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Preface

® Exhaustive overview of the results in Gaetano and Lorenz’s talk

® | will discuss the conventional steps of EWP B decays with missing
energy (EWP+missk), with some emphasis on systematic
uncertainties

® | will highlight the commonalities and distinctive features of the
various works, selected based on personal basis.

® | will mainly focus on tagged analyses, inclusive method discussed in
detailed by Sasha yesterday
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https://indico.belle2.org/event/14981/contributions/98569/attachments/37111/55129/phywee_GdM_LG.pdf
https://indico.belle2.org/event/14981/contributions/98656/attachments/37122/55153/Inclusive%20tagging%20(1).pdf

Introduction




Theoretical motivations

EWP B decays with missing energy (EWP+misskE) as probe for new Physics

|d=¢) () () in general violate all the
(\i = Z G 0 [(p ] _—" accidental symmetries and
\ 4;;} MEFT : /\z ¢ SH properties of the SM
(At A 7 »
e i J) We can expect large effects in rare or forbidden processes!
WAl hof Precision tests of forbidden or suppressed processes in the SM
. Altmannsnoter are powerful probes of physics Beyond the Standard Model.
b 7 b | * L y >> Flavour Physics ! <<
| 24 v 1/
1 g4 IT)2 CNP
1672 m2, ms, AT
A » Measuring this precisely puts strong constraints on the EFT combination c/Az2,
\ the better the smallest Asm is.
Exp ® \ery large statistics
measure calculate precisely get information on e Small backgrounds and systematics
precisely the SM contribution NP coupling and scale
® (Good control over the SM prediction:

- SM inputs (CKM matrix elements)
TH - QCD matrix elements (form factors)
- control over the possible long-distance contributions

In ranty lies power

D. Marzocca
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https://indico.belle2.org/event/14981/contributions/98652/attachments/37107/55123/altmannshofer_Belle_II.pdf
https://indico.belle2.org/event/14981/contributions/98653/attachments/37108/55125/NP_BKnunu.pdf

EWP+missE searches @ Belle Il (1)

| | 1SSI Emiss = Ebeam — Etag = EBsigvisible daught
® Belle Il is well suited to study missing energy iss = Ebeam = EBtag = EBsiguisible daughters

modes:

® constrained kinematics and detector hermeticity -
good missing momentum reconstruction

® |ow average multiplicity - neutral reconstruction

® Experimental challenges:

® |ow (or zero) branching fraction with large
background

® apart from b—s t¢ case, signal is non-peaking:

multiple undetected neutrinos, no narrow signal
structure

signal kaon track
\

N\

simulated B+—K+yy _ _ _ _ N . 15
event e
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EWP+missE searches @ Belle Il (1)

Three main categories of EWP+missE modes studies @ Belle Il :

450, S SR RS 1 Belle II preliminary [ £dt=3.62fb
E CHARGED 0S N L dt=100 fb -
400 — g : %) _Signal X 107 B+_’ K+ VV g Neutral B
350 f S et = 600 ¢ [ charged - B Charged B
E UDS_OS, o : [ mixed 'm 0.2 ITA s
300 | _ o 900 [[] ccbar g B S5
: CHARM 0S, S : () uds - —
0 - o O .
Q 250 F e 400 . mm dd
= ; 1 sig 0S, g % L E [ Signal
- L .
= 150 “ ; BO_’KSTE % 200 B K TT m /7//, Stat. unc.
| | ke =S .
100 | 2 100 9 ~
[ (4y] . N ® ’
50 [~ | O 0 o - . *‘cg = ..__'_.-.-.--.-o-o-o_g-o-o--o--o--o--o-...:..-n-:.!-‘__'__.__.____,//%/’é/
0 b=t ! Antl.—._':‘“-b_._ ——— -5 0 S 10 15 20 SE OIIIII/I%);/
-1 0 1 2 C Missing mass square [GeV?/c%] 000 10 20 30 40 50
mm?2
1\/Imissing2 [G6V2/C4]
Produced missing energy
SM branching ratio
O 0(1077) 0(10-%)
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Tagging techniques

1
|
|

. Hadronic tagging
analysis (HTA)

_

extra tracks

/ / Btag

: L

extra photons

Semileptonic tagging

] Inclusive tagging
analysis (STA)

analysis (ITA)

I

extra tracks
/o
/@
/ Btag ”
Ok ..

\ \ N

extra photons Rest-of-the-Event (ROE)

Purity

Efficiency

® So far, most of the analyses have been performed using HAD Full Event Interpretation (FEI)
® First STA results to come next year

® \When applicable, ITA has proved to be more sensitive than HTA
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Typical analysis flow

Reconstruction and
basic selection Data-MC

e —
.
% corrections
o | Background
v+ Bt «— YA4S) — B~ —: 1200 .
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Branching Fraction as main measurable

In the SM, EWP+misskE modes are rare or forbidden.

The main measurable is the branching fraction, on which we usually set upper limits;

NSig &N, : from sample-composition fit or cut-and-count

% — ® ¢, : from signal MC

NBB ) gsig ® N.: : from external inputs (f:-/foo and 1(4S)
counting)

Both N, and ¢, 's estimates require corrections to account for data/simulation discrepancies and
bring the dominant systematic uncertainties
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Uncertainty balance

® The balance between statistical and systematic uncertainty depends on signhal extraction
strategy and working point (= background contamination), same examples:

Signal
Analysis extraction Typical dominant syst. unc. BF uncertainty balance Measurepl SF Sample
uncertainty
strategy
B+—=K+yy ITA Stat = Syst + 0.7 x 10-3
Knowledge of background
normalization, limited size of >
B+—=K+yy HTA Binned fit simulated sample, syst for + 1.1 x 105 QB%
specific backgrounds/neutral | Stat dominates but syst
energy corrections approaching
BO—K*0rr HTA + 1.0x 103
- +3.7 —4
B+—K+rr HTA | Cut-and-count Knowledge of background Stat dominates but syst 23X 10

normalization

approaching

BO—-K*"0z¢ HTA | Unbinned fit

Knowledge of signal efficiency
and signal PDF parameters

Negligible systematic
uncertainty

~ =+ (1.5-2.8) x 105

Belle IT
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Biag reconstruction and efficiency calibration from FEI

Tracks } Dlspl.ac ed CNl(lusttrei.:Ls | **+Q
® B,y reconstructed using “FEI” D e - /A N
(see Karim’s talk for more details) SN L v\Bom RO £
- —AJ j‘lj N tag —slg
NSy, ™ /\/ g
B N\ @ | I
FEI S = K C 7L,
B’ B M. Liu

® (Goodness of Biag si quantified by the “FEI” signal probability

® Different Pre; working points recommended:

® for HTA: >10-2, >10-3 (most used)
® The choice is analysis dependent: @ analysis design stage, it’s worth checking different values

® Corrections are given on a Btag mode-dependent basis, with uncertainty of the order of 5%
(usually, negligible impact on BF systematic error balance)
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http://www.apple.com/uk

Alternative FEI calibration: signal embedding (I)

Alternative FEl calibration technique: signal embedding (now official basf2 tool)

® Reconstruct B—J/y(uu)K™) events (large branching ratio, experimentally very clean)

® Remove J/y(uu)K®) from reconstructed objects and replace with a signal B candidate from
simulated signal events (both in data and MC)

® ROE (or Biag+extra particles) is untouched
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https://software.belle2.org/light-2311-nebelung/sphinx/analysis/doc/embedding.html?highlight=embedding

Alternative FEI calibration: signal embedding (I1)

® Before using it:

® check that the embedded sample is a good control sample
for the signal (always do that when you choose a sideband)

® check Data/MC agreement for selection variable
® Data/MC efficiency ratio used as tag efficiency correction

® usually consistent with official FEI corrections

® CONTRA: low statistics

Belle 11 /Cdf—SO‘lfI) -

HTA {  Emb data
N N —+— Emb MC
Br—K* vy —}— Sgn MC
JqlE |
|
00 02 04 06 08 1.0
E::::: ::JL.::::-::J::I:"':::-I‘::::t:: m— ::.'::..::-::-::l::-‘::::
DR S i SR N N T
0.0 0.2 0.4 0.6 0.8 1.0

Bi., signal probability

® PRO: analysis-specific control sample, can be use to validate signal extraction variable and full signal

efficiency (and assign systematic uncertainty— has an impact)

® this method is indeed used also in ITA for full signal efficiency validation
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Bsig reconstruction: strange mesons

® Also signal side reconstruction can be done exclusively or inclusively (or in-
between)

® semi-exclusive reconstruction performed in B—Xsvv search

® Strange meson reconstruction (K, Ks, K*0), starts from tracks+PID requirements as

per performance group recommendation (more on Bianca, Eldar and Ale’s talks
tomorrow)

B+—=K+rr

118 from the ACC, CDC, and TOF for Belle. For Belle II, information from all subdetectors
119 except the PXD and SVD is used, resulting in @len‘ciﬁcation efficiency of 85% (88%

120 for Belle) for a pion fake rate of 5% (8% for Belle) and @ pion ddentification efficiency of

121 90% (91% for Belle) for a kaon fake rate of 7% (6% for Belle) at the particle identification

2 working points Pk, P, > 0.6. For Belle, electrons are identified using the information from

® Usually, multiple PID working points are
. . 123 the ECL, CDC and ACC, and information from the KLM only is used for muon identifi-
teSted a nd t he aSSOC I ated SySte m atIC 124 cation. Using the likelihood ratio requirement P.(P,) > 0.9, th@ identification has

[y

. . . . 125 an efficiency of 92% (89%) and a pion fake rate of 0.3% (1.4%) for electrons (muons with
uncertainty is sub-dominant or negligible y )

26 momentum larger than 0.6 GeV /c). For Belle II, the electron identification uses a boosted-

[y

127 decision-tree (BDT) classifier trained with information from all sub-detectors except the

128 PXD and SVD and the muon identification uses information from all sub-detectors except

120 the PXD and SVD. At the particle identification working point P.(P,) > 0.9, the m

130 @identiﬁca’cion has an efficiency of 86% (89%) and a pion mis-identification rate of
131 0.4% (T%).
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https://indico.belle2.org/event/14981/contributions/98663/
https://indico.belle2.org/event/14981/contributions/98664/
https://indico.belle2.org/event/14981/contributions/98665/

Bsig reconstruction: leptons (1)

In most of the analyses, 7 is reconstructed exclusively:

® —¢, P=e, u always included

® in some cases, 7 and p modes are also considered

BO— K0zt
Belle I1 /E«h 365 b

80 F ' Too0 .-
- tf category mt category £ category T category ‘ Data
B, 250¢ 250 | - B Kty
= R00 b
= 00f BB
: 200 200 } _
S + 4 GO0 A b 5 :
= 40 F * 150 F T r*o 150 F ,ri | Uncertainty
= }—T\— 0 §]* #¢ | — Signal B=10"2
- - : _ L .'
= 20 ‘Ll |

0 : : , .

; - B = i
= 0 - i % e LN _ee I =

30 10 50 90 130 17.0 10 50 90 130 170 .10, 50 9.0 13.0 17.0 1.0 50 90 13.0 17.0 20.0

‘\ ll;;i:\': l(;(‘\ -,"|' C : J

Even if channel with hadrons are less pure than leptonic modes, ~35% reduction on
BO—K*0r7 BF uncertainty when adding them (analysis dependent)

Elisa Manoni, INFN Perugia
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Bsig reconstruction: leptons (Il

In B—=K*0z¢ search, 7 is reconstructed with an
inclusive technique:

® 7— 1-prong track without particle ID, allow for
up to 2 extra-tracks to includes also 7— 3-
prong decays

® comparison with exclusive reconstruction
performed:

® slightly higher efficiency In inclusive approach

® 7 invariant mass resolution essentially
unchanged

*
Resolution : 0.024+/-0.001 BO—K*0z¢
3000?— f m— e A T
: 3 BY—=pt'K, 1T = pto,
, 2500F F I
-— - an
‘= 2000 F mm B -utK, Tt - bnlnt
:3 : —— BO—’],I'T;’K. ™ =D I'IOHOI'I"
& 1500 ' T
2 Bl Others
1000 inclusive
500 F reconstruction
O ! [ N

16 1.8 20 22 24 26
M, [GeV/c?]

Resolution : 0.025+/-0.001

2500
[ p 1 Bl=ptfK, 1t -
2000 } 1 BY=pt'K, 1t = ptuyu,
0 Z : mm B'-pt'K,tt -t
et I 1=
= 1500 - mm B -y K, Tt - bl
= ! 0y r K 1+ -5 00
N i B B"—utK,t"—=pn'n’n
2 1000 EEE Others
i exclusive
500 :
i reconstruction
O I P Y

1.6 1.8 2.0 2.2 2.4 2.6
M, [GeV/c?]
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Treatment of extra-particles

® |[n tagged analyses, events with extra-tracks or neutral extra-mesons such as 70 or Ks are usually

rejected

® Extra-photons total energy is one of the most discriminating variables in missing energy analyses

EECL: Z L,

extra—y

|deally, for correctly reconstructed
signal events, no extra activity in the
calorimeter is expected.

Tails in the signal distribution are due
to mis-reconstruction effects and ECL
energy resolution.

B+—=K+rr

600 |-

500 |

400 |
U |-

200 |-

Candidates per 40.0 MeV

100 |

200 | Belle II (simulation)

Ldt=100fb"
" Signal x 10°
Charged
Mixed
ccbar
uds

Larger ECL deposits
are expected from
background events.

Peak at zero due to
v

energy threshold
/ adopted in extra

photon selection

Elisa Manoni, INFN Perugia
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o
W

o
—

—

e o j_Belle II (simulation) Area normalized
EECL C a I ’ b ra 1.’ O n 025 _ B+— K+TT J : I(;:lirrjz:cll)(}::;d photon
-"ug) 0.2 _ I — Misreconstructed photon
.. =015 [
® Extra-photons originates from real photons, beam £
<

backgrounds, ECL clusters from tracks for which
cluster-track mating failed

O
(@)
&

I | | 1 l 1 1 l -] 1 1

0 [ I R S | [ 1
-300 -200 -100 0 100 200 300
Cluster-event time difference [ns]

® Data/MC agreement in Eec. depends on the extra-photon selection and on the MC

campaign. Ad hoc correction may be needed: BO—K™0r7

1400 | BellelI | T'+ lr)dia - ] “OOHBelleIYI | | '+ IT)‘{'ta |

1900 | /ﬁ(]t 365 fh! — (IBGB ] 1;>.,(,- /ﬁdt 365 fh! — ZB

= o mf category —— Signal B=10"2 | 3 “'j'( | mf category — Signal B=10""
Even_t—lpy—eve_nt correction based on photon = s, before || 2w, i, Sfrer
multiplicity distribution in some sideband ®,;, correction || - | "w,  correction
and apply to EECL in the single region. "o {
Remaining discrepancy — systematic S SO Bt SR
uncertainty (has an impact) & e R
Fxra |GV Festes  |GeV]
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Strategies for background suppression

Belle I1 [ Ldt=3.62fb!

B“B"

® After signal side reconstruction and requirements on
ROE/extra-particles, the final background suppression ‘
stage is implemented

Event density
2 3
™
L
j ‘
i G0
a
S
] <
L S-UONNRERD

® |dentify discriminant and well-described variables

. . . . . . I it
® Frc, Pmiss, Kinematic properties of signal side particles T VR va— Ta—
Fox-Wolfram R»
® Variables targeting specific backgrounds (see next ok -
. : | Belle I [1 BB
Sllde) ﬂ [ [ Ldt=3626b7 B
R S A=t

® Event shape variables to suppress continuum
background

® Combined in a multivariate tool or used in a cut-and-
count analysis.

EI:IiSS + cp;ﬁss [GGV]
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A remark on dominant common backgrounds

® Dominant backgrounds are usually from semileptonic B decays in which
the signal K actually come from a D(*)

® The invariant mass of the signal K(") and another track in the event (e.qg.
a signal side lepton in b—s 7¢/7r) can be used to reject background

BO—K*0z¢

B+ K+rr :
ol . | _ Belle II simulation preliminary | £df =365 fh !
O 400 [ Belle Il (simulation) -1 (00 i
S : < I > fL dt =100 fb i 1 B nixec i
® 350 | - — Signal x 200 sonf OSp 1 ——
= : - || L : il — T
™ 300 3 || Mixed 500 F ) 1 signal
™ . || ccbar _ ¥
CL) 250 :_ I_l ~ |uds é 100 F : :
5 00| i = D — Kr(m <> i)

- 1 m 300 F 1
2. - bt I 1)
(()) 150 » [ : W
o : il 200 F '
T 100 l ! : |
2 : ! - |
% 50 :__ I I l 1()() : —_‘T DR = |
O 0 Kl e e T e e e e ek U

| D 2 2.5 : 3.5
0.5 1 15 5 55 3 1.0 1.5 2.0 2.9 N ‘f.() 3.0 1.0)
m(K*£7) [GeV/c?] Mice [GeV/c?
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An example of cut-and-count analysis: B*—K*zz

® 7 reconstructed in leptonic modes g %t [Lamms
S = =
e m(K2) cut to reject most of the background T s S o
o | uncertainty
e Final signal region defined by M2nss, r daughter £ |
omentum and Eect N sy
| 2 0.4 gf:x”a I(:)gev] 1 1.2 1.4
® Use EecL, Btag Msc and g2 sidebands to correct .
background estimate g e Jramsesn
® Dominant systematic uncertainty from S
background and FEIl corrections 3

T Y P
0O 02 04 06 0.8 1 12 14 16 18 2
Eextra [GeV]
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An example of unbinned fit analysis: BO— Kt

Mz coil = B = (Peve- — Px — Pz — PBmg)2

® Discriminant variables combined in a BDT Y oa
>
D 515 K3
CZ) 81 4 t
% 0.10 g ;\u' o
. ] ] ] QL
® |[n this case, we have a variable which is 5 oo

200 225 2.50

peaky for the signal: mr s ..
m, (GeV/c?)

i : : B"— K2rer
® Used as signal extraction variable % 1o Epiese T
214;JLdt=711+365fb" :gi'gr?;' it
i< ‘ Ngg=-29£20 . Background
010 F
. . . . 2sf |
® Dominant systematics from calibration of 2 6f |
BDT cut efficiency and signal PDF & 4F T LT [t
: : 2¢ T “*4: ,l,
parameterisation o TILIL ... SLLY IR Eh S0 2

1 T I I

8 2 22 24
M, (GeV/c?)

1 12 14 1. 1
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Examples of binned fit analyses: B*—=K*vv (1)

8000 Belle IT

® Final background suppression via BDT, also used | S
as signal extraction variable s 6000 F

?r:glmua
w &

S

e
e T~V ~
-1" =R

JORNREEL

vy
l
o
h
-

Candidat

® HTA: control samples used to correct the qq -

and generic BB normalisation before the BDT mmi
training; data/MC validation repeated in the :

signal region to assign systematic uncertainty B e Dl e
® |[TA: data/MC comparison in off-resonance data ™} . W
is used to background normalization systematics , ¥| e

60 [

® [n both cases, corrections for specific
backgrounds are applied before the classifier
training

Candidates
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Example of specific background study in

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

® Observed data excess in g2rec distribution above D
threshold

® 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

Data

Elisa Manoni, INFN Perugia 25
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0.0
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P - y
op b4 . . . .
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©
-] o O

|
Ut

| Belle II preliminary
| £dt=362fb!
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B Continuum
¢ Data
///7 Sim. stat. unc
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B—-D—-K_ rate
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lllllllll

lllllllllll

10/08/2025



Systematic Uncertainties for B*—=K*vv

Source Impact on o, Source Impact on ¢,
1 Normalization of BB background 0.90 1 Normalization of BB background 0.91
Normalization of continuum background 0.10 T . =
T b E s 4 Normalization of continuum background 0.58
Leading B-decay branching fractions ). 22 : 5 : :
3 Branching fraction for Bt — K+ K9K? 0.49 Leadmg B-decay branching fractions 0.10
p-wave component for Bt — KTK2K? 0.02 Branching fraction for Bt — KTKVKY 0.20
4 Branching fraction for B — D** 0.42 Branching fraction for B - D** <0.01
Branching fraction for BT — K™ nii 0.20 Branching fraction for Bt — K nn 0.05
RO v 0 o .
e e e o0l e e o R o
0 s °’ ; ' Continuum-background modeling, BDT, 0.29
ntegrated luminosity <0.01 -
Number of BB 0.02 Number of BB 0.07
Off-resonance sample normalization 0.05 Track ﬁndmg efﬁmency 0.01
Track-finding efficiency 0.20 Signal-kaon PID <0.01
Signal-kaon PID 0.07 2 Extra-photon multiplicity 0.61
Photon energy 0.08 0 : <
- K7 efficiency 0.31
Hadronic energy 0.37 :
K? efficiency in ECL 0.22 S¥gnal SM form-factors 0.06
Signal SM form-factors 0.02 Signal efficiency 0.42
Global signal efficiency 0.03 3 Simulated-sample size 0.60
2 Simulated-sample size 0.52
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Pre box-opening consistency checks

Once the analysis is frozen, before looking the full signal region, perform test on
portions of the dataset or on control samples to see that you get what you
expect

0— K*0
1) Fit to the same-flavor data — BR, p-value, pulls BO—-K™0r7

2) Partial fit
a) signal region restricted to the lowest sensitive BDT bins with all signal categories — BR, p-value, pulls

3) Blind fit on half-split proc vs prompt, where only the uncertainty and the p differences B+—o K+ pp
between the two Samples are ComparEd Divide data sample into pairs of statistically independent datasets, according to various features
4) Full fit to the signal region keeping all results blinded e A ] : A —
. elle II preliminary | £dt=(362+ 42)fb* I I elle II preliminary [ £dt=362fb! | I
pulls of nuisances - DataSet 27 2021/ _ oy, | |
B O _.4|_ l - DataSet =ul 2021/ _ 5. 009 _:.._—01—1— :
o) Partlalfit | Bl e el R =
b) signal region restricted to it category — BR, p-value, pulls BieTs . e
kN | : - cos(0g) <=2/ 5 0.22 | —_——r—
- cos(0x) <022/ 90 T R | |
- K -l(fjl )' / —.J—_-_.I_ K ctarge™/ - ":—._‘
- Sum(charges) 7"/ _, T : s : :
—15 —10 —5 0 D 10 =15 —10 —D 0 ) 10
p 7

Good stability for all splittings for both analyses

® 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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Gran-summary
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What's next



Improve sensitivity with Bellell data

® bh—syy: unique to Belle ll, corroborate evidence improving precision with

® [T A with additional K™ channels

® additional tagging techniques (STA to improve precision, HTA to study g2 spectrum with
better resolution)

® use of RunZ dataset (and what will come next)

® b—S1T!
® most stringent limit from BO—=K*0zr LHCb measurement (Abhijit’s talk)

® many handles to improve Belle |l B+—K+r7 measurement: additional r channels, semileptonic
and inclusive tag, further optimisation of analysis strategy when adding less pure modes

® b—d effort also started
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https://indico.belle2.org/event/14981/contributions/98589/attachments/37132/55168/Abhijit_BelleII_PhysicsWeek.pdf

Future perspective in systematics

We foreseen improvements on
systematics related to:

Source

Impact on o

U

Normalization of BB background 0.90

: : Normalization of continuum background 0.10

¢ backgr_ound nOrmallsathnS ﬂgenera”y’ Leading B-decay branching fractions .22

statistical in origin Branching fraction for B¥ — KT KYK? 0.49

p-wave component for BT — KTKYK? 0.02

- : Branching fraction for B — D** 0.42

® SpeCIﬁC baCkgrOund mOdelllng Branching fraction for BT — K nn 0.20

Branching fraction for D — KX 0.14

® detectors performances (improvements I e e L s -

: : _ Integrated luminosity <0.01

in particle reconstruction and Number of BB 0.02

' ! ' ! Off-resonance sample normalization 0.05

identification algorithms, usage of e e

MCrd) Signal-kaon PID 0.07

Photon energy 0.08

® < I d | : N | MC Hadronic energy 0.37

simulatea sample size arger K? efficiency in ECL 0.22

samples can be produced in a smart Signal SM form-factors 0.02

d- k | k d Global signal efficiency 0.03

Way (Save Lo disk on y SKIMme Simulated-sample size 0.52
events)
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Summary

® E\WP+missk are excellent probe for New Physics
® Analysis are challenging, background validation is a key point

® Systematics starts to be important for all analyses, handles to improve them

® A lot of work ahead for Belle Il to continue producing world-leading results
® combination of tagging technigue

® improvements in reconstruction, MC modelling, and analysis technique are within reach
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Extra slides
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B =K+ v ITA

e A e L L4

Uncertainty type,

Source Correction parameters Uncertainty size Impact on o,
Normalization of BB background Global, 2 50% 0.90
Normalization of continuum background Global, 5 50% 0.10
Leading B-decay branching fractions Shape, 6 O(1%) 0.22
Branching fraction for Bt — KTKVK? g* dependent O(100%) Shape, 1 20% 0.49
p-wave component for Bt — KTKYK? g* dependent O(100%) Shape, 1 30% 0.02
Branching fraction for B — D** Shape, 1 50% 0.42
Branching fraction for BT — K nn g* dependent O(100%) Shape, 1 100% 0.20
Branching fraction for D — KVX +30% Shape, 1 10% 0.14
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, 6 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
KV efficiency in ECL —17% Shape, 1 8.5% 0.22
Signal SM form-factors g* dependent O(1%) Shape, 3 O(1%) 0.02
Global signal efficiency Global, 1 3% 0.03
Simulated-sample size Shape, 156 O(1%) 0.52
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B*—=K* vy HTA

Uncertainty type,

Source Correction parameters Uncertainty size Impact on o

7
Normalization of BB background Global, 1 30% 0.91
Normalization of continuum background Global, 2 S50% 0.58
Leading B-decay branching fractions Shape, 3 O(1%) 0.10
Branching fraction for Bt — KTKYK? g* dependent O(100%) Shape, 1 20% 0.20
Branching fraction for B — D** Shape, 1 S50% <0.01
Branching fraction for BT — Kt ni g* dependent O(100%) Shape, 1 100% 0.05
Branching fraction for D — KVX +30% Shape, 1 10% 0.03
Continuum-background modeling, BDT. Multivariate O(10%) Shape, 1 100% of correction 0.29
Number of BB Global, 1 1.5% 0.07
Track finding efficiency Global, 1 0.3% 0.01
Signal-kaon PID p, 0 dependent O(10-100%) Shape, 3 O(1%) <0.01
Extra-photon multiplicity Nyexira dependent O(20%) Shape, 1 0(20%) 0.61
K? efficiency Shape, 1 17% 0.31
Signal SM form-factors g* dependent O(1%) Shape, 3 O(1%) 0.06
Signal efficiency Shape, 6 16% 0.42
Simulated-sample size Shape, 18 O(1%) 0.60
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BHXS V4%

Source Impact on o5 [10™°]
Simulated-sample size 6.0
Background normalization 5.7
Branching ratio of major B meson decay 2.3
Non-resonant X ;vr generation point 2.1
OspT selection efficiency 2.0
Photon multiplicity correction 1.8
qq background efficiency 1.8
Other subdominant contributions 3.0
Total systematic sources 11.7
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BO-KOrr

Source Impact on B x 107>

B — D**¢/7v branching fractions 0.29

Simulated sample size 0.27

gg normalization 0.18

ROE cluster multiplicity 0.17

7 and K ID 0.14 , 5 _ )
B decay branching fraction 0.11 Signal category ex 10 BB 4
Combinatorial BB normalization 0.09 ct 4.0£0.6 275 39
Signal and peaking B’B normalization 0.07 rt 7.6 + 1.1 1058 230
70 efficiency 0.03 /71 4.0+ 0.6 1077 424
N (4s) 0.01

D — K} decays 0.01

Signal form factors 0.01

Luminosity <0.01

Total systematics 0.52

Statistics 0.86
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B*—=K*rr

Sources Impch;t"c;n BF Imp;;:l’i:“ BF
Expected bkg yield +2.5 events | 1.2 events
FEI scale factor 10.1% 12.6%
Simulated sample size 3.3% 3.5%
PID correction 1.0% 1.6%
pi0 veto 1.9% 2.9%
Tracking efficiency 1.1% 0.8%
Signal decay model 3.5% 4.3%
fi- 1% 1%
Number of BBbar pairs 1.4% 1.6%
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BO_}st‘f

Source (%) Kortu~ K9r—pt Kortew K2r7et
BDT selection 17.1 17.5 16.6 19.2
Signal PDF 15.7 15.7 15.7 15.7
Biag calibration 3.7 3.7 3.7 3.7
Lepton identification 0.3 0.3 0.5 0.5
T daughter reconstruction 5.3 6.5 6.1 6.4
Linearity 1.6 1.4 0.8 1.4
Number of BB pairs 1.1 1.1 1.1 1.1
f+—/ foo 2.3 2.3 2.3 2.3
Kg, T, p, ®¥ branching fractions 0.7 0.7 0.7 0.7
Total 24 24 23 25

B(107?)
Channels e(10™4) Nsig Central value UL
B -5 K3rtu~ 17 —1.843.0 —1.0+1.6+0.2 1.1
B° 5 Kdr—ut 21 26+35 114+16+0.3 3.6
B 5 K2rtem 20 —-124+24 —05+1.14+0.1 1.5
B 5 K2r7et 21 —-294+2.0 —-1.24+09+0.3 0.8
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BO— K*0r¢

Decay Bt (x1075) g
OSe: —y K*0+, —0.24 +1.46
SSe: BY —» K¥7r=et | 1.174+2.77
OSu: BY — K1+, 1.07 £ 1.80
SSu: B - K*¥r—ut | 0.48 +2.61
SSe
Belle —0.6 & 3.3 22+5.2 2.8 +4.7 0.6 + 3.2
99.5+ 104 140.0£12.7 207.44+15.0 76.4+9.3
Belle 11 —0.5+2.8 1.7+ 3.9 1.6 £2.7 0.6 4+3.3
86.5+9.8 120.1£11.8 109.14+10.9 1984+ 14.5

Source Belle Belle 11
. 4.9%(0Se), 4.9%(SSe), 6.2%(0Se), 6.1%(SSe),
= naeny 4.9%(0Sp), 4.9%(SSy)  6.1%(0Sn), 6.2%(SSu
. 2.0%(0Se), 2.4%(SSe), 0.7%(0Se), 1.1%(SSe),
s 2.2%(0Sp), 2.2%(SSp)  0.7%(0Su), 0.6%(SSp)
. 1.9%(0OSe), 2.0%(SSe), 3.7%(0Se), 3.7%(SSe),
aris Tk o 1.9%(0Sp), 2.0%(SSu)  3.6%(0Su), 3.7%(SSu)
: 27%(0Se), 21%(SSe),  29%(0OSe), 31%(SSe),
R o 18%(0S 1), 23%(SSp)  34%(0Sp), 31%(SSp)
Tracking efficiency 1.4% 1.1%
27.6%(0Se). 20.8%(0 Se).
. 21.8%(SSe), 31.8%(S Se),
ity S o 18.9% (O ), 34.7%(0S 1),
23.7%(S S 1) 31.7%(SSp)
Signal mean 0.1% 0.2%
Signal width \ 21% 59%

Background shape exp (x107°)
Background shape obs (x 10_5)
BB pairs
fOO
Br(K*O — Ktn™)

MC statistics

0.1(0OSe), 0.1(SSe), 0.1(OSu), 0.6(SSu)
0.1(OSe), 0.3(SSe), 0.1(OSu), 0.1(SSu)

1.4%

1.6%

0.8%
< 0.05%
< 0.0005%
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BHXS V4%

® A special case: B—Xsvy with Xs= sum-

Bi
. K Kg, K+

of-exclusive modes Kr |K5er KO0 K K
K2rw|K*nFrY Kgﬁriw¥ ngowo K*nFr+ K‘gﬂ'iﬂ'o K*7070
K3n|K*nTntnT ngﬂ':tﬂ':Fﬂ'O K*nFq070 | KEpFptg0 K‘gwi’rﬁwi I(g’/'l'iﬂ'oﬂ'o

‘ 30 d 93(y f " X pl KAar I(:I:Wq:ﬂ':l:ﬂ':Fﬂ'OKgﬂ'iﬂ':Fﬂ'iW:FKgﬂ'i71':F’/T0’/T0 Ki’/l':F’R’iW:F’/T:tI(g’/Ti’/T:FWiWOI(iW:F’/T:I:’/TO’/TO
modes, ~93% of entire Xs sample Kin K e
based on Belle Il MC (PYTHIAS)

® Signal model: exclusive B—Kvy and B—2K*»» + and B—=Xsvv for Mxs> 1.1

GeV/c?2 (systematic on endpoint variation, mid-importance)

® Fermi motion model, assuming Gaussian b-quark momentum distribution.

® Final-state hadrons fragmentation simulated via Pythia8 and corrected

using B—Xsy study (negligible associated systematics)
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