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D Intro

Light meson in Belle Il - Phase Il
o Start looking into Data Challenge data for TDCPV
B® s /KO

@ Some time ago Phil challenged me to look for 1’ on data;

JIRA ticket is BIIPH2-62
o General strategy is:

Define selection based on MC - phase Il
test selection on large DataChallenge dataset
run on Data Phase2 (exp3, Prod6)

This presentation
@ Show 7 and 7’ in data

o very preliminary studies on B® — 1'K® for MC10
and also on DC

<X

(list of resonances studied
7° — v~ (backup)
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D
Dataset used O

o MC phase Il

> cC events

» Warning: non inclusive MC
» BGx0: prodID 2218

» BGx1: prodID 2264

o Data

» exp3, Prod6, skim Hadron [[nTracksLE>=3] and [Bhabha2Trk==0]]

» Runs: 529:5613: Lumi: 491.5 pb~ "
» Also Prod5 available for comparison:

* exp3, Prod5, skim Hadron [[nTracksLE>=3] and [Bhabha2Trk==0]]
* Runs: 529:5613: Lumi: 472 pb71

@ Data Challenge - MC phase 3

> skim TDCPV (ProdID 5142)
> N events (post skim) 59830371
» Confluence page
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https://confluence.desy.de/display/BI/Data+Challenge+skims

D
a4 (Code R

git repo: ssh://git@stash.desy.de:7999/ lacaprar/etaprime.git
etaprime/Jupiter

Ntuple processing in EtaProcessing.py

and in EtaPrimeProcessing.py

analysis in Pi0|Eta|EtaPrime. .. .ipynb

® 6 6 o6 o o

Code is a messy shape, in case you want to reuse it, you might want to ask me
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Selection:

@ gamma:piO from stdPhotons

0.296706 < 0., < 2.61799
|clusterTiming| < clusterErrorTiming or
E > 0.1GeV

Ei/Ey > 0.3 0or E > 0.1GeV

@ 50MeV < E, < 6GeV

o Ey/Ey; > 0.75

o Cluster: Ny > 5, Eg/Ey; > 0.95
e Varing E, > 300 — 500 MeV

UML Fit with CristalBall + Chebychev[1]

Events / (GeV / 725)
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Invariant Mass plot for Data Prod6, 500 nb~?
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n — vy Data - MC comparison
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Ap ~2MeV, Ao ~ 1MeV. Warning: MC only cc bkg shape different.
Ph3-BGx1 014 MeV (only fraction of full statistics - gauss fit)

1000

<X

3 BGx1

[ Belle Il Preliminary - DC
jVie\d =(3011 + 146 ) can,

DC - Phase
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n — rta

Belle IT

Selection:

o =y
|clusterTiming| < clusterErrorTiming or E > 0.1 GeV
50 MeV < E, < 6 GeV
Cluster: Ny > 1.5, Eg/E>; > 0.9
100 < M., < 150 MeV
p_o > 300 MeV

+
™

°
|do(7)| < 2 em, |zo(m)| < 4 cm
PionID > 0.5, KaonID < 0.5
0.296706 < 0, < 2.61799
e p, > 100 MeV
@ VertexFit for decay chain (mass constrained for
0
™)

UML Fit with Gauss + Chebychev][1]
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<X

Invariant Mass plot for Data Prod6, 500 nb~!
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n—natmw 7° Data - MC comparison <R
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Peak on MC ~ 2MeV higher than data. Width significantly larger on Data (4.4 vs 3.2 MeV).
S/B very different (MC only c¢)
On Ph3 (DC) o ~ 4.1 MeV, and S/B more similar to that of data.
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N —=n(=ay)rw

Selection:

o N =YY
Ey/Ess > 0.75
Cluster: Ny > 5, Eq/Ey; > 0.93
E, > 400 MeV
0.52 < M, < 0.56 GeV
p,, > 800 MeV

07T:|:

|do(7)| < 2 em, |zo(m)| < 4 cm
PionID > 0.5, KaonID < 0.5
pr > 400 MeV

o VertexFit with 7 — 7 mass constrained

UML Fit with Gauss + Chebychev([1]
maybe a signal

<X

Invariant Mass plot for Data Prod6, 500 nb?
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Meson rediscovery
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n — n(— yy)n 7~ Data Prod5 vs Prod6 NN

Data - Phase 2 -Prod5 Data - Phase Il - Prod6
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Maybe is a signal. Visible also in Prod5, width smaller.
Fit is rather unstable and statistics - if any - small J
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n — n(— yy)n 7~ Data - MC comparison 'R
Montecarlo - Phase 2 BGx1 Montecarlo - Phase 3 BGx1 - Data Challenge
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Better signal (even better with BGx0 - backup). “Peak” position is A ~ 2 MeV,
o ~ 9MeV is way smaller than data (17 MeV)
DC nice peak o ~ 13MeV (not full stat)
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Selection:

° 7r0 — VY
Cluster: Ny > 5, Eg/Ey > 0.91
E, > 50 MeV
125 <M o < 150 MeV
po > 100 MeV

07T:|:

|do(7)| < 2 em, |zo(m)| < 4 cm
PionlD > 0.5, KaonlD < 0.5
pr > 100 MeV
Q1)
510 < M,, < 590 MeV
p, > 200 MeV
@ VertexFit with 71'0,1; mass constrained

UML Fit with Gauss + Chebychev[1]
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Meson rediscovery
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maybe, very maybe ... (similar in Prod5 -

Backup)
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n —n(— 7T 7r0)7r+7r MC comparison
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Almost no signal in the MC - ph2 (even before the cuts, MC truth) Wrong MC sample?
Ok for DC, quite narrow (o ~ 7.5MeV vs 12.8 MeV for y7) also 200 7'5,,; vs 560 7", )

to de understood
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D p—>7r+7r @

(Invariant Mass plot for Data Prod6, 500nb ™" |

Selection:
@ stdPi(good) ( )
- L |
0.296706 < 0, < 2.61799 § 1200 iy ]
|do(7)| < 2 cm N = sl
|Zo(7T)| <4 cm & 1000
PionlD > 0.5 > e
e KaonlD < 0.5 g
0 iliEee = i - ,
° > 0.3 GeV N ek
pﬂ' / 200 'G:(UlZthOM?Z)ee =
UML Fit with Breit-Wigner + ChebycheV

/

[Hint of fy—mm at M+ _ ~0.98GeV ? J

Pull

rA
M (GeV)
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p — 7 7~ Data - MC comparison N
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All seems fine: large intrinsic width. PDG 150 MeV, my fit 125 MeV)
Background on DC similar to that of Data, no f3(975) (not simulated)
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Belle IT 77[ % p(% 7T+7T_)fy

Selection:

e p —atr

PionID > 0.5, KaonID < 0.5
pr > 0.4 GeV
0.470 < M, < 1.07 GeV before fit
73 < M, <0.8GeV after fit

oy
gamma:pi0 from stdPhotons
Cluster: Nhits > 5, Eg/E21 > 0.95

E, > 100 MeV
Pi0Veto

M., — Mﬁ0| > 20 MeV with the v from ROE
with M’Y’Y closest to M ¢ and
s
N <2~ in ROE with M., — M o| <20MeV
™

@ VertexFit with p mass constrained

UML Fit with Gauss + Chebychev([1]

<X

Invariant Mass plot for Data Prod6, 500 nb~!
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Nope (yet)
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Data Prod6 - Phase 2
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- Prellmlnary study on MC10 and DC NN

B® = —>77(—>'y'y)7r T )KS(—>7T )

Motivation

o Data Challenge analysis

demonstrate capability to perform full analysis on lab~ ! of “data”
crucial to demonstrate phase 3 readiness

twofold blind analysis:

do not look at signal before analysis freezing
some “new physics’ has been included in DC™™" -

several times|

first step is to redo the old full exercise (The Belle II Physics Book) with up-to-data
software and data
start with MC10 datasets;
v’ signal
X continuum (ui, dd, cZ, s5, mixed, charged) 0.8ab™"
| realized while writing these slides that | processed phase2 continuum and generic BB, no
wonder ~no events survived!

eventually apply on DC;
1/abinv: TDCPV skims N events: 5672E6 (pre-skim) events: 59830371 (post skim)
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B Signal distribution INF

Belle I

B~ n'(n,, ) K(r'Mr)

35000
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D o o
Efficiency

Ve

|

@ Selection unchanged wrt to work for
B2TIP

> including SxF BDT not re-trained on
new MC!

@ just applying the old selection out of
the box

<X

1600

1400

1200

6" FYEHS IS )

Good cands multiplicity: 1.13

Best cands [t 0.334

- 052560108

Best cands MC true [t 0.278

§ Best cands MC false [ 0.056

=

Sk Rey Mo A& My My My kg g Ta T "‘"“”’WMM““ Ser
o ey

Dataset € % SxF% cand/ev
MC10 BGx1  27.8 5.6 1.13 7
B2TIP BGx0 30.1 2.3 1.06
B2TIP BGx1 23.0 3.8 1.09

Efficiency improvement is mostly in reconstruction
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- 1) Kot
B -n'(n,, M) K (r'm)

Events statistics 4
o

Good cands multiplicity: 1.09
Best cands 1 0.268

Best cands MC true [ 0.230

Best cands MC false (1 0.038
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¥ A\t resolution INFN
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Az resolution: signal and tag
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o 001000 “
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Vi oamszoms | 20000f- .
' .
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v
\ 10000
“
\
AP
oL 3 -
00,01 .02 0.03 0.04 0.05 H 50 5030.02-0.01 0001 0.02

2z (signal) (cm)

Meson rediscovery

Tos

2 (signal) (cm)

INF

Signal side B2TIP

True o
SxF o
All o

69 um
70 um
69 um
Compatible

Tag
True o
SxF o

All o

52 um
141 pum
67 um

Improved!
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D c .
Az resolution: signal and tag

TrueSignal
asooof e oron o
sooof [—Tow PO wzsor
- coe [rep—
35000 T
0000k |7 0wt R
25000 Az resolutiorf "
ook " oousome
(3, ): 67.82[¢ 412 ym 050420008
15000 . o350 : 0000
10000
5000)
$05°0070.03-0.02-0.01 0 0

10,02 003 0,04 0.05
'8z (signal) (em)

True Signal

B’ -n( 0, ) KL('m)

8000]

7000|

6000|

5000]

4000|

3000|

2000]

1000

SXF
“‘ P
E o |=rouror -
E |- coe W
Tl o
|- ouwer W
' azresolutio Yo -oooszs xooon
a(3,): 69.62[¢ 4 m 049 20010

o ) KO
T i Bl-n'(n 1K (r'm)
‘ oo ° 3500)
soooofe [—TeIPor .
- core f 2000)
Tai B
40000F |- outier b awesssissets 2500]
30000 Az o -0.000308 + 0000127 2000
o(3, ): 44.46 [ 3.46 pn osea 0008 1500
200001 o ki 03611 0.005
1000)
10000)
500f

|
0.02 0.0 0.01 005
7 (signal) (em)
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e

= Total POF

core

Tai

Outer

405055
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SXF
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50000F | roipor
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40000 Tai
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3000F Az resolutio
ool 0(8,):68.12

10000

[ o503 0004

02 0,03 004 0.
'8z (signal) (cm)
All
sooonF— g o
= Total PoF . s2107
50000 [~ core

40000} -

Tail

Outler

30000

20000)

10000

Meson rediscovery

02 0.03 0.04 0.05
2 (signal) (cm)

<X

Signal side B2TIP

f— True 0 =69 um
SxF o =70 um

All 0 =69 um
Compatible

Tag side B2TIP

: True 0 =52 um
SxF o =141 pm

All 0 =67 um

Improved!
Shoulder for SxF
also present: bug of
physics?
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ML fit (only signal and SxF are meaningful! background is ph2) (NN

R — A RooPlot of "M, A RooPlototae" A RooPlotatSxvar

Signal

SxF

Continuum -
phase 2 MC!

Peaking -
phase 2 MC!
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DC distribution: just for fun <R

B°-n'(n,, ™M) KY(r'm)

o 2ae
= 1800|
o
e
soop a00)
Qe —. it
My
000 L 3
aof-
& anof-
aof- b
e e, B I A Y
7 s B80T_CS

n, 1’ and K2 ok. J
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DC distribution: just for fun

Mo B_n'( n, ) Ko()

est cands

ch

SAMM MM MM AR ARA Man

n, 7 and K2 ok. Where are the B®?? Expected (0(1000)

BDT_CS

<X

S.Lacaprara (INFN Padova) Meson rediscovery

Virtual 31/10/2018
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D
Summary (A

@ Some 7 and 7’ final states rediscovered on Data Light meson rediscovered

» agreement with MC is decent, not perfect = Yy
» still things to understood both in MC and Data

» Belle 2 note in preparation
e started looking at B® — 7/(7;7«,7ri)Kg with MC10
> Signal eff is larger that B2TIP, but also SxF

v
v portnT
v
v
* BDT not retrained yet v ¢ — KTK™
v
v
v
v

fo(975) — 7 7 new
Kg —atr

» Az improved on tag-side 7 — 7~ already seen w/ lower stat

> generic BB and continuum to be processed + — 0
. . . n— T T T Nnew
* NOTE TO SELF it is a smart idea to look at the right

MC! n = n(— fyfy)w T new
» first look at DC: where are my B°? n = n(— atr 7r0)7r+7r new
e Lot of work to do X 1 — p(— 7 7" )y working
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9=y Additional stuff (NN

Belle I

Additional or backup slides )
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D .
¥ Selection

Belle IT

candidate selection: main cuts

@ Reconstruct decay chain with mass constrains for 7°, n 7, Kg,

vertex only (w/o mass) for B® (more later)
| | T['O, Wy

0.06 < E, < 6GeV, Ey/Ep; > 0.75

M(=°) € [100, 150] MeV

M(n,~) € [0.52,0.57] GeV;

H VvV VvV vV

7]/ — 7]ﬁ/ﬁr,7r+7r
do(wi) < 0.08mm; zo(wi) < 0.1mm;
N hitspxp(r5) > 1, PID
> M(n') € [0.93,0.98] GeV;

v

v

|
>
|
>
|
>
>
|
>

, _
n Hn3ﬂ7r+7r :

M(n') € [0.93,0.98] GeV;

O —
K> atr:

M(K = 7 77) € [0.48,0.52] GeV;

0=
B® — n'(— 7]7,),7T+ T )Kg

Mp. > 5.25 GeV;

|AE| < 0.1GeV;

BO - 77,(_> 773Tr7r+7r_)
|AE| < 0.15 GeV;

0+

<X

if Negpgs > 1, keep all of them!

S.Lacaprara (INFN Padova)

Meson rediscovery

Virtual 31/10/2018
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-D o c
Branching ratio NN

e BR(y — nrn) =0.429
BR(n — vv) = 0.3941
BR(7' — n(— vy)rtn~) = 0.169
BR(n — 7" n n°) = 0.3268
BR(y' = n(— ntn" 7% xtnT) = 0.140
e BR(n' — py) = 0.291
BR(p —7nin)=1
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0 — 7y reconstruction

Belle I

Selection:

@ gamma:piO from stdPhotons

0.296706 < 0, < 2.61799
|clusterTiming| < clusterErrorTiming
or E > 0.1GeV

E,/Eqy > 0.3 or E > 0.1 GeV

@ 50MeV < E, < 6GeV

o Ey/Ey > 0.75

o Cluster: Ny, > 1.5, Eg/E>; > 0.9
e Varing E, > 60 — 160 MeV

UML Fit with CristalBall + Chebychev[1]

S.Lacaprara (INFN Padova)

<X

Invariant Mass plot for Data Prod6, ~ 200 nb~?

9
=
@
o
o
o

LI N B o B

= I I
o N I
S o )
=] S =]
=) =] =]

8000

Events / (GeV / 342

6000

4000

2000
[

T

[ Belle Il Preliminary - DataProd6
[ Yield =
u=(0.1318 +0.0001 ) GeV/c?
0 =(0.0051 + 0.0000 ) GeV/c?
a=(0.9088 +0.1597)

E_y>0.12 GeV

T T T T T T T T T T T T
—— Data

— Fit

. Signal

=== Background

Lol

(511548 + 17397 ) cands

10 0 2 0 2 A A

Meson rediscovery

0.12 0.14 : 0.16
M (GeV)

Virtual 31/10/2018
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D .
= ~v~ Data - MC comparison O

Data - Phase 2 Prod 6 Montecarlo - Phase 2 BGx1
— 77— — 7
16000

(o2} L D: 4 L o 4
N L Belle Il Preliminary - DataProd6 i r:‘a E 8 L Belle Il Preliminary - MC_phase2_B i r:‘a 4
5 14000/ Yield = (511548 + 17397 ) cands = signal B Q 5000[ Yield = (100844 + 715) cands = Signal B

[ 2 == Background ] Fo B === Background 4
- [ 1=(0.1318 +0.0001 ) GeV/c b - [ 1=(0.1333 £0.0000) GeV/c ]
> 12000k 0.0051 + 0.0000 ) GeV/c? B > [ 0=(0.0050 +0.0000) GeV/c? ]
8 [ a=(0.9088 +0.1597) ] 8 4000]- @ =(0.9196 +0.0204) ]
NS [ E_y>0.12 GeV ] = [ E_y>0.12 GeV ]
~ 10000~ - — ]
a r B a ]
c F ] S 3000 -
9] = - S ]
> r ] > b
w L ] w ]

=] =]
o o
01 012 .0.14 016
M (GeV)
Nice agreement on o, on MC peak is a bit shifted wrt Data J
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7 — ~~ Data Prod5 vs Prod6 comparison NN

Data - Phase 2 Prod 5 Data - Phase 2 Prod 6

~ 12000 T i T T T T T

L Dat: 4 L Data 4
g | Belle Il Preliminary - DataProd5 i p?a 4 g L Belle Il Preliminary - DataProd6 i r: ]
g L Yield = (327168 +4415) cands = signal ] g 14000f Yield = (511548 + 17397 ) cands [ signal |
< 10000F ;= (0.1314 +0.0000 ) GeV/c? S Backgound < [ 1= (0.1318 +0.0001 ) GeV/c? S Beckground
> [ o=(0.0053 +0.0000 ) GeV/c? ] > F 0 =(0.0051 + 0.0000 ) GeV/c? b
8 [ a=(0.9211+0.0473) ] 8 120001 ¢ = (0.9088 +0.1597 ) 7
8000 E_y>0.12 GeV - N [ E_y>0.12 GeV ]
= r 1 ~ 10000~ -
@ 6000~ ] @ 8000 -
o [ B > r ]
w r B w C ]

4000

2000

Pull
Pull

‘ ) ) ) 016
M (GeV) M (GeV)

o
ol

o

il

Y

o

il

N

of -

Faq P 45 ST Y
o

o

|

o

il

Y

Peak position unchanged (A ~ 0.4 MeV), width: Prod6 5.1 MeV, Prod5 5.3 MeV, so 4% improvement. J
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= vy MC BGx1 - BGx0 comparison (N

MC - Phase 2 BGx0 MC - Phase 2 BGx1

— -7 — — 77—
[} [ ] [ ]
N 6000F gejle 11 Preliminary - MC_phase2_| i E:‘a 4 8 L Belle Il Preliminary - MC_phase2_B i E:‘a 4
o2 [ Yield = (100393 + 605 ) cands = signal 1 Q 5000[ Yield = (100844 + 715) cands = signal 4

ro_ 2 == Background T Fo B === Background 4
= so00f M=(01327 £0.0000) GeVic E - [ = (0.1333 £ 0.0000 ) GeV/c ]
> L 0.0041 + 0.0000 ) GeV/c? i > [ 0=(0.0050 +0.0000) GeV/c? ]
@ [ a=(0.7602 +0.0140) 1 @ [ a=(0.9196 +0.0204) A
O] (O 4000
Z 000l EY7012Gev B s [ E_y>0.12 GeV 1
= [ ] < L ]
[%) r b %) F E
= r ] £ 3000 ]
S r B C ]
2 3000- 1 4 [ ]
w F 4 w r ]

2000 3 F
5 5
o o
0.16
M (GeV)
Peak position shift by 1 MeV, width increase by 1 MeV J
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0 — vy MC BGx1 - DC comparison N

MC - Phase 2 BGx1 Data Challenge - Phase 3 BGx1
-~ T T T Ty ~ upgm———— 17— ————————7———————
o [ Belle Il Preliminary - MC_phase2_B — Fit ] % 2200; Belle Il Preliminary - DC + : E:ta E
8 5000[ Yield = (100844 + 715 ) cands - :fc"kag'mu"d 7 (0] F Yield = (22953 + 354 ) cands === Signal 3
- [ u=(0.1333 +0.0000 ) GeV/c? - ] o 2000 |, = (0,1346 +0.0001 ) GeV/c? 77 Background 3
3 [ o= (0.0050 +0.0000) GeV/c® 1 & 1800F 0= (0.0075 +0.0001 ) GeVic? E
& 000] a=(09196 £0.0204) 7 0 F a=(1.4808 +0.0524) E
> [ E_y>0.12 GeV ] S 1600F £ y>0.12 Gev E
> [ j S 1400 -
£ 3000 4 ) E E
g B 1 = 1200~ 3
o r ] ,2 10001 E
- g oo ~
r W o0~
400
200
g E E
016 :
M (GeV) M (GeV)
Peak position shift further by 1 MeV, width increase from 5.3 to 7.5 MeV J
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-D
o Mﬂo, 0770' Nﬂo VS E,y

Belle I

Data Prod5- Phase 2

Ey threeshold dependence

Mean o
0.1322 1
.P060 -
0.1320 4
0.13187 0.0055 -
0.1316
T PP T o
1.24
20000 -
1.04 15000
0.8 10000 A

0.050 0.075 0.100 0.125 0.150

S.Lacaprara (INFN Padova)

0.050 0.075 0.100 0.125 0.150

Montecarlo - Phase 2 BGx1

Ey threeshold dependence

Mean o
0.1336
.007
0.1334
.006 -
0.1332
.005 -
= P :
121 000 -
1.1
1.01 000 -
0.9 1

0.050 0.075 0.100 0.125 0.150

Meson rediscovery

0.050 0.075 0.100 0.125 0.150

Virtual 31/10/2018

INF
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n — vy BGx1 vs BGx0 phase Il MC comparison

Events / (GeV /700)

Pull

BGx0 M

Phase 2

3500

3000

2500

2000

1500

T R [ T T T[T T[T

1000

500

Yield = (26972 + 635 ) can|
= (0.5438 +0.0007) G
0= (0.0087 +0.0007.)

—+ Data

— Fit

Signal
=== Background

1700 A A A 4 0 I 04 A A A

0.65
M (GeV)

BGx1 MC Phase 3 Data Chall

en

ge

[ Belle Preliminary - DC /7 — Fit

1000

800

60!

S

40

Events / (0.00384615 GeV )

N
o
S

TR SRS AVERVA A SNV - il I IO IR

Pull

Ph2: BGx1 ¢10.3 MeV vs BGx0 8.7 MeV vs Ph3-BGx1 14 MeV

e

By

<X
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D

M,, o, N, vs E, NN

Belle I
Data - Phase 2 Data Challenge - Montecarlo
E_\gamma threeshold dependence E_\gamma threeshold dependence
Mean \sigma Mean \sigma
0.542 do16 ]
0.540 - 0.546 q.015 4
q.014
0.538 | 0.545 q.014 4
] 0.012
0.536 0.544 1 q.013
' ' ' ' ' n'\eta\fo\garhma\éamrﬁa ' ' ' ' ' n'\eta\t'o\garhma\éamn';a
1.00 1.00
500
0.754 5001 0.75 4
0.50 1 200 1 0.501 BOOO -
0.25 1 0.25 1 P500 -
300
0.00 0.00

030 035 040 045 050  0.30 0.35 040 0.45 0.50 030 035 040 045 050 030 035 040 0.45 0.50
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n — rta

Belle IT

Selection:

o =y
|clusterTiming| < clusterErrorTiming or E > 0.1 GeV
50 MeV < E, < 6 GeV
Cluster: Ny > 1.5, Eg/E>; > 0.9
100 < M., < 150 MeV
p_o > 300 MeV

+
™

°
|do(7)| < 2 em, |zo(m)| < 4 cm
PionID > 0.5, KaonID < 0.5
0.296706 < 0, < 2.61799
e p, > 100 MeV
@ VertexFit for decay chain (mass constrained for
0
™)

UML Fit with Gauss + Chebychev][1]

S.Lacaprara (INFN Padova)

<X

Invariant Mass plot for Data Prod6, 500 nb~!

Events / ( GeV /600 )

Pull

Meson rediscovery

80!

70

60!

501

40

30

20

10

S =] =] S
T[T T [ TI T T TT T[T T] I

=]

S

g
H
Z
A A e i A 0 Y S

Belle Il Preliminary - DataProd6 3

Yield = (1944 + 103) cands—|

\
of t \\\ =(.0.5469 iO.OOOZ)GeV/cZé
E :\: (0.0044 +0.0003) GeVict
05 \\\\ P TR050.30 GeV
FTIMMMIMIDNNINNW IMIMMIMMEIITINNY
R e e e e e
2F T . " E
OB ™ iy ™ e g e A
2 T N
E. "0 v e L 1y 0 3
0.5 0.52 0.54 0.56 0.58 0.6
M (GeV)
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D — c
n — 7 x° Data - MC comparison

Events/ (GeV /600 )

Pull

Data - Phase 2 - Prod6

:, —+— Data |
800 — it E
E ignal 4
700 = maagroma_ S
600~ =
500~ N
4001~ N\
E Belle Ul Preliminary - DataProd6 1
300~ § Yield = (1944 + 103) cands—|
L D |
P + § =(0:5469 * 0.0002 ) GeV/e? ]
£ \ =(0.0044 +0.0003) Gewic? 1
100f \Q\ P R050.30 GV
£ AN S
SRR AR Loy ey g
1 T
2 .o L - =
E | L 3

05 0.52 0.54 0.56 0.58 0.6
M (GeV)

Events / (0.00181818 GeV )

Pull

Data - Phase 2 - Prodb

T
5 —+ b
F Belle 1l Preliminary - Data =" 3
L iona
500 ield = (702 +79) cands #%44 Background T:
Fu= (05478 +0.0004) Geyrc? + 1
400175 (00034 0.0005 7
300 4
20012 2
4 ]
100[7 |
E % 4 2|
VS IIAS I IR IS i i s 00 IS Loy
Bs 0.52 0.54 056 0.58 0.6
E T T T 3
LT T ] e E
of et Tl sr e 4
E | L
05 0.52 0.54 0.56 0.58 0.6
M (GeV.

Events / (GeV /1100)

Pull

<X

Montecarlo - Phase 2 BGx1

T
—+ Data

e #

2500 11 Signal
= Background gl
2000 L |
1500 < N
F ‘Belle il Preliminary - MC_phase2 BGx1 |
10001~ Yield = (3140 £ 204 ) cands |
B 1= (0.5447 £0.0002) GeVic? |
500 0= (0.0032 +0.0002) GeVie ]
£ ™\ N
£ \g\ P 050,30 GV

0.5

ol.

L
0.58
M (GeV)

.6

Peak on MC ~ 2MeV higher than data. Width significantly larger on Data (4.4 vs 3.2 MeV).

S/B very different (MC only c¢)

Prod6 o ~ 3.4 MeV vs 3.2 on Prod5 (not full stat)

S.Lacaprara (INFN Padova)
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D _ )
n—natmw 7 MC: BGx0 x1 comparison NN

MC - Phase 2 BGx0 MC - Phase 2 BGx1 MC - Phase 3 BGx1 - Data Challen

—~ T —~ T —_ - . . . -
o —+ Data 1 o —+Data > E —+ Data
Q zm. S soolm e A @ 900FBelle Il Preliminary - DC —n g
o = Bakground i = = Batkground g 8 E o 4
> 25001 N > E y g 1
v [ J D o0l N Q ¥ b Z
© ot § O % 8 s El
~ 2000~ | - C | o —
[%] L | %) S H o 3
z r 1 T 1500 | o =
2 1500F o o F S N = 4
m [ el Preliminary - MC_phase2 8Gx0 ] i r ‘Belle it Preliminary - MC_phase2 BGx1] P =
r Yield = (4139 + 198 ) cands | 1000~ Yield = (3140 +204) cands ] S A
1000} 7 r q g 7
g 12 (05449 £0,0001) Gevicd | 2 1= 00,5447 £0,0002) Gevicd m A
500~ L 0= (10,0028 £ 0.0001) GeVie:] SO0 0= (10,0032 £ 0.0002) GeV/eZ] 2|
b %\\\ i £ N ] 7
E 3 p 0>0.30 GeV- ] S R P 0>0.30 GeV o E 7: 3
£ N ] E N\ J E i i % i 4
SN NN SN . \3‘&\5&7 . 85 0.52 0.54 0.56 0.58 06
. T
=] S =
E| p=1
a T E o a
A A S ol SO NS MR LI R RS RS
05 052 054 0.56 058 0.6 0.54 0.56 0.58 0.6
M (GeV) M (GeV)

Width increases from 2.8 to 3.2 MeV with BGx1
On Ph3 (DC) o ~ 4.1 MeV, and S/B more similar to that of data.
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D _
Kg S atr

Selection:

@ stdPi(good)
0.296706 < 6, < 2.61799
|do(m)| <2 cm
|zo()| < 4 cm
PionlD > 0.5, KaonlD < 0.5

or p<0.5dr>0.05 dz < 0.8, cosA¢ > 0.955
or 0.5<p<15dr>0.03 dz<1.8,

cos A¢p > 0.995

or p>1.5dr>0.02, dz < 2.8, cos A¢ > 0.9955
o NHitscpc > 15 (and NHitssyp = 0 for DC)

o p, >03—13GeV

UML Fit with Gauss + Chebychev[1]

<X

Invariant Mass plot for Data Prod6, 500 nb~!

S.Lacaprara (INFN Padova)

Meson rediscovery

Events / (GeV /800 )

Pull

80

S

70

S

60!

S

50

S

40

S

30

=3

20

=3

100

o

>0.50 GeV

Belle Il Preliminary - DataProd6
1l = (0.4976 +0.0001 ) GeVic?

g}= (0.0028 + 0.0000) GeV/c?

= signal
=== Background

el Lo b b b b b b s

oh
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D _ .
K2 — 77 Data - MC comparison O
Data - Phase 2 Montecarlo - Phase 2 BGx1

— e L e e o e ey B N R e —~ S e A o e s e e N R e
o [ —— Data | o C —— Data |
S 80op + — Fit B S 160 — Fit ]
[es] C . Signal | @ . = signal 4
~ F <55 Background q -~ r =25 Background B
700~ - = —
% F . % 140 1

F e Il Preliminary - DataProds | C Belle Il Preliminary - MC_phase2 BGx1
O 6ol h O 120f ]
~— E =(0.4976 +0.0001) GeVic? ] ~ C 1 =(0.4911 + 0.0001 ) GeVic? |
-~ £ ] =~ L ]
.2 500— (0.0028 +0.0000) GeV/c?  —] g 100 - 0 =(0.0026 +0.0001 ) GeV/c? -
0>) E ©0.50 GeV E 0>J C p_1e0.50 GeV ]
o 400r . o 8F -
300 3 60F e
200F E 40 =
100/~ E 201~ =
o T S =
F = e e e e B L e e B B
S b ol -] S o e T e e P
o = e W - S ~g o . || - -~ i
s v e e e e L e e by s 0o e Lo Tl Ly

0.47 0.4 0. . 0.52 0.47 0.48 49 05 0.52

M (GeV) M (GeV)

Significan shift in peak position, width similar (large on Data) J
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D _ .
Kg — w7~ Data - MC comparison N

Montecarlo - Phase 2 BGx0 Montecarlo - Phase 3 Data Challenge

— 77— — 71—
1601~ a 5 E ata E
S r > 1 2 4500 W -y E
2 C Signal 4 o r Signal |
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Peak shift not due to BGx1, only larger width. DC BGx1 has even larger width. )
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Peak position 1 MeV higher on Data than MC, width slightly smaller in Data )
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Phase 3 BGx1 better than Phase 2 BGx1 ? )
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Maybe is a signal. Visible also in Prod5, width smaller.
Fit is rather unstable and statistics - if any - small J

S.Lacaprara (INFN Padova) Meson rediscovery Virtual 31/10/2018 23 /29



D
<o
Belle I

Maybe

n — n(— yy)r 7~ Data - MC comparison R

Data - Phase 2 Montecarlo - Phase 2 BGx1

—~ T — E T -
~ o gob k| o 250
f F Belle Il Preliminary - DataProd6 Qr [ Belle Il Preliminary - MC_phase2_BGx1 %
% 70 Yield = (55 +17) cands ; [ Yield = (226 +42) cands ]
£ 200 —
8 oM = (09521 00053) Gevic? 8 [ 1= (0.9501 +0.0018 ) Gevic? i
7 F 6= (00167 0.0051) Gevic® = [ o=(0.0088 +0.0013) Gevic® q
c C " E §
qc.> 50 E p_n>0.80 Gev € 150{—p_n>0.80 GeV/ |
T o | s &
aoF 3 1] [ §
E B 100{— S
30F S [ N
20F —~+-pata F —+Data
£ —Fit S0 —Fit
10 = Signal [+ Signal
E = Background # = Background
0 > AN DAY
A B A I e —r———T 5
3 e B e M S e~ e T Jin g
o 0 — | - o 0; e . Sl B e | | E|
-2 | 25 ~ e E
P I R B E - P e BRI
0.85 0.9 0.95 1 ; 0.9 0.95 T
M (GeV)

is a signal. “Peak” position is A ~ 2MeV, o ~ 17 MeV is larger than MC (9 MeV) J
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