Update

1- Signal MC (inclusive tau)
2- Control channels

Sample size

5.0 M dedicated signal MC
B* - K* T (- generic) u*
B-- generic

03 streams of generic MC normalized to
Belle luminosity.

Basf2 release: light-2409-toyger
30/10/2024
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Signal decay modes

* Added all the possible signal decay modes.

—— mode 1;B" - K" 1¢
— mode 2:B" - K 1¢
—— mode 3:B" 5 K" 1 p*

—— mode 4: B - K"t
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Signal side veto selections

. Followmg veto selections are |mposed on the signal side.
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BDT training

Input variables = {AEg:.y, ACOSO, piag, Mroe, NLepton, nPhotons}
Input arlahla: P

g | Fi 'S‘iulll'a:l'l""l' "I""I""I""I'L; ﬂ LN L AL L R DL L L L B L L L R I P:
o 08 Background 4 = ] L
ER o 73 o i
z o7 § = § z é
= 08 iz Z 1= = =l
" T 3§ = e | o
) iz 15 o g Ranking result (top variable is best ranked)
0.3 E 1% - =
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o E :g o2 g Rank : variable : Variable Importance
H 0 15 0 1. #DeltaE_(Btag) ¢ 2.082e-01
45 -1 05 0 05 = 05 o 05 1 25 : = a} ¢ £.0Bce
ABgp, fanhiDeltacosthata) Piog i : ta?gégiltaco'frthe'ta) H i-g?ge'gi
L B dlg e-
input variable: nPhotonsSelected 4 - p:{ltag} : 1.545e-81
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b Z 05 3 = ] : _
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Loose selections for BDT = [1.6<Mgroe<2.6, 0.2<pPiag<2.5, AEgiag<1.0] GeV



BDT response

TMVA response for classifier: BDT TMVA overtraining check for classifier: BDT

5 ofESighai T T T T T E [ Sighal Geskshrwple) |||+ Siarat (vhining saple) | T ]
E Background 7 E 3.5 E@ Background (test sample) | | * Background (training sample)_:
2 25 L _] E ;Kulmnguruvﬁmim v test: signal (background) probability = 0.019 (0.003) E
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Punzi figure of merit

* Punzi figure of merit.

FoM_ =—U
Punzi %-hj%

g(t) = signal efficiency

a = desired significance

B(t) = remaining background even

Optimal cut BDT > 0.10

[ Cut efficiencies and optimal cut value |

Efficiency (Purity)

Signal efficiency

Background efficiency

- — — — Signal purity
------- Signal efficiency*purity

{S/2500000}/{3./2+ B}

0.2 {—For 7326 signal-and 1681 backg
[ events the maximum {S/250000043.
n cutting at 010

1 1 | 1 1 1 1 1
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Classifier Input Nsg Input Npg Optimal cut FOMpynzi
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0
Cut value applied on BDT output
Final Nog Signal eff. Bg eff.
290 0.5556 0.1725



BDT response after optimal cut

S -
Signal is normalized to the BF of b — B oK' Tt
> : MB'B and B8’
Nsig = 63 4? +
Nbg = 35 3-55_ J[\— + + — BDT>0.10 & Normalized to 5x10°
3 -
2_55 +‘\‘ Jr++ JF + . BDT > 0.10 & Normalized o Belle luminosity
+

Using AEgwg in the input variables, .
we have much better SIB.

I




Control mode study

* Now, | have a script, which can simultaneously reconstruct the following two control
modes

1- B* - Jp(pp) K
2- BT - (@S)(pp) K

= Belle data, B — J/¥ (W 1)K
4500 —— B =5
4000 — [ 8°%B°
3500 |— Bl -- - <
= [ ] e*¢ — un,dd,ss
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N
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Selections for B* - J/@(p*p) K*

. : -Full Belle dataset
-Additional variables (My. and AE) to use -01 Stream of generic MC

alongside other signal variables.

140| — Beledata,B' > ¥y [ »> | T Belecea B o ¥ K
o [ 5
— ms > -
120 - Bogﬁ 0 -
- g'e - _D e'e - Ul
100/ [ ] ee > unddss C
- 0
80| IAE| < 0.05 GeV
M, >5.27 GeV o
60— -
B 0—
40— -
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20— 0
B L1 1 I"‘ | L1 1 1 -ll | ‘ I ‘ I ‘ L1 1 1 I—l |- 0 L
%.2 521 5.22 523 5.24 525 5.26 527 528 529 01 008 006 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

Mbc AE

IAE| < 0.05 GeV Mpe > 5.27 GeV 9
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Selections for B* - J/@(p*p) K*

S0 Belle data, B — J/%(u'w)K’
45— 1.7 <mp e < 2.2 GeV, CEN)
— [ 8%’
40 — B ce >t
— [ ] e'e —bddss
35—
30 —
25 —
20 —
15—
10 —
5—
0 1.7 1.8 1.9 2 2.1 2.2 2.3
m

ROE

1.7 < Mroe < 2.2 GeV
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AcosO for B* - J/P(ptu) K*

Belle data, B* — J/¥(u'u)K*
. e

[ 8%’

Bl e ->cc

[ ] e*e — unddss

Data/MC = 0.82

NDATA =417 £ 20
Nuec =502 + 22

Slightly different shape and
agreement from previous
version perhaps because of
only one stream of MC.

| | | I-I-I | | | | | | |

0 0.5 1 1.5 2
Acoso

12



BDT analysis for B* - J/@(p*y) K*

Input variable: AE,,

1 M dedicated sighal sample
1 Stream of generic MC
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TMVA response for classifier: BDT

'r_z-lsiblnlalll|IIII|IIII|IIII|IIIIIIIIIIIII
177] Background

{1/N} dN / dx
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BDT analysis for B* - J/@(p*y) K*

TMVA overtraining check for classifier: BDT
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UiO-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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BDT responss oo

{1/N) dN / dx
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[ — B T

77 signal (test'sample)

@ Ba::kgruupd (test sample)

'« Signal (traifing sample) | I_E

# Background (training sample) 2

- Kulmuguruu&mifm test: signal (background) probability = 0( 0)

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%



Background rejection

BDT analysis for B* - J/Qp(u* ) K*

Background rejection versus Signal efficiency
1y

ot
o

TMVA

..............................................

N

IIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiII
0.8

01 02 03 04 05 06 0.7 0.9

Signal efficigney oo

1

Need to understand more
about the BDT analysis for
B* - J/Q(u ) K*

15



Control mode B* - D°(K*mt)1t*
To further check our results, we are using the following decay as our second
control channel mode.
B+ . DO (BF = 4.61x107%)
DO o K*'1r (BF =3.947 %)
Topology of this decay is also similar to our signal decay.

We assume that 1 is missing, so that it can replicate our signal decay
reconstruction.

We have performed the initial checks on the dedicated MC.

We have also checked it on the Belle data set. 16



Selections for B* - DO(K*rt)

-Full Belle dataset
-1 Stream of generic MC
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—— Belledata, B > D'Kmwef o > — Bolodan S DA
B 5B 120| Il ve

250 | [ B8’ =BE§ A | > -
- e'e > ¢t 100 l:l e'e - UT,dd,s5

200 [ ]e%e > unddss L

80

|AE| < 0.05 GeV

150

60

M, > 5.27 GeV

100
40

Data/MC = 0.96

50 20

827 TeaT 52z 5 s 5% 5% 82 58 52 %1 008 006 004 062 0 002 004 006 008 0

|AE| < 0.05 GeV Moc >5.27 GeV 17



Selections for B* — DO(K*1t)1t*

PR B — Belledata, B - D'(K 7)1’

—— Belle data, B' » D (Kn*)n* D I el e
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Selections for B* — DO(K*1t)1t*

Belle data, B* — DY(Knt*)m*
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100 —
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1.7 < Mroe < 2.2 GeV
19
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AcosO for B+ — DO(K*TT)tt

Belle data, B* — D (Kn*)n*

K
[ B8’

B cc >cc
[ ] e'e — ut,dd,ss

Data/MC = 0.95

-0.5

0.5

o I N

1.5 2
Acost

NDATA = 1493 + 39
Nmc = 1555 + 39

Reasonable agreement of
shape between data and
MC.

20



BDT for B* — DO(K*t) 1t

Not started yet

21



Summary

All the four signals modes are included now.
S/B is better now for signal after including AEg:wg in the input variables.

Need to understand how to use BDT on the control samples.

22



Backup
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Classifier

BDTG:
Fisher:
MLP:

#signal, #backgr.)

7326,
7326,
7326,
7326,

1681)
1681)
1681)
1681)

Optimal-cut

0.1041
0.1816
-0.0506
0.5842

(s/2500000) /(3. /2+sqrt(B))

8.78604e-05
8.38754e-05
7.98266e-05
8.71967e-05

4070
4524
5465
4293

Punzi figure of merit

NSig

0.5556
0.6175
0.746
0.586

NBkg Effsig
0.1725
0.2397
0.3986
0.1969

EffBkg



Figure of Mertt

Cut efficiencies and optimal cut value

Signal efficiency @ —————- Signal purity _
A B G e L e Signal efficiency*purity
Background efficiency  _ g)ys.B
= = 3
= B — 80 e
h —]
= — 8
o — 70 =
S — o
> - h
c — 60 w
2 -
0 — 50
= ]
L =40
..... E 30
= —20
0.2 For 7326 signal and 1681 background : : : -
[~ events the maximum S/YS+B is \ —{10
o 77.2503 when cutting at -0.3864 -
0 | | | | | | | | | | | e ——— [ —— —— 0
—0.6 0.4 —0.2 0 0.2 0.4 0.6 0.8
Cut value applied on BDT outputy._signat.root
Classifier ( #signal, #backgr.) Optimal-cut S/sqrt(s+8) Nsig NBkg Effsig  EffBkg
BDT: 7326, 1681) -0.3864 77.2503 7307 1648 ©.9974 0.9756
BDTG: 7326, 1681) -0.8996 77.21 7326 1677 1 ©.9976
Fisher: ( 7326, 1681) -0.6159 77.2212 7323 1670 ©.9996 ©.9935
MLP: ( 7326, 1681) 0.0729 77.2322 7322 1666 ©.9995 0.9911



Reconstruction methodology

We are using B2BIl module for this analysis. Bsig—* Kum Bia , Al remaining
9 tracks and clusters
We are right now working only on Belle environment @
and Belle Il will be added later. Bsig > K
Btag—rROE +f,(I=e,p)

We reconstruct Bsig by combining K, and p tracks.
B - K* T_( — TU VT)”+
B_ — X B_ V€

By combining Bsiy and Biag, We form an Y(4S) candidate. 27



Particles selection

e selection: do <1 cm, |zo] <4 cm, p > 0.05 GeV, elDBelle >0.6, mulDBelle <0.98, atcPIDBelle(3,0) <0.98
p- selection: do <1 cm, |zo| <4 cm, p > 0.05 GeV, mulDBelle >0.6, elDBelle <0.98, atcPIDBelle(3,1) <0.98
K- selection: do <1 cm, |z¢| <4 cm, p > 0.05 GeV, mulDBelle <0.98, elDBelle <0.98, atcPIDBelle(3,2) >0.6

Tt* selection: do < 1 cm, |zo] <4 cm, p > 0.05 GeV, atcPIDBelle(3,2) <0.6

Tr° selection: 0.08 < My < 0.18 GeV 4 . For ROE only

\
Photons selection: goodBelleGamma==1 and pybdt_bb>0.3 and pybdt_fp>0.3

" MVA Photon cuts
28


https://software.belle2.org/development/sphinx/analysis/doc/Variables.html#variable-beamBackgroundSuppression
https://software.belle2.org/development/sphinx/analysis/doc/Variables.html#variable-fakePhotonSuppression

Correlation matrices

Linear correlation coefficlents in %

Correlation Matrix (background)

Linear correlation coefficlents in %
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Background rejection
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DataSet
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............. : \ dataset
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Signal effigiengy. oo

MVA

Method:

BDT
MLP
BDTG
Fisher

ROC-integ

: 8.756
: B.756
: B.748
: B.732

30



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

