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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
o

Inputs (after pruning)

Background Rejection
o
>

pt :
clusterE1E9 02 mn Train (0.98)
| i - =1 Test (0.97)
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MinC2TDist 0.50
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clusterNHits 0.00—= ' —
signal (train - test) difference p=0.17
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. - i bl - = — -l- - - - )

23



Candidates per 0.013 GeV/c?

Photon MVA validation

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

No photonMVA PhotonMVA>0.2
70_ R ""I""|"'m NE 70_—'"'|""|""|"" I"'I""I""m
- Belle Il (preliminary ¢ Daa : (:&r;; 605— Belle Il (preliminary ® Data )
O [Lat-628" _T?fa' fit + H4 o E [Ldt=6281" _T'f’fa' fit + -
501 =ee=: B —>Kr(°+c.c._: g 50F == B —>Kn°+c.c._:
u -===- Background ] @ - -=== Background E
40F = o 40 E
] 3 ]
30 . 3 30H-1g.|. =
— ‘0' ---------- +£ -g - L "'---.-‘ ............
20; "‘.-‘ :, T + + ++ : 8 20 : ............ :
10f- = 10f =
902 A T 005 0005 00 0 o2 902 P T R - B ¥ T K B TR
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. Modest impact, but still useful.
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Candidates per 0.013 GeV/c?

Pull

Photon MVA validation

Apply photonMVA to D* — DO(szO)n proc13 sample (chunk1 — 8.6fb").

No photonMVA

e L L A L
— Belle Il (preliminary) ® Data
C 2022

= Total fit

Candidates per 0.013 GeV/c?

- f Ldt=86f" ces Do (D% Koy

— ==== Background —:

Tesssssamsssssssendumm :

R "I"I’ ' |'.1.'|- | R R T T | :
175 1.8 1.85 1.9 1.95 2

InvM(D°)

Background: 59902 + 74
Signal: 33944 + 69
Significance: 110.804

e
60001 Belle i1 (preliminary) ® Data 2
50005_ 2022 — Total fit _f
- Jlm=&sm* ceee Do (D' KO
4000:_ ===+ Background _:
3000 —
2000F 3
1000_ I.ll-lli. --------------- .
D: R Y l‘q--l.‘l‘ PR R T R T R |.‘r‘#-u deaJdoggoa ol ]
1.75 1.8 1.85 1.9 1.95 2
InvM(D°)
= . . . . .
T 0 ten g 0%y S
OE 0O IS S0 é
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Background: 56066 + 490 (-6.4%)

Signal: 33422 + 528 (-1.5%)
Significance: 111.724

My PhotonMVA>0.05 (optimised)

Candidates per 0.013 GeV/c?

Francis PhotonMVA>0.05

I T T T T I T T T T
@® Data

- Tofal fit

L
Belle Il (preliminary)
2022

f Ldt=86f"

6000

5000 .
«ess D' (D" K'mn®)m 3

4000

==== Background
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2000
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042 '}?é: 765 ';?éﬂ- S

{
3
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Y
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L

Background: 57410 + 70 (-4.1%)
Signal: 33519 + 61 (-1.3%)
Significance: 111.158

PhotonMVA works well. Modest impact, but still useful.
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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

28




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.

90
80
70
60
50
40
30
20
10

Candidates / 0.005 ps

IlIIl | I T - 1
2 —0.15 0.1 -0.05 0 0.05 0.1 015 0.

—

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

: llllllllllllllllllll I lllllll | L I llllllll : N :_I | T
120 - s OF
N g % 80
100 = = -
- . 3 0
ke -
- i S B0
80 . 8 -
- ] 50
F E 40E-
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N ] 20
20— — =
N ] 10
0— | | | | T - I | -} I | - I | | | | T I | T I I D O:I I 1 [l 1 I 1 1 1
0 01 02 03 04 05 06 07 08 09 1 04 02
R2
- : S 200F
200~ eData - g 180F-
N —MC ] 3 =
B _ S 160:_
150 - 8 140E
- ] 120
100 - 1O
N ] 80
- ] 60~
50— ] 40
- o® N 20E-
r 11 1 1 | 1 11 1 I 1 1 1| | L1 1 ] : | | | l | L L | | | | L L I L |
%2%%015 01 005 0 005 01 o015 ‘02 % 5 4 6 8 10 12 14
Az [ps] KSFWVariableset

Observe variables with some discrepancies.
Better to use directly sideband data to train the CSBDT
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CSMVA (preliminary) result

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

0 17 S
508
] |
QL ,
& 0.6
o |
- |
S 0.4
e 04
s
U t
@ 927 == Train (0.97)

- = Test (0.97)
%80 02 04 06 08 1.0

Sianal Efficiencv

Better performance wrt old BDT
(AUC=0.95).

Will repeat this using off-res data
for the bkg training.
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Candidates / 0.01 cm

Candidates / 0.003 cm

200
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100
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20

400
350
300
250
200
150
100
50
0

Which are the correct Ar and AZ
distributions?

Sideband data and off-resonance data have different Ar and AZ distributions.
Use Ar and AZ distributions with respect to the IP (not the lab origin).

with respect to the origin
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CSMVA using data to train bkg

Off-resonance data

.26
Mbc
Pro: describes well the
background in the signal-region in
all the variables

Cons: very small amount of data
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Sideband on-resonance data

10000

8000

6000

4000

2000

5.27

]

5.28

529
Mbc

Pro: very large amount of data

Cons: doesn’t describe well bkg in
the signal region in two
distributions (angles between
pions)




Candidates / 0.05

Sideband on-resonance data

Only two distributions not describing well bkg in signal region:

: T T | T T T |TI T T | T T : § 140 :_ T l T T T _:'

100— ® ] S u ]

B - w120 -

- ® Off-Resonance ® - @ ~ @ Off-Resonance . N

80— Signal-like region (MC) *%e ,* ] g 100:— — Signal-like region M‘: —:

 — Sideband On-Resonance ® _ S ~ — Sideband On-Reso N

§ 0? + ] 60— —

40— o * ¥ . . .' o . .

- ® - 40— —

- o* 2— - e . ;: ]

20— * — - -

- .’ 20— [ ¢¢. —]

- * “’ q N ° Al _

0 . .I 1 I 1 1 I 1 1 1 | 1 11 | 1 1 [l | [l L1 I 11 1 0 B 1 1 1 I [l . 1 |' 1 1 1 | 1 1 1 I 1 1 1 N
-1 08 ﬁis 04 02 0 02 04 06 038 1 2 2.2 2.4 2.6 2.8 3 3.2
cosHelicityAngleMomentum Angle between s
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CSMVA using data to train bkg

Off-resonance data

Cons: very small amount of data

35

Sideband on-resonance data

O: very large amount of data

Cons: doesn’t describe well bkg in
the signal region in two
distributions (angles between
pions)




CSMVA using data to train bkg

Off-resonance data

Do not exclude the 2 variables from
the BDT.

|
|
|
A
/)

S 0.8 &
© ﬁ \
@ .

£ 0.6 ¥
s | 1
c : [ |
§ 0.4-

o ﬁ

o

X |

& 02" wgy Train (0.98)

- ¥ Test (0.94)
%80 02 04 06 08 1.0
Signal Efficiency

Sideband on-resonance data

Exclude the 2 variables from the BDT.

10— e e
508 \
© | ‘
Q _
2 0.6 e
© | p
C +
3 0.4- .
o
Y
% | d
o 02" g Train (0.96) g

- @ Test (0.96)
%80 02 04 06 08 10
Signal Efficiency

Small off-resonance data sample makes CSBDT not very reliable,
while sideband data gives -2% in AUC.
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CSBDT dependences with fit variables

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

10000 |
9000 F
8000 |
7000 E
6000 F
5000 F
4000 f
3000 f
2000 F
1000 [

250 |
200
150 |
100 |

50 |

deltak

1

11

FBDT_grCombined

0.2

600 [

500 - CSBDT<0.2

400 |
- CSBDT>0.4 && CSBDT<Q.
300 - CSBDT>0.6 && CSBDT<r .

200 | CSBDT>0.8

100 [

0 B . L il .
5.24 5.25 5.26 5.27

CSBDT>0.5 && CSBDT<0.6

CSBDT>0.7 && CSBDT<0.8
CSBDT>0.8 && CSBDT<0.9
CSBDT>0.9

Some sculpting in gr
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qr variables on SignalMC

0

r- Interval £ Ag; w; £+ dw; Aw; = 0Aw;  €eff,i £0Cesf,i Ateffi T 0AEesfi

0.000 - 0.100 16.9 0.17 4751 £0.24 2.47 1+ 0.47 0.0420 +0.0080  —0.0829 % 0.0193
0.100 — 0.250 16.6 0.12 41.01 =0.24 0.85 + 0.47 0.5356 £0.0283  —0.0981 £ 0.0571
0.250 — 0.500 21.1 0.75  29.90 £0.20 0.64 £ 0.39 3.4112 £ 0.0675  —0.0948 4= 0.1350
0.500 - 0.625 11.7 —0.26  20.87 =0.23 1.87+0.46 3.9781 £0.0667  —0.5973 = 0.1346
0.625—0.750 11.5 —0.03 15.09 £0.21 0.81 £0.41 5.0976 £ 0.0728  —0.2756 %= 0.1460
0.750 — 0.875 8.7 0.06 8.27 £0.18 0.56 = 0.37 6.0356 £0.0653  —0.1225 =+ 0.1307
0.875—1.000 13.5 —0.81 1.74 £ 0.07 0.21 +£0.14 12.5839 = 0.0721  —0.8637 = 0.1445

Total Eeff = 9. (1 —2w;)> =32.18 £0.16 Accsy = —2.13+0.32

r- Interval £ Ae.- w; == 6w,- Aw,- - 6Aw, Eeff,i - 6{56]}',‘ eff,i - 6A€cff,i

0.000 - 0.100 17.7 0.27  47.27 £ 0.26 2.58 +0.51 0.0526 = 0.0099  —0.0986 £ 0.0217
0.100 — 0.250 16.8 0.26  41.09 £ 0.26 1.07 £0.52 0.5322 £0.0311  —0.1189 £ 0.0623
0.250 - 0.500 21.1 0.60  30.37 £ 0.22 0.24 =0.43 3.2461 = 0.0728 0.0138 == 0.1457
0.500 - 0.625 11.5 0.06 21.40 £ 0.26 1.66 £ 0.52 3.7607 =0.0723  —0.4175 £ 0.1445
0.625—-0.750 11.2 -0.13 15.23 = 0.23 0.97 £+ 0.46 5.4192 = 0.0794  —0.3649 = 0.1588
0.750 — 0.875 8.6 —0.22 8.46 + 0.20 0.46 = 0.41 5.9675 £0.0721  —0.2828 £ 0.1442
0.875—-1.000 13.1 —0.85 1.62 £+ 0.08 047 £0.15 12.2983 £0.0783  —1.0309 = 0.1565

Total Eeff = 9.6 (1 —2w;)” = 31.28+ 0.17 Ae.sy = —2.30 £0.34
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Events

qr variables on SignalMC

0)

Final Flavor Tagger Output

12000 — — true BO
| <4 true BObar

10000 —

8000 —-

6000 [+

4000 [+ 7777

2000 (=

-1 —.8 .6 0.4 0.2 0 0.2 0.4 0.6 0.8
gr-output

TOTAL NUMBER OF TAGGED EVENTS = 273256

TOTAL AVERAGE EFFICIENCY (g=+-1)= 100.00 +- 0.00 %

TOTAL AVERAGE EFFECTIVE EFFICIENCY (q=+-1)= 32.184039 +- 0.156912 %

TOTAL AVERAGE EFFECTIVE EFFICIENCY ASYMMETRY (qg=+-1)=

-2.134811 +- 0.315022 %
BO-TAGGER TOTAL EFFECTIVE EFFICIENCIES: 31.14 +- 0.20 % (g=+1)

FLAVOR PERCENTAGE (MC): 60.52 % (q=+1) 39.48 % (g=-1) Diff=21.03 %

1

33.27 +- 0.25 % (g=-1)

Events

39

— true BO

8000 <4 true BObar

7000

6000

5000

TR T T e e e e e ey T T T
I

4000

1
=]

3000

SERRAANANS

2000

1000 [&-

—.8 0.6 0.2 0.4 0.6 0. 1
gr-output

TOTAL NUMBER OF TAGGED EVENTS = 214462

TOTAL AVERAGE EFFICIENCY (g=+-1)= 100.00 +- 0.00 %

TOTAL AVERAGE EFFECTIVE EFFICIENCY (q=+-1)= 31.276453 +- 0.171015 %

TOTAL AVERAGE EFFECTIVE EFFICIENCY ASYMMETRY (g=+-1)= -2.299739 +- 0.341994 %

BO-TAGGER TOTAL EFFECTIVE EFFICIENCIES: 30.15 +- 0.24 % (g=+1) 32.45 +- 0.24 % (g=-1)

FLAVOR PERCENTAGE (MC): 49.59 % (q=+1) 50.41 % (gq=-1) Diff=-0.82 %



gr variables on SignalMC15

Check after CS selection (>0.7).

Default CS + Ar and Default CS + Ar, AZ, Sato-san

Default CS iV 4 and ROE tracks parameters

Total effective

efficiency (q=+-1) 33.48 + 0.20%

33.16 £ 0.19%

34.81+0.19% 33.73 £ 0.03%

Total effective

efficiency 2.84 + 0.40% 2.58 + 0.39% 2.50 + 0.39% _0.09 + 0.06%
asymmetry
. :
SIEIERELTE 3210 + 0.24% 31.90 + 0.24% 33.59 + 0.24% 33,69 + ? %
efficiency
. :
SEITEEEIE 34.93 + 0.31% 34.48 + 0.30% 36.09 + 0.30% 3378 +? %

efficiency
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Data

MC

Flavor tagging validation: to do

Signal channel

— T

Data

BY = 707

MC

Done

0

Control channel /

Sato-san
parameters

B’ 5> D=(K*n~n 7 )n™*

Data

/

41

B 5> D=(K*zn~n 7 )n™*

MC




Flavor tagging: B = D= (K n~ 7))zt in MC

Using ~100fb”1 of MC with no selections at all, | obtain Ae = -3+ 1.3 %.

Expect not very good precision with the current data.
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» MVA



» 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

46
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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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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)

0.45F
0.4}
035}
03]
025}

0.2f

0.15;

0.1F

0.05F

-50-40-30-20-10 0 10 20 30 40 50

clusterTiming




Candidates / 0.025 Candidates / 0.02 Candidates / 0.02

Candidates / 0.025

Inputs validation — Background only
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Candidates / 0.05 Candidates / 0.35 Candidates / 0.02

Candidates / 0.025
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Inputs validation — Background only
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Candidates / 0.025 Candidates / 0.05 Candidates / 0.05

Candidates / 0.05

Inputs validation — Background only
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Inputs validation — Background only
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Inputs validation — Signal only
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Inputs validation — Signal only
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Candidates / 0.025

Check — Background only using
B — D(Kzn")x sideband

Candidates / 0.005 ps
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CSMVA using off-res data for the bkg

Train on off-res data and signalMC after applying all ¥, AE, and M, . selections.

1-0""""'"""""'"'""'"'""--'i'-“‘iiiiiici?E‘.lT.’r:ﬂ:??;";;";."'I'I"“"';;;I';; """"""""""" o
Inputs (after pruning) _ — . ””““I””"m "
~—075 !i 1
7 Kakuno-Super-Fox-Wolfram moments -% 0.8 e '|II
GJ | Lz
cosTBTO T o6 » |
[ gl st aerence p =057 |
1 CleoCone e '
3 0.4- B
cosTheta* ‘_@ j
X
R2 a 92 =1 Train (0.98)
thrustom - =1 Test (0.94)
080 02 04 06 08 1.0
N7 (BTag) Signal Efficiency
Ar (BTag) Train bkg sample (from offres): 1000 events
thrustAxisCosTheta Train sig sample (from MC): 180000 events

Test bkg sample (from offres): 500 events
angle between 1°’s Test sig sample (from MC): 90000 events

cosHelicityAngle

- -1
KSFWVariableset Very small off-res sample (9fb-1)

— poor BDT (total off-res sample
will be 18fb-1)

KSFWVariablesmm?2
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CSMVA using off-res data for the bkg

But what off-resonance data can | use?

In previous result | was using only
the signal-like region

Off-resonance data:

929 region

5.24

5.23

5.22

5.21

5.2

7 "‘2
$14

| aeT . ) ‘.Q"
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TR Y L AT W
S SR
% Q&A

) TR
%ﬁg‘.‘?g"ﬁﬁf

dite. s,
S
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Candidates / 0.025

CSMVA using off-res data for the bkg

Off-resonance data:

O 526 '
But what off-resonance data can | use? - aidib | signaldike
5.25 | e iadid] region ' Sldeband:
In previous result | was using only R 75 A PR SEND D
. . . - |
the signal-like region 5.23 |- | | ,
. . Sideb : sk
s22p 4 | Sideband  Sideband
Compare CS input distributions in signal- 5010 | | =
like and sideband regions (in off-resonance R BT e
. N L [ | L |
data)' -0.4 0.2 0 0.2 0.4
deltak
70;— regior_g % C + regiorT] g 70%_
60;_ reglon_; g 80_— reglon—_ § 602_
50 S . 5 =
- 60— © S0 E
40F- L 40 =
3 “or soF- E
20 20 20? _
10 . - 101 ¢ =
001 02 03 04 05 06 07 08 08 1 0508 66 04 02 0 02 04 08 08 1 030806 04 02 0 02 04 06 08 1

All variables that have discrepancies are not CS inputs anymore

(after pruning), except cos
61

cosHelicityAngleMomentum

HelAngleMomentum.

thrustAxisCosTheta



CSMVA using off-res data for the bkg

Train on off-res data and signalMC after applying all 7 selections.
Use all off-resonance data (including sidebands). Exclude cosHelicityAngle.

Inputs (after pruning)

7 Kakuno-Super-Fox-Wolfram moments

cosTBTO

1 CleoCone
cosTheta®
R2
thrustOm

N7 (BTag)

Ar (BTag)
thrustAxisCosTheta
angle between m°’s

HalicitvAnel

KSFWVariableset
KSFWVariablesmm?2

1.0 LTI ITITITI
Y
-
o 0.8 ios
" L3
U . 104 [
T,
— © 02
g 06 0.0 I |
_c signal (train - test) difference p = 0.98 ]
5
O 0 4 ;.,u"" - 3:3::‘33 = .Eftr:_,_...q_ T e " - |
L “““ F
o
Y4
% {
m 0'2_' “==1 Train (0.97)

- =1 Test (0.97)
%80 02 04 06 08 1.0
Sianal Efficiency
Train bkg sample (from offres): 8000 events
Train sig sample (from MC): 180000 events
Test bkg sample (from offres): 4000 events
Test sig sample (from MC): 90000 events

Better result wrt previous one
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CSMVAs comparison

Background Rejection

All MC

Off-res data + signalMC

10— A e

o
o

o

4

0.2° pg=n Train (0.97)
== Test (0.97)

%80 02 = 04
Sianal Efficiencv

o o
o o

Background Rejection
o
B

0.2° w9 Train (0.97)
== Test (0.97)

06 08 10 %80 02 = 04
Sianal Efficiency

0.8
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Lol
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signal (train - test) difference p=0.86

background (train - test) difference p = 0.54
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S o

0.8
i 0.6
*
i
0.4
"
0.2
0.0 ———
o G0 signal (train - test) difference p=0.98
g
e oS - '; .i
[=]
o U background (train - test) difference p=0.13 _ - - - - &
E O g B = W P R “0—‘.“‘1- —
[=]

......

+
o

Oassifier Outpt

ROC curves are the same, but distributions are quite different




Sideband in off-res data is fine.

But then what about the
on-resonance sideband data?



Candidates / 0.005 ps

Sideband data vs off-res data

Data:
‘25 5.29 |
Sideband distributions seem good in 528t Sideb * gignalregion  sideband
off-res. 527t and | :
5.06 it NI <
525 F |
524 F ;
Compare CS inputs distributions in signal- 523 F S;:Zb  Sideband | Sideband
like region (in off-resonance data) and 5.22F
sideband regions (in on-resonance data): 5:21 3
o EHERGT R R
-0.6 0.4 0.2 0 0.2 0.4
deltak
wE o yTTTTTTTE 8 F s F  t E
160:— S ) = 0 C < o50— + ) ) -
e @ Signal-like regiory 2 C e C e Signal-like regior
140:_ + ++ —Sideband region 5 é 80— @ - —Sideband region
E - c B © 200
120F- ++ = 8 C 32 -
100 ] o0 § 150
o ER
20— — C
015 01 <005 0 005 01 015 02 e 02 04 06 08 1 th

Az [ps]

cosHelicityAngleMomentum

Observe large discrepancies also in Ar and AZ.
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Candidates / 0.005 ps

Which are the correct Ar and AZ
distributions?

Sideband data and off-resonance data have different r and AZ distributions.

200:_*"I"" I"'I'+'I"""""""""*_| a 3[)0_—"'I"'I'+ """"""""
180 Off-resonance data 3 - 4 Off-resonance data
- 5, 250
160 + ++ On-resonance data 2 - On-resonance data
L W -
140F 4 (sideband) £ 200F (sideband)
120:_ + ] g C 7]
100F- b = 8 150 =
801 = - .
O E 50— =
20 = : N
_Qo‘—lu - R s = - -
2 015 -01 -005 0 005 01 015 0.2 0 0.02 004 006 008 01 0.1
Az [ps] Ar [ps]

| need to understand which one reproduces correctly the signal region:

Red is correct — use sideband data (and exclude cosHelAngle from the inputs)

Green is correct — use off-res data (and exclude cosHelAngle from the inputs)

Stiil thinking how to do this.
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Candidates / 0.005 ps

Which are the correct Ar and AZ

distributions?

Sideband data and off-resonance data have different r and AZ distributions.
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Candidates / 0.005 ps
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Candidates / 0.01 cm

Candidates / 0.003 cm
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50
0

Which are the correct Ar and AZ
distributions?

Sideband data and off-resonance data have different Ar and AZ distributions.
Use Ar and AZ distributions with respect to the IP (not the lab origin).

with respect to the origin
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Improved situation
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Candidates / 0.005 ps

Candidates / 0.025

Which are the correct Ar and AZ
distributions?

Sideband data and off-resonance data have different r and AZ distributions.
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Candidates / 0.05

Which are the correct Ar and AZ

Sideband data and off-resonance data have different r and AZ distributions.

distributions?

T T T T T I T T T I T T T | T T T
g
| e Off-Resonance *+ i
80 _ gignal-like region (SignalMC) *’,
~ — Sideband On-Resonance
60_— ;
sof- oty §§—:
20— &
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o:» :
O_A_L_L_W. ceo e by v b b e gy

TR0 20

02 04 06 08 1
cosHelicityAngleMomentum
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Which are the correct Ar and AZ

distributions?
Simulation Simulation
24000 _
22000 [ Wrt (0,0,0) S0000 - J‘ Wrt (0,0,0)
20000 [ L
oo | Wrt IP w0000 | Wrt IP
16000 F :
14000 ;— 30000 o
12000 | ;
10000 F 20000 [
8000 [ :
6000 | :
4000 | 10000 |
2000 | '
0—..1....1... NP PR 071...1. AP R [ N
03 -02 -01 0 01 02 03 —0.06 -0.04 002 0 0.02 0.04 0.06 0.08 0.1
A7 [cm] Ar [ecm]

Now we have the expected distributions!
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