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Intro R

Summary

o 7’ rediscovery on phase2

n' rediscovery: Note available BELLE2-NOTE-PH-2018-038

Dataset channel considered for n’
e Data exp3, Prod6, skim Hadron o7 = n(—=yy)nTa~
[[nTracksLE>=3] and [Bhabha2Trk==0]] o = n(— 7T+7T_7TO)7T+7T_
@ MC phase2 qg continuum events o7 = p(— 7T+7T_)’)/
- G pmes et Cliellangs, TDEY Hdus other light resonance discussed in the
(light resonance 7, 7', p, ¢ plus Ks) note 7°, (= vv,37), ¢, K2, p,
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n = n(—=yy)r T <R

n — ~~ Data Prod6

+

o § 4000}‘ T W T ‘:‘g:“a‘ ‘ ‘—f
> |do(m)| <2 em, |zo(m)| < 4 cm E as00l- J e ]
» PionIlD > 0.5, KaonlD < 0.5 & 3000; Y E
> p. > 200 MeV < . ]
2 s i Ko iinesius s
o — Yy § ;AN
> Cluster: Ny > 5, Eg/Ey > 0.93 w
> 450 MeV < E, < 6 MeV 1
» 0.5 < M‘r"/ < 0.62 GeV 1000
o 50
» 520 < M,, < 580 MeV
> p, > 700 MeV =
o VertexTree for n — vy ¢ : + 1
0.45 0.5 0.55 0.6 0.65
M (GeV)
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n — n(— yy)r 7~ Data - MC comparison NN

Events/ (GeV /67)

Pull

Belle I
Data - Phase 2 MC - Phase 2 BGx1 DC - Phase 3 BGx1
L e e o A I L e B ~ 700 . . : : = —~ e : : : : -
F > C 3 > C
10 Belle 1l Preliminary - Data L=0.49 b & E Belle Il Preliminary - MC L=1 fb* 1 & [ Belle Il Preliminary - DC L= +—E
- . 6001, - 500[— . ]
[ n=n (=) | © En-n(-w) e 4 B 0 [ n=n (=) +1
L | o £ 2l @ C gl
100[—Yield = (87 21) cands N g s00F_Yield = (932 £53) ¢ + A g [ vield = (850 +50) ca ]
F J 3 E 7 Q200 4
[ 1=(0.9564 +0.0031) Gp 3 ® [ 1= (0.9489 +0.0007)) Geyl/c? Z | ® [ 1= (0.9526 +0.0008" c? |
805 = (0.0119 +0.0036), | O 4005 = (00108 +0.000F") GeWc? ~ = F o= (0.0117 + 0.0008) Gevi 7
[ 1 S F 7 1 S 300~ =
L N ~ 300 — ~ L il
o N B §u) C + | 2} E |
t q = E 3 200 -
soF 4 2 200F i = g E 7
[ —+ Da i w E 4 Date N w F Z “+ pa i
F ata F g ata L 7 7% ata
r —Fit 100 Gk X —Fit 1001~ ++ 7 4 —Fit
20— C b A F 7 X
[ Signal E 7 X Signal [ A& 7 Signal
L = Background 3 # =i Vi —
AN 1.05 11 885 09 0.95 1 1.05 11
I T - T T T T
— - - TS - 2 . <
_— B = = S ke — .
= El a - El a | = e
E e 3 2f T o 3
T I T N A RS MR RO | 1 E| Ina 1 ani L
0.85 0.9 0.95 1 1.05 11 . 1 1.05 11 0.85 0.9 0.95 1.05 11
M (GeV) M (GeV) M (GeV)

(similar to previous presentation) MC and DC ok, o wider in DC.
Small signal on Data, larger o 18 vs 11 MeV J
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n = n(— st 7)rta”

07T0*>")/"y

> Cluster: N, > 1.5,
Ey/E» > 0.91
> 50MeV < E, < 6GeV

» 125 <M o < 150 MeV

> p_o > 100 MeV

07'('i

> |do(m)] <2 cm,
|zo(7)| < 4 cm

» PionlD > 0.5, KaonID < 0.5

> p, > 100 MeV

o7
> 510 < M, < 590 MeV
> p, > 150 MeV

o VertexTree for 0 — vy and

n — 37

S.Lacaprara (INFN Padova)

Events / (GeV /3429)

Pull
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TDCPV eta'Ks
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D — _ .
n — n(— 77 7% 7x 7" Data - MC comparison NN

Data - Phase 2 MC - Phase 2 BGx1 DC - Phase 3 BGx1

—~ 7 —~ T ~ T
o L Belle Il Preliminary - Data L=0.49 fb™ 4 > C ul > E 3
© 30:—"“” [ — ] 8 700 —Belle Il Preliminary - MC L=1ff}* - 8 180[ Belle Il Preliminary - DC L= E
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) [ 1= (0.9554 £ 0.0037) GeV/c? 1 Q600 g S E
[ W= (0:9554 £0.0087) Gevie ] = [ Yield = (742 + 48) cands B S E Vield = (254 +29) cands B
= F 0=(0.0107 £0.0073) Gevig{ ] - £ | Z 10— -
”n C 3] ~ 500 =(0.9507 +0.0005) GeVfc? 2| ~ [ 1 =(0.9527 +0.0009 ) GeV/? Bl
£ r ] ) E 4 » 120 7
T o | c E 0=(0.0070 +0.0005 ) GeY/c% 2l c E 6=(0.0077 £0.0013 ) GeVJc} 3
> f P Q400 Z Q100 + 1
[ > E 5| > - g |
w L 1 w = 1 w E |
5 3 300 Z 80— =
E § E 7 60— 2|
101~ < S| 200~ Z E B
r y 1 £ 2 40 =
[ S §| E g = 3
5S¢ \ o 100p 1 20— =
f ] AR A sl A A A AR A E TN o B )
3 DN HMIMMMIMIINIR 3 0.9 0.95 T 105 085 0.9 0.95 T 105
e e e e e e A -
- 2F - ‘ ™ ] i ' T ' 3
5 o e = e — = E | BEREEE S B
T E T = T 0 ] L] — | a OB —~ - —_—
-2F 3 —_ = = E| 2F T — E
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Now MC (new) and DC are as expected.
Maybe signal on Data, very low significance and background shape not trivial
(and not well modelled by fit)
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Belle I

n = p(= T )y

°p —Sata”

vy vy VvVYyYy

PionlD > 0.5, KaonlD < 0.5

pr > 0.3GeV

0.470 < M, < 1.07 GeV before fit
0.65 < M, < 0.9GeV after fit

@ v gamma:all from stdPhotons

vyvyVvyy

0.296706 < 0 < 2.61799
Cluster: Nhits > 15, Eg/E21 > 0.91
500MeV < E, < 6GeV
Pi0Veto
* no v in ROE with
M., — Mﬂo\ < 20 MeV

°py > 0.2 GeV

o VertexTree for p — w7
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<X

p — wtn~ Data Prod6

1200

1000

Events / (GeV /200)

400~

Yield = (13447 + 679) car

L Belle Il Preliminary - DataProd6

k. 1=(0.7652 + 0.0016) Ge
~- 0= (0.1231 £ 0.0072) Ge

L pomozocevil i

Pull
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Belle I

n = p(= T )y

+

e p—>Tm

vy vy VvVYyYy

PionlD > 0.5, KaonlD < 0.5

pr > 0.3GeV

0.470 < M, < 1.07 GeV before fit
0.65 < M, < 0.9GeV after fit

@ v gamma:all from stdPhotons

vyvyVvyy

0.296706 < 0 < 2.61799
Cluster: Nhits > 15, Eg/E21 > 0.91
500MeV < E, < 6GeV
Pi0Veto
* no v in ROE with
M., — Mﬂo\ < 20 MeV

°py > 0.2 GeV

o VertexTree for p — w7
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p — w'mw Data Prod6
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n — p(— 7 7 )y Data - MC comparison

Data - Phase 2

MC - Phase 2 Ble

<X

DC - Phase 3 Ble

o [ Bélie prefiminary ‘DataL=da9fo T T T ] ~ [ Belle lpreliminary “mcL=1fo™ 3 < 1% Bdile erefiminary oel=T T T T
Q& 1z -pmmy - 5 [r-p(-nmy § @ En-p(-rmy &
- [ Yield = (41+15) cands 1 -~ Z5uusle\d=(16591119)cands | ,‘3 1400;Vwe\d=(1096 +96) cands +7:
i b 1= (0.9562 +0.0017 ) GeVic? 3 [ 1=(0.9425 +0.0005) S S 1p00[ 1= (0.9435 £0.0006 ) Gyl A
O G- (0.0038 £0.0010) GeVic § O o0 = (0.0071 £0.0005) Fevic? N\ S F 0= (0.0076 +0.0008) evic 1
= F S| g E | = 1000 7
9 e[ | 2 [ J 7 £ 1
c 1 s f ] £ .F 9
g L | g) lSUUj | g EOCT ~
w eol N o L ] o E ]
E §| [ N 600 7
[ J 1000} S E 2|
a0l N\ E ] 400 A
f '\ 1 £ & N 2 / 2
LR §\ 3 X \§\ 4 =r 7
£ \\ ] £ QN 3 P AT i e AR A
NI \& MMM DAY DM 08 0.5 T
N S e o e A —— : .
R T TR s e et I IR R
R ey sy st | L L 4
0.9 0.95 1 0.9 0.95 1 0.9 0.95 1

M (GeV) M (GeV) M (GeV)

Now MC and DC are as expected (was not). Mass peak ~ 8 MeV lower than other channels.

On Data hard to say (was none), very low significance and very narrow ?
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Combined ' Data - MC comparison

Data - Phase 2

MC - Phase 2 BGx1

F Belle 1l Preliminary - MC =1 fb™
'~ n@m2y)'mp (- 1) v

[ vield = (3230 + 149 ) cands
[ u=(0.9457 +0.0004)
[0 =(0.0087 +0.0004

o 160 Belie il Preliminary - DatalL=0.49 b T 3 <
o C y - Data'L=0. >
IS [ ' =n@m2y)imp (- 1m) y O 2500
— 1401 vieiq = (106 +23) cands + 8
% [ u=(0.9571 +0.0012 ) GeVic? 4 g
O ;- (0.0048 +0.0010) Gevyc? B S 2000
g E +: 5]
P 100~ S g
c F ] o 1500
¢ s = S
w £ ] p4
60— | W 1000
a0 N\ S
} \% J 500
20 \ N |
£ §\\ 5l
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E T T T 3
= & = T - = - 2
= | e B el o LE =
a 0;*"‘~ el el SR E
-2F - - = E -2
E I L ) El
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0.9 0.95 1 1
= T T T 3
E 1 L 1 3
0.9 0.95 1 1.

On Data the peak is good, still very narrow (due to py ?).

10 MeV bias of Data wrt MC.

In DC (and MC) combined peak width is also due by lower peak position in py channels.

Not so in data.
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Pull
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F 1=(09479 £0.0007)

[8elle il Breliminary - DC L=
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[-ield = (2647 150) cangs

[0 = (0.0122 +0.0008), ehe
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Intro (11) (R

Summary
°

o B? — 'K analysis for DataChallenge

Quick reminder of By — 1’ K, analysis strategy for DataChallenge
v Signal selection and eff estimation (MC)

v’ continuum background suppression

X Signal cross Feed (SxF) optimization

#“ ML fit to extract signal yield (and compute BR)

#¢ Toy study with expected yield to assess resolution and bias

#° study At and Az resolution in MC, including modelization

X ML fit to Data challenge to extract TDCPV parameters
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DC B® — 5/K% TDCPV (R

Work done so far

Still only B® — n/(— n77w+w_)K2(—> wtwT)
Moved back to MC9 (was MC10 only)

DC is based on MC9 release-01-0x-xx
v signal (BGx0, BGx1), also MC10 BGx1 for comparison
v background (q§, BB generic, 7): BGx1, 0.8ab™"

Continuum suppression re-implemented and re-trained

check also sibling channel BT — 1’ K, for cross check;
@ First look at DC: search for signal and first yield estimation;
Many issues found, will discuss later.
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-D o 5
Continuum suppression NN

@ Got wrong in first iteration (that's why | got no signall)
@ re-trained using signal events (MC9 BGx1) against continuum g@ passing preselection;
> Still working with NtupleTools, will move to VariableToNtuple sometime;
@ | prefer to use Transformed CS-MVA rather than prob since it is easier to model in ML fit.
@ TODO: use Data (DC) side bands as training sample

=3 signal =3 signal
[— ="
2 dd 030 1 dd
30 = s 3 ss
| m— -y
(=14 05 [==1E 4

s Charged
3 Mixed
DC

Charged
3 Mixed
DC

Jn_,—-nqvﬁff{ﬂl -

00 02 04 06 o8 10 R
B0_CsMva

warning: mixed have also signal inside: removed for final selection
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Signal Efficiency

-

Dataset

e %

SxF%

cand/ev

MC9 BGx0
MC9 BGx1
MC10 BGx1
B2TIP BGx0
B2TIP BGx1

22.1
10.7
21.7
30.1
23.0

35
4.8
6.7
2.3
3.8

1.2
1.14
1.2
1.06
1.09

Same selections: eycg << €mcio

DC is based on MC9
\Investigating if something wrong in B-field

GT

T

MC7 BGx1 (B2TIP)

B n,, T KT

Good cands multiplicity: 1.09

Best cands

Best cands MC true (1 0.230

Best cands MC false (1 0.038

[10.268

T T &y T T Mo,

<X

MC9

o GRS RAjHEGer)

BGx1

Good cands multiplicity: 1.20
Best cands [10.142

Best cands MCtrue (1 0.107

Best cands MC false (1 0.035

MC9 BGx0

o Eeds Risieser

Good cands multiplicity: 1.14
Best cands [ 0.269
Best cands MC true [t 0221

Best cands MC false [10.048

MC10 BGx1

87 YRS RRj3Gem)

Good cands multiplicity: 1.20
Best cands 1 0.286

Best cands MC true (1 0.219

. Best cands MC false [1 0.067

Warning: some selection (eg I\/In_n/) moved to pre-selection wrt B2TIP
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Signal yield expected

@ Reporting B2TIP table

@ event yield for background looking at
0.8ab~ " of MC9, rescaled to 1ab™*

> continuum a bit higher, but
compatible

» peaking lower for neutral (/10) and
higher for charged (x4)

> signal is removed from neutral mixed

@ signal expected given the (low) € in
MC9
» Was ~ 970 events, € ~ 23%
> in MC9 expect ~ 350 events.
» from 0.8ab~ ! of generic BB’ | got
~ 316 true signal
* ~ 400 in 1ab~!

S.Lacaprara (INFN Padova)

<X

L=1lab~!
B2TIP | MC9 | DC
N ev.

q3 16413 18300 -
B°B° 1834 150 -
B*B~ 57 210 -
Signal 969 400 -
Total | ~ 20000 | ~ 19000 | 6150

Even before searching for the signal, | do have roughy
1/3 of the continuum events | do expect
And (in principle) MC9 and DC are the same thing.
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W= TDCPV skims

Belle I

@ I'm always using the TDCPV skim centrally produced;
@ not for the signal, where | run my selection w/o intermediate skim;
@ Check the event yields and retention rate ¢ after the TDCPV skims

» not clear to me if these numbers refer to 1 or 0.8ab ™"

<X

MC9 DC
Dataset all skim € all skim €
qg 46-10° 213-10° 4.6% -
BB 053-10° 35-10° 0.67% -
BB~ 0.56-10° 4.6-10° 0.8% -
Total 57-10° 221-10° 3.8% |5.6-10° 60-10° 1%

What am | missing?

It seems that the initial numer of events is correct, but the TDCPV skims retains about
1/4 of what | would expect.
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D
Intermezzo BT — 77'KJr R

e Why B*?
» The idea was to have a control channel with similar final state
> (thanks Ale for the suggestion)
o BRis similar: B(BT) =4.1-107% vs B(B°) =3.86-107°
@ no MC available (not even dec file)
» produce and test a dec file
X pro tip: if you ask EVTGEN to decay 77/ — 77/7r+7r_, it will do it w/o complaining.

v

produced privately 10k events (release-02-01-00)
setup a quick and dirty selection:

v

* 7]/ as in B° channel, plus a K+

v

e roughly 33% reconstruction and preselection
€ ~ 15% with cut on M, . and CSyys > 0.5

> rescale by factor 2? for MC10—MC9? ¢ ~ 7 — 10%
o expected yield in 1ab™": 1.1-10°(BB), 550 - 10°(B*B™)
@ Yield = NB*B’ .2-B-e 2300 — 400 events in 1ab™!

> side note: almost as hard as the signal channel. ..

v
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Belle I

=Y ntermezzo (1) BT — n/K* <R

M,. and AE for privately produced BY — /K™
[selection] is w/ cut on Mﬁ-ﬁl and CS > 0.5

[ signal [ Signal
. 200 "
3001 [ Signal sel [ Signal sel
175
250
150
200
125
150 100
75
100
s0
s0
25
0 n,
522 523 5.24 525 526 527 528 529 -020 015  -010 005 0,00 0.05 010 015 020
B_mbc B_deltae
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D
o

Belle I

o Not a 2D AE, M. Ml fit:
only 1D

@ selection:
- M
M
» C5>05
o found a nice signal in DC in
M. distribution and AE
@ event yield ~ 30 — 50

» Expected ~ 300 — 400
> why?

S.Lacaprara (INFN Padova)

Events / (GeV /225)

Pull

Intermezzo (Ill) BT — n'K™

IAE < 0.1

[ Bélle fi Preliminary

[ Yield = (47 £ 10) cands

F 1= (52794 £0.0007 ) Gevic?
[ 0= (0.0035 +0.0006 ) GeVic?

— Data
— Fit
1 Signal
5 Background

TDCPV eta'Ks

Events / (GeV/33)

Pull

My > 5.26 GeV

25[Bellé Il Preliminary

[ Yield = (32 +11) cands
[ 1= (-0.0051+0.0093 ) Gf
[[0=(0.0271+0.0091) ¢

= Signal

-0.1 0 0.1
A{E} (GeV)
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Back to B® ML fit: time dependent part T

Back to B°

o Columns:
Mbc
AE
CSmva
SxFpa not retrained yet

@ Rows:
Signal
SxF
continuum
peaking signal removed
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Signal B® in MC9

A RooPlot of "M, "

A RooPlot of "AE"

T
Events / (0.005 GeV )

Events / (0.001125 GeV )
23
T

3
T

bl i b i
55255 526 5265 527 5275 526 528 b 95 5
Vi GeV)

A RooPlot of "csvar"

1 -008 006 004 002 0

A RooPlot of "SxFvar"

002 004 006 008 01
AE (GeV)

Evens /(035
g 8 & &
Tt

P —
—
4

—

—
Events /(0.025)

6
csvar
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TDCPV eta'Ks

<X

B® in MC, not yet DC
@ Build my own “DC"?,

combining 0.8 ab:1 of continuum
and 0.8ab” ' B B
w/o removing my signal
@ MC truth tells me that | do have ~ 320
BO_isSignal
o ML fit found:
nSig=407 (300)
nSxF=57.8 (1.20)

bias to be investigated, might be related
to bad SxF MVA

2 - -
with blackjack and . .. [Bender Bending Rodriguez, Futurama, ep. 2, s. 1]
V.
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Signal B® in DC proper (allegedly 1ab™1): 1D ML fit

First just try to apply all selection plus CSpp4 > 0.5 and perform a 1D fit on M, and AE

<X

70F I

—
© L —— Data |
8 = Belle Il Preliminary —Fit 1
—~  goLYield = (100 12) cands o ond ]
% [ = (5.2802 +0.0004 ) GeV/c? ]
o o F 0=(0.0028 +0.0004 ) Gevic? 1
g F MVA_;>0.50 ]
~ r ]
%] L ]

1]

c - B
] L ]
= r 4
w £ E
o ]
£ —
_ 2 - o =
= P — | — - [ E
o E— — - E|
2E - — - =
E P P N T S R T

524 5.26 528 5.3
M, (GeV)

Expected event yield ~ 400 events
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Events/ (GeV /75)

Pull

e
[ Belle ll Preliminary

F Yield = (86 +17) cands

[ 1= (0.0025 +0.0026 ) GeVig
505 = (0.0128 +0.0031) GeV
[ MVA_¢>0.50

@
=]

40

30

—+ Data
—Fit

= signal

= Background

cocdbed b b b b by

]

o5 0.1
ME} (GeV)
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Signal B in DC proper (allegedly 1ab™!): 4D ML fit T

A RooPlot of "M, " A RooPlot of "AE"

Events / ( 0.005 GeV )
T

The full 4D ML fit and signal extraction
e ML fit found:

Events / (0.001125 GeV )

3 nSig=136.6 + 14.7 ev (160)
F ‘ nSxF=22.2 4+ 33.1 ev (0.70)
il et LN gty o,
Vo (6% aE o) @ expected ~ 400 events

A RooPlot of "csvar" A RooPlot of "SxFvar"

@ A good signal, but significantly lower
than expected

Events/(0.35)
Events / (0.025)

signal is roughly 1/4 of expected, as
the ratio between TDCPV skimmed
events

worth investigating. . .
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D
Summary and todo NN

Summary

v Found small signal for ' — n(37/27)7~/p~ in Phase Il Data
v Found signal for both BT — 'K™ and B® — ang in DC

X both significantly lower than expected

v hand-made 0.8 ab™" DC mixture has the expected number of signal events |

Todo

#° Understand TDCPV skims retention in DC

#° Understand if I'm using the correct B-field

# Do SxF retraining (and/or try if 7° veto improves SxF)
#° toys for ML fit for signal yields to check bias

#° a better control channel?
v
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=y Additional stuff (NN

Belle I

Additional or backup slides }
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