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D
Intro R

Rediscovery of " in B2 data

@ Similar work done for exp3, Prod6

Documented on BELLE2-NOTE-PH-2018-038

under review: got many comments, including request to update to newer processing
o End of year goal is to see B — n/Kg in B2 Data

Considering ' — (17W/3777r+7r7/pfy) K2 — 7' 7~ final states:

B(B® = n'K2) ~ 1.27-107°

From BELLE2-NOTE-PH-2019-025, we have ngg ~ 2.7 - 10°

n(B® = n'K2) = npo X B x e~ O(1) events

Today

Rediscovery of 7 and " in different final states using Proc9 data for Phase Il and Phase Il
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https://docs.belle2.org/record/1218?ln=en
https://docs.belle2.org/record/1414?

D
o

Belle I

Technicalities

Using Proc9 data for Phase Ill and Phase Il

Release-03-02-02

GT: data_reprocessing_proc9
input mdst for h1t_hadron skims
Exp3, Exp7, and Exp8 4S

Exp2 Logne = 0.495 fb~!

Exp7 Logne = 0.643 fb !
only 0.114 fb~! for final states with p

Exp8 4S L g, = 1.980 fb !

X No MC comparison (yet)
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7 and 77’ in Proc9
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70 — 7y reconstruction

Belle I

Selection:

@ gamma:tight from stdPhotons

0.296706 < 0., < 2.61799
clusterTimingError < 1e6 and
[E1/Ey > 0.4 or E > 0.075 GeV]
Eeg——1 > 0.05GeV

Ejeg——> > 0.05 GeV

Ereg——3 > 0.075 GeV

o Cluster: Ny, > 1.5, Eg/E>; > 0.9
e £, >120MeV

Binned-ML Fit with (CrystalBall +
Gauss) + Chebychev([1]

Plot approved for LP:
BELLE2-NOTE-PL-2019-019
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Invariant Mass plot for Data Proc9 Phase Ill Exp 748
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https://docs.belle2.org/record/1589?ln=en

D .
7 — ~~ Data Proc9 Exp7 - Exp8 comparison NN
Data - Phase Il Proc 9 - Exp7 Data - Phase Il Proc 9 - Exp8

x10°
< F Bélie 1preliminary - Data ! T o T 3 < Fedie ubrenmmavy Batal T o ]
o~ 5 Dan ] o £ Data ]
Data - Phase Il Proc 9 - Exp3 &S00 e == 1T 8 Fowesers = ]
F L g 1 = Signal ] [ s = Signal ]
PR . s [ [ra=osaso S Background 7] S 120f fra=iesm S Background ]
© [ Belte 2019 Preliminary + Data ] 8 40000* Yield = (1109.3 +29.6 ) 10° cands 1 8 [ Yield =(3028.4 +4.1) 10" cands. ]
E mW?J'Lm:a.m‘ — Fit 4 s [ u=(132.28 £0.04) Mevic? i o 100[H=(13229 £0.01) Mevic? 4
8 E (079 1) 10" candidates [ Signal ] S [ 0=(521£003) Mevie® ] S [ 0=(552 £0.01) Mevic? ]
8 10001 15713+ 0012) wevie? s Background ] 8 [ £012Gev b ] [ ep012Gev ]
3 1 IS) r b IS] [ 1
o 4 - L ] - L ]
by 1 - - L ]
2 ] o r 1 @ 6o N
£ w 1 Lk ER ]
e E I 1 2 L F ]
400 B o r 1 o 4o 4
2000 3 r - [
] r ] 20

3
o F 3
b = = £ ]
o S = E -. . 1

M, (GeV/c) a a - ]
[ i . - e TN N A S 4
0.1 0.12 0.14 0. 15 0.1 0.12 0.14 0.16

M,, (GeV/cr2) M, (GeV/c2)

= 132.7/132.3/132.3 MeV (Exp3/7/8)

0 =5.0/5.2/5.5MeV 0g,g > Tgp7 > Opyps Fit with single CB not optimal (6, p dependent resolution
and tails?)

Yield does scale with luminosity.
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1 — 7y reconstruction

Belle I

Selection:

@ gamma:tight from stdPhotons

0.296706 < 0., < 2.61799
clusterTimingError < 1e6 and
[E1/Es > 0.4 or E > 0.075 GeV]
Ereg——1 > 0.05 GeV

Ereg——> > 0.05GeV
Eyeg——3 > 0.075 GeV

o Cluster: Ny, > 1.5, Eg/E>; > 0.9
e £, > 400 MeV

Binned-ML Fit with CrystalBall +
Chebychev][1]

Plot approved for LP:
BELLE2-NOTE-PL-2019-019
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7 and 71l in Proc9

18000

14000

8000
6000
4000

2000

Invariant Mass plot for Data Proc9
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https://docs.belle2.org/record/1589?ln=en

n — vy Data Proc9 Exp7 - Exp8 comparison

Data - Phase Il Proc 9 - Exp7

—~ L e e e L LA e o L o
N £ El
Data - Phase Il Proc 9 - Exp3 & s carcuzmsrtmnay I
E — Fit E
[ E - o 3
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§ 3 El S 3000F E
S 2000 | = B ]
2 : 3J 2500

SR T —— bt @ ’ ]
2 10 17140910 cancicates 3 S 2000 E
3 £ N 3 [ E (26.2 £0.4) 10° canditates B
g E u=(s441203) Mevic E > £ 3
i1} r N 4 w = |
1000~ o= (11.8 + 0.3) MeVic’ | 1500 p=(542.07 +0.17 ) MeVic? =
[ E0.40Gev ] E E
soof- 3 1000 0=(1137 £018) MeV/c? 3
E ] E E~040Gev E
£ 1 500 =
A R B £ El
= gy = -
z i L e B e B
2 s | = - 2F - i -
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E 1 | L 2 E|
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= 544.1/542.1/542.1 MeV (Exp3/7/8)
o =11.8/11.4/12.0 MeV (Exp3/7/8)
Yield does scale with luminosity.
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Data - Phase Il Proc 9 - Exp8
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Belle Il 2019 Preliminary

IL dt=1.08 b

(74.7 +0.7) 10° canditates
W= (54213 £0.13 ) MeVic?
0=(11.99 £023) Mevic?
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n — m 1 7° reconstruction NN

Belle I
Invariant Mass plot for Data Proc9
. ~ 7T T T
- N r Belle Il 2019 Preliminary +4
Selection: S [t Daa =
0 % F— Fit ]
e o [ I Signal ]
0 : S 2. Background B
Same as for m earlier S E g ]
E’Y > 300 MeV = 1s00— Phase 3 - exp 7+8 -
%) C ]
0.11 < M < 0.15 MeV S F JLdl:2.623fb'1 1
o T @ loooks 13.3 +0.3) 10° candidates
C u=(545.31+0.15) MeVic? ]
pr > 300 MeV s00[— 0=(633£0.17) Mevic’
o TreeFitter with 7° mass constraint E 3
Binned-ML Fit with CrystalBall + =
o
Chebychev([1] L
y 0.58 0.6

Mo (GEVIEN2
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n — 7 n 70 vs experiment NN

Belle I

Phase Il Proc 9 - Exp3 Phase Ill Proc 9 - Exp7 Phase Il Proc 9 - Exp8

~ T3 ~ 7 ~ 3

g 400 + Data Belle 11 2019 Preliminary e % of - Data j, Bellell 2019 Preliminary 3 ;: 20 ¢+ pata Belle 11 2019 Preliminary
3 SF—Fit 3 — Fit El 3 EOF—Fit 3
© = Signal = o Signal H O w0 Signal 3
S === Background 3 S +== Background } = 8 +== Background B
S E . E S E _ E S E — El
= _—"  Phase3-exp3 E = " Phase 3-exp 7 = g — Phase 3-exp 8 E|
9 E 2 E| 2 E
& L dt=0.495 fb™ El g L dt=0.643 fb™ 3 g L dt=1.98 fb” 3
I 21+0.1)10° candidates I 3.6 +0.2) 10’ candidates 3 I 9.7 £0.3) 10° candidates ]
n=(54591+038) Mevic® p=(545.07 +0.32) MeVic? - p=(545.40 +0.17) MeVic?
0 =(6.57 +0.41) MeVic? E 0= (6.87 +0.37 ) MeVic? 3 0=(6.15+0.19) MeV/ic?
E,>0.30 GeV E £,50.30 GeV 3 200 £,50.30 GeV 3
1 1 1 1 3 1 ! 1 E E 1 1 I 1 3
JE T 1 T T = T T T 3 JE Ty T T T =
=1 =, Treaniton 2 Ta [ owe B o e T Tws = o - PP T = LT T tnd Tar I
z L T R e z : RO BT bt DD i e St ™

P S S I N P T N N CEL v e 1 S e
3 o5F 5% =3 057 056 T 06 o 3 o5 056 058
M, (GEVICH2) M, (GEV/CP2) M, (GEV/CP2)
p = 545.9/545.1/545.5 MeV (Exp3/7/8) (> M, _,. ., = 542 MeV)

o =6.6/6.9/6.2MeV (Exp3/7/8)
Yield ok scale with luminosity.
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D - .
n — n(— yy)n 7 reconstruction T

Selection:

o n =7
Same as for 7°
0.48 < M < 0.58 MeV
p, > 400 MeV
ot
p,. > 400 MeV
@ TreeFitter with n mass constraint

UML Fit with Gauss + Chebychev([1]

S.Lacaprara (INFN Padova)

Invariant Mass plot for Data Proc9
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D - .
n — n(— yy)r 7 vs experiment T

Data - Phase Il Proc 9 - Exp3 Data - Phase Il Proc 9 - Exp7 Data - Phase Il Proc 9 - Exp8

T moF < F 3 T T 3
o E E| o o ]
g f Data Belle 1 2010 Prefimingry 1 13 by _t Data Bele Il 2619 Prefiminary by t Data Belle 11 2019 Prelimina
L 160 Phase 3-exp 3 3 250 Phase 3-exp 7 3 Phase 3-exp 8
> — Fit B > — Fit A > fF—Fit =
O 4 Signal = O Signal ] % Signal 3
Q ] o 20¢ — 2 |
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S £ E| 8 E ] 8 E ]
= 10 - 3 150 3 @ E 1
= E E| 3 £ ] S s o 4
2 £ E| e £ ] =] E = 1
c 8o N 3 o E N 4 o L ~ . ]
g E L dt=0.495 fb” E| = L L dt=0.643 fb | = F ~ L dt=198fb" q
S Wb E S e P 1 5 wE ~ -
£ (0.15 £0.02) 10° candidates J 2 F (027 £0.04) 10° candidates | 2 L (0.81£0.07) 10° candidates ]
40 1=(957.40 +0.66) MeV/c? — < E 1=(958.26 +1.07) MeV/ic? < £ W=(958.06 +0.86) MeVic? ]
E 23 [ 2 [ 2 o
»oF 0=(4.25+060)Mevic? F 0=(6.79 £1.20) MeV/c ] E 0=(887 +0.79) MeVic ]
E E,,,>0.40 GeV ] E,,,>0.40 GeV ] E E,,,>0.40 GeV ]
MR | N I P N I P I
B e B B T 3 B S B o
= ~— A U B E, o = .. S e i TTL e = - - T
[+ e R =Sani) g = a e o sl e a S e | L
CEL = e s e CE L e e e CEL e o e
o 3 T 5 o 55 T s o 055 T s
My (GEVIET2) My (GEVICT2) My (GeVIC2)

= 958.1/958.3/957.4 MeV (Exp3/7/8)

o =4.25/6.8/8.9/ MeV (Exp3/7/8)

Exp3 peak quite narrow, maybe statistics or fit?

was o = 12 MeV with Prod6, comparable with MC (10 MeV). Yield with Prod6 was 87 + 21 vs
150 + 20 candidates (see backup)
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Belle I

Selection:

e n—>— rtr7°

~: same as for m°

E, > 0.400 MeV

0.51 < M < 0.58 MeV
p, > 400 MeV

Oﬂi

p, > 400 MeV

o TreeFitter with 7° and 7) mass
constraint

UML Fit with Gauss + Chebychev[1]
+ — =958.2+£0.7MeV

!
n —=n(—=yy)T

S.Lacaprara (INFN Padova)

n — n(— 7r+7r_7r0)7r+7r_ reconstruction <R

Invariant Mass plot for Data Proc9
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0 = n(— 7t 1) 1 vs experiment <R

Belle I

Data - Phase II Proc 9 Exp3 Data - Phase III Proc 9 Exp7 Data - Phase III Proc 9 Exp8

5 o Sall | Preliminary - Data 3 e o Sl I reiminary -0ata | [ S ol o ! aelletlpreimnay -owa |
o —Fit Phase3-exp3 O BE_r Phase3-exp 7 3 9] —Ft Phase3-exp 8
0 ignal . " Signal » w0 = Signal o
B ol e Jraosssnt £ o S o Jramosan® 1 B e i Jracianns 3
S E S E El S E
S s E 3 s
e [ ] S =sE E S
s °F ] 2 E 5 2
2 s — 2 awf E g
g E 2 g E 3 g
¢ £ B g E 2 5
[ Viea= (18 2 7) Cafdidates’ ] of + Vield = (27 211) candiates 3 o Vield = (159 27) candidates ]
L 4612 2] )M\/l E E 4= (9576 £2.8) evic? El § 4= (9559 £ 1.3) Mevic®
L o=l(60+ la RVic? ] sE 6=(60+20)MeVic® E 20— 0=(7.8 £1.7) Mevic? -
Eapotocey ] E £,7040Gev E B £,70.40Gev
\+ L | +\ L L P £ L L L | L L L L | L L - L | L L | L L
_ E —= _E — T — I T — i ; =
s S e e =3 s — e = Emme o - e ]
a E== e nl 3 a =TT |__pal == a E == Il e .
SE = | [ 3 2E | | E | | 3
bs 055 1 Tos o 055 1 s bs %5 1 Tos
M (GeV) (Gev) M (GeV)
= 046958 /956 MeV (Exp3/7/8) (M + _ =958.2MeV)
n' (=)
o =6.0/6.0/7.8 MeV
Exp3/Exp7 quite dubious peaks.
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p — T T ) reconstruction NN

Belle I
Invariant Mass plot for Data Proc9
%\ N B e B
Selection: o E
aF,_= § 4°U°UiBel\ellPre\iminary E
O p—>T T = F Data Phase 2 exp 748 d
0.57 < M < 0.95MeV I s
g [ [Lat=2 ]
pr > 600 MeV w :'[Ie\d(z(;‘siz}ieélooiéégg%)GC?/r}dZs *Eﬁ“a 1
20000—H, = (0. £0. evic — -
- [ o, =(0.1581 + 0.0015 ) GeV/c® ]
Possible structure at 970 MeV r 0.9659 +0.0040 ) GeV/c? B
— 10000 (—¢ —
fo(975) — 7 ? i ]
Binned-ML Fit with BreitWigner p + e ==
Gauss fy(975) + Chebychev[1] R At s+ ey
ol = S S Y R SRS
M (GeV)
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Belle I

Data - Phase Il Proc 9 - Exp3

n = p(= 7T )y

Data -

vs experiment

<X

Phase III Proc 9 - Exp7 Data - Phase III Proc 9 - Exp8

z FT T T g| z T ] z T T
E e E E ] E oouof
o 1000 E PR E O Toooft
S E ] S ] S E
S £ ] S ] S
S 12000[-Belle Il Preliminary 3 3 [ Belle Il Preliminary S 60000 EBelle il Prefiminary
= F Data Phase 2 exp 3 B N [ pataPhase 2 exp 7 | = F DataPhase 2 exp 8
5 10000~ E 2 £ ] 5 S0
2 £ ] £ E ] 5 E
S g0 ;{L t=0.495 fb™ = o 3000 j[[ 4=0.114 fb = ©  40000] j—J:L dt=1.98 b
w F ield = (99495  3409) cands, —+ Data ] o [ Yield = (34974 + 376177 ) cands —+Data 1 o E Yield = (567410  3320) candss
6000[ 4, = (0.7543 = 0.0011) GeVic® — Fit = EF u =(0.7570 +0.4149 ) GeVic? | 30000 }M“ =(0.7524 £0.0004 ) GeVic?

£ 0, =(0.1387 +0.0048 ) GeVic” Ep, 3 01398 + 4.9811 ) Gevic? 4 E 0, =(0.1564 £0.0043 ) GeVic’

F "= (00711 £ 0.0033 ) Gevic? & E 0.9756 +7.3614 ) GeVic? 1 20000 "= (09725 +0.0122) Gevic?

E o, = (0.0136 + 0.0015) Gevic’ 2 Background ] e E E o = (0.0145 +0.0547) Gec’ % Backgmund

2000£,>0.60 GeV/ 4 ] 10000-£,50.60 Gev
E L E| 3 e e L
5‘HH‘HH‘LHWHH‘HQ % 5E‘H“H‘VLHH‘HH‘H'
s [ S T T mm s 3 s . 5 s
2 e FE Sk S j I % c E’- it j
| | | | | | |
05 o7 05 o3 T 05 T
M (GeV) M (GeV)
Large background
fo(975) seen also in Exp3
1 .
Warning L.,,7 = 0.114fb™ " due to technical problems
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D / 4+ - .
n — p(— w7 )7y reconstruction

Selection:
e p— ata”
0.57 < M < 0.95 MeV
pr > 600 MeV
7y
same as for 7°
E, > 600 MeV

o TreeFitter with p mass constraint

UML Fit with Gauss + Chebychev[2]
;  =9582+0.7MeV

/
1 —n(—=yy)w

n/ﬁn(%ﬂ}rwiﬂ'o)ﬂ}rwi -

955.9 & 1.3 MeV

S.Lacaprara (INFN Padova)

Invariant Mass plot for Data Proc9
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D _ .
et ' — p(— 7 7)Yy vs experiment e

Data - Phase Il Proc 9 Exp3 Data - Phase Ill Proc 9 Exp7 Data - Phase Ill Proc 9 Exp8

3 worselel Pvehmmavy Data - 3 450=Belle Il pyenmmavy Data = 3 E Belle ! Pvehmmary Data j 1
[0} ] O b 3 O a0 .|
g w00 4 g 3 E 8 E 5
=] L T =3 350 1 S L R
S C T =} E o 0 =
= sof - ) = = E q
2 [ Phase 3-exp 3 ] £ fPhases-exp7 3 £ 2 phases-exps E
g g E E| 3 £ ]
S o[- 4 e E E| g £ ]
u [ [ L dt=0.495 b ] W 200E ) g=0.114 bt 3 W IO Gi-1.98 10 ]
400Yield = (0.5 +0.1) 10° cands —+ Data - 150 jV\eId (0.13 £0.04) 10° cands —+Data E| 1ooo[Yield = (2.1£1.2) 10° cands —+Data E
[ 1=(953.18 +2.26) MeV/c? — Fit ] 1001 = (95352 £0.89) MeVic? —Fit E F n=(953.90 +0.76 ) MeV/c? —Fit 3
200170 = (9.22 +2.10) MeV/c® Signal - E 0=(268 £0.73) MeV/c? Signal E 5000 = (6.14 +3.52) MeV/c? Signal B
F E,>0.60 GeV E,>0.60 Gev 5 Background ] %EE,>0.60 GeV E,>0.60 GeV S Background 3 £ E,>0.60 GeV E,>0.60 GeV i Background 3
C i I . h| E I I E| E i I . E|
T T T = T T T 3 T T T 3
= 2= - = 2E . - - n E| = 25 I. P -
s R N oo - - = T ] - - . E| = sam o D e n -l
a A b L a ! Lt | o R R T E c SR E T RS
B T T R DA CEL Ly G CEL L
o. 03 3 T 5 o. 05 23 T 5 o. 05 055
M (GeV) M (GeV)
= 053.2/953.5/953.9 MeV (Exp3/7/8) (> M. = 542 MeV)
1% / / ( p n—yvy

0=19.2/27/6.1 MeV
exp? peak significantly narrower, L., ,; = 0.114 b !
Very large background

S.Lacaprara (INFN Padova) 7 and 77/ in Proc9 Phys Meet 07/12/2019 17 / 18



D
Summary

All 7' final states rediscovered on Data

TODO:
#° update on BELLE2-NOTE-PH-2018-038

& Look B® = /K2 and BT — /K* (B=7-10"°)

in data?
» Do not expect any signal, but can study
background

& Look at MC12

» both for n and 7 to compare with data
» and B — K2

S.Lacaprara (INFN Padova)

Light meson rediscovered

AV NN NN Y

= vy

Kg —ata

n—

n— rra®

W = n(=yy)rta

N (= rtn m)r
p—min

fo(975) — 7~

n = p(—= 7t )y

<X
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Wy Additional stuff e

Belle I

Additional or backup slides )
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=4 Prod6 results on Phase Il Exp3 NN

Belle I

7« — 2~ Prod 6 - Exp3 n — 2+ Prod 6 - Exp3 71 — 37 Prod 6 - Exp3

— . . I — T ! — R S e S A
%, 35000 Belle Il ereliminary - Data + Data 3 © E Belle Il Preliminary - Dataj —+ Data B % 50f | Data % —
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