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Belle 11, a flavour -factory,
(Belle ~ 1 ab ™) a rich physics program...

> We plan to collect (at least) 50 ab ™' of e" e collisions at (or close to)
the Y (4 S) resonance, so that we have :

— a (Super) B-factory (~1.1 x 10° BB pairs per ab™ ")
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— a (Super) charm factory (~1.3 x 10’ cc pairs per ab™ ')

(but also charmonium, X, Y, Z, pentaquarks, tetraquarks, bottomonium...)

— a (Super) 1 factory (~0.9 x 10° "t~ pairs per ab™')
— exploit the clean e"e” environment to probe the existence of exotic
hadrons, dark photons/Higgs, light Dark Matter particles, ALPs, LLPs ...

= to reach fewx10*cm °s™"

= cumulate few 10 ab™" »



How do we search for B2 K<ttt ?

The neutrinos escape

Up to 4 neutrinos in B+ -» K*tt
= Cannot reconstruct invariant
mass or energy of the B

But, two B-mesons and nothing
else in the event!




How do we search for B»>Kr<tt ?
Using the other B (tag-side)

After reconstructing the

3 charged tracks on signal-side and
the other B in the event, there will be
no additional energy in the
calorimeter (E..).

= |n the rest of the event (ROE), sum
of the energies of the clusters should
peak at 0.

If the B,,, is reconstructed using
hadronic decays : Hadronic B-tagging




Hadronic B-tagging

Is widely used in Belle Il

It allows neutrino
reconstruction at Belle Il.

(equivalent to
reconstructing inclusively)

Hadronic B-tagging is
essential for a large part
of Belle II's physics
program.




Missing energy modes and B-tagging

Many interesting B-physics studies involve missing energy: R(D™®), V_,, K*zg, K*tr, K*lyy, tilv, T, v, pv...
which require B-tagging.
FEI does exclusive B-tagging: Hadronic and Semileptonic

Table1 Summary of the maximum tag-side efficiency of the Full

INCLUSIVE EXCLUSIVE Event Interpretation and for the previously used exclusive tagging
TR— T — > algorithms
Old measurement in MC Bt (%) BD(%)
Hadronic B-tagging can provide the direction Hadronic
econtial i of the B. ie and FET with FR channels 053 033
ssential in some analysis an
unique to B factories! FEI 0.76 0.46
FR 0.28 0.18
SER 04 0.2
Semilepton
The 3 important metrics of B-tagging are: cmieptonie
- Efficiency FET 1.80 2.04
- Purity FR 0.31 0.34

- Data-MC agreement (Calibration factor) SER 03 0.6

[T.Keck et. al, Comput Softw Big Sci (2019) 3: 6]
Exclusive B-tagging:
o Advantages: purity, direction of B, , but also...
...official training, validation, skims, calibration, systematic (shared knowledge)
o Disadvantages: low efficiency... 6



o signal side is reconstructed exclusively ... examples of 2025...

When/why do we use exclusive B-tagging

Search for B»K™

Belle Il (364 ™)
hadronic B-tagging

Candidates per 100.0 Me

Kt
A An-
V =l p
K0 x
. . T /
“ J{j‘L;I 1 2 p—
q.‘ ! \-k
. t.=0, 7w p
SR
B,

0.6
Eexlra [GeV]

0.8

Ldt=7111b"
—e— Data
BB
BB
Continuum
Simulation

uncertainty

Search for B* X vv
° Bgy
c B<6.4x10*at 90% C.L.[ALEPH, EPJC 19 (2001) 213]
o Sum-of -exclusive from 30 decay modes (~90% of inclusive )

Candidates per 250.0 MeV

[see Gaetano's talk]
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By (B"»K't1)=(1.5+0.1)x10"’
BBt - Kt

77)=3.13570x 107*

RBULB+ - K*r+t77) < 8.7 x 10~*at 90% CL

2.6 times better than current world best
Most stringent limit in B"»K" =

reco reco reco

00<Mx < 0.6 GeVic 05<Mx <1.0GeVic 2 10<Mx <2.0GeVic?

= SIGNAL
500

400

300

n
=1
o

S

o
o

data/MC

00000 am——a

OO NDO L LvWA D O

i i L
—
——
——
—a

14
bin index

12

o
N
PN
=)
©



R(D*)

Event reconstruction in B> D"t v at B factories
B

Btag Dtag

*) hadronic tag
D . B>D"x, D"p

K y
ay e ~0.5%
+

semileptonic tag
B->D"1v X

B, >D"tv

T2EevVV, uvy,
0
T2TV, TT V
(70 % of all t decays)
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Event reconstruction in B2*K tu at B factories

Btag %

hadronic tag
= B—)D(*)rc, D(*)p...

~ 7K
wk e ~0.5%
+

semileptonic tag
B->D"1v X

B,.,”?Ktu

TAEVV, uvy, neutrinos are all coming from the tau here !

T2V, nr’v
(70 % of all © decays)
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When/why do we use exclusive B-tagging ?

o not only for search of rare/forbidden decays, or to have high purity ...
Measurement of angular coefficients with D'lv [Belle, PRD108(2023)1, 012002/PRL 133 (2024) 131801 ]
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|V, | from inclusive B> X 1v decays (had tag)

o First Belle II measurement
o Hadronic B-tagging
3 main kinematical variables
E\®): lepton energy (in B,,, rest-frame)

- M, : mass of hadronic system

- ¢°: momentum transfer -
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When/why do we use exclusive B-tagging ?

o signal side is partially reconstructed.. d,s,t

e measurement of inclusive differential BFs: W a[eJoe  anticorrelated
b > ¥ @ correlated
Bﬂaﬂc‘)(. B — A "X, B+—>ﬂc‘)(. B*— A "X
Experimental results on inclusive (only BaBar hep-ex/0606026 ) . % + o
B(B'»>D°X) = (8.6+0.7)% B(B"»D°X) = (8.1+1.5)% f}fiﬁ
B(B*»D°X) = (79+4)% B(B°»D"X) = (47.4+2.8)% Foft jr: ?grﬁi%
B(BSD'X) = (25:05)% BESD'X) <  3.9% e v o i
B(B'»D X) = (9.9+1.2)% B(B »D X) = (36.9£3.3)% e
B(B*»D!X) = (7-9i11'_§)% B(B°»D! 'X) = (10.3i21-é)% + Be e %
B(B'»D.X) = (1.107%)%  B(B°»D;X) < 2.6% % ﬂ
B(B SA° X) (21i32)% B(B >A X) < 3-'-1201A) é"fﬁ 7777777 :F'j::ffﬁw;r% %f{zi%
B(B'>A X) = (2.8 )% B(B’»A,X) = (5.0779)% N

o B X y, JIpX...
o Measurements of the absolute branching fractions of B*»X__K"
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Trickle down B-tagging

(ambition behind our work on B-tagging)

exclusive
partial

inclusive

rrrrr
- - - - .

but focus on exclusive B-tagging in this presentation
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References for FEI hadronic tag

The Full Event Interpretation: An Exclusive Tagging Algorithm for the Belle II Experiment
T.Keck et al, Computing and Software for Big Science Volume 3, article number 6, (2019)

https://link.springer.com/article/10.1007/s41781-019-0021-8

Everything you ever wanted to know about FEI
Peter Lewis, 2022 Belle II Physics Week
https://indico.belle2.org/event/7825/contributions/49619/

FEI updates
— Vidya Vobbilisetti, BELLE2-PTHESIS-2023-016

https://docs.belle2.org/pub data/documents/3919/
— Vidya Vobbilisetti, Performance session @ 47th B2GM

https://indico.belle2.org/event/10839/contributions/71798/

Updates on FEI (with release08, MC16/proc16)
Mattia Marfoli, Rahul Tiwary, 51 B2GM at KEK
https://indico.belle2.org/event/14964/contributions/94610/

14
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Hadronic B-tagging tool at Belle/Belle I1

called Full Event Interpretation (FEI)

( ( Displaced ( Neutral
Tracks

4:;7§§f%?;=7 Vertiqgf Clusters
e Hierarchical reconstruction...
e e e ) e ) )
| \ |
. T~ 4 .
I W /8 0(10%) B total decay chains
U
TN =
DDt p, Al Uses machine learning: over 200 BDTs

trained on simulated BB data

BY BT

Outputs:

Designed for Belle Il software,
now used with Belle data also. - List of tagged B candidates (each in
a specific B decay cascade)

o A "signal probability" for each...

15



Hadronic B-tagging tool at Belle/Belle I1

called Full Event Interpretation (FEI)

( Displaced ( Neutral
Tracks .
L J § Vertices Clusters
e e e ) )
L ! X L ] < ] ‘I."I ;."
\\, ~_ f{;
J/p N 4 g
K | | 2+
- ~ Y
0 1+ /
D" D" D, A, /

BB

Designed for Belle Il software,
now used with Belle data also.

For each decay, BDTs trained on MC.

B+-tagging uses 36 decays.
But only 12 of them, essentially B -» D™ mm* nmo,
gives ~90% of the efficiency.

16
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D0t 7070
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More nm = More complex,
but “high” Branching Fraction



FEI is a hierarchical combination of modes

For each decay, BDTs trained on MC.

( " Displaced " Neutral .
Tracks -y Clust B+-tagging uses 36 decays.
ﬁabxer 15_??__%_;- ERSTP But only 12 of them, essentially B » D® mm* nro,
T~ - gives ~90% of the efficiency.

Total efficiency < 1%.

in MC

0.025

0.020

o

o

|

o
T

B’ gt

arb. units
o
o
|_I
[en]

BDTs trained on MC, so performance
is as good as the MC model...

0.005

Output of final BDTs called signal probability

(though it is not a probability) 0'0093-.0

17

= 10010(Prel)

Different modes have different signal probability
and different performance (efficiency, purity).

Bt~
1 Dnt
Dontm®
Dntntn-
Dm*n*nn®
] Dt
DOn*p?
1 D%r*n*n-
Dmtntnn®
1D nmnt
D-mtmtn®
1 Acpntnnt
Rest of the modes



Hadronic B-tagging tool at Belle/Belle I1

''Full Event Interpretation'' package:

Tracks Displaced Vertices Neutral Clusters [T.Keck et. al, Comput Softw Big Sci (2019) 3: 6]

In FEI, Belle II's B-tagging algorithm:
BDTs are trained on MC for some final
states in a hierarchical structure starting
from tracks and clusters.

= any ML strategy will train on MC...
¥ assuming it is reproducing properly data

The hadronic FEI algorithm reconstructs B in 36 different B decays.
(Mp. = 5.27) and (JAE| < 0.1) and (Peg; = 1077)

120
| Scaled MC
| Data
100 F
80 But 12 B decays among them account for ~90%
LA .
£ of the efficiency, so we focused on them
a
= B0 |
:: B - Tagging efficiency in data
‘wor | (eff,,= BF x eff .,)
0 - — is one of the limiting factors
0 L1 ||:|'._|' ] == I-I—T"'—rllu_ll_ Ll
R T e T
S ErRea 0B nhdhErE L ESE R SRk RS
2 = B = o -7 o R = = = | b ElCa |
apE PRRTERRE  Bgpfi 9L EEN<STRSS
(=] ) -

=
Btsg FEI mode 18



Why is B-decay modeling so hard ?

Inclusive decays for b- c transition
A.Lenz et al, arXiv:1305.5390, 1404.6197

SL decays | b-ccs B(b»cud) = 0.446+0.014
B(b»ccs) = 0.232+0.007
B(b»cev,) = 0.116+0.008
B(b»cuv,) = 0.116+0.008
b>cud B(b»ctv,) = 0.027+0.001
B(b>cus) = 0.024+0.001

B(b>ccd) = 0.0126+0.0005

We will see that we (and PDG) use a 30-year-old measurement with ~75% uncertainty for
one of the largest hadronic B-decays...

But on top of that, we don’t know how B decays ~40% of the time !

We ask PYTHIA to (poorly) generate them. HAD (FEI)

20%

terra incognita (

B-tagging is key tool for missing energy analyses
o low efficiency (efficiency for hadronic B-tagging < 1%)
o and ML can't (always) save you...

B-tagging algorithms are trained using MC samples
o 40% of hadronic B decays generated by PYTHIA ...
o and even among the EvtGen part...
most BFs measured are old measurements from ARGUS, CLEO...

lot of hadronic B decays to understand/measure
= new contributions to B-tagging ??

15%

PYTHIA (FEI) / \
5% 4% SL(FEI)

19 3% 18%



How are B decays generated ?

EvtGen

Hadronic B-decays: ~ 75% of the total branching fraction ¢ Semilaptonla [F=i, 4]

e Semileptonic (7=1)

e Hadronic

[0 Covered by FEI
EvtGen

W PYTHIA

Decay B+

0.054900000 anti-D*0 e+ nu_e BGL 0.02596 -0.06049 0.01311 0.01713 0.00753 -0.09346,
0.023100000 anti-DO e+ nu_e BGL 0.0126 -0.094 0.34 -0.1 0.0115 -0.057 0.12 0.4;
0.007570000 anti-D_10 e+ nu_ e LLSW 0.71 -1.6 -0.5 2.9;

0.003890000 anti-D 0*0 e+ nu e LLSW 0.68-0.2 0.3;

0.004310000 anti-D' 10 e+ nu e LLSW 0.68 -0.2 0.3;

0.003730000 anti-D 2*0 e+ nu e LLSWO0.71-1.6-0.52.9;

The largest decays are at 1072, 107°
so talking about 0(10*) decay channels

0.000383590 D+ anti—.DO PHSP; we only list 0(103) explicitly
0.000392390 D*+ anti-DO SVS;
0.000630000 anti-D*0 D+ SVS;

0.000810000 anti-D*0 D*+ SVV_HELAMP 0.56 0.0 0.96 0.0 0.47 0.0;

This is from PDG and some guestimates...
but what about the rest ?

20



How are B decays generated ?

EvtGen + PYTHIA

Hadronic B-decays: ~ 75% of the total branching fraction

but only about half of it is measured

PYTHIA is used to generate the other half in MC

Quark transition

modeID in PYTHIA v8&

BB{?II[‘ {{Z )

BBe]le “(%.]

u anti-d anti-c u 23 31.23 20.26
u anti-d anti-c u 43 - 3.87
u anti-s anti-c u 43 2.23 2.02
¢ anti-s anti-c u 43 - 6.66
¢ anti-d anti-c u 43 - 0.36
u anti-d anti-u u 23 - 0.27
¢ anti-s anti-u u 23 - 0.36
u anti-u anti-d u 23 - 0.18
d anti-d anti-d u 23 - =0.01
s anti-s anti-d u 23 - 0.01
u anti-u anti-s u 23 - 0.20
d anti-d anti-s u 23 - 0.16
s anti-s anti-s u 23 - 0.13
anti-s u 91 - 0.45
anti-cd 1 uu_1 63 3.40 2.97
anti-cd 11 64 1.27 -
anti-cs_ 0 cu_0) 63 0.85 -
anti-cs 1uu 1 63 0.1% 0.81
anti-cs 1uu 1 64 0.04 -
anti-cd_ 0 cu_0 63 0.04 -
Total PYTHIA contribution 39.24 38.71

¢ Semileptonic (F={e,u})

' ¢ Semileptonic (/=1)
= 4 e Hadronic
[0 Covered by FEI
EvtGen

W PYTHIA

o PYTHIA is called for quark fragmentation according to relative
rates determined by the parameters of the StringFlav class
o We use the default values for most parameters, with the
production of some excited mesons turned off, like a;, aj, D*
The StringFlav parameters as well as relative fractions
assigned to different quark transitions need to be tuned

o Fragmentation compares the final state with the explicitly listed
decays, and if found, performed again to produce an alternative
final state

o Therefore, to exclude that a particular decay is generated
by PYTHIA, it can be explicitly listed in DECAY.DEC with
a branching fraction of 0%

Need to know what not to generate as well

21



How to calibrate FEI ?
or
FEI performance in MC and data

22



= The performance has to be calibrated with data.

LB

1.1

0.5|

2.5
0.0
-2.5

0.0\

;H-]liLH I +++ ++1 11l
; gy THHYT
1.0 15 2.0 2.

B+-tagging: standard calibration sample

BDTs are trained on MC

x104 Belle Il preliminary

Bel i

T

=
ws

' [£dt=189.26fb~1 = D", gap

B - X,fv
B-D'lv
B - Div
Background

MC Uncertainty

Data

2.0

p, (GeV/c)

2.5

3.0
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Traditionally, this calibration is done with semi-
leptonic B on the signal side because it has large
branching fraction.

Fit the lepton momentum in B rest frame.
No clear peak

= Complex template fitting strategy

= Low signal-side purity

Systematically limited
® Highly dependent on the SL decay model
including D** and SL gap components
® Significant cross-feed from B°

But, if MC is not optimal, the BDT selection will not
be optimal.

This cannot be easily studied with semi-leptonic B
because there are no peaking structures.

An orthogonal sample is needed not only to
provide calibration factors but to study the
sources of discrepancy.



True lies and hard truths

(summarized by Peter Lewis)

So you have your tags... what do you do now? s L
~ Mo [* )
[ Ll - .
1. Build your signal-side B candidate e (o
. L
2. Combine tag and signal Bs to make ¥[45) -
candidates
//.q\-.
b
FEl efficiency €, enters in one of two ways: .'\1 '.“D "
=, o /
Isi : = * e/ s -
Liest —— ™ * BF(signal):e =€ e (s
T = & [BF[signal)/BF(normalization): FEI efficiency —
cancels SF "‘\;\\ )
- _.f; i )L §
\ '__/ Ny .-‘_'H..___.:'
\"";__"‘-\ W I
e S
But FEl is trained on MC: £, needs a calibration... -

We now know that it is not possible to disentangle sig/tag efficiency, so a
calibration may only be valid for the mode it is calibrated on ()

5L FEI calibration with B —= X | nu

Measure known decay in FEI-tagged Belle I prolemtuary, 89 [ Cdlt = 62,8157

events 1I 0 contingum
. = 5000 B fake+secandary ]
Lie ————» *'."Il'-‘_{lwt'['('{] = *'\'T{.I.‘;.‘]EE"H - Be - ulnu
) 4o . gap
o m Dststinu
Calibration factors are data/MC 2 3000 . Dt
= = - . : ok BN Dlou
th"'l'suupllﬁc;:[t[nn ratios of measured yield E B e t—
] " § Data 4
To use: correct simulated FEI —_—
efficiency with the calibration factor
D -
B
u 25F TI],
=
;F !
A s

o havingseveral calibration procedure (learn a lot about signal-side dependencies)
o the closer the calibration factors are from 1, the better is our MC (so is the cross-feed simulation,
the signal-side dependencies...) 24



Ideal control sample to study B-tagging

Flrst ldea use B _)J/w K . 190 My, = 5.27) and (|JAE| < 0.1) and (Peg > 1077)
J .
| Scaled MC
. (|&8E] = 0.1) and [Py = 107%) 100 — D';E"c:
Scaled M i o
E ! g0
= wt |
: ;
S Ll I > 0 |
] # B
£ 10 40 _|
B3 =523 nie 'E..;'n E.;_-:',r" 528 '!.-’-.I 201 . B
My (GeVic?)
clean, allow first estimation (large MC/data differences) e = PRI e L
. . . [ = = A W 4 il - s DO o P ops P R R R
= but too limited stat ( ~ 400 evts after B-tagging) S S R S L S SR S
l-'-:'-l._,':'_ll--. E IBIEPEIEEIET Ty i E a Ok %:‘:“"_:12-1‘1-_|EJ|'|-:—_~| I& %.'{
DIII"_W:F =T [=] b%_ﬂ E:' i‘.\_ H.. E'_‘|'_
1 60 = o = 2
P i *' = Btsg FEI mode
0 0
.’ D*%,D >.00 x10%
5 — 711.00 fb-1
B, ~ 175k JLdt= 711.00fb
A i { Data
e e > 1.50 i mm charged !
- - g T mixed |
1.25 F B chafm
R T uds :
o i :
B..g o 1.00}
075}
We can look for D% D*?and even D**0 in the 2 osof
recoil mass of a fully reconstructed B and a n+ E 05 |
ithi [ 0.00 leeas Y
Within a narrow region around the peak, we e e 500 225 250 o7 300

know that one B decays to D°ni* and we can

Mrecoi
study the other B (decaying hadronically) /

~16k events in a 30 window around each peak in data.

Need to calibrate the algorithm, but more importantly,
need to improve MC for training.
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Fitting D peak for yields

Events /( 0.02 )

Pull
b oo o JBEZBSEEZESEEZ

Events / (0.02 )

Pull

oD =-1,8026 +0.071
ol = 0.1642 + 0.0042

o2 D= 0.02962 + 0.00047
Frac = 0.248110.0090
Mean = 1.86416 +0.00043
n_D= 0.801 +0.078

Crystall ball
Gauss

K

15 16 17 18 1

9 2 21 22 23 24

M., (GeV/ch2)

2500 [ [a0mtermazoms Crystall Ball
i Gauss
ol = 01704 +0.0036
2000 |-
- o2_D= 0.02677 + 0.00043
1500 :' Frac = 0.2344 + 0.0078
1000 E_ Mean = 2.00581 +0.00039
I n_D= 1,062:0.076
500
0 ’ PP " R rns S
14 15 16 1.7 18 19 2 21 22 23 24
Moo (GEV/CA2)
5 E -
0 _0'.'. '0. — ., ..."._'..l .".'.‘l
[ L] ..'..
_5 L a L]

Fit range: [1.4, 2.3]
to avoid the D™
peaks at higher

mass region

Rest of the
B - D("")p
candidates present
are modelled with
double Gaussian:
systematics will be
assigned for this
component

Signal: common
to both the peaks

Rest of the
charged +
mixed +
continuum:
exponential
function
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Mrecoir [GeV/ Cz]

5000
T‘:’. [Ldt = 400 fb! |
> 1000t B+ --> anti-DO rho+ :
8 B+ > anti-D*0 rho+:
- B B+ --> anti-D_10 pi+!
o 000F i B+ > anti-D_2%0 pi
O B Rest of charged BG
o
= 2000
"
Y
€ 1000
c
Ll
0
150 175 200 225 250 275 3.00
Mrecoﬁ
6000
& [Ldt = 400 fb~!
§ 000 mixed
[il] I cchar
O 4000} uds
N
Q 3000
2
-~
0 2000
()]
=
+ 1000
c
L
0 1 1 L 1 L
150 175 200 225 250 275 3.00




FEI metrics in data

Calculated directly on data:

@® Calibration factor

Signal yield in data

Signal yield in MC
@® Purity
Signal yield

6000
5000
4000

3000 |
2000 ;
1000

415 16 17

Signal yield + Background yield in
signal region

® CEfficiency
= Signal yield
nBB BFB+—>Dr[ en
Ngs = 392.5 x 106

BF,, .o, = 0.467 X107
€, = 90%

6000
5000

4000 |
3000 |
2000 |
1000 |

i

1
277

Signal yield

TITTTTFF W I

ooy .‘...T.,T...‘.u.‘

2

Mracoll (GeVl c2)

- Background yield in
signal region

L .l....l...1....l....l

PRI PO T e i |
4 15 16 1.7 18 19

2

21 22 23
Mracoll (GeV/ c2)



But why calibration factors are still far from 1 ?

o The fit allows to obtain calibration factors but also thanks to splot, obtain

the distributions for B

tag

decays: invariant mass of intermediate states, sigprob...

Do '_ roa— BT ->D°n*mtn~
O 1 w/ Dt peak sWeights
Dt et —. — 1 3504 _ O
. * 0 [Ldt=362fb
S P>00018" I Understanding of B»D”nama®decays ! Belle
. . I . . . Belle
Donmn-ne]  XInaril39 e e | is essential for B-tagging... 250 |
Do p-value: 0.1 — =
~ o . £ 20|
‘neo 0 -
Donm "-—I = significant differences between data <
O+ o+ 2 |
Dot - and MC (e.g.n+mz>23)
D%t*n*n—n® — - 1 100
D-n*m* — e 501
D-n*n*n® 4 — - ! - € 07
| -
AT + —a a T T T T T T i
cpromon 1 -~ Dn 05 10 15 20 25 30 35
rest - —aen 1 comb M(n*n*n-) [GeV/c?]
0.0 0.2 0.4 0.6 08 1.0 12 1.4
Calibration Fact —u e ___
alibration Factor Biig» DVt :‘ Bl S>Dntntm Y :
. *
i I 800 with D~ veto I with D"~ veto |
Dt —In—-=.— | 500 |
. _ -1 . _ -
p-m+ge{ P >0.001 8° ey 700 b } Belle: f’-dtld |\7/|i1 ot || Belle Il: [Ldt=362fb"1 |
o 1 old MC
~N |
D nt*mtn X*Ingor:0.78 s} £ 600 f p it ] new MC 17y 400 1 |new MC I
1 % ’ + { data : % { | ldata :
[N —— p-value: 0.75 —— L }
D n*ntnm | O 500 :0300 |
A0+ = _tl H Il_! !
Dn*n i S 400 F | © tH '
D"~ -¥ @ I % 200 * 4 :
n o
I $ 300 ! R ' |
— 4 D —_— e — |
D'-n*n >~ | "E200* e H t by I
— IO 100 I
D'"n*m*n- -— | w | |
| 100 F I |
D' -n*n*tn-n° —— I - e . . : o \ . . . ! ! . !
- 0 L L L L I I LT |
A-pn*m- . —— E 00 05 10 15 20 25 30 35 40 0005 1-0( 2o 2-00) [2-5 2]0 3540,
‘ - bn 4o+ — 0 2 M(n*rn*n~n’) [GeV/c !
et - : comb M(n*n*n~n") [GeV/c?] b e
0.0 0.2 0.4 0.6 08 1.0 1.2 1.4 Belle and Belle II have different PYTHIA.

Calibration Factor

But the distribution is different in the data itself
= bias introduced by training on MC !!

= Need to understand and improve the MC modeling of B decays
28



Improving MC model: an example

Let’s take one final state for example: B+ » D° n* i+ 1~

It can be produced through many intermediate states:

Decay Belle Belle [1
Bt -+ D r rtrt 046 0.51
B*-D p(n’[]}{] Fp(T70)) = 7w 0.39  0.42
B —;-Dul(mf:u} 11 (1260)F = p(770)07%: p(770)0 = 7t 0.13 0.4
Bt = D ay(1260)*;a;(1260) = f(600)7° f[,{ﬁﬂﬂ} 005 -

B* - Dy (2420)°7+: D1(2420)° — D*(2010)"7+; D*(2010) - D'z~ 004 0.02
Bt — Dy(2430)"7%; Dy(2430)" — D*(2010) =+ D*(zmn) D' 003 0.02
B* - Dj(2460)°x*; D(2460)° — D*(2010)"*; D*(2010)" - D'z~ 001 0.01
B aD*U[]lU] rtat DY2010)" — D' =000
BT = D m(l?i:[} ;a1 (1260)" = 7t xtr - 007
B* — D'ay (1260)*: 4, (1260)* — fo(500)x*: fy(500) = = - 005
B’ —:-Dluuzn)” " Dy(2420)° 5 D'r - 0.02
B* - D'K*(892)"; K*(892)* — K'n*; K' = KGKY = ntn - 0m
Rest of Exclusive 0.03 0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 0

Total Sum 1.12 1.3%

29

The it n* - could be directly generated,
could come through p°n+ or through an
intermediate a; * resonance.



Improving MC model: an example

Let’s take one final state for example: B+ » D° n* i+ 1~

It can be produced through many intermediate states:

Decay Belle Belle 11
Bt -+ D r rtrt 046 0.51
B*-D p(n’[]}{] Fop(T70)° = 7t 0.39  0.42
Bt 5D ull[l?f:[]} 11 (1260)F = p(770)07%: p(770)0 = 7t 0.13 0.4
BY — D'ay(1260) ;a1 (1260)" — fo(600)° f[,{ﬁﬂﬂ} 005 -
B —}E[z-mn)”n* D1(2420)° — D*(2010)"7+; D*(2010)” = D'7~ 004 0.02
Bt — Dy (2430)°7t: D;(2430)° — D*(2010) "7t D*(zmn) D' 003 0.02
B* — Dy(2460)°7; Da(2460)° — D*(2010) 7+; D*(2010)" - D'z~ 001 001
B —}D*[E[]l(]] rtat DY2010)" — D' =000
B*>D m(l?ﬁ[]}' ;a1 (1260)" = 7t xtr - 007
B* — D'ay(1260)": 4, (1260)" — fo(500)7*: fy(500) = 77 - 005
B* = Dy (2420)°7+; D1(2420)° — D'~ - 0.02
Bt - D'K*(892) 1 K*(892)F = K025, K0 — KU K - 7 .00
Rest of Exclusive 0.03 0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 0
Total Sum 1.12 1.3%
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[Phys.Rev.D 45 (1992) 21-35]

i i kRl

1
1

Events/ (25 Mavic")

5.200 5225 5250 S2TS 53500
8 Condiddte Moss [Gev /a2

-0J0 =005 000 005 00
E-EpeamiGev]

In 1992, CLEO experiment measured these
3 values but with ~75% uncertainty!



Improving MC model: an example

Let’s take one final state for example: B+ » D° n* i+ 1~

It can be produced through many intermediate states:

Decay Belle Belle 11
Bt -+ D r rtrt 046 0.51
B*-D p(n’[]}{] Fop(T70)° = 7t 0.39  0.42
Bt 5D ul(mf:[]} 11 (1260) = p mn” Fp(T70)" = ot 0.13 0.4
Bt = D ay(1260)*;a;(1260) = f(600)7° f[,{ﬁﬂﬂ} 005 -
B —;.E(z-mn)”n* D1(2420)° - D*(2010)7+: D*(2010)” — D'~ 0.04  0.02
Bt — Dy(2430)°7+; D, (2430)° — D*(2010) "7 D*(zmn) D' 003 0.02
B* - Dj(2460)°x*; D(2460)° — D*(2010)"*; D*(2010)" - D'z~ 001 0.01
B aD*U[]lU] rtat DY2010)" — D' =000
B* =D m (1260)*;a1(1260)" = 777" 7 - 007
B* — D'ay (1260)*: 4, (1260)* — fo(500)x*: fy(500) = = - 005
B’ —:-Dluuzn)” tD1(2420)" » D77 - 0.02
B* - D'K*(892)"; K*(892)* — K'n*; K' = KGKY = ntn - 0m
Rest of Exclusive 0.03 0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 0
Total Sum 1.12 1.3%
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Phys.Rev.D 84 (2011) 092001

% [LHCb .
> | B — D%
@
- 2001 —— Data
2 7 —— Signal MC
- [7] D220/~ &
3 D,(2460)"x” MC
E L
& 100k
i +
Ole ril P i

1000 1500 2000 2500 3000
e Mass (MeVie®)

In 2011 (~20 years later), LHCb looked at
this final state, but did not provide
individual measurements.

So we are still suck with a 30 year old CLEO
measurement in PDG.



Improving MC model: an example

Let’s take one final state for example: B+ - D° i+ i+ 1~ Phys.Rev.D 84 (2011) 092001
It can be produced through many intermediate states: %  [LHCb
> | B — Drn'm
9_20(]— —4— Data
B T Talls 2 7 —— Signal MC
Decay _ Belle Belle I1 2 i
B* 5D rtrt 046 0.51 g | D:(2460) s MC
B*-D p(n’[]}{] Fop(T70)° = 7t 0.39  0.42 8100
Bt 5D ull[l?f:[]} 11 (1260)F = p(770)07%: p(770)0 = 7t 0.13 0.4 : + t
BY — D ay(1260)*: a; (1260)" — fo(600)7* f[,{ﬁﬂﬂ} A 005 - . -
B —}E(z-mn)”n* "D1(2420)° — D*(2010) 7% D*(2010)" - D'z~ 0.04  0.02 P 000 1500 o 300 00
—_— — nrtr Mass (MeW/c®)
Bt — Dy (2430)°7t: D;(2430)° — D*(2010) "7t D*(zmn) D' 003 0.02
B* — Dy(2460)°7; Da(2460)° — D*(2010) 7+; D*(2010)" - D'z~ 001 001
B —}D*[E[]l(]] rtat DY2010)" — D' =000
B*>D m(l?ﬁ[]}' ;a1 (1260)" = 7t xtr - 007
B* — D'ay(1260)": 4, (1260)" — fo(500)7*: fy(500) = 77 - 005
B* = Dy (2420)°7+; D1(2420)° — D'~ - 0.02
=y - . - - ; . ) ) )
B* - D K*(392)"; K*(892)" = K'n " K" = K KY = n'n - 0.0 But looking at this plot, it looks like
Rest of Exclusive 0.03 0.03 most contribution comes through a, *
Sum of Exclusive 1.12 1.38 resonance (mass 1400 MeV/c?).
Sum of Pythia 0 0
Total Sum 1.12 1.3%
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Improving MC model: an example

Let’s take one final state for example: B+ » D° n* i+ 1~

It can be produced through many intermediate states:

Can be compared with data at Belle,
if we reconstruct one B as B+ - D° n*and
otherBasB —» Don* it

Decay Belle Belle 11
Bt -+ D r rtrt 046 0.51
B*-D p(n’[]}{] Fp(T70)) = 7w 0.39  0.42
B —;-Dul(mf:u} 11 (1260)F = p(770)07%: p(770)0 = 7t 0.13 0.4
BY — D ay(1260)*: a; (1260)" — fo(600)7* f[,{ﬁﬂﬂ} 005 -
B —;.E(z-mn)”n* D1(2420)° - D*(2010)7+: D*(2010)” — D'~ 0.04  0.02
Bt — Dy(2430)°7+; D, (2430)° — D*(2010) "7 D*(zmn) D' 003 0.02
B* - Dj(2460)°x*; D(2460)° — D*(2010)"*; D*(2010)" - D'z~ 001 0.01
B aD*[E[]lU] rtat DY2010)" — D' =000
B*>D m(l?ﬁ[]}' ;a1 (1260)" = 7t xtr - 007
B* — D'ay(1260)": 4, (1260)" — fo(500)7*: fy(500) = 77 - 005
1 1 J 1]
B* = Dy (2420)°7+; D1(2420)° — D'~ - 0.02
Bt - D'K*(892) 1 K*(892)F = K025, K0 — KU K - 7 .00
Rest of Exclusive 0.03 0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 0
Total Sum 1.12 1.3%
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Improving MC model: an example

Let’s take one final state for example: B+ » D° n* i+ 1~

It can be produced through many intermediate states:

Decay Belle Belle [1
Bt -+ D r rtrt 046 0.51
B*-D p(n’[]}{] Fp(T70)) = 7w 0.39  0.42
Bt 5D ul(mf:[]} 11 (1260)F = p(770)07%: p(770)0 = 7t 0.13 0.4
Bt = D ay(1260)*;a;(1260) = f(600)7° {mm} 005 -

Bt — Dy(2420)7%: D1(2420)° — D*(2010)"7+; D*(2010)" = D'z~ 004 0.02
B* — D,(2430)°7%: Dy (2430)" — D*(2010) 7+, D*(zmn) D' 003 0.02
Bt — D,(2460)°7t; Dy(2460)° — D*( 2[]1[1} r+:D*(2010)" - D'z~ 001 0.1
B’ aD‘U[]l{]] trt DY(2010)” 5 D'n - 0.09
BT = D m(l?i:[} ;a1 (1260)" = 7t xtr - 007
B* — D'ay (1260)*: 4, (1260)* — fo(500)x*: fy(500) = = - 005
B’ —:-D.uuzn)” " Dy(2420)° 5 D'r - 0.02
B* - D'K*(892)"; K*(892)* — K'n*; K' = KGKY = ntn - 0m
Rest of Exclusive 0.03 0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 0

Total Sum 1.12 1.3%

34

FEI mode: B* - D°n*mtn~

with D™~ veto
300
JLdt=7111b""
250 t Data
i \ B+ > anti-D0 a_1+

Il B+ --> anti-DO rhoO pi+
B+ --> anti-D0 pi+ pi+ pi-
I rest of charged

N
o
o
—_—
T
—_—

N
)
~
>
0]
0 mixed
"! B charm
o 150 uds
it
0
‘= 100
)
=
L
50
OH‘.. e S e ) | O G Adialal
0:0s0:buenD 20 S8 5 EERP 05D 6 S B30 R B 5 L0

Mn*n*n~)
Comparing with data clearly shows that a; *

component is underestimated, and the p°n+
and direct t* * - components are
overestimated.



Similarly, for other final states
BELLE2-NOTE-PH-2022-002

Marker convention:
% : Old/No measurement

B+ -» DOm* m* m- mP°

Decay Belle Belle I1 Bt - DOttt it~ m° B : Double counting
Bt =D rrtatad 180 180
Bt & ﬁ*uw(782)71'+; w(782) = o rtad 040 041 TABLE IX: Contents of the DECAY file concerning the B* — D’z*7% 777" final state and
Rest of Exclusive 002 0.05 bl ue means :l':')c:'lrll:::onding measurements in PDG [in %]. The rows in blue correspond to decays produced by
Sum of Exclusive 222 22 enerated b ‘
D'-m y Belle Belle IT Markers Ref
Bt=D" p(770)°p(T70)*; p(770)0 = wha—; p(770) = 720 049 020 g y - R - .l : (. —
e . e , PYTHIA D*(2010) 7% 2( 0) —>£ L2 103 % [
B* = D p(T70) w %7~ p(T70)* = 7 0.40 0.20 B+—>D(2()m) et D007 = D'r 060 - m
Bt D p(770)n 7, p(770) Y 040 020 B* = D'(2007) % (12&() D' (2007)° = D'7% 0y (1260)* — p(770)02%; p(770)0 5 72~ 041 038
Bt —>D*" (770) by (770 = 1 020 0.10 BY - Du(182)7"; w(T82) - 77t 037 037 * [
Bt D" 7 n— -t 0.14 007 Bt — D'(2007) %, (1260)*; D (znh)ﬂ—m 70y (1260)" — fo(600)7*; fo(600) — 7tx~ 006 - *
B Dl(2430>" (770)0%: Ty (2430)° = D050, 4(770)° = 7 0.03 B — D*(2010)"p(770)* 2t D'(zmn} —>D 5 p(TI0)* —w* 014 014 %
Rest of PYTHIA w2 001 Bt = D' (2007)°, (1260)*; D' (2007)° = D'a; 0, (1260)* — = - 018 x
Seb Ofp R i B* — D" (2007)%1(1260)*; D' (2007)° = D70 0 (1260)* — (5(}0)7 fl00) s AtaT - 003 %
um of PYTHI LG8 0.77 Rest of Exclusive 003 0.0
Total Sum 3.90 3.0 N *0 + + - Sum of Exelusive 275 232
D T[ T[ T[ BY = D10V et e o(TTOV = 10 :
= D p(TT0) 7t s p(T70)T = 77 020 0.30
B'—>Dp(77[15 ol TT[)] p(T70)" = w7 p(TT0)F = 7t e 020 020
TABLE VI: Contents of the DECAY file concerning the B* — D*z"7% 7™ final state and cor- ; 0t (7T 0
B —)Dp[rf ot p(TT)” = a7 0.0 0.10
responding measurements in PDG [in %]. The rows in blue correspond to decays produced by Bt (770)°7+ 7% p(770)° i 010 0.20
Prthia. = D p(T70) 7 a7 p(770)" = 7' ¢ . :
= N 005 007 %
lD?‘f“’: T ?‘[1]1; felle I Mﬂ:‘m fl B - D,(2430'<* <" D, (2130) + D'(2010)"5°; D' (2010 D' 005 -
_}_.[ )7 ) 2. P B = Ty(2300)°p(770) 7 D ('Hl][]]“—rD 2 p(T70) = 7tn 003 -
Bt*=D [2[]()7)”(11(12f)(}}+ ay(1260) = p(T70)"77; p(770)" = 777~ 0.66 058 & ' o ) . ' )
B T (20070 N _ i Bt = D" (2007)° fo(980)=*; D' (2007)° — D% fo(980) = wtn 003 - [
= D' (2007)"a1(1260)7; a1(1260)" — fo(600)7"; fu(600) = 77~ 0.25 *
— B* = Dy(2460)°p(770)02*; Ty(2460)° — D'n; rtr 002 -
B* - D" (2007)%; (1260)*; 0, (1260)" — "7t 2~ S8 K o ﬁD '?lf)[)} oA )E e j : fJ()m” u‘{rD') '};H; m y n.m
B* = D' (2007)%; (1260)*; ay(1260)* — JIB0T; ) 55 - 01 = Dyl )}‘ d )" = (0007 D'(2010)° = D' o
B T (2007 (7705 (770 > x5 W % Bt =D (2007)°z 5 7 D°(2007)° = D' 013w
- o I B =+ D'rtrtn s S0
Rest, of Exclusive 0.02  0.05
Sum of Exclusive 196 LI5 Rest of Pythia 0oL oot
= S rthis 79 L
BY =D (2007)" fo(980)r*: fo(980) = 717 005 -k ol “F Fythia Lm LI
B - T (2007 1t .00 m Total Sum 3ad 342 &
Rest of Pythia 0.00  0.00
Sum of Pythia 0.05 020
Total Sum 201 135

W)
N


https://docs.belle2.org/record/2828

(* **)

Model for B> D

X=m,p, a,, W, PIT, NI

Y = D, D*, D**

2 primary rules:

DOX:D*¥0X:D*¥*0 X ~=1:1:1

(based on observation from D n~ : D*n~ : D* n-and D p~: D* p~)
Yn:Yp :Ya,-~=1:25:25

(based on predictions and confirmed with T = h v decays)

Additional information:

3n ° is hard to model without some sort of p’ resonance
- For wm we fix from measurements.
- For pmtmt and nm, we let PYTHIA generate it.
Decays of D** particles is synchronized with Belle Il

The fraction of 4 different D** is fixed based on observations.

36

decays

Happens through 2 channels,
one with spectator quarks (call Y) and
one from the W (call X).

We modify the DECAY table to
latest PDG/paper interpretations
and this model to see the impact.

Essentially validation, we do not
want to fine-tune (except set 0
there is no signal).


https://stash.desy.de/users/vsagar/repos/dec_update/compare/diff?targetBranch=refs%2Ftags%2Fofficial&sourceBranch=refs%2Fheads%2Fmaster

Pulls of calibration factors

Another way to visualize the improvement in the calibration factors:

30 window around D° peak
with PDG uncertainity

Dor* | JLdt=711fb?
nNO~+~0 L ; ..
B D' Official MC
D°ntmtm | Latest (v2.3) MC
NOr++~—+~0 L
D™n ”_H* n Overall calibration factor
D Ur{"’ -
DOt | :
Don*ntn J
0+ 0-0 L f
pommn (104.2 + 1.2)%
D°ntmnn—n’ |
D ntn* |
D-rntrmtmO |

-15  —10 -5 0 5 10 15
Pull (o)

improving description of hadronic B decays = improve B-tagging efficiency
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Decay description is improved !

The improvement is not limited to calibration factors, but more importantly in the

invariant masses (of intermediate particles), which are used as training variables in FEI

3+ case:

3+ 1P case:

improving description of hadronic B decays = improve B-tagging efficiency

Entries / 0.1 GeV/c2

Entries / 0.1 GeV/c?

FEl mode: B -»D°n*ntn-
with D"~ veto

500
JLdt=711b71
Offical MC
4001 [ Latest MC
{ Data
300
200
i
E R
100 i HH,*HH”
]
O\\\\ . VISE e ROl ) |G (B0 e Ree (G| Ry O e[ [0 | Adbdlalol
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Mntntn~)
FEI mode: B* » Dt n®
300
[Ldt=711b""
250 F Offical MC
| { ] Latest MC
{ Data
200
150
100 |
50 |
0‘.‘I.L' TR A b A 4V iy S0 M eSS A
0.0 0.5 1.0 15 2.0 2.5 3.0 35

Mn*rntn—no)
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Entries / 0.1 GeV/c?

Entries / 0.1 GeV/c?

FEl mode: B* »D*(2007)°n*n*n~

450
o [Ldt=711f0"
Offical MC
350 F [ Latest MC
{ Data
300 F
250
200 F
150
100
50 F
0‘.‘I. PG Shle e i A e | BORE VIS [ S B W I LR G A WESe e S S SERTTRMS B B B (O B
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
Mn*ntn™)
" FEI mode; B* »D"(2007)°n*n*nn®
i [Ldt=7111p"
Offical MC
120k [ Latest MC
{ Data
100 |
80 |
60 [
40
20
4
0 l 1 l 1 1 l
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Mn*n*nnP)



Entries / 0.027 GeV/c?

Retraining FEI: Validation

Once we have a new model for how the B - D™ (nrt*) (mmn°®) decays, we can train BDTs again

with it and see performance:

FEl modes: Bt - DM%+ Do+ n©

500 i
- Belle data e55 ([Ldt =74fb™1)
- [ official training &
4001 — our training (with old DEC) |B
our training (with new DEC)
300 | b 4l
_ v
[ g i T L
200 , 1 ""?:-éﬁ’
i "
| 1 ¢ & AT
100 - ;& *ﬁ-&"’#ﬁf
Al
P oo™ |
1.50 1.75 2.00 2.25 2.50 2.75 3.0C
Mrecoil

Nothing changes in the FEI modes where we did

not change anything.
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Entries / 0.027 GeV/c?

FEl modes: Bt - Dn*ntm-

350

| Belle data e55 ([Ldt=74fb™1)
300 F 3 official training

f [ our training (with old DEC)
250 F our training (with new DEC)
200 |
150 |
100 |

50 | ¢
0 :"ﬁ‘q»mh\ ST IS S S N K T SR SR S T S S S R S SR S R T S
1.50 1.75 2.00 2.25 2.50 2.75 3.00
Mreco."l

There is a significant background reduction in FEI

modes where MC model is improved.



Entries / 0.1 GeV/c?

Retraining FEI: Effective cuts

FEI mode: B* »Dn*n*n-

350 ¢ —
~ [ Belledataess{[Ldt=747")
A 3000 = official traifing
> L 1 our training (with old DEC)
v 250 F our training (with new DEC) L : :
Q A The new training is learning the a,+ cut
N i P i i
~ 200F from the MC we give it!
S
S 150 f : Can we apply this cut manually instead?
n o
0 100 P ;
- i Py s
e m
w 0f il
O;HMI"\ . \/é . \, P I S N L l‘ . | 5
1.4 16 --718 ,: 2.0 2.2 2.4 2.§ 2.8 300~
g ,.' Mrecoi \\\ Tl
/’/ / ! In side band region
. , \ 300
30 In D region i \
, Lo, 2s0f
i ' S
25 :F | \|\ 8 200 F
20} = ,’I .
! | oS 150
15 I, \‘ ;
, .U 100f
10 F | I, -E‘
W 50f
5F O‘Hl_ﬁwl‘lewlw‘l“”l”” L
- 00 05 10 15 20 25 30 35 40
I I I I I + + -
%0 05 10 15 20 25 35 4.0 M(m* ™)
Min*tn*tn™)
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Training FEI with new MC = Better sigprob

Belle II: old training

2500
old MC:sig
] old MC:bkg
- t data:sig
2000 {  data:bkg

1500

1000

500

[ ]
W

[ D
LINCLU AR

oty u¢°...o. U
[

O..wwlw..wlw.

-3 _2 _1
10910(Prg))

+ s N0ptpgte-
mg DM
Belle II: old training

2000
1500
1000

500

1 new MC:sig
1 new MC:bkg
{  data:sig
{  data:bkg

Belle II: v1 training

2000

1500
1000

500

1 new MC:sig
1 new MC:bkg
{ data:sig
t  data:bkg

Not only does |
decrease with
sigProb of back
better.

packground
retraining, but
ground agrees

10910(Pe1)

Reminder:

MC is modified i
Dn sample is u

ndependently and
sed for validation



Had FEI calibration with Xlv and Dz samples

Xtv sample: Dnt sample:
High statistics, low purity Low statistics, high purity
x10¢ Belle Il preliminary MC15ri (B+ tag)
1 D", gap - -
3t 5o @ 6000 | wemn= 1sse0r:00m0m  Belle | data
=p' =] - 1.CB=1.087:0.022
=y S SO00F lmton= amstecn [Ldt:SﬁEfb"
- I nbkg= 103917+ T15
71 B Background o 4000 | ndpi= 15397 307
% MC Uncertainty € L ndstrpi= 18574+ 390
} Data E 3000 )
1 [cdt=362"" ao} ViEld:~10
Brage” 1000 |
vield:~10° N A e el
0 ' 14 15 16 17 18 19 2 21 22 23
M,,.. (GeV/c?)
I ) A z
Pt ot
~2.5 . L
1.0 1.5 2.0 2.5 3.0
p; (GeV/c!
{ 'i
. . qukx : : R0 3*0 Ty##0
[Florian, William, : [Karim, Meihong, D", D™ D
Daniel Jacobi: —_— T(4S) — Niharika, Vidya:
BELLE2-NOTE-PH-2023-008] € e’ BELLE2-NOTE-PH-2023-004] B

tag sig

2, 28
:‘-.‘_\
4~
(\O)
Hadronic FEI
=+



Had FFEI calibration with Xlv and Dz samples

Xtv sample: Dnt sample:
High statistics, low purity Low statistics, high purity
x10¢ Belle Il preliminary MC15ri (B+ tag)
1 D", gap - -
3t 5o @ 6000 | wemn= 1sse0r:00m0m  Belle | data
mm B-D"t =] - 1.CB=1.087:0.022 _
1 s-.muv S S000p "“""":n;’f_’ft‘:z‘“ [Ldt:SﬁE o
5| B Background S 4000 b mns ssrsse
Wi MC Uncertainty T  ndstrpl = 18574 4390
b Data 5 000 )
.l [cdt=362b"" oo | Y1EI0~10
Biao®” 1000 |
yield:~10° 0 it e L
0 ' 14 15 16 1.7 18 19 2 21 22 23
)e ; M,,.. (GeV/c?)
A :
T
~2.5 .

Calibration factors are calculated from signal yields i.e., correctly-reconstructed B
Hence, applicable on Signal MC.

tag*
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Had FEI calibration: Combined for MC15ri

> CFs from both samples are combined, with an additional uncertainty added to cover the absolute
discrepancies between both.

> For #> 0.001 and #> 0.01

Results and procedure documented: BELLE2-NOTE-PH-2023-029

> Available on kekcc: /hsm/belle2/bdata/users/sutclw/fei_calibration/hadronic_FEI_calibration_factors/v1

v

T
EUH+ i .:-rn— D~n* ————
|
]
Dt - —ta : Dt P>0.001,8 —ttt
|
_ - |
Don+n+n— i P=10.001,8 — = " D i'{+i'{+i'{ | lefndl:r:o-?s _(“_I
: |
= - AInge: 1,39 |
Brtntn-med X et - - | D-mtmtn-n®d  pvalue: 0.75 — !
DOn+ - p-value: 0.1 . . :
| DDH+H _.=r..7
Dn*n" +— 1
— D'-nt = p——
DlntntnT | —ti : 1
- 0
D%rtntn—nb 4 — 8- : R - :
D m*m* - ———h D "m*n*n” -— :
|
D-n*m*n® - — o= | + € D' n*ntnn® —C : - g
S |-
A pmtnomt — 1 . D A prt- - . _._:_ H
1 n C | . Dn
rest - —ae : comb rest - — comb
T T T T T T L
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 ' ' ' '

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Calibration Factor o
' Calibration Factor
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Had FEI calibration: For MC15rd

> Once correction tables available,
we combine both samples
through a chi? fit like for MC15ri.

B +
Dot | —a— | ~ XuvRI
——
. + XuvRD
D b e
—vh— - Xev Rl
Dmtmtn t LT 4+ XevRD
Dmrntnnf e, =T ~ DR
_, e + DnRD
Domt | T
)
'8 DOntnl | =
~*0 -L ::_— ——
& Dntntn ,
E Dntntnn b - T
Dt N =
D—H+n’+n’0 L R __..___‘:‘_
Aprfmnt | ., TF
Rest of the modes | = 5
Total | Ve T
] | ] ] |
0.0 0.2 0.4 0.6 0.8 1.0 1.2
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FEI metrics: comparison with Belle

The overall calibration factor in Belle Il is
~65%, much lower than the ~75% in Belle.

By fitting D° peak‘ N Mecoi

Dot :
Dontn® .
Dmmtn™ -
Dt n® -~ -
DOt e ——
DOm*n? -~ ——
Dontntn- - :
Dt n® ——
D-mtmt
D-mrm*n® —— ——
A prtnn? ——
Rest of the modes -
Total . . :
| | i | |
0.00 0.50 075 1.00 125 1.50
# Data / # MC

Belle and Belle Il uses different MC
= Different performance is expected!
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Belle Il has lower performance in terms of

efficiency and purity too.

+ Belle Il: [Ldt=362fb
~ Belle: [Ldt=771fb"

-1

Efficiency (%)
o o o
- 2

o
()
—

0.0 ————

—— Belle Il data
— Belle data

50

60

70 80
Purity (%)

90 100



3 °
D3> D=’ reconstruction «..s.r

where D0 D°
90
~ 8ol Normalized to [Ldt=100b"?
. . Yot Belle MC
In Belle Il, the yield of D*° —» D° nt°® is much worse S 0t 3 Bele I MC: 15+
than Belle. 8 f Belle Data
it 60 ¢ | Belle ll Data
(@) L
g 50|
O 40F
~ [
v 30F
Qo
o 20F
=
E > 0.09 GeV cut for y is too tight for slow m° W0 |
r +
Should be loosened. ot OOPEP PR, DN S T T

0050 0075 0100 0125 050 0175 0200 0225 0250
M(D™) - M(D°)

if convertedFromBelle:

—_
gamma_cut = 'goodBelleGamma == 1 and clusterBelleQuality == @' FEl mOde: B+ —)D 0ﬂ+
else: ~0 70-0
aEEEEEEEEEE= _)
gamma_cut = '[[clusterReg == 1 and E > 0.10] on [clusterReg == 2 and E > 0.09] :cr [clusterReg == 3 and E > 0.16]]' 14 Where D D n
if specific: B omm e ommommomm oo oo omm . B
gamma_cut += ' and isInRestOfEvent > 0.5' Normalized to ILdt= 100fb 1
o U 12 Belle MC
ganna = Particle(‘gamma’, , o _ _ , S 1 Belle Il MC: 15ri
MVAConfiguration(variables=['clusterReg', 'clusterNHits',6 'clusterTiming', 'extraInfo(preCut_rank)', 10F
'clusterE9E25', 'pt', 'E', 'pz'], ég Belle Data
target='isPrimarySignal'), t Bellell Data
PreCutConfiguration(userCut=gamma_cut, i 8t
bestCandidateMode="highest', C?
bestCandidateVariable='E", (@)
bestCandidateCut=40), ~ 6
PostCutConfiguration(bestCandidateCut=20, value=€.01)) 0
gamma.addChannel(['gamma:FSP']) (0] al
-
)
C
w 2r
0 . . | . . . .
0.0 0.4 0.5
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3 °
D %> D=’ reconstruction

Optimize AM for D*° reconstruction

Along with looser preselection for photons, mass-constraint is applied for n° candidates in Belle Il.

This will improve AM distribution which is used in preselection and training for D*©,

Retraining FEI provides expected results:

| —— Belle Il data: with old training

Belle Il data: with v3 training

1.2
By~ D :
o
D0 - D%’ 101
80 !
; Normalized to 100fb~! :
N 70:- 1 Belle Il data: v1 training ;c'; 0.8 i
§ i Belle Il data: v2 training |
8 60;_ Belle Il data: v3 training >
[ U
~ 0F c 06
o | 9
O 40} U
@) - ——
~ 5l £ 04F
n o i
0 |
S 20f - —— Belle Il data: with v1 training
C [ 0.2
ool '
: [ —— Belle
e e [ r'_h‘r:__\_‘_\—‘ s e | i T |

0.0

data: with old training

810 on 014 016 018 020 ) 60
AM = M(D™) - M(D°) [GeV/c?]
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Improving metrics of FEI

For Hadronic B*:
> Updated decay model for the most efficient B decay modes
0.75 > 1.04
0.65-0.81 :
> Training with the MCri-up (new DECAY .dec)
56% — 63%
> Loosen the y preselection and mass-constraint m°

0.93% - 1.13%: ;\7\

All these improvements are default for MC 16/proc16 (shared knowledge)
still studying the impact on SL FEI
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Trickle down B-tagging

(ambition behind our work on B-tagging)

implemented improvements:
o better decay file for MC to improve calibration factors, training

- update precuts on y to improve efficiency for modes with =’
- add a mass constrain fit on n° to improve AM resolution

‘— i_, exclusiye

e

..~ partial

— N Mo N

inclusive

e - - e
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Hadronic B-tagging with procl6

see M.Marfoli's talk (+BELLE2-NOTE-PH-2025-033)

BC:
o  Purity: from 33% to 37%  Efficiency: from 0.38% to 0.47%
B™

o  Purity: from 34% to 39%  Efficiency: from 1.06% to 1.54%

BO: performance comparison [Fixed signal window]

B+: performance comparison [Fixed signal window] a8
2.00
data: BELLE data: BELLE
" —4— data: MC 15 —— data: MC 15
—4— data: MC 16 v1Runl 0.5 —+— data: MC 16 v1Runl
0) vl R data: MC 16 v1 Runl&:2
- (+40 0 data: MC 16 v1 Runl&2
__ 04 -

® 125 2
-, Sy
o d

— c 0.3
g 100 S
o o
W 075 o
= 0.2

0.50

0.1
0.25
0.00 T T T T T T 0.0 T T T T Y T
30 40 50 60 70 80 90 100 30 40 50 60 70 8O 90 100
Purity [%] Purity [%]

— improvement is clear... and already available (proc16)

— now finally better than Belle
— run 2 seems to be of comparable quality
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Hadronic B-tagging with procl6

see M.Marfoli's talk (+BELLE2-NOTE-PH-2025-033)

Calibration factors at P.,,>0.001 for - MC15 - MC16

Calibration factors for B+ - Dn

B =Dl A

B »D'n*n? |

B* = D't A

BYf = D't nl -

B* - D'(2007)n*

B* - D'(2007) i+ n? 1
B - D (2007)ntntn A
B* = D' (2007) Yt m?
BT=D"nTmT A

B* =D mHn*n® A

B = A_pnFnn* A

Rest of FEI

Total

1
i BELLE
- | - MC15
= | - MCI16 vl
~ | —
1
- I =
|
[
1
e i
|
| .
— I
1
—— | —_—
1
_._—L'—I
I
e I . —
1
1
- 1
1
== - 1
|
1
- I -

B+:

1
T T T T T T T T T
0.25 0.50 0.75 100 125 150 175 2.00 2.25
Calibration Factors

Calibration factors for B° —= Dnt

BY = p—nt = BELLE
I -~ MC15
BY = D ntn? + —i"—_'_ - MC16 vl
BYs Dt - i -
BY =D mtmtnn® A — =
BY = Dlntn A _'I:=
B0 D'~ n* - |—=
BY = D" b A - i ——
BY'=D* mitntn A - i -
BY= D' ~mtmtnn? A - i -
BY s Azprtn A T
Rest of FEI - i =
Total - : h
0:5 l.ICl l.l5 2:0 2:5 3.I0

Calibration Factors

General improvements

from 0.65+/-0.01 to 1.04+/-0.02

Bo: from 0.88+/-0.03 to 1.22+/-0.04

Still some discrepancies, especially in D®3(°) and A. modes
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Entries / 0,018

Good Tags and Bad Tags

Entries / 0.060

B+
12
| Perfect Match
Recovered
1 BadTa
10 el
B4
ﬁ -
4
2 4 I [
=1 L L
- r L— —
p—r it r ey _ =:
(- ————— . T T T l
14 16 18 2.0 1.2
Miaca [GaV]

B-I-
B*—+D°mmn
3000 Good Tag ] w/ D peak sWeights
1 Bad Tag 350
| Juot= 362/ !
2500 1 300 [ WC16W1- GT
+ [ MCL6vL- BT
b procievl
250 +
2000 2 | | I
200
=
= t
1500 4 :,_.: 150 L |
[ ; o +l‘++| I
1000 4 ™ 3 e | b
o N by O}
ey e 50 1 ] e
- ] ! I __." i 1 g __' . _‘? | e T Y
500 L~ » o ﬂ“"', L J-IJ'_ U_J .—n“_| "1'?"'"‘+
1] 1 T T . . . : | IZI.IE! LD 15 2.0 2.5 3.0 35
-3.0 -2.5 -2.0 -15 -1.0 0.5 oo Mim* ) [Gevic]

logue (sigProb)

o To estimate how many events are tagged correctly for truth matched signal we consider
a Good Tag (GT) event either as a:

— perfect match (isSig=1)
— recovered (isSig!=1) but with correct final state

o It is also included as a systematic for the CFs but the effect is rather small (1%)
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Trickle down B-tagging

Still need improvements:
— improve our simulation of all B,

(ambition behind our work on B-tagging)

modes included - better B-tagging performance

— also some opportunities to remeasure/study those B decays and intermediate states

1 ! j exclysive

_ ..r'.--tﬁ-
N.‘_..-" -.._:__.--" =N
“wr - e e
' i partial
‘-.._I_,--' "~-..I_-..-4-r \‘.—"J e N N B i
E * ¢ 1 EXE mcllllswe
- L =3 - - T ' E ey =
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Keep improving the modelisation

Remains some room for improving the modelisation of dominant B, modes, for

for example B»D"”3xx° (see below), B>A_pnmx...

Bt - D°ntntnn®
w/ Dt peak sWeights

175 - [Ldt=362fb!
} [ MC16vl - GT
150 - } 1 MC16vl - BT
}H ¢ proclévl
_125- } } }
™~
S 100 - } }
S e b
u 75 1
o
48]
> 501
25 1
U_
_25_

1.5 2.0
Mn*n*n~) [GeV/c?]

0.5 1.0

- new modes: B'»D"(4x)*", B"»D™(5x)" have large BFs
o improve the code: implement cuts based when obvious cases (narrow resonances),

2.5

Events / (0.043)

60 -

50 +

40 +

30 +

20 1

10 1

—10 4

_20_

Bt - D" (2007)°n*ntn—m?
w/ Dt peak sWeights

[Ldt=362fb"
1 MC16vl-GT
1 MC16vl-BT

$ proclévl

0.5

1.0

15 2.0 2.5 3.0

Mn*n*n—) [GeV/c?]

remove the AE from sigprob for a partial reconstruction
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First, understand better the B decays...

-1 1V : : :
CLEO 0.89 fb [aerz 2404.10874 , Phys Ri\{mD 109, L.111103]
@ 120F Bellell 4 Datz o HDDE_ Belle II LE;@
[PRD 50 (1994) 43] e 3 | Imi
30 years ago 5 o0 1 s | B
Uses MbC é a0 ‘h -1=cosd, =0.82
2 40
B=(1.34+018)% TR
13% U_Ilcertalnty ! 015 01 005 O .c:.c:s_ 01 015 02 ij'Jnl.éﬂ:‘.élinl.ﬁnlé”nln'"ulz'”ol.J"o.‘s”
AE [GeV] cosd,
l l :';E 180 Iflellell + Data ;‘:’ SDD Belle Il } g_ataDG_
50 i 2 toof [Lar-am2 ﬂ\\ Do S [Lamon @90
= 140 | [ Seff-cross-feed ©
gmg I EF background r:
:CIJ'J 31[::: / 0.55 < cosd , £0.70 8
= 5 80 Vo o P
3y ]
= 2
< 40 - =
o e O b . il
- -0.15 -01 -005 0 0.05 01 D15 02 065 07 075 08 085 08
“ AE [GeV] m(z 7% [GeV/c]
0
B(B*»D’p*)=(0.94 + 0.02 = 0.05)%
S S — World's best result with more than 2 X improvement
520 y 5’?\} 330 — Factorisation test: in agreement with prediction
e (GeV) — Systematically limited by uncertainty on =’ efficiency
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First, understand better the B decays...

B->DKK: largely unexplored sector

o few % of B branching fraction expected

° Only 0.3% measured so far [arXiv:2406.06277, JHEP 08 (2024) 206 ]
Measurement of the branching fractions of BoD”KK{ ... _,. Bellel Juat = 362 "
Sl B DDH—K’{J —— Phase-apacs eignal
Belle I JLdt =362 fb' Belle I JLdt =382 fur’ (33:]{]1]:- . B Da f1260) stgnal
% 180F g, pkx™ — Total fit E 160F = D'k K™ —— Total fit o i
" 160 E -— Signal o F —-== Signal — 2500 - B Da {1844y signal
© 140 £ —— Background o 140 E_ —— Background +
S 12I:|§ = DKKr cross-feed E 12[]5— :g:.’::.r: cross-feed %2[}[}0 - —=— Data
S 100F :
T B0f £ 80f
$ 60f S 60¢
Woang e
205, 20§
= = 07 1 15 2 25 3 35
& & m(K-K™) [GeV]
1 1 i :
BTA0E 0 005 04 045 02 035 03 BT005 6 605 01 045 03 025 03 . Bellell JLdt =362
AE [GeV] AE [GeV] % S00F B — D% Kg —— Phase-space signal
© soof
o Efficiency correction applied in the b T e
« S 600f N
planes m(D”K") and m(K'K{g) £ oo -
(il F
o Extraction of bkg- subtracted and efficiency 5
corrected invariant mass and helicity £ 200f
- Dominant transitions J" =1"* g
* * 1 E— 1 !
> B~ DYD_(» KK") are used as control modes 118 2 25 3 38

m(K K?) [GeV]
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Normalised to BB-pairs

Normalised to BB-pairs

Further improvements = inclusive

o need more measurements to ''constrain'' our MC
> B»>DX (but also B®*D X), on-going analysis...

o difference between Belle and Belle II MC shows room for improvement :

Semileptonic (£={e,u})
e Semileptonic (£=1)
e Hadronic
[ Covered by FEI
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Trickle down B-tagging

(ambition behind our work on B-tagging)

to get more inclusive, we need more inclusive measurements

partial

inclusive

- I.-- - .'- - .'L-
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Summary ""from rare to not understood"'’

o knowledge of hadronic B-decays is essential for any B-tagging
> a large part (50%) of the hadronic B decays not measured...

o ...and PYTHIA is generating something...

o clear overall improvement for proc 16 thanks to long term efforts o
= ambition is to provide (soon) a DECAY table without PYTHIA A

¢ Semileptonic (F={e,u})
e Semileptonic (F=1)
e Hadronic
[0 Covered by FEI
EvtGen
% PYTHIA

=

= nice perspectives for using proc16 (run1+2 + Belle, had/SL B-tagging)...
..In missing energy modes searches

o further on-going inclusive measurements B»(D°, D*, D, D)X, but also
B-(D,, D_)X and B>(A_, =) X will keep improving our knowledge of B decays
and improve exclusive/inclusive B-tagging

exclusive
partial

& & ¥ inclusive
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SL FFI calibration with D'1v sample

Consistent selection between

B, and B

tag

Belle Il Preliminary [z dt=2361.7f

lag

12 1 H
Giemasdas (G

[Andre Huang, Kevin Varvell: BELLE2-NOTE-PH-2023-022]
The calibration factors for MC15ri:

Mixed SLFEI CF at log(sigProb) = -2.4 Charged SLFEI CF at loglsigProb) = -2.4

14 13
16 4 L6 1
14 - 14 -

12 1 ++ L+ l*

y ﬂ !

06 - 06 4
04 ¢ Calibration Factor without pj cut ¢ Calibration Factor without pj cut
- '] ':E“DFEtiDI'IFECtﬂTWithp;{LIt 04 » CE“DFEt'IDFIFECtﬂfWithﬂ;ELIt
|]2 T T T T T T T T T uz T T T T T T T T T
Alltags pflly Dev Dwv D'ev D'wv DV'miv Dnev  Ompy Altags 0y Cev Dwy D'sv D' D'miv Dnev D
G e ®om oo oen @ Oy © oo oz oen @
Bsy tagmode By tagmods

Belle Il Preliminary [z dt=23617fb"

Il Signal

[ W Fake leptons

[ Secondary leptons
{EE Fake/Misreconstructed D*

#y. MC stal unc.
[+ Data

[ Signal

[ Fake leptons

[ Secondary leptons
[ Fake/Misreconstructed D*

4o
I Mixed
()]

it MC stat. unc
b Data

ByjgcosBsy

(a) BY & DTy

4 -3 -2 -1 0 1 2 3

Bsigcosfpy

(b) BT = Dty

FIG. 1: Data-MC cosflpy distributions, following reconstruction of an 7(45) candidate 6 2

and the additional selections listed in Table with all dataset corrections.



SL FFI calibration with D'1v sample

[Andre Huang, Kevin Varvell: BELLE2-NOTE-PH-2023-022]
The calibration factors for MC15ri:

5 Mixed SLFEI CF at log(sigProb) = -2.4 y Charged SLFEI CF at loglsigProb) = -2.4
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! . it ,
i 1 1 |
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2500 e e 000 23 s . Recommendations:

[ Secondary leptons
~ 2000 | == FakeMisreconstructed D*
-

[ Secondary leptons
-~ 4000 B Fake/Misreconstructed D°

> Use only the 4 D™¢v modes (select after BCS).

g0 g = > Apply mode-dependent CF, not the overall.
g 100p b o A > The p* selection could be analysis dependant.
1000

0 .0 .
Jgesy by l ¥ f RC in progress to approve the procedure.
175 0.0 { t ( 175 0.0 . .
Yosb b o e o P Yet to check for MC15rd (Not used for this winter).

4 a3 2 <1 0 1 2 3 7. a3 2 1 0 1 2 3

ByjgcosBsy Bsigcosfpy
(a) BY & DTy (b) BT = Dt
FIG. 1: Data-MC cosflpy distributions, following reconstruction of an 7(45) candidate
and the additional selections listed in Table V with all dataset corrections. 6 3



D> D%y reconstruction

In Belle Il, the yield of D*° - D° n® is much worse
than Belle, because the tighter pre-cuts on y hurts
slow m° reconstruction.

A part of it is recovered in the tail of D*° - D° vy, but
not ideal.

This also shows that a tight AM constraint, which
could bring high purity is not effectively utilized.

Should tighten the AM pre-BDT cut?

64

FEI mode: B¥ -»Dn*
where D0 - D%

w w B
o o O

Entries / 0.004 GeV/c?2
5 o 3 U

(8]

 Normalized to Ldt=100fb"

Belle MC
1 Belle Il MC: 15ri
Belle Data
{ Bellell Data
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