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Motivation ﬁ INFN

Ii; 4 October 2001
- 7
o BR(B® —n'K°)=(6.6%04)x 107 R
o Cqp(B°—>n'KY)=-0.06 +0.04 —_—
0] _ACP=SCP (BO N nr KoS ) - 063 + 006 Measurement of the branfcslrinégf_r)a;t,i;r)ﬂ for B — n’K and search

e BR(B*—n'K')=(7.06+0.25)x 107 AT Bglle 10.5 Ifb
e Can it be seen with 10/fb? (b)n’K

o It was done at Belle, both for: /
B*: BR=(79*"2 +8) x 107°

20

117 B s | “ :
m  B°:BR=(55""° %9) x 10-6\ 2 gof 077 ]
s Limit for B —n' 7* D E ;&Dﬂwﬁuﬂ
e Final states used at Belle \‘E_ ) L
o N —p(—a'T)y (42/10 ev B*/BY) | _ T
o N -n(—-yy)a'w (29/6 ev) HHMMH i 11 °T
o N - —-aaa’)x*x notused . LLMMJ :SIH I,
' M, (GeVIc) AE(GeV)

Shaded n' —»nw, white all (including n' —py)
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Plan (last B2italia, done/today) Bl

Belle IT

e Rediscover i and n’ in all final states, and compare with MC expectation
Study selection and efficiency for B -9’K°% in MC
o N'—-N(—-oyy) T,
o N - —=atwa’) ata, wil not do
o N —p(—oa'T) Y
e Apply selection to generic Run dependent MC to check signal yield
o Setup and 2D fit on M, -AE for signal extraction
Study Data continuum and side bands for background assessment
Repeat for B*
Document everything

Finalize selection for Data
o Review process toward unblinding

e Systematics and unblinding
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B->n' (> p(->n'm)y) K
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Reco Efficiency: B* -> n’->p (r'm) y K*

Only first candi

D
]/ INFN
q Belle IT

o Eff31.3%
e SxF9.7%
o Large SxF Signal
o Also large multiplicity
m Different in Data and MC
e True cand have best chi2 Al
o Use only first candidate

o SxF

Reco

0% 25% 50% 75% 100%

105 F Sorted by x4y [ True 1 Data
1 MC13b

10° ¢

107!

Cands

102 F
101 -
Data <N> =5.65 RMS=4.61

100 i
1011

1072
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MC13b <N > =4.29 RMS =3.27




Other selections

[ qgbar
[ bbbar
cos 6 =
Y [ sxi
10
08
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04
02
00
-1.00 -0.75 I -050 -0.25 0.00 025 050 075 100
c0s6,
[ qqgbar
[ bbbar
[ Signal
[ sxF
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[ qgbar
10 bbar
ignal
XF
0.6
04
N cos 6
-1.00 -0.75 -050 -0.25 0.00 0.25 0.50 0.75
cosBx

® COS O y > -0.64

ecos@ > -0.5
° Ey>100 MeV

e M7’ in [0.92-1] GeV/c?

M g, in [0.51-

11GeV/c?
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Selections efficiency W (INFN

Belle IT

Only first candidate

e Efficiency still good

SxF 2.4% o Was 31.3%
Signal 26.0% e SxF greatly reduced
M), 28.4% with simple cuts

M. 28.8% o Was 9.7%
coO 56;7( 30.3% o Further optimization

32.6% possible: eg MVA,

co Sgy 33.9% o Not sure want to do it at
Y o this stage
Reco 41.0% 100 dg%Expected yield with
All selection:
‘ ' . o ~5.5ev/fb™

0%  25%  50%  75%  100% o ~50evin8.86 fbr

e Belle: ~4.2 ev /fb-1

WARNING: no continuum suppression cut, yet (see later)
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det =8.86 fb~! Belle II - Preliminary

0.925
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Bl

Belle IT

[Ldt=8.86 fb~? Belle II - Preliminary

400 |

uubar
taupair
ssbar
mixed
ddbar
charged
cchar
Signal
Data

-00RRRRNET

0.5 0.6 0.7 0.8 09 10 11 1.2

Data - MC comparison: normalized to integrated lumi
Plots before Mass cuts or fit constraint

(@)

Nice eta’ peak!

Rho mass seems shifted in data wrt to MC

(©)

Ks peak clearly visible, hence the Mrho cut > 0.52
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Cont Suppression variables

[Ldt=8.86 fb~!

Belle Il - Preliminary
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D
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Belle IT

INFN

Belle Il - Preliminary

| = uubar
3 taupair

- ssbar
B mixed
I ddbar

L charged
Bl ccbar

- 1 signal

} Data

%.0 0.2

0.4 0.6

cos(Bg — 6p)

e Nice agreement MC - Data, can be used for Continuum Suppression
e Full CS using fBDT under study
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B*->n’ K*, n’->rho (mr*m’) y Data vs MC o CNFN

Belle IT

e Mbc and DeltaE 300 [Ldt=8.86 fb~! Belle Il - Preliminary

e No cont suppression |

250

200 |

[Ldt=8.86 fb! Belle Il - Preliminary

it | =
L Mt Iuﬁ IR
=04 L ot IH}|- ::z;?ed 50

AE [GeV]

100 BB

50

8.20 5.22 5.24 5.26 5.28 5.30
My [GeV/c?]
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Continuum suppression
e Cont Suppression using only R2 and cosTBTO

e Simple optimization of S/sqrt(S+B)
e R2<0.5, cosTBTO<0.7

[Ldt =8.86 fb~! 41-[%,

(R2 < 0.50) & (cosTBTO < 0.70)
eff=62% - $5=31.3, FOM=3.596

17.5

30 ¢

Cands / (0.004 GeV)

0
520 522 524 526  5.28
Mpc [GeV]
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wn o

125}

Bl

Belle IT

Signal Eff: 60%*26% = 16%
Belle: 14.1 %

[Ldt =8.86 7! Belle Il - Preliminary

(R2 < 0.50) & (cosTBTO < 0.70)
eff=62% - S=31.3, FOM=3.596

:‘:] uubar
| B ssbar
- mixed
| Bl ddbar

. B charged
ccbar

E==
— Signa‘l—]_
2 L

L

0.0
5.z0 -0.15 -0.10 -0.05 0.00 0.0> 0.10 0.15

AE [GeV] !



Try to fit signal: only MC + signal injection INFN

Belle Il 2019 preliminary Belle Il 2019 preliminary
3y 257 4+ Dpaa (R2 < 0.50) & (coSTBTO < 0.70) & (-0.07<deltaE<+0.05) > 24 4+ Data (R2 < 0.50) & (cosTBTO < 0.70) & (Mbc>5.27)
= C Fit [ = Fit
() - Signal ©) E Signal
O] o[ Continuum N =35.7 +9.3 cands 5 (9] 20 #s Continuum N =27.8 £ 6.9 cands
— =5281.2 £ 1.0 MeV/c’ = -
10 L MC13b+31signal |- 34 4 07 MeVie? = 18—, MC13b + 31 signal W=-0.1£ 2.7 MeV/c®
= C | Ldt=10.00 15 e - ;_[ L dt=10.00 fb” 6 =10.0 + 0.0 MeV/c?
) L gy E
o r =
= B 2 14
g =
) =8
% : 12
o 10 ) 0
I 4 ge
% N0 Na
S 7 N, j 2
y, <~ " 2;////,*// 80 000 2
0 W2 027 0 E I A N7 .
= 2 _ SE
S = 3 =
a OF a 0=
-2 -2
E TR T TR N . Y N B T | E | ! . | | |
5.2 5.22 5.24 5.26 5.28 5.3 -0.1 0 0.1
2
M, [ GeV/c? ] ME} [ GeV ]

e Cut Mbc>5.27 GeV/c? and -7<De<+5 MeV in the other plot.
o 1D plot shown (2D implemented)
e Injected 31 events, seen 35.7+/-9 (Mbc) and 28+/-7 (De)
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B* -> n’(->p (7*m) y) K* Data vs MC A

Belle Il - Preliminary

[Ldt=8.86 fb~! Belle Il - Preliminary [Ldt=8.86 fb~!
100 F
[ uubar 1 uubar
70 | g taupair

[ taupair

I ssbar
d id }
b cqoar

8.20 5.22 5.24 5.26 5.28 5.30 %15 —0.10 —0.05 0.00 0.05 0.10 0.15
Mp [GeV/c?] AFE [GeV]
e MC13b includes signal (in charged)
o High stat signal superimposed
e After CS selection, no selection on other variable!

Stefano Lacaprara, INFN Padova

13



DeltaE vs Mbc BICR

Belle IT

Data MC13b

0.2 0.2
0.1 0.1
$ 3
9 00 S o0
4 Y
=0:1 -0.1
-0.2 -0.2
_det =8.86 fb~! Belle Il - Preliminary det =10.00 fb~'Belle Il - Preliminary

520 522 524 526 528 530

520 522 524 526 528 530
Mg [GeV/c?]

My [GeV/c?]
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Try to fit signal: Data Bl

Belle IT

Belle Il 2019 preliminary Belle Il 2019 preliminary
No i Data (R2 < 0.50) & (cosTBTO < 0.70) & (-0.07<deltaE<+0.05) > [ —+— Data (R2 < 0.50) & (cosTBTO < 0.70) & (Mbc>5.27)
S o5 Fit [0] 16 Fit
> - mm—Signal O - mmSignal
0] L Continuum N =45.4 +10.0 cands eV} 14 ### Continuum N =29.1 + 13.9 cands
ps C 1 =5279.4 + 0.8 MeV/c? S - =-13.0 + 9.8 MeV/c?
I | Data ) = 3.5 + 0.6 MeV/c? = E EesRs s
S : _[ L dt=8.86 fb’ = 121 o =241+ 12.9 MeV/c?
! iy -
o r [
= £ or
P g -
2 = 8| >t
c L E /
E -
| ) 6 _ Z
| N
i o T
. 2 G4
. . -
g 7 oz W2
— E — 2 ;7
> = > Fa
a Om a Z =
—% E— 1 | ‘ 1 1 1 : ‘ | | | ‘ | 1 | | | “E . ‘ 1 | | | ‘ 1 1 ‘ 1 1
2 5.22 5.24 5.26 5.28 563 -0.1 0 0.1
2
M, [ GeV/c?] A{E}[ GeV ]

e C(Clear signal visible
o Projection w/ selection on other variable
e seen 45.7+/-10 (Mbc) and 29.1.4+/-14 (De)
o Expected: 31
e Sitill 1D fit: later for 2D 15
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Belle IT

B->n’ K, n’->n (yy) m'm
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B*->n' (->n (yy) m'm) K*

e Simple signal selection

(@)

(@)
(@)
(@)

Signal eff 32% (40% reconstruction only)
SxF 2.4 (vs 7.1 %)

w/ CS eff: 32 * 0.75 = 24%

Belle was 22%

Only first candidate

31.8%
34.2%
34.9%
37.3%
40.3%
a47.2%
100.0%

0%.H

25%  50%  75%  100%
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0.3
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0.1

0.0

AE [GeV]

-01

-0.2

o3 | JLdt=8.86 fb~! Belle Il - Preliminary

518 520 522 524 526 528 530
My [GeV/c?]

e Low Background
e Tested with MC w/ signal inection
e And MC w/o signal removal

<
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B*->n' (->n (yy) m'm) K*

[Ldt=8.86 fb~? Belle II - Preliminary
30 [ uubar
[0 sshar
B ddbar
5| charged
B ccbar
20 [ signal
} Data
15
10
5
0
5.20 5.22 5.24 5.26 5.28 5.30

Mg [GeV/c?]

Data vs MC with expected signal

Stefano Lacaprara, INFN Padova
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Belle Il - Preliminary
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B*->n'(->n(yy) mm) K" 2D FIT

<o

Belle IT
A RooPlot of "M, " A RooPlot of "AE"
% [ Data g . Data
10+ -1 -
& —J L dt=8.86 fb é J L dt=8.86 fb
= i
g °C £ 6
2 L e r
w w =
6; -4 b | 4
5 o
i " 3f- +
: 2L !
2 E
: -y e 15_
P v w WP e W WL W WL R ML W W W W R e S \ lH H oo ST TR 0 L U SN T A > o
82 521" 522" 523 524 525 526 527 528 529 53 875 -0.1 0.1 0.15
M, (GeV) AE (GeV)

e 2D fit for Mbc and DeltaE
o Fit result: 29.0 +/- 10 evevents
o Expected 31 events
e Fit on MC and Toy studies (injected 10-100) looks good

Stefano Lacaprara, INFN Padova

<R

19



<o

Belle IT

B,->n’ K_, n’->n (yy) m'm
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Expected signal (MC + injection) BICR

Belle IT

Belle 11 2019 preliminary

N5 6F —+— Data (R2 < 0.50) & (cosTBTO < 0.80) & (-0.07<deltaE<+0.05)
= C Fit
> F )
— [ Signal
03 8 T s antinuum N=9.5 +3.3 cands
5 S¢ ) p = 52806 + 1.3 MeV/c?
0 8 o MC1sb+Bsignal ;354 1.0 Mevic?
3 - | Ldt=10.00 fb N,,,=6.0
© C
01 — C
~ [
s B 3
> C
G 00 S -
S 0 C
= i Py
-0.1 C
1;
-02 -
77
o*///,% ,
-03 _det =10.00 fb'Belle I - Preliminary E
— 2 =
5175 5200 5.225 5250 5275 5300 5.325 n_:.’ o . e -
My [GeV/c?] Py=n
kediRkk SO BN TR TR A
52 522 524 526 528 53
2
M, [ GeV/c™ ]

e Small signal yield with current lumi
o but very low background

e Closure test ok: injected 6, fit 9.5 +/- 3.3

21
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B->eta’ K expected yield

e Expected signal 8.8 /fb (Run2019).

(@)

<o

Belle IT

Belle with 10.4 /fb

n’->n (yy) wm n’->p (') y Total

+ s’ Kt
B™->n"K 11 190@ 300 - 58

O_> )
B™->n"K, 36.4@ 61.4-10 100 - 16

e Expected ~same yield with less integrated luminosity

e For ICHEP |Ldt~40-70 /fb -> yield x 5-10

Stefano Lacaprara, INFN Padova

Mode Ng
Nyan KT 289702
S
77;7717[”+ OOf(l)%
Moy O'OJ—F(S)ZS
M KO 64557
[y K0 101733

@
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. D
Conclusion and outlook W (INFN

Belle IT

e Plan:
o Rediscovery aimed for ICHEP (summer 2020)
o Signal selection done (almost)
o Data MC comparison ok
o Fitin place and working well
m Improve CS using fBDT
o Move to proci1
m Add prompt(bucket9 + ...) for exp12
o Use more MC
o Documentation!”
e Stay blind for neutral states.

[1] Hofstadter's Law: It always takes longer than you expect,

even when you take into account Hofstadter's Law.
23
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Backup

<o

Belle IT
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Introduction

e Technicalities:
o Release light-1912-icarus
o Data: proc10 + bucket8 8.86 /fb
o MC:
m Signal MC13a
m Background MC13b run dependent 10 /fb
e Channels:B->1n'K
o 1 (->n(->yy)nn) and n’ (-> p(->mn)y) K
o Both for B*-> ... K* and B%-> ... K°_
e Will mostly concentrate on B* -> 1)’ (-> p(->nin)y) K*

Stefano Lacaprara, INFN Padova
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Belle IT
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Efficiency: B* -> n’->p (') y K* Bl

Belle I
only first candidate
e Low eff reported two week ago.

e Fixed a bug in pi0 veto \SxF Oid
o | was vetoing all events with an additional y in Signal
RoOE, regardless to M Reco

o Eff31.3 % (was 13.4 %)
e SxF9.7%

o Large SxF 0% 25%

o Also large multiplicity

Al

50% 75%  100% 125%

Only first candidate

e True cand had best chi2
/ x10% SxE 9.7% NeW
[ - 5F
105 Sorted by X7x [ True
— Al a .
104 b 4 P a— Signal
103 F 3 | RMScandslev =3.62
102t Reco
2 2
101 L
N All
10°F M
101 ol 26
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Data/MC comparison 2 P

[Ldt=8.86 fb? Belle Ii - Preliminary
4500

Ig“"" [ uubar

4000 N ﬁl"l [ taupair
e Normalization problem when using all candidates  ..|Allcands /', e
=3 sgna
} Data

3000 4

e Average cands/ev different in Data/MC :

2500

e Using only first candidate better but not yet perfect =

1500

1000

[ Data 500
i 1°-ME13b 0
0.0 0.2 0.4 0.6 0.8 1.0
Rz
10
et [Ldt=8.86 fb? Belle II - Preliminary
W 3 uubar
“* 1Only first cand . T
A0 ‘ B mixed
1500 B ddbar
Bl charged
1250 El ccbar
— — [ signal
Data <N> =5.65 RMS5=4.61 1000 } Data
o MC13b <N> =4.29 RMS =3.27 70
500
_l_ 250
0

0 2 a 6 g 10 12 14 16 0.0 02 04 0.6 0.8 10

Ste N cands e



Pi0 veto

[Ldt=8.86 fb~!

Belle Il - Preliminary

1000

800

600

400

200

nveto
e Pi0 veto mass peak shifted in Data wrt
to MC

Stefano Lacaprara, INFN Padova

-InRnnnet

uubar
taupair
ssbar
mixed
ddbar
charged
cchar
Signal
Data

Bl

Belle IT

[ qgbar

Significant signal loss if cut on piOveto.
No cut applied.

Accumulation of signal close to Mpdg
due to selection of pi0 veto
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Try to fit signal: only MC (with its bb signal) @

Belle Il 2019 preliminary Belle Il 2019 preliminary
N [ —+— Dat: (R2 < 0.50) & (cOSTBTO < 0.70) & (-0.07<deltaE<+0.05) 24r - —+— Dat (R2 < 0.50) & (coSTBTO < 0.70) & (Mbc>5.27)
(&) o5 >
> [ gn al G 2E 2‘1 |
L ignal E . ignal
8 [- “zz Continuum N =40.9 +£9.7 cands 5 [aV] 20 %2+ Continuum N =31.0 + 7.3 cands
r =5280.8 + 0.9 MeV/ = =
"N’ 20/ n=5280.8 +0.9 eVie o 18 . MC13b p=-2.3 + 2.6 MeV/c?
= e ® iJ- | 4t=10.00 b 6=10.0 + 0.0 MeV/c?
4 ~ =
= 15 i} 14—
~ | c =
[%) - @ 12
o 7 - =
> 1004 =
T N
/ s
57 W 7 /////7/77////7/7,:7"  “%/// /"""
: 2
0 0
_ 2E- _ 2
S = 3 = o
a 0 B a 0 =
-2 | 2 | | |
|l 1 1 1 1 1
52 522 5.24 5.26 5.28 53 -0.1 0 0.1
My, [ GeV/c?] A{E}[ GeV ]

e Previously removed signal from generic BB

o Now use MC as data: signal not removed
e There are 34 candidates in 10/fb of MC13b (expected 31 w/ CS cuts)
e Seen 41+/-10 (Mbc) and 31+/-7 (De)

Stefano Lacaprara, INFN Padova
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Data - MC comparison Bl

Belle IT

Start comparing reconstructed quantities for Data and MC
General idea is to apply selection only on variables that are well

modelled by MC

Start with rectangular cuts, MVA selection will follow later
o MC: using qg-bar (udsc)
o bb-bar generic (mixed and charged)
m For background only study exclude signal from charged (or mixed)
m Using reconstructMCdecay(...)
m Count #signal events to use MC13b as “data-(not-so-)challenge”
o Use larger signal MC to model signal and SxF
All normalized to data integrated luminosity

30
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Data MC comparison K

[Ldt=8.86 fb! Belle Il - Preliminary
800 } [ uubar
[ taupair
700 |H} HH”} ssbar
| B mixed
600 ! B ddbar
b HE charged
500 t H ccbar
400 [ signal

300
200
100
Ql.o 15 2.0 2.5 3.0 3.5 ]
px [GeV]

e Using Loose K*

t Data

40 4.5

600 |-

500 |

400

300 |

[Ldt=8.86 fb~!

uubar
taupair
ssbar
mixed
ddbar
charged
ccbar
Signal
Data

i LI RLT

-1.00 -0.75

e Overall normalization is better, not perfect

e Shape decent, but not perfect as well

Stefano Lacaprara, INFN Padova
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K drand N CDC hits BICR

Belle IT

e Data has peak at dr~50 um. Seen also for pions from eta’->eta pi pi decay
e Significant difference on N CDC hits
e For pion, also between pi+ and pi- from eta’ -> eta pi+ pi- decay

det =8.86 fb~? Belle II - Preliminary

[Ldt=8.86 fb~! Belle Il - Preliminary

uubar
taupair
ssbar
mixed
ddbar
charged
ccbar
Signal
Data

H i =P

drK 20 25 30 35 40 45 50 55 60 65

Ncpchits K

6000
v b [

5000 ¢

4000 I .

=1T11111

3000

2000

1000
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N CDC hits for pion eta’->eta pipi BICR

Belle II
JLat=8.86 fb~! Belle Il - Preliminary [Ldt =8.86 fb~! Belle Il - Preliminary
[ uubar B [ uubar
3000 | @S ssbar 3000 N ssbar
| B mixed il e mixed
2500 T L = ddbar 2500 e ddbar
> ' . B charged 3K B charged
2000 F BN ccbar 2000 | $ B ccbar
R }  Data y B } Data
1500 1500
1000 1000
500 | 500
0 0
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Ncoc hits my Ncoc hits 1o

e Disagreement between data and MC
e And also between the two pions pi1=pi+ pi2=pi-
o Is this a charge related asymmetry? Is it known?

33
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N CDC hits for pion eta’->eta pipi

Stefano L:

3000

2500

2000

1500

1000

500

MC
Em
EZ2 m
7
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7Y
% 1
/ 7
: . =
20 30 40 50 60 70 80

Ncpc hits pions (from n')

2500

2000 |-

1500 |

1000 |

500 |

D
o

Belle IT

INFN

N different for pi+ and pi-

But in different way in Data and MC

e Same for pions from K_

Data
e m
V7271 m
‘::’-';'v;
0
7
s
%
20 30 40 50 60 70 80 34

Ncpc hits pions (from n')



10* |

107

10° |

10 7t

Dr for eta’ and pi (in eta’->eta pi+ pi-)

Do | have a problem with IP in data?
Should | get dr wrt Beam Spot?
ipConstraint=True in TreeFit?

JLat=8.86 fb~! Belle Il - Preliminary

0.00 0.05 0.10 0.15
dar(n)lcm]

0.20

dr= transverse distance in respect to IP

-URRRNND

10?

10°

uu 10 7}

ss|

mi

dd

ch

cc
Signal
Data

der =8.86 fb ' Belle Il - Preliminary

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
dr(m)[cm]

vx.treeFit("B+:ch3",

D
]/ INFN
Belle IT

 uubar
BN ssbar
B mixed
BN ddbar
E charged
B ccbar
3 sgnal
} Data

conf_level=-1, ipConstraint=True,

updateAllDaughters=True,
massConstraint=[331],
path=my_path)
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