~(y)

- efe o putu(y)

- ¢ Data

® Belle Il can access the GeV-range naturally favoured by light
dark sectors with special low multiplicity triggers

-
o
NN

(-
o
w

® Existence of Z’ boson, decaying to invisible particles, predicted
in L,-L: extension of SM [phys. Rev. D 89, 113004, JHEP 1612 (2016) 106]

(-
o
-

® Reconstruct 2 muons and search for a sharp peak in the
squared recoil mass distribution

Candidates / (0.5 GeVz/c4)
5 & 5

(-
o
A\

uw P23, 2~z (PRL 131,121802) and Z’'—~up (to be 0 20 oo 80
Vpo K submitted to PRD) also performed @ Belle II rec0|l [GeV</c™]
100 ¢ Limits computed assuming BF(Z" = yy)~ 1 100%
S T - Belle ll, 0.276 fb L
{)p,r’k E .//.
10~1 - ! P . ’ ! d
® No evidence for signal, set UL at 90% CL ,:::NAMG I - 2),£20°
: O 10 < “l: “ A - | -
e world leading result for Mz> 11.5 MeV/c2 (upper bound on ;Fw Ao ;
mz search region dictated by +/s) : -
10 E-Belle Il JLdt = 79.7 fb~1, 90% CL UL -
® first direct-search result to exclude Z’ as explanation for ; ?fgm Expected 10 Expected 20 -
(g-2), anomaly in 0.8 < Mz < 5.0 GeV/c2. 10_40...&...25....5....4.1....é....é....%....é..

Elisa Manoni, INFN Perugia 13 Mz [GeV/c il


https://arxiv.org/abs/1403.2727
https://arxiv.org/abs/1609.04026
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.121802
https://indico.desy.de/event/34916/contributions/147613/
https://indico.desy.de/event/34916/contributions/147613/

Lepton Flavour Universality tests in semileptonic B decays

® Some extension of the SM predicts lepton

flavour violation g0-4_---.----.----.----.----.----.-2---.----.--_
> :m Ay~ = 1.0 contours ]

® ~30 tension between R(D™) 0351~ : Sabar .
measurements and SM expectation =l -
03 - =

o LHCbH* N

® Belle Il measurements with 189 fb- I ]
0.25 n —

® “traditional” R(D*) : -

— World Average m

02— $HFLAV SM Prediction RN 6384 = 0015 -

. : - R(D% <0254 = 0,005 =037 ™ -

® inclusive R(X./»), complementary to e L ST
exclusive measurements 02 025 03 035 04 045 05 o.%s(D)

Elisa Manoni, INFN Perugia 14 11/07/2023



R(X./¢:) measurement: overview

B(B — X1v;)
B(B — Xng) 7
® B,y to hadronic final states

® Inclusive ratio: R(X, /) = {=e,

® 66 hadronic B decays, machine-learning based
reconstruction algorithm [comp.soft.Bigsci. 3. 6 (2019)],

Etag ™~ 0(1 %)

® Signal side 7 to leptons

w/0 Myx correction with Mx correction
. . . Belle 11 JLdr=189fb~"! Belle 11 Cdt=189fb~!
® Variables for yield extraction: I B !

0 Dev
Preliminary Hl D e
Other X .ev
X, ev
Secondaries
Fakes

Continuum
MC tot. unc.
Exp. data

(N
()

oy
)
—
(|
-
T

Preliminary

® missing mass of undetected neutrinos (M2miss)

(|
-
T T
[E—
)]
L} l LJ L) L}

® |epton momentum in B rest frame (pB,)

P—
-
LB L B

® Extensive use of control samples to derive
correction for fit templates

)]
LENNL B B A

-
TTT W - - 1

W O W
|®
I
W O W o
T T T I T

® example: correction to Mx fromp8,  Esf - o
sideband T M [Gev?)

Norm. Resid. 10° events per 0.7 GeV?
' S
Norm. Resid. 10° events per 0.7 GeV*
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https://link.springer.com/article/10.1007/s41781-019-0021-8

R(X./¢) measurement: result

® Result:

R(X,,./g) = 0.228 = 0.016 (stat) £ 0.036 (syst)

® Main systematic uncertainties from B—Xc2v
BF and form factors, Mx correction

® several major systematics are statistical in
nature and will decrease with more data

® |n agreement with SM prediction and R(D()
measurements

First measurement of its kind at B factories

Elisa Manoni, INFN Perugia 16
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Search for B+—= K+

Elisa Manoni, INFN Perugia AT 10/03/2023



Theoretical motivations

® p—s transition with missing energy in the final state % U
® Prohibited at tree level in the SM / le
W+ ) W-
® branching fraction: (5.6 + 0.4) x 10-¢ [PRD_107, 119903 (2023)] _ u,c,t -
) — < <— 3
® precision dominated by theoretical uncertainties from hadronic form u > u
factors
v
® (Can receive significant enhancements from NP N ,
7%
® new invisible particles in the final state, new mediators in the loop u,c,t
p —< < <4+— 3
® interplay with B=2K*»2/K®tr/KMté — probing third generation U > U

Diagrams for short distance contributions

® some common explanations of R(D(™), and muon g-2 anomalies (long distance: 10% of the total branching fraction)

18 11/07/2023
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.119903

Experimental status before latest Belle Il measurement

® Challenges:

® |ow branching fraction with large
background

® Nno peak - continuous spectrum for
the signal kaon momentum

® Signal not observed from previous
measurements:

® most stringent UL from BaBar

® promising inclusive tagging analysis
from Belle Il on 63 fb-1

Elisa Manoni, INFN Perugia

C\ /
L W §
It L WY 4
=l S y
B \/
[. ,',u o
| | |

19

Average PRL 127. 181802

| 1 1404 Branching fraction determined from upper limits

. BelleII (63 fb-!, Inclusive)

-
L —=
-4
T N . _—_— e
—

|

f

1.9"1% PRL 127, 181802

Belle (711 fb~ !, SL)

1.0£0.6 PRD96, 091101

o Belle (711 fb !, Had)
3.0+1.6 PRD87, 111103

Babar (429 fb—!, Had+SL)

0.84+0.7 PRD87, 112005
| I L 1 1 | 1 1 L l

2 4 6 8 10
10° x Br(BT—K T vi)

Unique to e*e”
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Updated search for B*—K+vv on full Belle Il dataset

Hadronic Tag analysis (HTA)

| Inclusive Tag analysis (ITA):
more conventional

more sensitive

1% 1%
V\ /v Q:JT . b el
p— Bt~ Y@4S) — B~ | £ v+ B «{ Y(4S) (B~
el S .:(/ e
- N K s

K+

Efficiencx|
D —

Purity

ITA Is the main analysis, the driver for the final precision

Almost statistical independent samples

Elisa Manoni, INFN Perugia 20 11/07/2023



Analysis flow in a nutshell

I BB~
Bl Continuum
¢t Data

N
O
+
BDT, (BDT, > 0.9) 5 2000
:6(

\ /. Background

ve—{ BT «— Y(@4S) — B~ — suppression

K+
A Belle II preliminary dt = 362
i
/| = 1000 0.92
- !
S 3000 - :
/ o :  Belle Il preliminary mmmm Bt K Tuvi
% V.0 0.5 1.0 JLai=BR2r )T m= BB
/
d

VBt — KT J/¢4 Simulation ¢ Bt — KT J/y Data <
1B*— K* J/¢ Simulation ¢ B*— KT /¢ Data 8 1000
BT — K*Tv i Simulation
PPl BN WS NSS S )
0.2 04 0.6 0.&

BDT;

=
o

o

= .
!
®
= :
o

1 4 8 251 4 8 231 4 8 231 4 8 25
Gree [GEV? /1]

0
— 5 - : . .
'; 0 f_._______ I, - -.=.=.=.=“ _____
~ L :

Except for the tagging method, ITA and HTA are kept as similar as possible in all steps
In what follows details of the ITA will be given, highlighting relevant differences of HTA

Elisa Manoni, INFN Perugia 21 11/07/2023



Reconstruction and basic event selection (l)

ITA
® No explicit tag reconstruction: ¢ ~ 100% ITA / //'v
® Signal candidate: identified charged kaon ‘ I Q
K+/ A
® K-ID efficiency ~ 68%, 1.2% K/ mis-ID rate ~

signal Kaon \

® Best signal Kaon chosen according to smallest g2rec: Rest-of-the-Event (ROE)

q?ec — 'S/(4C4) T A[IQ( o \/EE;(/CLL
® pick true K 96% of the times

® no bias in the procedure, x-checked by selecting best kaon at HTA
random
(="
HTA - / A
- 4_ Y4s) _,
® Hadronic tag reconstruction, as in R(Xzt/2) e N\
\ ®
® same signal kaon reconstruction but grc requirement (lower candidate gy, aon
multiplicity thanks to Btag reconstruction) Btag

Elisa Manoni, INFN Perugia 22 11/07/2023



Reconstruction and basic event selection (ll)

Main feature of basic event clean-up:

® total energy in the event and track multiplicity consistent with BB events

® missing momentum required to be in the active detector volume

0.06

Elisa Manoni, INFN Perugia

Belle II preliminary [ £dt=3.62fb"

- B 7
K 1 Neutral B

_\_\_ B Charged B
S

(] Signal
¢ Dota After reconstruction and basic

event selection, background is

dominated by qq events

23
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Background suppression (|)

qq B( — <m:)1§ BB
® Exploit “event-shape” variables to % %
suppress non-resonant events - [
: Belle II preliminar)% [ L£dt=3.62fb!
e Signal events distributes in-between gq o6l ' & e s
and BB regions £ P
g 00af =
® Kinematics, vertexing, and missing energy = o e
information also used to discriminate 5 002¢ 1 IR B
between signal and background - %f'_!g
- Z
| R SOV -
0.8 1.0

0.0 0.2 0.4 0.6 1.2

Sphericity
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Background suppression ()

Number of neutrals
Belle II preliminary [ £dt=3.62fb"

0.15 B — I i
[ Neutral B
4?‘? i Charged B
1% i B cc
2 0.10 —
"g I B
+ i E dd
= i [ Signal
S 0.05] b Dun
m 7//s Stat. unc.
0.00
2
< | "o
E ‘ E e ST SHEPYPISEP IR SIPIET o STy S NN SR SR S SET e R
Q A 0 I | ) ] ) ) | ) ] ! ! | L ! ! L | ! ) L L |
0 5) 10 15 20
N,
Number of tracks
Belle II preliminary [ £dt=3.62fb"!
/ 7
. 3 Neutral B
+~ 1 Charged B
cg 0.2 - m
[
"%) . 111:1
+~ I dd
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Examples of discriminating variables, at basic-event selection level, with 1% of the data
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Background suppression (lll)

Combine discriminant and reasonably-modelled
variables in boosted decision tree (BDT)

® |[A: two successive BDTs, BDT1 as basic filter and
BDTZ2 as main tool for background suppression = x3
sensitivity increase wrt BDT1

® total efficiency: 8%, expected purity: 0.8%

® HTA: Single BDT (BDTh)

® total efficiency: 0.4%, expected purity: 7%

In both analyses, transformed to a uniform distribution
equivalent to efficiency (n)
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Strategy for signal extraction

Measure signal strength u = signal branching fraction in units of SM rate, performing
binned maximum likelihood fit

n(BDT))
0.92 0.94 0.96 0.98 1.0
° ITA 1000 I
- . : HPllPllpr:‘Iimin;.iry E g”l; : ’;'_;
® fit variables: classifier output and mass | P

squared of the neutrino pair (g2rec) 3000 - ke

® simultaneous fit to 1 (4S) (on-resonance)

sample and data taken 60 MeV below (off-
resonance) to better constrain non-
resonant component

2000

Candidates

1000

® HTA: classifier output as fit variable, on- 0

-1 4 8 25-1 4 8 25-1 4 8 25-1 4 8 25
resonance data only

Qe (GEVZ /]

® Systematic uncertainties incorporated in the fit as nuisance parameters
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Strategy for signal extraction

Analysis strategy validation using a variety of control samples
(in the following validation shown for ITA, applicable to HTA)
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Kaon ID requirement validation

® K-ID efficiency and K—z mis-ID rate from high

statistics D*+—=7zDO(—=Kx) 70
- Belle II preliminary v
® Analysis-specific validation using B—D(Kx)h S Jodimsnan
(h _ K 71') y 50 ;_S|gnal region l¢
® remove D daughters to mimic signal EEY:
topology and apply nominal selection O o0k
10;;
® Data/MC ratio of relative abundance of B—DK 0 007 0000 009 D000 002 0050
and B—Dzx from AE fit: 1.03+0.09 AE [GeV]

AE = difference between measured and expected energy
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Signal efficiency Validation

® Use B+—J/w(uu)K+ control channel

® “embedding” procedure: remove muons

from reconstructed objects to mimic

neutrinos and replace K+ kinematics from

simulated signal events to match signal

topology (both in data and MC)

® Data/MC efficiency ratio: 1.00 = 0.03 -
good agreement

® 3% is included as signal shape systematic

uncertainty

Elisa Manoni, INFN Perugia
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/ Z_IBt* — KT J/v simulation ¢ B™— K J/v data \
1000 _/ [ NB"— K* JA0 simulation ¢ BT — K JAp data \
; BT — K1y v simulation E : \
O |
0.0 0.2 0.4 0.6 0.8 1.

BD'T,

11/07/2023



—— o 50()0 Belle I1 preliminarjlf = :;
qq background studies g I+
g_ 3000_ //*// Tgﬁamm unc.
® -~ 40% of background events in signal region from = 2000 [ w/0 shape
_ = ; correction
gg events O 1000 f
O:
® KKMC generator used to generate qq pairs, PYTHIA 12 el
- s ’ % (PSR w7
5|mula’ge hadronization, and EVTGEN for decay ek (1)23* BT .’4.”.*4.41.+JT “%%
modelllng 0.0 0.2 0.4 0.6 0.8 1.0

® Check modelling by comparing off-resonance data

and qq simulation - i
g_ 4000— N dd
. . . . & - . r*r-
® 40% difference in data/MC normalisation (used 3 3000 o D
- . ‘5 E 1. stat. unc.
as systematic uncertainty) = 2000 i
| § Po correction
® shape corrected by event-by-event data-drive ;
COrrections [J. Phys.: Conf. Ser. 368 012028] -
e ?“"“"‘.“'“‘*"“‘“"“m %
0.0 0.2 0.4 1.0

Fox-W olfram Rs
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https://iopscience.iop.org/article/10.1088/1742-6596/368/1/012028

BB background composition in the signal region

n(BDT))
.92 .94 0.96 0.98 1.0
4000 -

Production and decays of B mesons via _
PYTHIA and EVTGEN

.

2000

Candidates

1000

Main background contamination from charged Y
BB (above all in the most sensitive regions): |

: B* - D*(2007)%*v.(y)
B+ - D*(2007)ntv,(y) .

® Semileptonic BoDM(—KX)2v decays: 47% /
Hadronic B»D™MK+ d 38% AN e
® Hadronic B—-D(K+ decays: LY
y ° B+ —>D*(2007)°K§ /
® Hadronic decays involving Ki.: 17% T

B+ -D0p(770)* —

Belle II preliminary
simulation

others
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Semileptonic B—»D®)(—K+X)£v decays

® Semileptonic B decays generally well x 10
modelled in EVTGEN, modes with D** 20T .
less well known

Belle II preliminary Simulation
/ Ldt =362fb! ¢ Data
777, Sim. stat. unc.

1.5

NO
T~
=
>
. . . O
® |[nspect invariant mass of signal K and N
any other track in the ROE ' i .
Y O < 10f events in BDT1
® also used at background suppression S signal region
av! s
stage < 0.5
<
® Resonances well reproduced in N
simulation 0.0 e —
1.5
. . . . L)
® Dedicated systematic uncertainties on fg‘g 10 %:
decay branching fractions, enlarged for Qmof)/{ L
B=D**p0y decays 0.5 1.0 1.5 2.0 2.5

. - M(K*X") [GeV/c?|
® mpact of uncertainties on form

factors found to be negligible
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B+— K+K; K;

® Most signal-like background:

® O(10-°) branching ratio, K. escaping electromagnetic
calorimeter mimic missing neutrinos

e Study K. detection efficiency in the calorimeter from
ete-—=yp(— K Ks) control sample: correct for 17%

inefficiency in data wrt simulation in the whole K. energy
range

® Model B+—K+K K| according to BaBar analysis [PRD 85,
112010 (2012)]

® Validate the modelling on B+—=K+KsKs

® Similar study for B+—K+nn, smaller contamination wrt
B+—-K+K_KL mode

Elisa Manoni, INFN Perugia 34
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https://arxiv.org/abs/1201.5897
https://arxiv.org/abs/1201.5897
https://arxiv.org/abs/1201.5897
https://arxiv.org/abs/1201.5897

Hadronic B—D®™K+* decays (I)

® Study pion-enriched control sample (B+—=7+X)

® (Observed data excess in g2rec distribution above D threshold

® DO—-KO/KOX and DO—KOKOX simulated by EVTGEN have
significant uncertainties

® Excess fixed by increasing B—D—K_ component by +30%
® derived from 3-component fit to g2rec

® Procedure successfully validated on electron- and muon-
enriched control samples

® 10% systematic uncertainties to cover differences in scaling
factor from the different sidebands
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Hadronic B—»D®K+* decays (ll)

Classifier output for pion-enriched sample well reproduced when incorporating B—+D—K_

scale factor
x 104

1.50

Belle II preliminary [ B with DK X

J£dt=3621b" o B without D—K°X

B Continuum
{ Data
/77, Sim. stat. unc.

e
DO
o

o
-
S

Candidates/0.01
o O
S o

0.25

Pull
) (-] ot

0.92 0.94 0.96 0.98 1.00
n(BDTz)
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Closure test: measuring a known and rare mode

® Measure B+—7+tK9 branching fraction by minimally
adapting inclusive analysis strategy, e.qg.

® request pion-ID instead of K-ID

® different g2rec bins to increase sensitivity

® Result: BF(B+—7+K0) = (2.5 £ 0.5) x 10 @
consistent with PDG [ (2.38 £ 0.08) x 10-> ]
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Systematics

Source Uncertainty
size

Normalization of BB background 50% 0.88
Normalization of continuum background 50% 0.10
Leading B-decay branching fractions O(1%) 0.22
Branching fraction for Bt - KTK Ky 20% 0.49
p-wave component for BT — KTKJK} 30% 0.02
Branching fraction for B — D** 50% 0.42
Branching fraction for BT — nnK™ 100% 0.20
Branching fraction for D — Kp X 10% 0.14
Continuum-background modeling, BDT. 100% of correction 0.01
Integrated luminosity 1% < 0.01
Number of BB 1.5% 0.02
Off-resonance sample normalization 5% 0.05
Track-finding efficiency 0.3% 0.20
Signal-kaon PID O(1%) 0.07
Photon energy 0.5% 0.08
Hadronic energy 10% 0.36
K} efficiency in ECL 8% 0.21
Signal SM form-factors O(1%) 0.02
Global signal efficiency 3% 0.03
Simulated-sample size O(1%) 0.52

spoiler: statistical uncertainty =1.1

Elisa Manoni, INFN Perugia
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Impact on o, @ Dominant sources of systematic

uncertainties for ITA :

® BB background normalisation

® | imited size of simulation sample for
the fit model

® knowledge of B+—K+K K. decay rate
and modelling of B+—=D"2v decays

® In HTA, dominant sources are
background normalisation, simulation
sample size, and systematic on mis-
modelling of extra-photon multiplicity.
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Results: ITA

0.

3000

0.96

92

0.94 0.98

1.0

Belle 11 preiiminary
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m —
e BRB°
= 2000 B BB
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% ¢ Data
O 1000 :
0
5:
= I S N N R
A : s s ;
5 B | | 1 | | 1 | | 1 | |
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i (GeVZ/c?]
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M = Bmeasured/BSM,short-distance
with Bsm,short-distance = 4.97 x 106

® 3.60 significance wrt background-only
hypothesis

® 3.00 deviation from SM

® Compatibility between data and fit result from
pseudo-experiments: 47%
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M= Bmeasured/BSM,short-distance

ReSUIt5: HTA with BSM,short-distance =497 x 106
125
| Belle II preliminary [l B —K vv
— 100 F [ Ldt=362fb! BB
% B cc
O THE B i, dd, sS
§ ; ¢ Data
= 90
-
S 25t
® 1.10 significance wrt background-only
0 hypothesis

— 0
= 0 ® 0.60 deviation from SM
D“ _5 | | | | | | |

0.4 0.5 0.6 0.7 0.8 0.9 1.0

| ® Compatibility between data and fit result from
n(BDTh)

pseudo-experiments: 61%
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Combination

® |[TA and HTA results consistent at 1.20 15.0 E—
level - Belle II preliminary
12.5 [Ldt=(362+42) fb~! — HTA
: —— ITA

Combination

® Remove common events from ITA
sample (~ 2% of the total)

® Combine results taking into account

common correlated uncertainties:
= 4.7+ 1.0(stat) £ 0.9(syst) 2.5 F
B(BT — Ktvi) = [2.4 £ 0.5(stat) 23 (syst)] x 107° " ~—
0 y 4 6

(10% improvement in precision wrt ITA only)

® 3.60 significance wrt null hypothesis First evidence of B+—=K+vp

® 2.80 above SM expectation
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Post fit distributions (ITA)

Signal region: n(BDTZ2) > 0.92

5000 Belle IT preliminary W B K" wo 2000 . Belle II preliminary [ B - y K~ v
[Cdt=36200) D BB’ * b4 [caioseem! B BB
4000 ‘ B3 5B i Em B'B
Bl Continuum 1500 5 B Continuum

¢ Data ¢ Data

3000 !
1000

2000

Candidates/0.01

500
1000 :

® Good description of classifier

Candidates/(1 GeV?/c*)

output R =
S U TSR S B S ! PR I E—— —— P
0.92 .94 0.96 0.98 1.00 0 g 10 15 20
n(BDT») ¢z [GeV?/ct|

® Some difference in g2rec: nNot N |
conclusive due to coarse binning Most sensitive region: n(BDTZ2) > 0.98

choice, dictated from

Belle I preliminary [l B~ K w 200 - Belle I preliminary [l B >K w
. . * _[Cili =362 ! & B"B" : * ,‘E(“ — 362 ﬂn" = B"B"
‘ B3 B B * ' .
expe rl me ntal reSO| Utlon 200 * B Continuum 150 5 : (,fnntliuunn
$ Data -

$ Data
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‘;’;
Candidates/(1 GeV?/c?)

100
50
()
D
=T | | — e O VR
- : A
) r) A T S S S — e —t—————————— | PR |
0.980 (.985 0.990 0.995 1.000 : 10 15 20
n(BDT,) @ [GeV?/c?)
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Post fit distributions (HTA)

Signal region: n(BDTH) > 0.6

S0 r
40 | [ Ldt=362{b~!
30 b
20 |

10|

- Belle II preliminary

o Wt
: At

Bt%KJFVﬂ H0 I Belle II preliminary B B K ww
BB 0 & [ L£dt=3621b~! 1 BB

cC ! T cc

ut, dd, s§ 60 B B i, dd, s5
Data I ¢ Data

Sim. stat. unc. 40 B /777 Sim. stat. unc.

Pull Candidates/(0.05 GeV

Pull Candidates/(2 GeV?/c*)

OO OO

OO OO

I 12 16
q° [GeV?/cd]

20 24 28 0.0 0.1

0.2 I 0.3 0.4
Eextra [GGV]

Good description of g2 and extra neutral energy in the calorimeter (most discriminant

variable)

Elisa Manoni, INFN Perugia

43

11/07/2023



Consistency checks: one example

Divide data sample into pairs of statistically independent datasets, according to various features
ITA HTA

Belle IT preliminary | £dt=(362+ 42) fb’ Belle II preliminary [ £dt=362fb! I

- DataSet = July 2021/ _ ¢ 10 9091
1 ' > July 202 38

B et et - DataSet =/ 2021 [ iy 9021

4 I ]C(\ e

_PROE / *1.5GeV /e

_N‘f (:G/z'ﬁ

E vaptuns . 0/ =)

_Ntu(ks <(i/ > 6 | .
- cos(0x) =Y/ < 0.99 ] el

B I\(lnrv( +/—

_Slllll((lldlgt‘H)#U/ 0 || ——

L l A l A A A l A L A ' l ' A I A ' ' ' I l A I ' A l 1 A A A I A L A A l I A ' '

—15 —1() —..") () . —15 —10 —H ()
[L 7
Good stability for all splittings for both analyses

= 0. < 1.5/ &
miss > 1.9

, v )
5 COS(QK) \“"“‘/ > (.22

B I{('harge-i-/—

10

v

- !
—
p—
—

® Excellent agreement when splitting ITA sample according to lepton multiplicity (probing
“semileptonic tag” vs “hadronic tag”)

® Tension in “Sum(charges)” for ITA consistent with statistical fluctuation
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Comparison with previous measurements

® [[A result:
-1 . ] - . .
Belle ITIhiS?ﬁﬁsifzrel’imﬁf?bl“ed) ® in agreement with previous hadronic-tag and
Belle IT (362 fb!, hadronic) inclusive measurements
1.1+ 1.1 This analysis, preliminary
Belle II (362 fb'!, inclusive) ® 2.40 tension with BaBar semileptonic-tag

2.8+ 0.7 This analysis, preliminary

Belle IT (63 fb!, inclusive)

1.9+ 1.5 PRL127, 181802

Belle (711 fb!, semileptonic)

analysis

® comparable precision wrt previous best

<1.9 (90% C.L.) PRDY6, 091101 measurements
Belle (711 fb'!, hadronic)
<5.5 (90% C.L.) PRDS87, 111103 ® HTA reSUIt:

BaBar (418 fb'!, semileptonic)

0.2+0.8 PRDS2, 112002

BaBar (429 fb!, hadronic)

1.54+1.3 PRDS&7, 112005

| —_— ® most precise result with hadronic tag method
0 2 1 6 3 10 12 o :
105 x Br(Bt—K * vp) ® Overall good compatibility: p-value ~ 30%

® in agreement with all previous measurements
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Conclusions

® Belle Il at SuperKeKB: rich and diversified physics program to probe new physics in an
indirect way

® 362 fb1 collected at 1(4S) resonance corresponding to about 390M BB pairs

® Few highlights presented today, using full or partial dataset

® results are world leading, despite the lower statistics with respect to first
generation B factories, or unique to ete- experiments

® first evidence of B+—K+vp, 2.80 above the SM prediction

® Data taking to resume early in 2024 - target instantaneous luminosity of 103> cm-2s-
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Extra-slides
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KeKB vs SuperKeKB

KEKB SuperKEKB SuperKEKB SuperKEKB
Achieved 2020 May 1st 2022 June 22nd Design

LER HER LER HER LER HER LER HER
Tbeam [A] 1.637  1.188 0.438 0.517 1.363 1.118 3.6 2.6
# of bunches 1585 783 2249 2500
Tbunch [MA] 1.033  0.7495 05593  0.6603 0.606 0.497 1.440 1.040
B}, [mm] 5.9 5.9 1.0 1.0 1.0 1.0 0.27 0.30
£, 0.1299  0.0904 0.0236%) 0.0219%) 0.0398%)  0.0278%) 0.0881¢  0.0807¢

0.10)  0.060%) 0.05654)  0.04349)  0.069?)  0.061%)
L [10**cm=2s71] 2.11 1.57 4.71 80
[ Ldt [ab™'] 1.04 0.03 0.424 50
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Long shut-down 1 activities

Belle Il stopped taking data in Summer 2022 for a long shutdown

O replacement of beam-pipe

O replacement of photomultipliers of the central PID detector (TOP)

O installation of 2-layered pixel vertex detector

O improved data-quality monitoring and alarm system

O completed transition to new DAQ boards (PCle40)

O accelerator improvements: injection, non-linear collimators, monitoring
O replacement of aging components

O additional shielding and increased resilience against beam bckg
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Belle Il upgrade program

SuperKEKB peak & integrated luminosity vs time
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LS1 (2022): Actual detector consolidation
LS2 (2027): IR and detector upgrades

— Currently: CDR preparation

Elisa Manoni, INFN Perugia
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Path to the future:

1) Improve machine performance and stability
Beam blowup, lifetime, injection power, beam losses

2) Reduce detector backgrounds
Single beam, injection and luminosity backgrounds

3) LS1 Detector consolidation toward 2x103°> cm-2s1
Installation of more robust components

4) LS2 Detector upgrade toward 6x103°> cm2s-1
Including a redesign of the interaction region

—> More performant detector and robust against machine-
induced backgrounds
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https://docs.belle2.org/record/3944/files/BELLE2-TALK-CONF-2023-165.pdf

The B factory way (ll)

With respect to hadronic machines:
® |ow average multiplicity - neutral reconstruction

| ® constrained kinematics (and hermetic detector) - good
A mIssing momentum reconstruction

e correlated BOBO - high flavour-tagging efficiency

® open trigger - 100% efficient for almost all B decays

cross section - 150,000 times smaller

no Bs, Bc, or Ap produced - can run at 1(5S) for Bs

no boost in the c.m. frame - partially overcome by the
asymmetric beams
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L = uu

Belle Il preliminary J Ldt=178fb"
e
L M
10_1 z Trident
= :
S 2
10° E-
5 | eele
B CMS (95% CL)
-3 iR
107 A
- [“Belle Il (invisible)”: Z’ search assuming Z’
- —90% CL UL [ Expected UL + 1o Expected UL + 2¢ decays to SM particles only]
—4 1 1 1 1 L L | l 1 1 1 L L 1 | 1
10
1 10
2
m..[GeV/c?]
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T mass measurement: systematics (|

e Historically, the systematics have been dominated by:
o  momentum scale of the tracks

B S 2 | I x D%
o beam energyscale Mpyin = I\M3m+ 2 L\/g/? ‘E3,r)(E37r Py
=i ' B
Belle (4 14 fb ) arXiv:hep-ex/0608046 BaBar (423 fb 1) arXiv-0909 3562 Belle I
TABLE I: Summary of systematic uncertainties TABLE VII: Systematic uncertainties in M. Source Uncertainty
Source of systematics o, MeV/c? . [MeV/c? ]
Beam eEelﬁy:and ft-ra?kizg—syael?} 0.26 Source Uncertainty ( MeV)
__________ B —————— ——— " - o
Edge parameterization 0.18 (Momentum Reconstruction, 0.39 _Knowledge of the colliding beams: _ _ _ _ _ _ _ _ _ _
Limited MC statistics 0.14 CM Energy, 0.09 s amenn L 0.07}
Pit range 0.04 MC Modeling 0.05 Boost vector < 0.01
Momentum resolution 0.02 MC Statistics 0.05 Reconstruction of charged particles; _ _ _ _ _ _ _ _ _
Model of 7 — 37v;, 0.02 Fit Ra.nge 0.05 |_ _C]lar_g(zl Ba_ltl_CIE rL]()lnEnt—ulll £0£r()_cti()11 _____ () _O(ll
Background 0.01 Parameterization 0.03 Detector misalignment 0.03
Total 0.35
B Total DAl Fitting procedure:
stat: 0.13 MeV stat: 0.12 MeV Estimator bias 0.03
Choice of the fit function 0.02
Mass dependence of the bias < 0.01
= Challenge for Belle Il: improve the understanding of these effects Imperfections of the smulation:
: Detector material budget 0.03
and squeeze the systematics! (also... only 190/fb used here!) Modeling of ISR and FSR 0.02
Momentum resolution < 0.01
- Neutral particle reconstruction efficiency < 0.01
Tracking efficiency correction < 0.01
N. K. Rad @ ALPS23 Trigger efficiency < 0.01
Background processes < 0.01
Total 0.11
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https://indico.cern.ch/event/1204084/contributions/5298348/attachments/2618878/4527370/ALPS2023_NavidKRad.pdf

T mass measurement: systematics (ll)

Belle I

Source Uncertainty
[MeV/? |
’_K_n(gvl_cd_ge_ of the collidng beams: =
I  Beam energy correction 0.07!
Boost vector < 0.01
Reconstruction of charged particles:
I  Charged particle momentum correction 0.06!
Detector misalignment 0.03
Fitting procedure:
Estimator bias 0.03
Choice of the fit function 0.02
Mass dependence of the bias < 0.01
Imperfections of the simulation:
Detector material budget 0.03
Modeling of ISR and FSR 0.02
Momentum resolution < (.01
Neutral particle reconstruction efficiency < 0.01
Tracking efficiency correction < 0.01
Trigger efficiency < 0.01
Background processes < 0.01
Total 0.11
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BDT1: the 12 input variables
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BDT2: the

Belle II preliminary [ Ldt=3.62fb'
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Hadronic B—-D®K+* decays

® Result of 3-component g2rec fit to estimate scaling of B—D—K_ component in electron- and

muon-enriched control sample to validate the procedure establish from the pion-enriched

control sample study
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The scaling factors found in the three sidebands
are within T0% — considered a systematic uncertainty
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BDT2 output in control samples
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BDTc details

® |n order to reduce mismodelling on the BDT1/2 input
variables for the non-resonant events, a dedicated
BDT is trained to separate off-resonance data and off-
resonance simulation

Belle II preliminary —

_ _ — 1255— | [ Ldt=42.3fb! — Zz
® Selection: nominal BDT1 cut, relaxed n(BDTZ2) cut to 2 | ) ——
increase statistics % 100 —
1 77
: = 75 ot
® Inputs: all BDT2 inputs, g2rec , BDT2 output B Vo
= 50
® Qutput: p € [0,1] =
8 29
® Event-by-event weight = p/(1 — p) ~ £(data)/ )
£(simulation), where £(data) (£(simulation)) is the 51
likelihood of the continuum event being from data e e
(simulation) Y S S
0 5) 10 15 20
® weight € [0.5 and 2.0], with standard deviation of 0.3 Gree [GeV?/c"]

— improvement in the modelling of the main BDT inputs
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Systematic uncertainties for HTA analysis

Source Uncertainty size Impact on o,
Normalization of BB background 30% 0.91 :
Normalization of continuum background 50% 0.58 '
Leading B-decay branching fractions O(1%) 0.10
Branching fraction for BT - K™K K 20% 0.20
Branching fraction for B — D** 50% < 0.01
Branching fraction for BT — K™ nn 100% 0.05
Branching fraction for D — K X 10% 0.03
Continuum-background modeling, BDT. 100% of correction 0.29
Number of BB 1.5% 0.07
Track finding efficiency 0.3% 0.01
Signal-kaon PID O(1%) < 0.01
Extra-photon multiplicity O(20%) 0.61 2.
K? efficiency 17% 0.31
Signal SM form-factors O(1%) 0.06
Signal efficiency 16% 0.42 2

Simulated-sample size O(1%) 0.60
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Signal efficiencies as a function of g2
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® Efficiencies in the signal regions ad a function of the generated g2

® Much lower efficiency in HTA w.r.t. ITA, but smaller variation in g2
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