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Introduction

> Searchfor B" -> K" vv with inclusive tagging method
> Corrections introduced in the analysis:
1) KOL efficiency correction
) Energy scaling of neutrals not matched to photons
) PID weight
) Scaling of B->X _(-> K° +X) +anything

B W N

This talk will be about: 1) KOL efficiency correction, 2) Energy scaling of neutrals not
matched to photons and 4) Scaling of B-> XC(-> KOL + X ) + anything

(also showed on previous talk at EWP meeting: Filippo@EWP )



https://indico.belle2.org/event/9359/contributions/61134/attachments/22293/32907/ita_b2knn_16_05_2023.pdf
https://indico.belle2.org/event/9263/contributions/60657/attachments/22096/32658/Inclusive_tag_FS_020523_v2.pdf

Overview of selections and background suppression

Basic event selections:

- Good tracks: |dr| < 0.5 cm, |dz| < 3cm, pT > 0.1
GeV/c,E < 5.5GeV

- Signal K*: good track, nPXDHits > 0, ¢ € CDC,
nCDCHits > 20, kaonID > 0.9

Neutrals in the rest of the event:

- K%:'merged’ 0.495 < m(r+m-) < 0.500 GeV/c2, cosd
(p,v) >0.98, flightTime > 0.007 ns, kFit >0.001

- p:0.1<E<55GeV,0 € CDC, 0.3 <0(pmiss) < 2.8,
Evisible > 4 GeV

Reconstructed di-neutrino squared mass: qreC2=s/4+M KZ—\/SE K

Single candidate selection: B candidate with lowest qrec2

Background suppression:

-BDT1: (fastBDT) 12 event-topology variables
-BDT2: (xgboost) trained with 35 input variables with
BDT1 > 0.9 to further suppress the background
-> u(BDT2): signal efficiency quantile

- theanalysis is sensitive to mismodeling of K* +missing
energy



PID sideband samples

> PID sidebands allow to evaluate the analysis with orthogonal data samples.
>  Sidebands: pionlID sideband, muonID sideband, electronID sideband
o Nominal signal selections except the PID cut for signal Kaon

sample

PID selection

PID weights

pionlID sideband

PionID >0.9

pion eff + Fake mu->pi

electronlID sideband

electronlD_noSVD _noTOP>0.9

electron eff + Fake pi->e

muonlD sideband

muonlD_noSVD > 0.9

muon eff + Fake pi-> mu




Where we start
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& large discrepancy between data and MC without any corrections for g2 > 4 GeV?/c*
Tried to apply the corrections to address:
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Correct for detection mismodeling

1) Energy scaling of neutral clusters unmatched to photons ( Eldar@unmatchedNeutral)
o  Shift of energy distribution in simulation wrt data
o  Mostly coming from unmatched-to-photons clusters
o Theshiftisreduced by scaling unmatched photon energy down by 10% in simulation

2) KO efficiency correction (Eldar@Klefficiency)
o) KOLcontributes to background significantly
o introduce adata-driven correction of the KOL efficiency (global 17% degradation)

ma.getNeutralHadronGeomMatches([ 1,addKL= , addNeutrons= , path=path) . . ;
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https://indico.belle2.org/event/7883/contributions/46598/attachments/19173/28490/NeutralMeeting_271022_v1.pdf
https://indico.belle2.org/event/8996/contributions/59484/attachments/21567/31946/NeutralMeeting_230323.pdf
https://indico.belle2.org/event/9214/contributions/60443/attachments/22019/32557/b2knunu%40PhysPerf_250423_v2.pdf
https://indico.belle2.org/event/9214/contributions/60443/attachments/22019/32557/b2knunu%40PhysPerf_250423_v2.pdf

Energy scaling of unmatched photon clusters (nominal sample)

In nominal sample:
€ Scale down the energy of
unmatched photons by 10% (by
default)
€ keep 10% systematic uncertainty
-> check the effect of this correctionin the
region with p(BDT2)>0.75 using 200 fb™?

MC sample

entries

ratio (compared with nominal)

5

4

[\

0.0

x10* .
T . 2 | X e I 1 o X | 14 H ] % “) ) _

[ Unmatched Neutrals E scaled -10% L0 e RS I ’/
F ] Unmatched Neutrals E scaled +10% 1 I =1 lvnm;lt('hml \'t\1111;11~ E scaled 'lU‘I'
[ 1 | Nominal 08 F [ Unmatched Neutrals E scaled +-10% ]
[ Sorna [ 1 Nominal
E 18 o6 1l 1
i A {5 !
[ ZEEE:H Eq;L z 04[ ‘ t—EE ]
3 [ 1 o2k | lEL—E== 1
|: rl I E”g 0.0 L 1 | ! e |

0 10 20 AU 070 075 080 085 090 095 1.00 1.05
9 ’
. W(BDT2)

rr S e s s | e e e [ s By

—— Unmatched Neutrals E scaled -10% —— Unmatched Neutrals E scaled -10%

—— Unmatched Neutrals E scaled +10% jig —— Unmatched Neutrals E scaled +10%
L i 5E 4
e e P e ]
— BRI = 2 .~
| ] 05 1
1 1 1 1 ““ .l.__, > pe : > 2 7 '
0 5 10 5 20 0.75 0.80 0.85 0.90 0.95 1.00

9 p(BDT?2)
Urec



K° detection efficiency (nominal sample

->  Correction for mismodelling of KOLdetection efficiency in MC
€  Studywith e'e” >y ¢, (—K K ) samples Eldar@KL
€ Moduleintroduced to match KL geometricly to ECL clusters
€ corrections: decrease KOLefﬁciency in simulation by 17%

(8.5% uncertainty)

N(K7 distance to ECL cluster < 15cm)

E(KI(‘)) N(total)

->  Test to validate the corrections:
€ applycorrectiononly to KOLwith E > 1.6 GeV anddrop
clusters within 15cm of the inferred K° direction for K° with
E<1.6GeV

->  Ratio compared with the nominal MC samples
(200 fblin u(BDT2)>0.92 region):
e Flat correction observed
e Coverd by the unmatched neutral energy scaling effect
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https://indico.belle2.org/event/8996/contributions/59484/attachments/21567/31946/NeutralMeeting_230323.pdf

average nECLOutOfTimeCrystals

Recent

N gamma distribution and ECL out-of-time clusters
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https://indico.belle2.org/event/9406/contributions/61448/attachments/22374/33053/ECL%20clutering%20problem%2022-May-2023.pdf
https://indico.belle2.org/event/9406/contributions/61448/attachments/22374/33053/ECL%20clutering%20problem%2022-May-2023.pdf

Effect of corrections on N gamma distribution (hnominal sample )
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+Use run-dependent MC

— Discrepancy in N gamma distribution can be caused by detector modeling issues
More details in @Eldar’s talk and @Filippo’s talk

10


https://indico.belle2.org/event/9214/contributions/60443/attachments/22019/32557/b2knunu%40PhysPerf_250423_v2.pdf
https://indico.belle2.org/event/9359/contributions/61134/attachments/22293/32907/ita_b2knn_16_05_2023.pdf

8000

T T
3 v40 data

6000 | 1 v42 data 1
With all the detection corrections ‘
2000 | :
() 1 1 1 1
- Improved agreement between data and simulation in PionID sideband: 55 1 e H
. =l U Il L 1 1 1
€ unmatched-neutral energy scaling S0 s
. . . . q-
€ continuum normalization factor (extracted from PID sideband offres samples)
¢ KO efficiency correction
unmatched-neutral energy scaled
unmatched-neutral energy scaled continuum normalization
continuum normalization continuum normalization KOL efficiency
8000 — T T T 8bvu T T T 8000 T T T
[ —1 Il}l‘ ~ ' — ll‘l(’ :’ me
7000 [:I (L“:_mm“"“ 1 7000 — (L(l:)llmnum 1 7000 F e [ Coitiiiiiiin 2
6000 l . 6000 . 6000 £ b data 1
5000 = 5000 . " 5000 F . 1
1000 . 1000 . é 4000 F B
3000 | 3000 R = 3000 | o B
2000 . 2000 ] 2000 | . 3
1000 | 1000 | . 1000 ¢ E
! f l‘) ‘, 1‘|) 15 f (l) l) 11() 15
q2 Q@ 11

ot



Scaling of B-> X (-> K°L + X) + anything in pionID sideband

->  Goal: correction for mismodelling of charm decays with KOL in the final states
->  Binned fit of qrec2 with sghf in signal seach region (u(BDT2)> 0.92) to determine the scaling of charm decay
involving a K° in BB events:
€ select events with truth-matched X. (-> KOL + X) in the signal side
€ fit with 3 components: B— X. (-> KOL + X), BB background (exclude 1st component), continuum
background
€ normalisation uncertainties set to: 10000%, 1%, 10%
- Resultof the fit: scaleup X (-> K°L + X) by a factor of 1.30 (+-0.02)
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Entries

Scalingof B-> X (-> KOL + X) + anything in muonlD sideband

-> Same fit in the MuonID sideband
€ result of the fit suggesting to scale up the X (-> KOL + X) by afactor of 1.35 +- 0.01
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Entries

Scaling of B-> X (-> K°L + X) + anything in electronlD sideband

-> Same fitin the electronID sideband
result of the fit suggesting to scale up the X (-> KOL + X) by afactor of 1.38 +- 0.01
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Scaling of X_-> K° X

-> Thescaling factor:

sample scaling factors
pionlD sideband 1.30 +- 0.02
electronlD sideband 1.38 +- 0.01
muonlD sideband 1.35 +- 0.01

=>  PionlID sideband is the most-relevant sideband due to the

larger misldentificication rate

->  Correction for the nominal sample 1.30 +- 0.10
(New systematic uncertainty corresponding to 33% of the

corrections to cover the variation)
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Summary

=> New corrections introduced:
€ Energyscaling of neutrals not matched to photons
L 2 KOL efficiency correction
€ Scalingof B-> X _(-> K° +X) +anything

-> Better data-simulation agreement was achieved

-> Thenew corrections were included in the systematic uncertainties

16



Systematic uncertainty

Source Correction Uncertainty Uncertainty Impact on p
type size

Normalization of continuum and BB background — Global, 7 NP 50% 0.74

Leading B-decays branching fractions Shape, 5 NP O(1%) 0.25

Branching fraction for B — D**) Shape, 1 NP 50% 0.30

Branching fraction for BT — nnK™ q* dependent O(100%)  Global, 1 NP 100% 0.25
__ _Branching fraction for D - K; X _ _ __ __ __ __ __ __ ﬂO_%_ — — — _Shape, INP_ _10% _ __ __0Q06__ __ __ _

Continuum background modeling, BDT, Shape, 1 NP O(5%) 0.04

Integrated luminosity Global, 1 NP 1% 0.00

Number of BB Global, 1 NP 1.5% 0.02

Off-resonance sample normalization — Global, 1 NP 5% 0.00

Track finding efficiency — Shape, 1 NP 0.9% 0.09

Signal kaon PID p, 0 dependent O(10 — 100%) Shape, 7 NP O(1%) 0.06

Photon energy scale Shape, 1 NP 0.5% 0.02
_FPodonwenergyseale —10% __ __ __ Shape, INP _10%___ _049____ _ _

K? efficiency in ECL —17% Shape, 1 NP 8% I
~ Signal SM form factors  ¢” dependent O(1%) _ Shape, 3NP O(1%)  0.02

Global signal efficiency Global, 1 NP 3% 0.03

Signal efficiency shape Shape, 1 NP O(1%) 0.07

*signal region bin-dependent uncertainties were introduced for the corrections
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THE SHIFT

— One of the variables that we use to discriminate signal from the background is AEggg
= We have observed shift in data distribution wrt simulation in three iterations of analysis
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Studies withe*e™ — Yisr®o (—>KLKS) :
Efficiencies calculated by matching KoL candidates geometrically to ECL clusters
(matching done by a new module, which will come with new light release )
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Propagate to nominal sideband
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-> check the data-mc agreement in nominal
sideband region (0.75 < u(BDT2)< 0.9):
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contribution of fakes
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21



