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Overview

ICHEP2022 by Francis
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- Introduce specific BDT trained against continuum p’s

ACP = —0.14 + 0.46 (stat.) + 0.07 (syst.)
B = (1.27 £0.25 (stat.) +0.17 (syst.))-10~°



Photon MVA



Photon MVA

Distinguish between real photons and “false” photons: beam backgrounds,
other particles, energy releases from other particles (split-offs)....
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Photon MVA: inputs validation

|deally we need a sample of true photons and a sample of false photons
(difficult to obtain).

Use inclusive sample of photons from D* — DO(KymO)ir decays: apply same

7Y selections of my analysis — same 7Y kinematic distributions.

Sample is signal dominated — ~all true photons (as in B = 7%7Y).

Compare input distributions using MC14rd (1 ab-")/Proc12+AllIBuckets(189 fb-1)
and MC15ri (200 fb-1)/Proc13c1(8 fb-).



MC14 vs Proc12+AllBuckets

Release-05



Photon MVA: inputs validation (rel-05)
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Photon MVA: inputs validation (rel-05)
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Photon MVA: inputs validation (rel-05)
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Photon MVA: inputs validation (rel-05)
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Photon MVA: inputs validation (rel-05)
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Photon MVA: inputs validation (rel-05)
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Photon MVA: inputs validation (rel-05)
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MC15 vs Proc13

Release-06
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Photon MVA: inputs validation (rel-06)
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Photon MVA: inputs validation (rel-06)
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Photon MVA: inputs validation (rel-06)
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Photon MVA: inputs validation (rel-06)
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Photon MVA: inputs validation (rel-06)
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Photon MVA: inputs validation (rel-06)
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Photon MVA results using release-06

Train on MC sample after applying all

70 selections.

O
o

NB: AUC of Francis
photonMVA was 0.95

S
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Candidates per 0.013 GeV/c?

Photon MVA validation

Apply photonMVA to BT — K+r0 proc13 sample (chunkl+chunk2 — 62fb-).

40

No photonMVA PhotonMVA>0.2
- Belle Il (preliminary ~ Belle Il (preliminary -
0 [Lat-6281" + — Total fit F Ldt=6281" * — Total fit E
50; + + =B’ K'n + c.c. 50; s BT K+n°+c.c._;
- -===- Background 40 - -===- Background E
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Candidates per 0.013 GeV/c?

i S —
53_1|||||||‘I"—I—r|||||||||||||||||

30f s N, L e |HE Opteen Rl
20F RS ' 20 -------------------- _
10 _ . + + + + 10F . —i
902—015 T s '6.6;"“"0'3“ T 0. 90“:_;"-:6115 T %5050 O(IJ; ..... OO 0.
AE AE
Background: 742.64 + 40.1 Background: 679.23 + 38.6 (-8,5%)
Signal: 260.35 + 33.6 Signal: 258.76 + 32.6 (-0.6%)

PhotonMVA works well.
Still to do: check performance of Francis photonMVA, optimise selection.
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PhotonMVA selection optimisation

S/I\/S + B
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Small differences are not due to the photonMVA, but to statistical effects due
to small sample.
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CSBDT



CSBDT summary

Create continuum-suppression BDT using
event-shape variables and Br,, variables,

avoiding large correlations (<10% — was 5% for
Francis) and/or sculpting.

Must check if the use of Br,, variables sculpts or

introduces large correlations in the flavour
tagger variables.

Note: 6.7% of the signal events doesn’t have a
BTag vertex — remove these events (bkg: -9.4%).
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CSBDT: inputs validation

Candidates / 1.5 MeV/ ¢?

Signal: use B — D(Kzz")x sideband- Background: use B — 77" sideband data
subtracted data (proc13) and sideband- (proc13) and BY — 7Yz sideband MC15
subtracted B — D(Kznz)z MC15
Do not use B — D(Kzz")x for bkg Need to check if bkg composition is
because of the different compositions the same in sideband and signal region
B — D(Knz®) Sideband B® = 7970
= R 14000 [ : |
4500E ; - (bkg sample) Signal x200
= 12000
4000¢- i
35002_ 10000 :—
3000;_ 8000
2500
2000 6000
1500/ 4000
1000E- 1l H
- L
02557 520 525 524 525 526 5.27 528 529 04 525 b5og "~ Bog _2?

My [GeV/ ] BB bkg x200  Mbc
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Candidates / 0.025

Candidates / 0.005 ps

Inputs validation — Signal only

Use B — D(KJUZ’O)JZ' sideband-subtracted data (proc13) and sideband-subtracted
B — D(Kznz®)m MC15.
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—

Sample has poor statistics, but do
not observe any large discrepancy.

Ar [ps]
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Candidates / 0.025

Candidates / 0.005 ps

Inputs validation — Background only

Use B — 797" sideband data (proc13) and BY — 7% sideband MC15
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Observe variables with some discrepancies.
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Candidates / 0.005 ps

Inputs validation — Background only

Use B — 797" sideband data (proc13) and BY — 7% sideband MC15

600:— T I T T T l T T T I T _: § 100r|_l l l llllll* llllllll _|j
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Ar [ps] cosTBz

Observe variables with some discrepancies.

Better to use directly sideband data to train the CSBDT?
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Check — Continuum in off-res data and
MC sideband

Use BY = 7970 continuum in off-res

data and in MC15 sideband.

Observe discrepancies not

5.24
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Data/MC discrepancies or
different kinematic distributions?
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Must check if continuum in sideband and signal region
have same distributions.
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Candidates / 0.025

Candidates / 0.05

Use MC15 BY — 7% continuum in

Check —Continuum in MC sideband and in
MC signal region

MC sideband

sideband and in signal region.
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Few important discrepancies: maybe off-resonance
data is more reliable wrt sideband data?
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continuum in off-res
data and in MC15 signal region.
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Z
o
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Candidates / 0.05
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500 f—
400 f—
300 E—
200 f—

100

e Data off-res 5
—MC signal region

CleoConeCSt1

Discrepancies disappeared: off-resonance data is
more reliable wrt sideband data.

Note: input validation using off-res data shows anyway

many data/MC discrepancies — best is to use off-res
data for CSBDT training.
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CSMVA Inputs

Train on MC sample after applying all 7Y selections.

Inputs (after pruning)

7 Kakuno-Super-Fox-Wolfram moments

cosTBTO

1 CleoCone
cosTheta®
R2
thrustOm

N7 (BTag)

Ar (BTag)
thrustAxisCosTheta
angle between m°’s

cosHelicityAngle
KSFWVariableset
KSFWVariablesmm?2

1.0 SRR
508
v :
Q ,
& 0.6
© |
- [
§ 0.4-
e 04
Y
U t
& 0-2° m=n Train (0.97)

- = Test (0.97)
080 02 ~ 04 06 08 10

Sianal Efficiencv

Better performance wrt old BDT
(AUC=0.95).

Will repeat this using off-res data
for the bkg training.

35



CSBDT dependences with fit variables

Draw fit variables in slices of CSBDT (background+signal).

1000 |

800

600

400

200

1800
1600
1400
1200
1000
800
600
400
200

= :—_'_i
| CSBDT<0.2 e
- | CSBDT>0.4 && CSBDT<0.6
[ = CSBDT>0.6 && CSBDT<0.8
CSBDT>0.8
03 2 o1 0 o1 02
deltak

o5 o 05 1
FBDT_qgrCombined
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No sculpting — good.
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CSBDT dependences with fit variables

Draw fit variables in slices of CSBDT (signalMC only).

- 600 [
250 [ ;
5 500 - CSBDT<0.2
200 [ -
B 400
150 5 . CSBDT>0.4 && CSBDT<(.
- 300 - CSBDT>0.6 && CSBDT<r .
100 | 200 |- CSBDT>0.8 |
50 — 100 —
0:‘ M MR L L il o 0: ) *"J'."m.r'-|l T .
03 02 0.1 0 0.1 0.2 524 525 526 527 528 529
deltak Mbc
2003— - | .
ol Some sculpting in gr
150 -
1003— ::
50 [
0 :. ] | | | |

FBDT_grCombined 37
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» MVA

Beyond the CS: identify the principal bkg components.

Events that have at least a #z° from ...

p(770)*

Z0 (direct from e+e-)

Large number of continuum z%s come from a p = Example:
develop a specific BDT (in addition to the default CS BDT). 1 candidate

PiO Track
Combine each track in the event with each 7. PIO ¥ Hggt

Use kinematic and angular variables to distinguish .
J J -> 6 rho sub-candidates

between p’s and other particles.
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Max pMVA distribution

Each candidate has for example 20 p sub-candidates. Take the one with largest

rhoMVA (the one more similar to a p).
Validation: use B — z%z" sideband

(inclusive sample of true and false p).

i g :l LI | LI | LI I LI l LI | LI I L I T llllllllllll:

50 |- o 220 —

- o — -

- . — 200__ ]

- Signal 2 1so0b E

40 — [44] — -

- Background S 1605 =

i S 140F =

0F © 1205 =

: 1005~ =

20 80 —

i = =

10 | 40E- =

3 20 \ =

[ (NI ISR SATI IR SATUNY A NN NI AT T R ' I

) I ——— 2 -015 0.1 -0.05 0 0.05 0.1 0.15 02 0.25 0.3
04 03 -0.2 -0.1 0 0.1 0.2 0.3

MaxRhoMVA MaxRhoMVA

Variable gives separation, and discrepancy is acceptable

Candidates where the rho has been
correctly identified

Total candidates Candidates with at least one rho

788473 285585 158393
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O O O -
S TN = ) N - - R

Background Rejection
-
N

0.80

Use pMVA as input of the CSBDT

ROC Rejection Plot on independent data

- CSBDT1 (0.97) Without RhoMVA

CSBDT2 (0.97) With RhoMVA
02 04 06 08
Signal Efficiency

Inclusion of pMVA gives no improvement
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Other possibility: pMVA after the CSBDT

Apply first the selection on the CSBDT (>0.8), -0.2<AE<0.1 and Mbc>5.27, then various
selections on pMVA and calculate significance §/4/S + B.

200 fb-

Significance

Illlllllllllllllllllllll]llll]ll

0...I....I....I....I....I....I....I
-0.15 -01 005 0 005 01 015 02
/ RhoMVA selection

No cut

No gain in significance after selection on pMVA.
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Other possibility: merge pMVA and CSBDT

Not trivial: pMVA inputs are related to each p sub-candidate. Not easy to merge with
an event-variable based BDT.
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Summary

Prepare BY — 797V analysis for pre-LS1 dataset.

Revisited photonMVA: use new variables with good data/MC agreement.
Already validated on data.

Revisited CSBDT: add Br,, variables to suppress even more continuum.

Introduced pBDT: improvement is negligible, maybe not useful to add it in
the analysis.



Backup



ClusterTiming (rel-06)
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Inputs validation — Background only
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Inputs validation — Background only

50



Candidates / 0.02 Candidates / 0.02 Candidates / 0.4

Candidates / 0.025

Inputs validation — Signal only
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