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Inclusive rare radiative decays

Leading Standard Model diagrams Two-Higgs Doublet Model scenario
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B(B — Xsv) ~ 3.5 x 10~* [PDG, 2020]

@ Inclusive measurement: no constraints on X; hadronic system
@ Complementary to studies of exclusive decays, e.g. B — K*~

@ Several SM extensions could contribute in B(B — X,7)
— important ingredient in many global fits

@ E, spectrum allows to determine mj, and non-perturbative parameters,
important for | V| extraction from B — X,/

@ Hadronic-tagged measurement performed by BABAR [PhysRevD.77.051103, 2008]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.051103

SuperKEKB

Located at KEK in Tsukuba, Japan.
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Asymmetric electron-positron
collider

B factory: /s = 10.58 GeV
— operates at the T(4S) mass

Nano-beam scheme

Increased beam currents
— Factor of 30 increased Lpcax

Luminosity record June 2021:
~3.1x10%*cm 257!
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Belle Il detector

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

= & (end-cay \er 2 barrel layers)
EM Calorimeter

Gsl(TI), waveform sampling electronics

—
Particle Identification
electrons (7 GeV) Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)
Vertex Detector g
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle I TDR, arXiv:1011.0352

Belle Il Online luminosity Exp: 7-21 - All runs

Integrated luminosity
= Recorded Daily

—— [Crecorseadt =223.82(fb 1]

Total integrated Daily luminosity (o1

At

@ Most of the sub-detectors upgraded, triggering improvements

@ Data taking still ongoing despite Covid-19 pandemic:

— up to now collected more than 200 fb~!

@ Target: Liye = 50 ab~! which is 40 x Belle dataset
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Inclusive measurements at Belle ||

Known initial state at Belle Il allows several different approaches:

Signal side

Tagging efficiencies, achievable sl_
‘ﬁes of the tagged samples

-nf accessible physics information

v

Fully inclusive, no tagging Semileptonic tagging

Hadronic tagging (AKA “full ion”) e
B — anything B - D™ hmr

B — hadrons, e.g. B — D" nx

The overall idea of hadronic tagged inclusive analysis:
@ Fully reconstruct the tagging side (B — hadrons)
@ Reconstruct the signal v

@ Infer the X5 kinematics

@ Can access observables in the signal B rest frame Tagging side
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Inclusive measurements at Belle |l
Known initial state at Belle Il allows several different approaches:
Tagging efficiencies, achievable sig-
-Imﬁes of the tagged samples Slgna‘l Side
[T Amount of accessible physics information

Fully inclusive, no tagging Semileptonic tagging

Hadronic tagging (AKA “full reconstruction”)
B —» anything B DY hmr

B — hadrons, e.g. B — D" nm

The overall idea of hadronic tagged inclusive analysis:
Fully reconstruct the tagging side (B — hadrons)
Reconstruct the signal v

Infer the Xs kinematics

Can access observables in the signal B rest frame

Beam constrained mass and AE :

Tagging side

Moc = [ (V3/2)? = Phuag”  AE = Egrog—/5/2
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Tag side reconstruction

@ Use the Full Event Interpretation: tagging algorithm of Belle Il
@ Hierarchical reconstruction starting at detector level objects

@ Combines candidate B in ((10000) decay chains
°

Gradient-boosted decision trees (BDTs) assign a candidate probability score
‘PrE1 at every reconstruction step

@ Relative increase in tagging efficiency by 30-50% compared to conventional
algorithms

[Comput Softw Big Sci 3, 6, 2019]
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https://rdcu.be/cBMGZ

Reconstruction of B — Xy

Reconstruction of signal side (blinded):
@ Highest energy v in event (E,"Y3>1.4 GeV), with cluster quality selection
@ Inclusive measurement: Xs system not explicitly reconstructed
Selected dataset contains two types of events:
@ ete” — q§ (9 = u,d,c,s) — solely background (“Non-BB")
@ ete™ — BB — primarily background, but also signal component (“Generic BB")

352100 WORKINPROGRESS
% 3.0 Belle Il Simulation ]
O [c=1ab?
g 2.5 ]

S After reconstruction .
220 =1 generic BB (0.08) ] Main sources of background photons:
Z c .
015 = non-86 (0.92) o 10 7y (~ 80%)
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0,

S 1.0 ] e 1 — vy (~ 10%)
2
© 0.5 ]
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0.0

1.50 175 200 225 250 275 3.00 325 3.50
EE, Gev
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Non BB suppression

Example separating variable:
12 WORK IN

Belle Il Simulation
[e=1ab?

=
S

®

After reconstruction
1 B - Xsy X 500
3 generic BB
1 non-88

;}

a4~
Q

Normed to integral 1
>

pla) ~ 5GeV/c p(B) & 0.3 GeV /e
0.0 02 0.4 0.6 0.8 1.0
efe” - qq (q€ {u,d,s,c}) efe™ — T(48) — BB CosTBTO
More'jet-like’ More ‘spherical’ —_— .
J P Combination via BDT:
3.5 X10° —WQRK IN P ? T
Bflle 11 Simulation
. . . . 3.0 £=1ab! 1]
@ Use event shape/tag-side information for selection N L. After reconstruction
— e.g.: Angle between thrust axis of the tag B and rest S = elenad
of event g 20 mmete oss ]
: . . B ete océ
@ Train a BDT to pick out signal events s = e g
T, mm ete BB ]
Challenge: S T B-Xeyx 200
© 0.5 B

@ Biases on the Ey and Xs system

— event-shape variable include ~, Xs system. 0.0 02 04 06 0.8 1.0
Non-B supression BDT output
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Suppression of photons from 7% — vy and 7 — 7y

e Dominant background: ~ from 7° and 7 decays
— signature of a high-energy v and a low-energy ~y

o Vital to build a veto against such photons

@ Combine signal candidate v with other  in event

o Classifier distinguishes fake combinations effectively
— based on low-E « shower shape parameters, energy, M of combination

7
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Application of background suppression
@ Continuum suppression and 7%/ veto values have to be optimised

@ To optimise all selections two possibilities are explored:

@ Train a 2nd BDT taking as input variables for background suppression
or

@ Apply a simple variable-by-variable optimisation using a figure of merit
@ The final decision will be based on the expected impact on the final result

@ From preliminary studies, post-reconstruction 7 candidate retention is around 35%

x104

w
=)

Optimisation examples:

Belle Il Simulation
[c=1ab?
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Good tag selection

After applying all the selections, there can still be multiple tag-side candidates in an event
We select only the candidate BO/BJr with the highest Ppgr score
At this point it ensures 1 tag + 1 photon combination in each event

However, not all tag candidates constrain the signal side correctly

One can fit Mp. to extract number of ‘good’ tag candidates:
— good tags peak in Mpc

6000 —————r———WORK IN PROGRESS
N Belle 11 Simulation
— After bkg supression fﬁ =1ab-
2 5000 E= ete”»dd M e*e” -BA° ]
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tag B Mp., GeV
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Fitting strategy

@ Using Monte Carlo matching information, identify components in the dataset:

< 1500

0.7 M
5 5
g
S &

ndidat 7
pulls Candidates / (
: B g 3
b vo & 8 3

WORK IN

@ Peaking ‘good’ tags (describeg by Crystal Ball function)
@ Less peaking combinatorial BB background (described by Chebyshev polynomial)

@ Continuum background (described by Argus function)
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@ Goal: performing the fit in bins of EE

tag-B My, GeV

@ These PDFs are to be used as building blocks for the fit of the total dataset
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My fit in bins of EZ

Fit is performed in bins of Ef on 1 ab™! of simulated data

® EB range: [1.4 —3.5] GeV

@ However different bins have different expected number of candidates

@ Setup needs to be stable and consistent even on smaller datasets:
— PDF shapes defined in a prefit step (previous slide)

— Shared PDF shape for low population bins

— Only PDF yields and one background shape parameter floating

Example fits on Ef bins:

1.8 > EB > 1.6 Gev

3000

sig estimate: 11371 + 222
2500 argus estimate: 29529:§§§§

bb estimate: 21154 * 328
2000

N datapoints: 62054
1500 18>gamma_EB>=16

1000 p—

soof E—

2.5 > E5 > 2.4 Gev

150

100

sig estimate: 705+ 2
arqus estimate: 721+ 124
bb estimate: 918 =132
N datapoints: 2344

2.5>gamma_EB>=2.4

9 =
- v". | 1 - T .
oOBIr=T  mymmyp §
b= .
Mpc, GeV
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2.7
4

> EB > 2.6 Gev

sig estimate: 10 = 1
argus estimate: 187 + 3
bb estimate: 92 = &

N datapoints: 293
27>gamma_EB>=2.6
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Extracted yields

@ Fitting procedure stability is evaluated using generated toys from the final fit PDF
— helps to decide on the optimal setup

@ To ensure that fit is also stable on smaller datasets, split the simulated 1 ab~1 dataset
into four 250 fb~! chunks
— consistent output from fitting setup in all cases
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@ Next step: subtract leftover background (simulation reliant)
— work ongoing
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Summary and further steps

@ Hadronic tagged B — Xy measurement is very suitable for Belle |l:
— E, spectrum in the B frame can be directly measured

@ One of the main challenges for the analysis is to efficiently suppress
dominating qg background events and photons originating from 7% — ~~v

@ My, fitting allows to further suppress backgrounds and extract a sample of
high purity

@ Analysis moving towards the goal: unfolded E,’f spectrum

Thanks!
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