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_eptonic B decays

New HFLAV
In SM decays through a b —u quark annihilation mediated by W bosons. determination
- D ith helicit i SM SM
ecays with helicity suppression ) |Vuh|ll=xr”‘vu|b|inlc State of the Art now
+ €_|_ GIZT 2 m% 2 2 i_._._ BaBar (417.6 fb~!, semileptonic)
B(B — VE) _ SHmBmE o m2 fB |Vub’ B 1.7 £0.8 £0.2 PRD 81(2010)051101
B

— +— BaBar (426 fb~!, hadronic)

* Very clean theoreticallg, very hard experimentallg | 834033 4 094
831525 £0. PRD 88(2013)3,031102

* Neither Belle nor BaBar observed at ‘56" B — Vv

Belle (711 fb~1, hadronic)

p

b H_|_ 7_—|— 0.72%927 +0.11  PRL110(2013)13,131801

. Belle (711 fb~!, semileptonic)
B_|_ i 1.25 £0.28 £0.27 PRD 92(2015)5,051102
< i
1 :I: | | 1 | 1 | | 1 1 | 1 1 I 1 1
0 2 4 §) 8
B(B* = 7tv,) (x1074)
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https://arxiv.org/abs/2411.18639

A0
oNn and dataset /A
Signal is searched

through T decays

22 Event Select

One B meson is fullg reconstructed using @
multivariate algorithm, Full Event Interpretation
(FEI) with Hadronic Taqging.

- ete” - qq
1. Opp > 1077 1. tt-oetv,; 14
2 + +. = ete” - thr~
2. —015<AE =Ej —+/s/2<0.1 GeV - T TR VY
3 ttonty, ete” > BB~
3 M,.c?=./s/4— (psc)?2 > 527 GeV 4. 1t > p™U. with —
bc \/ / (pgc) p+—>€t+1;0 ete~ — BORO
Rest of the
Event
Rest of the Event: charged A
It is crucial to reject fake photons in the ECL from background track 4
Sum of all the cleaned clusters enerqy — Ef¢7 % beam-induced
backgr‘ound
Missing Quantities:
We build the missing part of each event using also the information of the Rest of Event: Yot
; ! l-.-;l h d. i
Pmiss = Pbeams — PB.qy — Ptrack — PROE \ i/ :quto_r;}r_:f
We will use the Extra ECL Enerqy and the missing mass squared to
extract the signal yield
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p(B) = 0.3GeV/c

ete" - trt™

. _
ete”™ - qq (q€ {ud,s,c}) ete” — T(45) — BB

e

ection Strategy 2

Continuum Suppression

MVA: 2 BDTs trained, one for leptonic and one for hadronic
output — Ocs

Features = only variables not correlated with our fit variables.
Plots in the backup.

T+ decags. BDT

Signal Enhancement
The selection optimization is done

likelihood fits ESEY® vs M2

miss On simulation PDFs.

Important variables to enhance the signqlz

* Momentum of the n/p (higher than the background)
* Continuum Suppression Output
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performing maximum

Belle II Simulation
PR [ dt = 365 fh?

Belle II Simulation
PR [ £dt = 365 fh!
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Valigat

Continuum

validation
qq backgrounds

normalization

validated in data

collected 60 MeV below Y(4S) resonance

and

somple

Validation of extra clusters efficiency
Use control samples in the table below to
validate simulation of enerqy deposit in the

calorimenter and correct extra photons
multiplicitg
e L
250'7Belle II Preliminary Il B ™* - other I B°B° i
" [rdt=365fb"! B B+ -D"¢*v, | MC Stat. Unc. |
L | B+->D0f+1)g -+— Data
200 3 B+ -D"¢*p, 7
=i
[an]
51 » ]
E B - D*fv
>
10 _
L ol a
12

4
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8000 Belle II Preliminary It MC Stat. Unc. - Belle II Preliminary B B* —7"v. Bl qq ]
g ‘ 35001 - mm B'B- MC S E
frdt=42 ! B g7 + OffRes Data - [£dt =365 fb! B tat. Unc.
7000 3 - mEm B'B° 4 Data ]
] 3000 3
—— . r ]
6000 1 4 - —— ]
= 1 .5 2500} __
A 5000 1 a - ]
E 1 2 2000F # Extra .
= 4000 4 £ ; ]
1 o}
> : i 21500/ Clusters [
(51 3000 Continuum 1 o\ ]
] 1000} 3
2000 vs Off-Res . ; :
1000 500 __
0 0
) £ T T o T T T T T
= 3+ 4 U= 3| —
EI: : I A i . . . . . ) EI: 2 . . . .
@ é L 0 0 . v .. r S 3 I . hd L] - A L]
— [ >]=1
&6-: €3 * e 128 L L L L L |
C L | L L L | L ' L L | L L L | s 1 L1 1 T
5.24 5.25 5.26 5.27 5.28 5.29 0 2 4 6 8 10 12
Mbc (GeV/cz) nyextra

Validate signal efficiency
Embedding: Reconstruct B* — J/YK™, and replace J/YK* with v for data and MC
Similar Channel: Recontruct B* = D*fv to double check the signal efficiency

Sig. T - fvv

Main Sample Continuum Sig. T - hv

Off-resonance Data Extra Tracks B - D*fv Double Taq

Control Sample
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R@SU ‘ts arXiv:2502.04885, PRD Submitted

Vo loxcr = [3-43 +0.12] x 1073

SM SM
Statistical uncertainty dominates (33% stat, vs 15% syst) [Vublexe  [Vublinc Vi linet. = [4.06 + 0.16] x 1073

Main Systematics: | 'i b o L
1. Simulation sample size i
2 Fit variables PDF corrections i
3. Decays branching fraction in PDG i
3.00 with respect to background-only hypothesis i
Assuming the SM, and using fp = 190.0 + 1.3 MeV from Lattice QCD: |
i
1
1
|
1
1
|

o, Belle II (365 fb~!, hadronic)
1.24 £0.41 £0.19 Preliminary

1
|
4+ . BaBar(417.6 fb~!, semileptonic)
1.7 0.8 £0.2 PRD 81(2010)051101

Vip| = (4.4175°55) x 107°

__ o« BaBar (426 fb~!, hadronic)
1.8319:23 £0.24  pRD 88(2013)3,031102

oo Gty w1y 2 g oty S 57 og .
Jrdi=365 ! — Bkg + Data frdt =365 - — Bkg + Data
LaoLT" ~e" v — ™ e — T : | Belle (711 fb~!, hadronic)
[ M2, > 10 GeV?/ct M2, >0.8 GeV?/ct ] 1
e 5 ! 0.721337 +0.11  PRL110(2013)13,131801
[ 50+ * 1
=] : o ] 1
TR I -
& o 40 7 ! : ‘
g oo : g vy | Ly Belle (711 fb~!, semileptonic)
> o0 I ]
) = + ; i 1.25 £0.28 = 0.27 PRD 92(2015)5,051102
20 . 1l
0 | : |: | I I | I | I | I I
20, E 0 2 4 6 8
B.U D.‘Z 0‘.4 Ulﬁ OIS 1.0 8.0 0‘.2 0.‘4 0.‘6 0!8 17.0 + + _4
g (GeV) ES8® (GeV) B(B™ —7"v;) (x107%)

B(BT — t7v) = (1.24 + 0.41(stat.) = 0.19(syst.)) x 10~*
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Continuum rewe

——
e e ——.
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4 OffRes Data
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8000 Belle II Preliminary
[rdt=42 !

Events/Bin

Offres — MC

ont

no BDT

We enhance MC simulation accuracy by adjusting events using multivariate analysis (MVA) to identify and correct data-MC differences.

We use a Fast Boosted Decision Tree (FBDT) classifier for reweighting. Calibration involves 200/fb of continuum MC events and all off-
resonance data (42/fb).

++

T T T T I T T T
o I s A

Bl g7

T [ T T T T ]
. MC Stat. Unc. J
4 OffRes Data

0
F L I

3_ —
L . . ¢ . .

[ ] -
- hd . . ® .
r * o
—3F o o
— 1 L | 1 1 L L | L L L i | L L | L L i
5.24 5.25 5.26 5.27 5.28 5.29

M. (GeV/c?)

FastBDT: A speed-optimized and cache-friendly
implementation of stochastic gradient-boosted
decision trees for multivariate classification

on * on
AEorr = Eors Ep — >
.
bcoff — 4 _EszpB
(0]

Variables distributions before and after the correction
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We train a FastBDT using Off-Res data as "Signal” and MC continuum as "Background” to correct the MC shape to Off-Res

data.

e 1.3M events, Train/Test sample 80%/20%

Train-Signal

x: FBDT_ RW

Train-Background ]

3 Output For Test-Signal
§0-0 Train-Test Test-Background -
c
g samples
wn 0.04 |
=
)
=
w i
0.00- e
0.0l ———— e e e
r + : + Train-Test Signal
u"':- [ Py + 4o e N
5 ow gt ~
-0.01! —_— L — —
0.01——— —— — S
. i + l + —+— Tram -Test Background
E 0.00j gt -rT'f'lr T T et e ettt
00y gy o4 0% 08 o

contReweight BDT output
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Event Shape Variables

Rest of Event Variables

Kinematic Variables

! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | !
0.1 0.2 0.3 0.4 0.5 0.6

Importance

o.o ! ! !

The discriminator output is transformed in an event-by-event
weight to correct MC shape:

Wi =
1—0cg;

Giovanni Gaudino




To suppress continuum, we train 2 FastBDT, one for Leptons and one for Hadrons, using MC
continuum as "Signal” and MC BB as ”Background".

300K events, Train/Test sample 80%/20%

SignqllBacquound events ratio

=1

Features =
T T T T T T T
0-05__ Traln Slgnal
L Train-Background
0.05F Test-Signal
E Test-Background T — LePtons
o [
€ 0.04F
n
£
E 0.03
%)
i)
E‘ 0.02
go.
w
0.01f
0.00k
0.01 ——
[ + Train-Test Signal J
gﬂ; DDD: et et e Rl SN SE S = O =~ ..._‘—g. -r_‘+-r +‘1-_;1—T ++'-.-"‘f_"'4-¢—ﬁ_._+
—0.01t '
0.01 . . . . —
[ + Train-Test Background
B 0,00 T T e ST et
_ L 1 1 . . . 1 1 . . . 7
0.085 0.2 0.4 0.6 0.8 1.0
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contSupp BDT output

£
a

Diff.

Events/Bins norm

o
o
o

(=}
o
s

o
o
w

o
o
]

o
o
=

0.00L
0.01f

—0.01L
0.01p

0.00

—D.Db:

0.00}

In the training, the weights from
continuum reweighting are used.

only variables with good Data/MC agreement and less correlated with our fit variables.

Traln Slgnal
Train-Background
Test-Signal
Test-Background

iFP{Ti'Hhﬂ@

T — Hadrons ]

T T T T T
+ Train-Test Signal
ot . L. [ P ol - e g
S = E i = . - -
I I 1 1
T T T T T T
+  Train-Test Background J
— --—‘_“'-_"++v e Ta e, T b e P
= pes e T e, e S
I I . . . I . . . I . . ]
.0 0.2 0.4 0.6 0.8 1.0

contSupp BDT output . . .
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Data —MC
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¥ Extra Tracks Control Sample

same background composition but
no signal events.

For the main channel, we require no charged tracks in the ROE.
In this control samples, Nrog 1racks > 1

—

We applg same reconstruction and selection
as for the main analgsis.

—_——-—~

—~—
-

-

/’i—'EI hadronic
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extra

In this control sample we have is one lepton and the D*? is fully reconstructed through hadronic decays. — Egg;

vV

/T

b C
BT D*
U > u
D* decays D decays
* D" - Dy « D> Kn
i D* - DT[O ° D - KT[T[T[

D> K¢nimw

peaks at O.

We apply same reconstruction and selection as for the main

analysis.

250F — ¢ T T T T T T T T T T T T L A B
- Belle II Preliminary I other I B°B° Belle II Preliminary  EE other mm BB 1
- [rdt =365 B B-Dfv MC Stat. Unc. 2501 [rdt=365b~! B B-Dfv MC Stat. Unc. -

200_*

Events/Bin

1.51 T T T i T T 5f T 1
O r 8] N(EJ r
S ol
~ ¢ | |t - Y .
g 1.0 1 g 0 . . .
i} [] + + T s = F
o} SRS [ O
) Q
F _ . P RS S S R
0.5 5 y & & 15 12 8.0 0.2 0.4 0.6 0.8 10
Nyextra Egétl.m (GeV)

W B—-D""fvr + Data

= B-D 7

Events/Bin

x*/ndf=6.0/9

IBm B-D""¢r 4 Data

= B-D"¢vr

We also check the agreement of signal selection efficiency in data and
MC and find a Data/MC ratio equal to 0.96 + 0.04 — no further

2025, March 24t

efficiency correction is applied.
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We reconstruct the two B candidates using the hadronic taqging FEI alogritm.
As for the haronic signal channel, the decqg is fullg reconstructed.

—————

RN Rest Of Event

\‘ /”?ﬁéﬁ)\\\

4

;¢ No Extra
I'
/' Charged

! tagging

\
\ \ /
N
.~ Tracks -
~ - <> -’
N~ e _" \Iﬁ———’
” ~
7 N
4 N
/ AN
/ N\
\

Signal Side \
\ Hadronic decays ,

' reconstruted using FEI .
. algorithm el

~ e
~ ”
~ -

~

-~ -
N e ——
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Events/Bin

Data/MC
&

Double Tag Control Sample

We applg same reconstruction and selection as for the main

analysis.
E ' ! T i
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cs Budget

Systemat

Source Syst.

Simulation statistics 13.3% ™ 1t is expected to reduce using more simulations.

Fit variables PDF corrections 5.5%» It is expected to reduce with increasing luminosity

Decays branching fractions in MC 4.1% “_“d lbef‘ter’ modeling of ECL photons in MC

Tag B~ reconstruction efficiency 2.2% ™ ations.

Continuum reweighting 1.9%  The effect of each source on the final result is estimated by

7Y reconstruction efficiency 0.9%  fluctuating the assumptions several times and propagating

Continuum normalization 0.7%  the effect on the PDF shapes, generating in this way a set
f alt tive PDFs.

Particle identification 0.6% O T ae e

Number of produced 7°(4S5) 1.5%

When uncertainties do not affect the signal yields,
2.1% " "

. + — .
Fraction of BT B~ pairs they are propagated directly to the BR.

Tracking efficiency 0.2%
Total 15.5%
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After Fit Plots
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