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Motivation

The flavour sector

@ Nature chose three copies
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Motivation

Why semileptonic / missing energy decays?

@ Precision measurements of the SM:

> Semileptonic decays are used to

determine CKM matrix elements os ﬁ
which are essential in global fits for e
the CKM parameters. os

@ Excellent probe of new physics: o
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» NP hints in b — sll should be seen
in b— svv
) ' ' T st o J
4 ut/rt
b v
Bellel$. B LQ > "
x c
0. 03 04 0 D'
R(D) D
o l- /
S W
BB — D=5 ) b Suct s
R (D) = =
BB —DYu" o _
{ n) a,d

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 5/48



Motivation

Why semileptonic / missing energy decays?

@ Precision measurements of the SM:

> Semileptonic decays are used to
determine CKM matrix elements
which are essential in global fits for
the CKM parameters.

@ Excellent probe of new physics:

» Potential NP in B — D*71v,.
» NP hints in b — sll should be seen

in b— svp i
EFT ' T e
o Wy .
== E S
- 10
b - v b
s B I
E c R
D
o R(D) -
v, v
NP GNP o NP
R (o)) - B(B » b1~ 5) GG G
B8 — D" 5,) _
u,d
William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020

5/48



Motivation

Why semileptonic / missing energy decays?

@ Precision measurements of the SM:

» Semileptonic decays are used to bl 7
determine CKM matrix elements = E
. . . . i E|
which are essential in global fits for = "R E
the CKM parameters. N E
@ Excellent probe of new physics: o E
» Potential NP in B — D*71v..
» NP hints in b — sll should be seen
in b— svp v
‘ s oconoms i s [ (O \:
=r wrir 2. | (Y e |
5 cll)
‘: ) b - v b S
Betkls B LQ\\\ -
Workd e ¢ ReC u,
L D*
o ¢ R(D)
v, v
(%) _— - P c oW
R (D)) = BB =D o) p | GG g
B8 — D" 5,)
a,d

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 5/48



Belle 2

Overview

© Belle 2

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 6/48



Belle 2

The B experiments of today
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Belle 2

Belle Il experime
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@ Belle Il Collaboration: 1050 members, 120 institutes, 26 countries
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Belle 2

Belle Il experiment

The Belle Il Physics Book [arxiv1808.10567]
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SuperKEKB

@ Upgrade of KEKB with original aim x40L

Belle I detector

collsion point

Positron ring

Lo dek (1,90 (L8 (R
2ere ox By ng

@ beam current, le+/, x1.5

@ Reduction in beam size, 3,, by factor 20

[ordinary cotiision keK |

@ New aim x30L
William Sutcliffe

[Nano-Beam (SuperkExs)|
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laims luminosity record
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Belle 2

The Belle |l Detector

detector

@ Inner vertex detector:

» PXD: 2 layers of DEPFET
pixels
» SVD: 4 layers of DSSD

@ Central Drift Chamber for tracking.

particle

@ 1.5 T Superconducting solenoid

4layers DSSD

central

drift chamber @ Excellent tracking and vertexing down

to pr~100 MeV

@ Impact parameter resolution in z ~20
zm

@ PID provided by Time of propagation
(TOP) counter and a aerogel RICH

@ OQuter muon and Kj, detector

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 10 /48




Belle 2

Unique B factory topology

e Collide e and e~ at the energy to

make T(4S) particles »
+ - 050 ERI A
@ T(4S) decays to B"B~ and B"B 3
. RN t .
96% of the time. = ves)
o z oF s T@3) B-meson events
@ Background from e" e — qg, Sol 0 e s
i A5,
q — u7 d7 C’ s gllt 9.46 C'l)ﬂnﬂzlf:ll;;lm elﬂv:ntslﬂ(g ?ﬂ(j:? lnliﬂ 10.62
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;
anti-B-Meson /

. Y A
B-Meson 5 /_
light (b —)

/¢ fa
Qe:n%;vquark

heavy
b-quark

(bb)

B-mesons Continuum

heavy
anti-b-Quark

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 11/48



B Tagging

Overview

e B Tagging

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 12 /48



B Tagging

Tag-side B reconstruction

e Collide €™ and e~ at the energy
to make T(4S) particles.

T(4S) —
e N4 et
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B Tagging

Tag-side B reconstruction

e Collide €™ and e~ at the energy
to make T(4S) particles.

® T(4S) decays to B*B~ and B_/
BYB° over 96% of the time.

?Y‘(45 ) —

B\
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B Tagging

Tag-side B reconstruction

e Collide €™ and e~ at the energy
to make T(4S) particles.

® T(4S) decays to B*B~ and
B°B° over 96% of the time.

@ Reconstruct one B meson as
tag-side (B,,,) hadronic or SL.
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B Tagging

Tag-side B reconstruction

e Collide e* and e at the energy / R 776
to make T(4S) particles. ~

® T(4S) decays to B*B™ and B;g
B°B° over 96% of the time. PN

@ Reconstruct one B meson as
tag-side (B,,,) hadronic or SL.

@ Study remaining B meson as
signal (Bgg)-
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B Tagging

Tag-side B reconstruction

o Collide e and e~ at the energy / K ]7(,
to make T(4S) particles. s

® T(4S) decays to B*B™ and B;g
B°B° over 96% of the time. PN

@ Reconstruct one B meson as
tag-side (B,,,) hadronic or SL.
@ Study remaining B meson as
signal (Bgg)-
@ Flavour constraints:
+ —
Btag = Dgjg
Kinematic constraints:
Py = Pgte- — Pp- — Pp
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B Tagging

Which tag-side reconstruction?

Tagging techniques

Purity
Efficiency
Inclusive Semileptonic Hadronic
B — anything B — D(*)&/g B — hadrons
e ~ 0(100%) e~ 0(1%) e~ 0(0.1%)
K™ K™ K™
B B Bgig

—— T(4S) — —— [T(49)
e @ e

@
+ +\ A0 N
Bta‘g Btag D Btag 0
’
’ _ _
Vz‘g T at T

Kt Kt
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B Tagging

Previous tagging alogrithms

@ Full Reconstruction

» The Belle tagging algorithm
and predecessor of the FEI.

» Hierarchal approach.

» Neurobayes Neural Network
used for classifiers.

@ Semi-exclusive-reconstruction
» The BaBar tagging algorithm
» Uses D and D* mesons as a

seed.
» Combines these with up to 5
charmless mesons.

William Sutcliffe

Full Event Interpretation at Belle Il

Integrated luminosity of B factories
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The Full Event Interpretation

Overview

@ The Full Event Interpretation
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The Full Event Interpretation

The Task
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The Full Event Interpretation

The Task
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Combinatorics

The Full Event Interpretation

William Sutcliffe

~10 tracks in this event

Let's assume 5 positively
charged and 5 negatively
charged.

Now lets reconstruct

(3)2 = 100 possible
combinations

Reconstructing

B" - (D° - K xtata )nt
introduces (?) x 100 = 300
combinations.
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The Full Event Interpretation

The Full Event Interpretation

e Utilises O(200) decay channels with a classifiers trained for each.
@ Reconstructs O(10000) unique decays chains in six stages.
@ Baryonic decays recently added.

( ( Displaced ( Neutral
Tracks i
\ - Vertices ) Clusters

Keck, T. et al. Comput Softw Big Sci (2019) 3: 6.
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The Full Event Interpretation

The Algorithm

@ Particle candidates assigned from
tracks and clusters after a precuts +

) ) precuts + BCS
Best Candidate Selection (BCS).

precuts + BCS @

precuts + BCS
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The Full Event Interpretation

The Algorithm

@ Particle candidates assigned from
tracks and clusters after a precuts + BDT

Best Candidate Selection (BCS).
postcuts + BCS

@ For each particle a pre-trained BDT
is applied and post cuts + BCS are

made.
BDT
postcuts + BCS

postcuts + BCS
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The Full Event Interpretation

The Algorithm

@ Particle candidates assigned from
tracks and clusters after a precuts +
Best Candidate Selection (BCS).

@ For each particle a pre-trained BDT
is applied and post cuts + BCS are

made.
@ Stable particles are combined to

reconstruct decays of intermediate
particles. After precuts + BCS a
vertex fit is performed.

combine

%revcuts + BCS
@ vertex fit
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The Full Event Interpretation

The Algorithm

@ Particle candidates assigned from
tracks and clusters after a precuts +
Best Candidate Selection (BCS).

@ For each particle a pre-trained BDT
is applied and post cuts + BCS are
made.

@ Stable particles are combined to
reconstruct decays of intermediate
particles. After precuts + BCS a
vertex fit is performed.

@ Intermediate classifiers use daughter
kinematics and classifiers.

kinematics

William Sutcliffe Full Event Interpretation at Belle Il

postcuts + BCS
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The Full Event Interpretation

The Algorithm

@ Particle candidates assigned from
tracks and clusters after a precuts +
Best Candidate Selection (BCS).

@ For each particle a pre-trained BDT
is applied and post cuts + BCS are
made.

@ Stable particles are combined to combine
reconstruct decays of intermediate
particles. After precuts + BCS a

vertex fit is performed. /
: ()

precuts + BCS
vertex fit

Intermediate classifiers use daughter
kinematics and classifiers.

@ Intermediates and stable particles
are combined into a B candidate.
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The Full Event Interpretation

The Algorithm

@ Particle candidates assigned from
tracks and clusters after a precuts +
Best Candidate Selection (BCS).

@ For each particle a pre-trained BDT
is applied and post cuts + BCS are BDT

made.
@ Stable particles are combined to kinematics

reconstruct decays of intermediate
particles. After precuts + BCS a

vertex fit is performed. /
: ()

Intermediate classifiers use daughter
kinematics and classifiers.

@ Intermediates and stable particles
are combined into a B candidate.

@ B classifier takes daughter classifiers
and kinematics as inputs.
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The Full Event Interpretation

Role of the tag-side B classifier.

@ B classifier value, Py,,, @ Determine the correctly reconstructed tag-side
discriminates correctly yield by fitting M.
reconstructed tag-sides from

a0t Belle Il preliminary x10t Belle Il preliminary
ba C k roun d 25F mm Comectly reconstructed [edt=3a6f0"" HOF wm correctly reconstructed [edt=3a6f"
g . I ot & misreconsircted I Contnuum & misreconsircted
T b oata Tosf b vt
370 3
Belle Il limi 3 Nz, =84907 = 734 3 Nz, =38545 = 1161
s v 3
12X Lis y Sisl w01 Sosf w05
= g g
9 = Y(45) BB S e
> _ K Soa
S 10 [cdt=346f01 W Continuum 3 3
= B 7% MC stat. unc. g H
@ tag Sos Zoz
8 os § Data
2o
-] 00250 5255 5260 5265 5210 5215 5200 5205 O TS 260 5265 5210 5275 5200 5205
° My (GeV/c?) My (Gev/c?)
co06
s
o 0t Belle Il preliminary Belle Il
0.4 . Corecty reconsucted Tede=346m [——— Tedt=3a6m
7w Continuum & misreconstructed 8000} s Cantinuum & mis-reconstructed
Tasof b ow T roof + oo
3 Ny, =65855 2 Ngg, =35401 % 297
. b, 65055 £ 590 3 o0 e 35401 229
Ep S} P70
] S S 4o
075
= 3 3 3000
o . g 00 2000
s o Teeeeee S oas )
s
5 1 e I IO T ST e B I
<) -14 -12 -10 -08 -06 -04 -02 0.0 My (Gevic?) My (Gevic?)

10g(Pag)

@ Select a high purity sample by 3
cutting on Pyg. My, Ebeam/4 — (thag)
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The Full Event Interpretation

Hadronic tag-sides by decay mode

@ 29 and 26 hadronic B" and B° tag-side decay modes are reconstructed.

@ Contribution of different categories of modes are shown for data below.

P 4 Belle Il prelimina
%105 Belle Il preliminary _gXio p ry
g [ L f——— Y [cdt=34.6fb"1 == Baryonic
L£dt=34.6fb~ = > 0 =
> T g7t Biag mx
910 Big == JlpX o~ D+<*E)7 —)(("l
2 mm DYDMX S mm DD
g mm D{)+D"0 = 1 D'~ nm
= — et
~ 3 D" s D'
] = Dn+ o == D’inn
kS == D~ 3, =3 D7
° = D°nn ";3 mm D nt
c —
. DOn* o

8 O3

2

1

527 528 529 530 531 532 925 526 527 528 520 530 531 532
My (GeV/c?) My (GeV/c?)
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The Full Event Interpretation

Training the FEI

@ Both training and application phases

can be distributed via a map reduce Node 1 ' Master ' Node 2
approach. ! ;
. | |
o For training: . ‘
» O(100M) simulated T(4S) — BB [(Data | | [Steermgfie), [ Data |

events | |
» Monte carlo / data is partitioned and ! !

processed at different nodes.

» A prereconstruction stage aggregates
statistics on MC particles present.

» At each of the reconstruction phases
training data is generated.

» Training data of each stage is | w
subsquently merged and classifiers
trained.

Data
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Performance

Overview

© Performance
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Performance

How does one quantify tagging performance?

o tagging efficiency = N.,; /Ny s
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Performance

How does one quantify tagging performance?

o tagging efficiency = N.,; /Ny s
o tag-side efficiency = /.., ..../Ny(ss)
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Performance

How does one quantify tagging performance?

o tagging efficiency = N.,; /Ny s
o tag-side efficiency = /., ..../Ny(ss)
o purity = Ncorrect/Ntag
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Performance

Tagging performance in Monte Carlo

@ The table below summarises maximum tag-side efficiency.

@ The FEI has over a factor two higher hadronic maximum tag-side
efficiency then previous methods (FR and SER).

Tag FR  SER FEI Belle MC FEI Belle Il MC
Hadronic BT 0.28% 0.4% 0.76% 0.66%
SL BT 0.31% 0.3% 1.80% 1.45%
Hadronic B° 0.18% 0.2% 0.46% 0.38%
sL B° 0.34% 0.6% 2.04% 1.94%

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020
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Performance

rmance in Belle data

Different event topologies

2 2 o
my. =\/ Eg — pPB Z -~ 3
/\ £
EB = ,\/5/2 B-IIleSOIlS COIltiIlquIl
" ¥ FEI )
4000 . . .o 4007 ¢ FR w4
i e i t
,», 3000 N » 300 4
2 \\\:\\. Ll ‘;,E:, ‘ '
& 2000 \\.‘:- & 200 . ¢"
\ ¢
10001 4 FEI “ 100 o~ "
n
Lt ] . IR TSI W
524 525 526 527 528 524 525 526 527 528

Beam-Constrained Mass in GeV Beam-Constrained Mass in GeV
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Performance

Tagging performance in Belle data

o Compare the tag-side efficiency vs purity for charged and neutral tags
between the FEI and FR.

0.50 0.50
0.45 —=— FEl 0.45 —=— FEl
R R
‘c 0.40 = FR ' 0.40 = FR
>0.35 >0.35
9 +H 9 0
§0.30 B §0.30 B
£ 0.25 £ 0.25
w w
3020 3020
i 0.15 % 0.15
Bo.0 go.10
0.05 0.05
0.00

0.00
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Purity in % Purity in %
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Performance

Calibration of FEI with Belle data

@ A calibration is required due to signifcant differences in the efficiency
in MC and Data.

@ Use the FEI on Belle data to reconstruct several well known
B — D™ (v semileptonic decays.

o ¢ = Npara/Nuc

B = D' (D~ (K*n

B (D

BY— D~(K*
B D (K'nn
B D~(K

B~ = DD (K~ w

B~ — D(DY(K

echarged = 074 + 005 €neutral — 086 + 007
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Performance

Calibrating the FEI at Belle Il data

@ Can calibrate the FEI by measuring a
signal-side (arxiv2008.06096)

Belle Il preliminary

XZV/NXZU

@ Calibration factor, €.,; = Np,s,

Belle Il preliminary

@ Use B — Xlv given the large
branching fraction (~20%).

Jrdt=346fb" = 0". g2
Bige

ILdt 346fh‘|:|n L9

p; (GeVic)

Belle Il preliminary

25 25
Hyypard 0.0 !
25 i 25 i)
I0 15 20 3.0 10 15 20 25 30

p; (GeV/c)

Belle Il preliminary

Jedt=346fb" = 0". g
B3,e”

1500

+ — 1000

500

0

sz 34.6fb~'c= 0", 90
-

s MC Uncertainty

4 oo

@ M, >5.27 GeV/c’, Py > 0.001, ZﬁZE.m‘,u.uuu‘u,lnq.,m‘ |

25
b f
oo[ 0.,40, .iu H H'n i“ 0'4’

0.01, 0.1, Lepton ID, p; > 1 GeV/c B

pi (Gevic)
* —> B Rest Frame
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Performance

Calibrating the FEI at Belle Il data

@ Can calibrate the FEI by measuring a o Xty Xtw
signal-side (arxiv2008.06096) @ Calibration factor, ccy = Npata/ Nuuc
@ Use B — Xlv given the large
branching fraction (~20%).

Belle Il preliminary

Belle Il preliminary

@8 MC Uncertainty
ata

4 o
Jedt=3asm

Bige™

257 ‘
ok -HtH

ashto 4] |
2.0 2.2 2.4 26 238 3.0

p; (GeVic)

Belle Il preliminary

@8 MC Uncertainty

4 D
Jeat=3a6m7t

Jedt=3a6m7t

L0
0
@ M, >5.27 GeV/c’, Py > 0.001, O.ZEH i | é‘é[ [ |
* 235 122 24 26 28 3.0 —230’ 22 24 26 28 3.0
0.01, 0.1, Lepton ID, p; > 1 GeV/c
pi (Gevic) pi (Gevic)

Here P, 0.001
* — B Rest Frame e Prag >
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Performance

Calibration results

Belle Il preliminary

0sst t  Prag>0.001
} Prag>0.01 |

o 0.80 + + Ptag > 01 |
£
L 075} {
8%
2 070 ’ ’
II_
Zosst | RN

0.60} { | { [rdt=34.6fb1

Be B+'u— BT B8O~ Bolu- BO
Channel
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Calibration results

Pyt > € % uncertainty Pgo > € % uncertainty
0.001 0.653 £ 0.020 3.02 0.001 0.830 £ 0.029 3.44
0.01 0.605 + 0.019 3.13 0.01 0.777 £0.027 3.51
0.1 0.644 £ 0.021 3.30 0.1 0.719 4+ 0.028 3.87

Sources of uncertainty in %
Channel Fit Model B(B0 T XLv) Lepton ID Fit Stat. Tracking MC Stat. D* v FF Dlv FF

BTe™ 267 2.09 0.76 0.93 0.1 0.39 0.41 0.06
B u~ 2.93 21 213 0.86 0.91 0.37 0.38 0.06
B~ 372 2.1 073 1.22 0.1 0.62 0.43 0.07
B~ 3.17 2.09 213 1.19 0.91 0.6 0.41 0.06

Belle Il preliminary

@ Tag-side efficiency in simulation against 03sf 4 boB*
. BO
purity corrected by €. o i '
~ 0.25
@ Tag-side efficiency = No. of events witha < ' '
correctly reconstructed tag-side (Neor:) / 5;, o5 '
No. of T(4S) — BB oo
@ Purity = N, / No. of events with a 005 Jedt=346m
tag-side 0.00 20 30 40 50 60
Purity (%)
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First Belle Il tagged analyses

Overview

@ First Belle 1l tagged analyses
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First Belle Il tagged analyses

Rediscovering B — wfv and B — D*/v with tagging

ot _
14
B
7N\ A
—— (T(9)) ——
€ \ / \
BO

tag

_ B°
VN N2

—_— T(45 ) | <+—
e e
Bl

7lu: arxiv2008.08819 D™ fv: arxiv2008.10299
William Sutcliffe

2
Mpyigs = (Pe+ef — P, — Pe— PW/D*)

Full Event Interpretation at Belle Il

@ Data-simulation comparisons with the
calibration applied.

y [cdt=34.6f"

Belle Il Preli
40

Events / (0.29 GeV2/c?)

-05 00 05 10 15 20 25 30
M2, in GeV2/c*

Belle Il preliminary  [rdt =34.6 b~

= 5D

= Background

s MC Uncertainty
P Data

Events / (0.2 GeV?/c*)

Data—Fit
Deta_Fx

- t
B R mrRITR
-10 -0.5 0.0 O:SS [;ﬂevz;ci] 20 25 3.0
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First Belle Il tagged analyses

Rediscovering B — wfv and B — D*/v with tagging

N B(B — wlv) = (1.62 £ 0.42(stat) & 0.07(sys)) x 10~ *
m _
4 Belle Il Preliminary [cdt=34.6fb!
50 _ 40
—._ B T = e
/ N\ Lz % e 5.940! |V,,| soon
— ([ T(4S) | +—— °
N ~ e %
0 2
Btag %
g 25
m2 _ ( _ _ _ *)2 4 U.UEl + + 5 + }
miss — \Pgte— thag Pe p‘/r/D 8l -2

S10 -05 00 05 10 L5 20 25 3.0
M2, in GeV?/c?

B(B® — D**ev) = (4.45 + 0.41(stat) & 0.27(sys) + 0.45(w,)) x 102
7

Belle Il Preliminary  [rdt =346 fb™!

. 5-D1
B Background

< . MC Uncertainty
k! Data
3 60 4 E

o

al

S

S |V p| soon
2

2

g

$

H

[
1

5 L Y |
S167-05 00 05 10 15 20 25 30
m2,. [GeV2/c*]

7lu: arxiv2008.08819 D™ fv: arxiv2008.10299
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First Belle Il tagged analyses

First physics: My moments of B — X /v decays.

@ Fit My functional form after a background

@ Measurement of the My moments subtraction.

[arxiv2009.04493] @ Determine My moments after correcting for

Vs detector and resolution effects.
"4 s,
— T(4S)
— \ £
e \__
+
Btag D°
My IGIeV/(’] ’ My [GeVic?]
nt e Range: M, 00,34 Gev Probabilty
oo g v gt { { <My>
@ Plan to perform the first measurement - 4’ Y L { ; § Ei
2 . @ i Pl
of the g° moments in the near future. oop ;"g“x*”

B/t Cut [Gevic)
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Future of the FEI

Overview

@ Future of the FEI
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Future of the FEI

FEI in Belle 2

@ By 2031 2-3x10° B" and 1-2x10° B° @ Eventually systematically limited by

tags. tagging calibration
10 n 5ab~! 50 ab~!
s ® Rp  (£6.0+£3.9)% (£20+25)%
"'g 03z Rp.  (£3.0£25)% (£1.0+2.0)%
£ ol | ©f
:, m(qg.,‘y i stat. sys.
£ - | 0¥ @ LHCb and Belle Il will resolve R(D™)
5, Z
3 a2 o anomaly.
ZOOIBH 20211 20231 202501 202.7/: 20091 20311 o o 0.34[ 1
a = 5
Zontwl [ [ 4
Tag side Signal side Eor N N\ \_\ ’ N\
031 =/ /)7
028} A
[ I
0.261- [Erucy  [Bellenn ]
[ sm [*]Future WA [*]SM prediction ]
2-3 neutrinos 0.24 : - y
-> Impossible to fully 03 035 04 0"}? D
reconstruct B, ( )

William Sutcliffe

sig
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Future of the FEI

FEI Developments and the Future

@ Exploring deep extensions of the FEI.
@ Algorithm has been successfully applied to xplornng P ex I

the T(5S5) resonance. BB B BB BB (BB | B
i T e ]
3 i
z <1 ren
z 50 ".'-'hfk,ﬁ,‘\"\
i g 169
.1 ossgm‘{‘é"\ﬂ
* o o, S
ol T(1S) T(28)  T(3S) T(4S)
N N _
@ We can look forward to exciting physics
@ Graph networks naturally suit particle results from the growing number of B
decays. tags at Belle II!
Input graph Adjacency matrix Feature matrix acronic 7% tag
a b ¢ R N JE—
e .
a a/0|1]|1 ‘ a0 ‘ al g T2l
/ \ 1/0|0 b0 | bl 5
b c cli1lolo 0| c1 a 5

Figure: Example of matrices fuly defining a graph.
9 ly defining a grapt M GeV/e?]

OF250 5255 5260 5265 S210 5215 5280 5285
My (Gevich)
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Conclusion

Overview

© Conclusion
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Conclusion

Conclusion

@ The Full Event Interpretation (FEI) is an algorithm for tag-side B
reconstruction at Belle 2.

e It trains O(200) decay channel classifiers which are used in the
reconstruction of O(10000) decay chains.

@ The FEI outperforms its predecessors with a higher tag-side efficiency.

@ The FEI has been used to measure B — X/{v, B — D*/v and
B — mlv decays in early Belle Il data.

@ The FEIl is an essential to the Belle |l physics program and resolving
the B physics anomalies.

William Sutcliffe Full Event Interpretation at Belle Il 5 November 2020 40/48



Backup

Overview

© Backup
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Backup

Flavour anomalies

2.0
s ATLAS
CMS
15 LHCb
BR ouly
— all
10
a_ 05
g2
[e)
2
=00
0.5
w0 ‘ -
‘ u,d
—15
-2.0 —15 -1.0 —0.5 0.0 0.5 1.0 15

ReC)®
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Backup

Flavour anomalies

b M b NP S
LNyes e
M NP
o3 it c ut
M g NP - b
10 [ 10 H
0 s A‘TI,AS
r\;;jUﬁ
b
" a,d
—20  -15 -10 4;6 C;)ulll)” 05 1.0 15
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Backup

Need for speed

o Utilise FastBDT:

» Computes cumulative
probability histograms (CPH)
of nodes in the same level
simulataneously.

» Stores data as an array of
structs.

» BDT cut decisions optimised

based on equal frequency bins.

o Utilise FastFit:
> Uses eigen libraries to gain
from vectorisation.
» Overall factor of 2.7 speed up
in the FEI

William Sutcliffe

Terminal Nodes

Full Event Interpretation at Belle Il

Layer 1
Layer 2

Layer 3

array of structs |71 Y1 #1][X2 y2 za [ Xa ya za 74 s 2 |[X5 ¥5 25 ][%6 v Za|

struct of arrays | 71 X2 Xy 74 X5 %6 || Y1 Y2 Y3 Y1 ¥s s || 21 %2 7 2 75 % |

2
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Backup

Time break down

@ In application 38% of the time is spent on vertex fitting, 27% on
particle combination and 15% on classifier inference.

Task Training Application
read /write DataStore 30 0
vertex fitting 26 38
particle combination 19 27
classifier inference 11 15
training data & monitoring 6 0
best candidate selection 3 6
other ) 14
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Backup

Specific vs Generic FEI

@ Generic FEI - Reconstruct signal after reconstructing a tag-side B
candidate.

o Specific FEI - Reconstruct a tag-side B candidate after
reconstructing signal

tag-side
\\(.
/ / .Bm;; : B g‘
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Backup

The Algorithm

®\‘ o Same B" — D"
classifier.
®/ o Different decay chain as
7 D° — K2x°.

o D° > K507r0 has its own
classifier.
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Backup

The Algorithm

o Different B™ — D770 decay
e with its own classifier.
@ Original D decay chain as
D’ — K 7+,

VA
‘1
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Backup
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