Belle Il Lab exercise:
Results and discussion

Let us know if you enjoyed ®
it and what can we improve QD
In your opinion
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Particle Quark Process Mass N. Events N. Particles Width

content GeV GeV
uu, dd 0.1322 |10k 121k 0.01380
ds 0.4962 400k 1.747M 0.01219
(uu, dd), ss 1.019 400k 17.5k 0.0042
cc 3.088 4M 7k 0.018
3.090 4M 2.8k 0.014
cu 1.857 4M 11K 0.0096
1.862 4M 133k 0.00998
cd 2.005 4M 4k 0.0008
2.005 4M 4k 0.0009
bu 5.283 ™ 51 0.155

5.299 ™ 58 0.396
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Exercise table with the list of decays to examine

m->vyy

Ks >+t -

b >K+K-
P > ete-
> pt p-
DO - K+rt-
DO > K-m+
D*+ - DO+
D*- > Dn-

B+ > J/Y K+
B- > J/P K-

Sorry, | was a little slow

3.0899 1000000
3.0939 1000000
5.281 7000000
5.278 7000000

Belle2Lab Manual

1778
2648

58
86

0.0087
0.007

0.004
0.017

D
O
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Phi mass

hO
=z - -
500 — Entries 107258
== Mean 1.017
450F— Std Dev  0.007242
= X2 / ndf 384.9/95
400f— Prob 1.541e-36
= N 324.1
3501 u 1.020
300F— G 0.003076
= p0 52.36
250f— pl 67.57
200f—
150F—
100F5
= oo by o by by oy by by
1 1.005 1.010 1.015 1.020 1.025 1.030
mass (GeV/c2)
J/psi Mass
h2
z — Entries 2648
160}— Mean 2.882 z 35—
— Std Dev 0.2581 -
140 — X"2 / ndf 146.8/95 —
~ Prob 5.235e-4 30—
- N 144.4 C
120}— u 3.094 r
- o 0.007039 25—
100f— po 98.37 C
- pl -25.77 =
80— 20—
60— g UH
- 15 I
40
— 10 —
0 Lﬂd‘__‘ﬂp‘l.,_,}ﬂﬂwr s
: : 1 1 1 1 I
ol T T SR AN S S N N PR S N R S N 28 29
2.6 2.8 3 3.2 34
mass (GeV/c2)
Click to fit ‘
Click to fit Range: min= >: max= 3:
Range:min= 25 max= =5 x2/ndf=146.8/95=1.545
Function: | Gaus + Poly
N —( z ) Name Value
Function: | Gaus + Poly v - € 20 -l— pO + p]. - L o o
Name Value Min Set Max Step * o L
o 3.0939 3 32 0.0001 o N RINERE
. O 0.007 0 1 0.0001 Polynomial order: -
o N: 144.441 0 10000 0.0001 Name Value
. pO: 10.8001
Polynomial order: - o pl: 1.6416
Name Value Min Set Max Step . p2:
o pO: 98.3691 -10 98.369136873914 | | 0.0001 o p3:
o pl: -25.773 -100.4079988216: 0 0.0001 o pa:
. p2: -10 10 | |0.0001
. p3:

. pd:

Min

Min

XéIndf = 122.4 /95 = 1.288

B mass
hl
N Entries 58
10— Mean 5.299
: 1 Std Dev 0.06076
8— X2 /ndf 27.18/23
— Prob 0.2483
6f— N 10.37
— 5.281
4— o 0.004153
21—
0_| |n| ' I”””I_IIDI 1 |” 11 l—|| 1 |” |m|n 1 ”||_|||-|| |”|
5.15 5.20 5.25 5.30 5.35 5.40 5.45 5.50
mass (GeV/c2)
J/psi Mass
h2
Entries 1778
Mean 3.045 Phi mass
Std Dev 0.1399 o
x*2/nat 1224195 N = Enties 107258
Prob 0.03079 500 Mean 1017
N 17.03 I = StdDev  0.007242
y 3.090 - X"2/ndf 384.9/95
. 0.008703 400 Prob  1.541e-36
po 10.80 - 3241
p1l 1.642 350 == 1.020
’-H 300/E— 0.003076
I = 52.36
U U U H H HHJ “LJ-IJJ L |J 250;— 67.57
| 2001~
150
1007
511'1311 11'31211"3 i TS T TN AN T TR SN N T SN SN T N SN Y T AN SN TN Y T NN SN WY S 1
. “nass (GeV/Céi). 1 1.005 1.010 1.015 1.020 lhcl';?s (GeV/ngBO
Click to fit ‘
Range: min = max = 102 ¥#ndf = 385.6/95 = 4.059
_(EZEN2
_(ﬂ)? Function: | Gous + Poly v N - € ( 20 ) + pO + p]. - T
A N - € 20 + po + pl T Name Value Min Set Max Step
. Set Max Slep . p 10197 1 1.025 0.0001
. a 00031 o 0.004 0.0001
32 0.0001
o N: 3241284 0 10000 0.0001
1 0.0001
10000 00007 Polynomial order: )
Name Value Min Set Max Step
* po: 52 52 5 200 0.0001
Set Max Step * pl: 67.5691 1 67.569163751250| 0.0001
10.800194377967 |0.0001 . P2z !
o p3:
10 0.0001
o pa:
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Exercise table with the list of decays to examine

O->yy 0,1325 50000 11467 0,00976
- Ks = ru+ 7t - 0,4954 100000 206004 0,00936
_ ¢ > K+K- 50000
_ Y > ete- 3,078 1000000 3998 0,01787
_ U = p+p- 3,082 1000000 7817 0,01562
_ DO > K+t 1,861 1000000 257709 0,008366
_ DO > K-+ 1,861 1000000 208395 0,009266

Belle2Lab Manual
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pipi Mass
z [ Entries R 645322 J/pSI mass
| Mean 0.5350 > h2
[ Std Dev 0.1342 [ Entri 2834
10000 - X2 | ndf 122.1/24 — Mr;:: ® 2.614
- Prob 4.067e-15 —
= . | o Do o
9000— B 0009358 Prob 1.496e-9
— p0 6091 120 N 1221
— p1 e — " 3.082
— — o 0.01562
8000f— 100f— p0 14.7
— ~ p1 -27.31
— 80—
7000|— -
- 60—
6000|— -
— 40{—
5000} 20l
O—IIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
4000b—1 1 1 | T T O ! T T 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4
0.3 05 0.6 0.7 0.8 mass (GeV/c2)
mass (GeV/c2)
J/psi mass
h2
- Entries 6840
Mean 2.827
180 EH_ Std Dev 0.5451
- A2 | ndf 556.87 /20
— rob 3.040e-5
1601— N 71.45
u u 3.078
— o 0.01787
140+— p0 183.2
~ p1 -24.59
120|—
100}—
80—
60—
1 1 1 I L 1 1 l L 1 1 I 1 1 1 I L 1 1 I L 1 1 I L 1 1 I 1 1 1 I L 1 1 l L 1 1
2 2.2 24 2.6 2.8 3 3.2 3.4

3.6 3.8 4
mass (GeV/c2)



.z. Institut
”Jozef Stefan”
..0

Ljubljana, Slovenija

Worksheet

Exercise table with the list of decays to examine

T->yy 0,1319 1000000 97347 0,0051
- Ks = 1+ 11 - 0,4975 1000000 10387 0,0045
_ ¢ > K+K- 1,019 1000000 788 0,002
_ U > ete- 1000000
_ U > ut p- 3,0937 1000000 58 0,0073
_ DO > K+7t- 1,8639 1000000 507 0,0046
_ DO > K-+ 1,8637 1000000 475 0,0044
_ D*+ - DO i+ 2,0054 3000000 303 0,0004
_ D*- > DO 1- 2,0054 1000000 106 0,0004
_ B+ > I/ K+ 5,2787 7000000 27 0,0094
_ B- > I/ K- 5,2767 7000000 31 0,0095

Belle2Lab Manual
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Worksheet

Exercise table with the list of decays to examine

Uubar or
bbbar

m-vyy

Ks o T+ 1T -

¢ - K+K-
JP - e+ e-
JY - p+ p-
D° _, K+T1-
Do - K-+
D*+ - D° 1+
D*- _ DO -
B+ - J/Y K+
B- - J/Y K-

0,4975

1,020

3,094
1,864
1,864
2,005
2,005
5,281
5,277

Belle2Lab Manual

100000

1000000

1000000

10000000
1000000
1000000
10000000
1000000
10000000
10000000

133877

2216121

55526

6087
32078
29785
95306
2016
1367
1313
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24/7/2020 Belle Il Particle Discovery

Belle Il Particle Discovery: Describe process —Analyse —Fit results —Discover

Phi mass
. 0 (e (e | () (B
- Entries 107258
500 == Mean 1.017
450F— Std Dev  0.007242 100%
E X2/ ndf 384.9 /95 {"analysis":{"neve":"1000000","first":"0","print":"0","datasource":"hadron-2.root","list":{"combiner":{"list1":
400— Prob 1.541e-36 {"selector”:{"list1":"" "charge™."-1","pid":"MUON","histogram™.[ {"h1d".{"varname":"GetMass", "name":"mu
- 324.1 neg Mass","nbins":"40", "min":"0","max":"5"}} 1}} ,"list2":{"selector":
350— : {"list1":"","charge™:"1","pid":"MUON","histogram":[ {"h1d":{"varname":"GetMass", "name":"mu pos
: 1.020 MaSS","nbinS":ll1OO", "min":"O","maX":"s“}} ]}}
300 - 0.003076 ,"sameparticles":"0",“pid":'.‘JPSI","m0":"1","m1“:"4","histogram":[ {"h1d":{"varname":"GetMass",
= 5236 "name":"mumu Mass","nbins":"100", "min":"1","max":"4"}} 1}} }}
250— 67.57 bash -c 'cd src; root -b -| <.L BParticle.cc+ .L BEvent.cc+ .L Blab2.cc void Blab2::event(){
— combiner(selector(-1,-1, MUON, histogram(1,0) ,2) ,selector(-1,1,MUON,histogram(1,1) ,3)
200F— ,0,JPSI, 1,4, histogram(1,2) ,1) ; } void Blab2::Init(){ fNeve=1000000; fNfirst=0; fData="hadron-2.root";
- fPrint=0; h1d("GetMass","mumu Mass",100,1,4,2); h1d("GetMass","mu pos Mass",100,0,5,1);
150E— h1d("GetMass","mu neg Mass",40,0,5,0); plist(1); plist(2); plist(3); } Blab2 *blab2 = new Blab2();
100 = Number of Events in the file 5665997
- | 1 1 1 I | 1 1 Il ] 1 L 1 1 l 1 1 1 1 l L 1 1 1 l 1 1 1 1 “Umger 0; evre_tntls pr?](:?e88336e(?511 000000
umber of particles:
- 1.005 1.010 1.015 1.020 1h0]§gs (GeVI(::LZ'())so Average number of particles per event 17.836052
Blocks
Range:min= 1 max= 103 x%ndf=385.6/95=4.059 Belle Il Masterclass
Number of events:
_(EZHN2 First event: [0
Function: = Gaus + Poly v N e ( 20 ) + pO + p]. L 4 Data Source
Name Value Min Set Max Step Print particle list? (XEI
o 1.0197 1 1.025 0.0001 Particle List Combine 2 particles
o r——
P 0.0031 0 0.004 0.0001 Particle 1 [ Select Particles
o N: 324.1284 0 10000 0.0001 Particle
Charge
Polynomial order: : Y muon
Name Value Min Set Max Step e
* pO: 52.363935054039 | |52.363935054039 200 0.0001 o - 1
e pl: 67.5691 1 67.569163751250 | |0.0001 L S ogram e TULRL)
. p2: 0 -10 10 0.0001 Particle 2 [ Select Particles
e p3: 0 10 10 0.0001 Particle
. p4: 0 -10 10 0.0001 Charge
|1/ muon -

Histograms

Histogram'  Title JulNel 1Y
|

Same particle lists? ([XCIEB
Set identity to
Min mass [GeV/c2] :
Max mass [GeV/c2] :
Histograms

https://belle2.ijs.si/masterclass/ 1/3
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Exercise table with the list of decays to examine

o> yy e 628975 11201787

Ks > m+m-

b > K+K-

) > ete- e 5000000 89346763
Wb = i p- 0.225 1000000 17836051

DO = K+7t-
DO > K-m+
D*+ - DO+
D*- = DO -
B+ = J/U K+
B- > J/Y K-

Belle2Lab Manual
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Exercise table with the list of decays to examine

w2

(@]

mo->vyy

Ks 2> m+m-

¢ > K+K-
I/ > e+e-
I = p+p-
DO - K+rt-

DO > K-m+

D*+ - DO+
D*- - DO -
B+ > J/Y K+
B- > J/U K-

1,02

3,086
3,090
1,864

1,864

Belle2Lab Manual

7085107

5665997

5665997

7085107

7085107

1029000

21330

17360

1136000

1034000

0,004521
0,01362
0,009075

0,00478

0,004726
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Exercise table with the list of decays to examine

TehE TO->yy 0.1334 600000 0.003729
d-dbar
s-dbar Ks = i+ Tt - 0.4960 600000 0.01581
W
_ s-sbar ¢ > K+K- 1.019 6000000 0.002730
_ c-cbar P > p+ p- 3.094 6000000 0.008099
_ - DO > K+t 1.864 6000000 0.004816
_ c-u DO > K-mi+ 1.864 6000000 0.004825
_ D*+ > DO+
_ u-bbar B+ > J/Y K+ 5.280 6000000 0.01372

Belle2Lab Manual
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Exercise table with the list of decays to examine

uu(bar) + dd(bar) + m->yy 0.1317 1 000 10 266 0.0054
ss(bar)
- ds(bar) - sd(bar) Ks = T+ 7 - 0.4976 10 000 77 694 0.00758
_ ss(bar) d > K+K- 1.020 100 000 24 699 0.00352
cc(bar) P > ete- 3.085 10 000 000 94 226 0.01327
(5665997 —
hadron-2)
_ P > p+ p- 3.094 1 000 000 9772 0.00717
cu(bar) DO > K+7t- 1.861 10 000 000 423 096 0.00535
(628975 —
hadron-1)
I P* > Ko
I - b

Belle2Lab Manual
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PS Ljubljana, Slovenija ~ Mean 1340 Belle IT
elle
S00— StdDev  0.2608
Pion Mass N x*2 / ndf 7852122
ho = Prob 2.834e-8
Z [ Entries 10266 400/— N 4075
160F Mean 0.4260 N u 1.020
- Std Dev 0.2246 - o 0.003522
- B2 o : oo
- 0.1317 B
1201— . 0.005444 -
- p0 26.58 n
100— p1 157.4 200}— J
80[— -
60 = 100f—
40 :_ 0 | 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1
1 1.2 1.4 1.6 1.8
20 mass (GeV/c2)
0 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.2 0.4 0.6 08 2ss (GeVic2) Kaon short Mass
h0
=z - Entries 77694
[— Mean 0.7673
D to K Pi- Mass 800f— Std Dev gl
— ¥"2 I ndf 49.65/21
hO - Prob 4.085e-4
= Entries 423096 700f— z‘ 0_241917-‘35
900 Mean 1.836 — po 0.007584
StdDev  0.2615 600/—— 2‘1’ e
800 "2/ ndf 975.5/395 - '
Prob 5.967e-51 —
500F—
700 N 557.2 -
u 1.861 -
600 o 0.005347 400 -
N 12522 —
500 i —
K 1.941 300—
400 -
200f—
300 —
200 100 :—
O :l 11 I Ll 1 I 11 1 I L1 1 I 11 1 l L1 1 I 11 1 I 11 1 I L1 1 I 11 1
100 0 02 04 06 08 1 1.2 14 16 18 2
L é TR 212 R 214 ] mass (GeV/c2)
' mass (GeV/c2) J/Psi to mumu Mass
. ho
J/Psi to ee Mass _ > T 75
=z | Eniries 94226 Mean 2943
ean S Std Dev 0.3414
. 2 inar 3906395 X"2/ndf 734.6/380
Prob 0.5536 Prob 7.504e-25
N 81.99
= " 3.085 N 55.87
200+— o 0.01327 3.094
- N, 1553 0.007170
: K -0.7419 5028
- -1.334
150f—
100—
- L 1 1 L I 1 L L I 1 1 1 I 1 1 L I 1 1 L I L 1 1 l 1 1 1
26 2.8 3 32 34 3.6 mass.sa( GeVie 2;4 =

3.8 4
mass (GeV/c2)
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Particle Quark content Mass (GeV/c2) [Number of Number of Decay width
processed detected particles |[(GeV/c2)
events

mo->yy
() 5{- 0,731%9903 7o00b 0/4':5-0,12'
)
- d5-sq 0O o
5 -5d 0,49 kd S 0
ARl 001 ~0,033
= d ,

A < e yousoer 4299 oy

N i ~3,03  F000V0

B cc e P Y

. o v 1,361 F00000 0,010

s 0 #7,3(¢  F1000v A 078

D*+ CE{_ D*+ - DO+ . 1/015 ry

A o ~Z0ie (e

| I o 1 1 .. v [ ] 1 11 - 1 s la o~ oae= ] & LN | - 1 a =~ oo



@@ Institut D

®®  josef Stefan”
® ® °°°C y </
PS Ljubljana, Slovenija Belle IT
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> — ; h2
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Mean 0.2143 - Mean 1.476
Std Dev  0.08483 1001 Std Dev  0.4405
4000 i
L 80—
3000 o0
40[—
2000 N
M 20—
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0.05 ) 0.15 0.20 0.25 0.30 0.
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kaon_s mass
h2
) Z 2000— Entries 78998
J/Psi meson mass — Mean 0.5883
h2 1800F— Std Dev  0.1834
z 50000 Entries 571074 -
B Mean 0.3503 1600—
u StdDev  0.3573 =
40000— 1400:_
B 1200—
30000 1000;_
800—
20000 — 600/
~ 400—
10000}— 2001—
— 0: 1 | | I 1
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Exercise table with the list of decays to examine

u ubar o> vyy 0.1327 10000 8371

d dbar

d sbar Ks = m+ 1t - 0.4206 100000 65957

s dbar
_ s sbar b > K+K- 1.025 10000 398 (?)
_ © @haT b > e+e- 0.2129 10000 338
- c cbar Yo S p+ p- 3.090/(0.9537)? 2000000 738832
_ ¢ ubar DO > K+7t- 1.586 1000000
_ c ubar DO > K-mi+ 1.860 1000000
_ B+ > J/ K+ 3.630 100000
_ B- > J/ K- 3.617 100000

Belle2Lab Manual
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Exercise table with the list of decays to examine

u\bar{u}, d\bar{d} o> vyy 1321 100k 267754 .004756

u\bar{s}, cc Ks = 1+ 1t - 4972 1M 5819244 .0104

_ S, \bar{s} d > K+K- 1.020 1M 338762 .002384
_ c\bar{c} P > et e- 3.087 5665997 4002320 .008503
_ I = p+ p- 3.0892 5665997 1691552 0.01579
_ C\bar{u} DO > K+7t- 1.8613 5665997

_ DO > K-mi+ 1.8615 5665997 1315173 0.005398
_ c\bar{d}, c\bar{s} D*+ = DO i+ 2.005

_ \bar{c}d, \bar{c}s  D*-->Dom- 2.005

_\bar{b}u, \bar{b}c B+ - J/ K+

_ b\bar{u}, b\bar{c} B- > J/ K-

Belle2Lab Manual
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Worksheet

Exercise table with the list of decays to examine

m->yy

Ks > n+m - 0.5

d > K+ K- 1.25
P > ete- 31
I > p+ p- 3.1
DO > K+mt-

D% > K-m+

D*+ > DO+

D*- > Dn-

B+ > J/Y K+

B- > J/Y K-

Belle2Lab Manual
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— Prob 0.000e+0
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1500
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1000—

800f—

600+—

400—

200+—

h2

Entries
Mean
Std Dev

¥*2 / ndf
Prob

79017
0.5883
0.1834

1756 /139
1.000e-277
1124
0.3718
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161.0
-3980
-4. 723
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Ks
hZ

= — Entries 2427

— Mean 1.548

— Std Dev 0.5697

120 2 | ndf 127.7 1112

- rob 0.1467

- M 68.78

| u 0.6509

100 - 0.6058

| New 1681

| r 0.6930

- Mew 0.5414
80
60
40
20

0 B I I

mass (GeV/c2)

D

o
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100

80

60

40

20

jpsi

D

o

Belle IT

[ e TG

Mean 2549

- Std Dy 04368
2/ nd 2858 )58

Pron 1338233

— pa T.414
pi -1.918

— Mg 191.7
r 1.728

Mg, 1,836

2.2 24 26 2.8 3

3.2 34 S'Gmass%éewcﬁ
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Worksheet

Exercise table with the list of decays to examine

m-yy

Ks - 1+ 11 -

¢ - K+ K-
JP - et+e-
JY - p+ p-
DO - K+rt-
Do -, K-mt+
D*+ —, DO T+
D* - D°m
B+ - J/Y K+
B- - JIY K-

0.133

0.496

1.019
3.086
3.090
1.861
1.862
2.005
2.005
5.278
5.278

Belle2Lab Manual

10000

100000

500000
5000000
628975
5000000
5000000
4000000
1000000
5665997

386

3600
5000000
160
33340
30060

0.005
(detector
resolution)

0.02
(detector
resolution)

0.004
0.02
0.010
0.01
0.01
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Pi0, wrong title of the histo

KS mass

hO

Entries 1898136
Mean 0.1438
Std Dev  0.02862

16000

14000

12000

10000

8000

6000

4000

0.18
mass (GeV/c2)
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KS mass
_ ho
< 5000— Entries 702117
- Mean 0.5013
— Std Dev 0.06753
il ¥A2/ndf  169.0/142
1800 B f \ Prob 0.06074
\ pO 1383
— [ pl 11.66
1600— J. Ny 13.60
i ) iu [ 0.01945
C Wl o, My, 0.4958
1405_ I"‘l.hr."ll | | I"|1
1200}—
lnnn i I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0.40 0.45 0.50 0.55 0.60

mass (GeV/c2)
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Phi mass

1000}—

800}—

600}—

400—

200—

ho
Entries 120622
Mean 1.092
Std Dev 0.05838
¥2 [ ndf 138.7 /38
Frob 2.176e-13
po 224.4
pl 27.93
Naw 5.448
r 0.004525
Mew 1.019
1 1 I 1 1 1
1
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J/Psi mu mass

ho
< = I Entries 7100
— Mean 3.099
35— Std Dev 0.1211
— A2 I ndf 81.36 / 75
20— Prob 0.2879
— po 14.94
E pl -4.075
25— MNew 0.6418
E r 0.01035
20— Mew 3.090
15—
10
5
[-Lﬂuﬂ Tt i i iy MY
G + L1 11 I L1 11 I 1 11 L1 11 I | T R el | I 111 Iil I.II I 5 l.II | | I | R EEE T | I 11
290 2.95 3 3.05 3.10 3.15 3.20 3.25

3.30 3.35
mass (GeV/c2)
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J/Psi e mass

ho
= [
200 — | Entries 171077
B Mean 3.086
180|— 1 Std Dev 0.1477
— ¥2 [naf 11117102
B Prob 0.2525
160— p0 229.8
L 1 pl -41.48
— New 3.540
140[— r 0.02509
= / Mew 3.086
120f L
|
ol | | il ¢ J ‘l
|- . = I
100}— | | [ | |
80— F |
a 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
2.9 3 3. 1 3.2

3.
mass (GeV/c2)
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1400

1200

1000

800

600

400

DO K- pi mass

ho

Entries
Mean
Std Dev
"2 { ndf
Prab

po

pl

N gy

r
MEMI'

3222709
1.842
0.07677
923.17297
2.362e-65
1084
-331.8
15.03
0.009439
1.862
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D*- mass
ho
< - Entries 103266
300/— Mean 2.006
- Std Dev 0.001955
B "2 [ndf  76.56/36
250 — Prob 9.459e-5
= p0 24.39
- pl -9.596
200 & Ngyw 0.4649
= r 8.948e-4
150{— Mayy 2.005
100 :—
50 :—
G 1 I 1 1 1 1 1 1 I 1 1 1 1
2.002 2.004 2.006 2.008 2.010

2.012
mass (GeV/c2)
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Both B+ and B- minus

B mass

143— e =
125—

mf—

o

oF-

o

of-

ob o L1 WIHIIIIIII |IL.

3 3.5 4 4.5 5

5.5 6
mass (GeV/c2)
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B mass
ho
< g Entries 1714
= Mean 5.246
BE, Std Dev 0.1328
T X2 [ ndf 13.55/23
5 Prob 0.9391
6F— Naw 0.1835
= r 0.03058
c EE Mew 5.278
Y| =
3—
2—
1f ||
0 Th H Il” “

mass (GeWcz}
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Belle IT

Worksheet

Exercise table with the list of decays to examine

uit —dd mo->yy 0.1349
V2

das Ks > m+ - 0.498

S§ d > K+K- 1.019
cC /P> e+e- 3.096

W > p+p-

DO > K+m-

DO - K-m+

D*+ - DO i+

D*- - DO m-

B+ > I/ K+

B- > J/P K-

Belle2Lab Manual
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Gamma Gamma Mass Pion Pion Mass
x103 ho hO
z E Entries 230420 Z 1600 — Entries 77694
40— Mean 0.3164 - Mean 0.7673
= Std Dev  0.2973 1400 StdDev  0.3715
35— -
- o 1200f—
= 1000(—
" = 800[—
15F— 600 —
10E- 400(—
5 200—
E I c _I L1 | 121 1 I L1l I L1l I L1l I L1l I 111 I 111 I L1l I L1l
0 p 5 0 02 04 06 08 1 12 14 16 18 2
10 10 matd (Gevic2) mass (Gevic2)

Gamma Gamma Mass
10° Gamma Gamma Mass

x

Z 1600

S

Sorry, it took me some :
time to figure stuff out

and | had a hard time

with fitting, as you can

see:

1400

©
S

1200

@
S

1000}

N
13}

@

3

3

(AL RN AR AR RARE AN

N
S

IIl||||||IITI|I||I|IHI|||II||III|III||III

o

=)

o

1 1 1 1 | 1 T I D
16 1 2
nass (Gevica

200}
y S L 1 PR 0 0.2 04 0.6 0.8 1 12 14

3%
o

)
ma;g (GeV/ic2)
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Worksheet

Exercise table with the list of decays to examine

uu or dd m->yy 0.1321 100000 267754 0.0052

Belle2Lab Manual

-c~d or c~u Ks = 10+ 10 - 0.4992 100000 242964
_s~s ¢ >K+K- 1.02 100000 15405
- /P > e+e- No data in

Belle II dataset

I > p+ p- No data in

Belle Il dataset
_ DO > K+7t- 1.86 1000000 26235
_ DO > K-m+ 1.86 1000000 24654
_ D*+ - DO i+ 2.005 100000000 306277
_ D*- - DO 1t- 2.006 100000000 275910
_ B+ = J/Y K+ 5.28 100000000 1367
_ B- > J/U K- 5.277 100000000 1313 0.01
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Worksheet

Exercise table with the list of decays to examine

U anti-U m™-yy 0.1321 1000000 18963162 0.01722
D anti-D
- ds Ks — T+ 11 - 0.4972 1000000 5819244 0.007284
_ S anti-s ¢ - K+ K- 1.020 1000000 279198 0.007728
C anti-c JPY - e+e- No peak 7000000
observed
_ JIP = p+ p- 3.094 1000000 6256 0.01421
_ C anti-u DO — K+Te 1.862 1000000 1465746 0.02345
_ DO — K-Ti+ 1.829 1000000 1410599 0.08701
cd D*+ — DO 1+ Peak not 1000000
observed
_ anti-C anti-d D*- — DO 1 1.972 1000000 9851 0.01914
_ B+ — JIY K+ 1000000
_ B- - JIy K- 1000000

Belle2Lab Manual
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pion-> gamma gamma

o

Belle I

Pion Mass
x103
> =
120 — RO
- Entries 18963162
- Mean 0.4232
100+— Std Dev 0.2245
n %2 / ndf 533.2 / 11
[ Prob 2.648e-107
80— Ngw 3232
- r 0.01722
B Maw 0.1321
60—
40|—
20|
0 | | | I | | | l | | | I | | | I | | |
0 0.2 0.4 0.6 0.8

1
GeV/c
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Ks Mass
35 x103
= PE ho
— Entries 5819244
30— Mean 0.6009
- StdDev  0.1851
25—
20—
15—
10—
51—
0 : 1 1 1 I 1
0 0.2 8 1
massGeV/c2 Ks Mass
- x103
- —
- hoO
- Entries 5819244
30 — Mean 0.6009
- Std Dev 0.1851
25— X2 / ndf 20.32/1
- Prob 6.553e-6
- N 33116
20/— u 0.4972
- o 0.007284
15(—
10[—
51—
0 : 1 1 1 | 1 1 1 | 1 1 1
0 0.2

8 1
massGeV/c2
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Phi-> K+ K-
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Phi Mass
z - ho
- Entries 279198
1200}— Mean 1.135
— Std Dev  0.08775
1000/—
800 —
600—
400—
200/—
O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII PhIMaSS
090 095 1 1.05 1.10 1.15 1.20 1.25 1.30
massGeV/c2 2Z [ )
- Entries 279198
1200(— Mean 1.135
u Std Dev 0.08775
1000 [~ XA2 [ ndf 30.80/12
— Prob 0.002113
- New 15.68
800|— r 0.007728
n Mew 1.020
600|—
400}—
200}—
O—IIll]ll|||||||IlIIIIIIIII||llll||||||||
0.90 0.95 1 1.05 1.10 1.15 1.20 1.25 1.30

massGeV/c2
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o Lichiana, Sioveni J /P S i _> m u + m u _

J/Psi Mass mu mu-

hO
z — Entries 6456
B Mean 2.543
100}— Std Dev 0.4381
80—

60
40—
20—

0-...[..,I...|...|......WWM
2 22 24 26 28 3 32 34 36 38 4 .
massGeV/c2 J/Psi Mass mu mu-
Z r hO

— Entries 6456

100— Mean 2.543

- Std Dev 0.4381

80(— X2 / ndf 2.580/6

Prob 0.8595

New 2.788

r 0.01421

Maw 3.094

IIIIIVH%WMM

2.2 24 2.6 2.8 3 3.2 34 3.6

N

3.8 4
massGeV/c2
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820 Lok sl e J /P S i _> e + e ~

J/Psi Mass e e-

hO
Entries 8640
Mean 2.514
Std Dev 0.4564

160

140

120

100

80

60

40

20

0lllIlllIlllIlllIlllIlllIlllIlllIlllIll

2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6

3.8
massGeV/c2
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|| ||

D Mass
ho
Z 25000}— Entries 1465746
= Mean 1.207
~ Std Dev  0.5490
20000}—
15000|

10000

5000

. L
1 1.5 2 25 3 3.5 4
massGeV/c2 D Mass
z
25000 — hO
~ Entries 1465746
B Mean 1.226
— Std Dev 0.5984
20000 — XA2 [ ndf 2.105e-27 /2
~ Prob 1.000
- Naw 262.4
150000 r 0.02345
~ Maw 1.862
10000|—
5000|—
0 -, bl 0 1
0 1 2 3

5
massGeV/c2
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DO-> K- pi+

o

Belle I

Ljubljana, Slovenija

D Mass 2
ho
z B Entries 1410599
- Mean 1.218
= Std Dev  0.5989
20000}—
15000—
10000|—
5000/—
00 1 1 1 ] i ! L L 5 D MaSS 2
massGeV/c2 >
3500 — o
u Entries 1410599
- Mean 1.872
3000[— Std Dev 0.05708
— %2 / ndf 1015/ 11
~ Prob 1.439e-210
2500}— \ Ngw 488.7
B r 0.08701
- Mew 1.829
2000}—
1500}—
1000}—
LII II|IIl|III|IlIIIII|lI|IIIIIII|III

l
96 1.98

III
178 180 182 184 186 188 190 192 194 1.
massGeV/c2
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Dstar
h4
z - ) Entries 9851
- Mean 2172
600— Std Dev  0.1006
500/—
400—
300—
200f—
100}—
— Dstar
OlllIIIIllIIIIIIIIIIIllllllll[lllllll
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 -
massGeV/c2 - ha
600[—
— Entries 9851
- Mean 2.172
S00E- StdDev  0.1006
4001— Prob 2.998e-71
- New 110.7
300f— r 0.01914
- Maw 1.972
200(—
100f—
OZIIIIIIIIIIIIIIIIIIIl[lllllllllllllll
1.6 1.7 1.8 1.9 2 2.1

2 2.3
massGeV/c2



@@ Institut
”Jozef Stefan”

... Ljubljana, Slovenija

300

250

200

150

100

50

——

D

o

Belle I

D*+ -> DO pi+

Dstar
h4
— Entries 10404
__ Mean 2.185
— Std Dev  0.09051
_l [ 1 1 I L1 1 1 l 1 1 1 1 l L1 1 1 L1 1 1 l . 1 1 1 l . 1 1 1 I | |
.6 1.7 1.8 1.9 2 2.1 2.2

2.3
massGeV/c2
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Worksheet

Exercise table with the list of decays to examine

O>yy 0.1319 100000 1247031 0.0052
- Ks = 1+ 7t - 0.4974 100000 1247031 0.0216
- b >K+K- 1.0198 1000000 12385374 0.0064
- Y > p+ p- 3.1019 1000000 12385374 0.0091
_ DO > K+1t- 1.8639 1000000 12385374 0.0014
_ DO > K-ri+ 1.8639 1000000 12385374 0.0024
_ D*+ = DO ri+ 2.0075 7085107 84106066 0.0007
_ D*- - DO rt- 2.0117 7085107 84106066 0.0056
_ B+ - J/P K+ 5.2803 7085107 84106066 0.0062
_ B- > J/U K- 5.2795 7085107 84106066 0.0068

Belle2Lab Manual
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Worksheet

Exercise table with the list of decays to examine

m->yy

Ks > n+m -

d >K+K-
/P > e+e-
I > ptp-

DO > K+mt-
DO > K-m+
D*+ - DO+
D*- - D% -
B+ > I/ K+
B- > J/ K-

0.1361 35972 41484 0.02231
0.4980 31044 59425 0.01776
1.092 752 9753 0.004689

Belle2Lab Manual
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pi0 Mass

Enfries

L)
= 1000 g, S

2 { ndf 2863795
B

u
B0 1228
pl

900

800

700

600

500

400

mas

0o
O~ -
® L
< L
Qo
V_L

Range: min = 0.09 max= 018  ¥*ndf=286.8/95=3.019

Function: | Gaus + Poly v\N . 6_(%)2 + pO —|_ p]. - L

Name Value Min Set Max Step
o 0.1325 0 1 0.0001
- O 0.0051 0 1 0.0001
« N: 647.9568 0 10000 0.0001
Polynomial order: 1
Name Value Min Set Max Step
e po: 122.7614 -10 122.7614843305| |0.0001
« pt: 1048.83 -10 1297.458173595 | |0.0001
. p2: -3.5478 -10 10 0.0001
e p3: 0 -10 10 0.0001

o p4: 0 -10 10 0.0001
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360

340

Ks Mass

2
Entries 31044
Z — Mean 0.4980
420 — Std Dev 005573
— X2/ naf 1270793
— Prob 001113
A00— N 87.32
— u 0.4980
— T 001815
— po 306.1
380 - pi 73.73
[ Nowp 199.2
— K 4670

320

300

280

L
040 042 044 046 048 050 052 054 0.56

Range: min = 0.4 max= 06 ¥?ndf = 127.0/ 93 = 1.366

—(Z2Ey2 .
Function: [Gaus + Poly + Expo N e ( 20 ) + pO + p]. - X+ Nexp : eKw

Name Value Min Set Max Step
LTS 0.49802 -0.20508307166: 1 0.0001

+ O 0.0181 0 1 0.0001

« N: 87.3171 0 1000 0.0001

Polynomial order: 1

Name Value Min Set Max Step

« pO: 306.1354370932 | | -42.4544629067( 306.1355178406 | |0.0001

- pl: -73.73138 -73.8665779424° 100 0.0001

. p2: -244.86595 -263.897747276¢ 100 0.0001

.« p3: 0 -10 10 0.0001

.« p4: 0 -10 10 0.0001
Name Value Min Set Max Step
« K -4.6696 -10 10 0.0001

* Neyp: 199.238 -10 199.2380166323 | 0.0001
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Worksheet

Exercise table with the list of decays to examine

(uii — dd)/2 vy 0.13256 10000 180893
- ds Ks = i+ 1t - 0.5883 10000 78998
_ s§ ¢ >K+K- 1.025 10000 2242
[ e - - -
_ > p p- 3.085 628975 7087
_ cii DO > K+1t- 1.860 10000 12386
_ DO > K-Ti+ 1.861 10000 13289
_ cd D*+ > DO i+ 2.126 10000 51926
- ¢d D*- > DOrt- 2.101 10000 40304
_ ub B+ > )/ K+ 5.277 7085107 1313
_ ub B- > J/P K- 7085107

Belle2Lab Manual
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Worksheet

Exercise table with the list of decays to examine

Belle2Lab Manual

U-ubar, d-dbar m>yy 0.136 100000 1778086 0.006

A combination of d- Ks >+ - 0.490 628975 11201787 0.005

sbar and s-dbar
_S-sbar d >K+K- 1.044 628975 11201787 0.029
_C-cbar P >e+e- 3.082 628975 11201787
_ " WP > p+ p- 3.088 628975 11201787 0.007
-cu DO > K+7t- 1.9 628975 11201787 0.02
_ cu DO - K-+ 1.83 628975 11201787 0.018
_cd D*+ = DO r+ 628975 11201787
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" Worksheet

Exercise table with the list of decays to examine

Particle Quark content Mass Number of

(GeVic2) processed

events
b —— ¢ — K+K- 1.019 +- 1 Milion 18000 0.05
0.009

ccbar JIQ — e+ e- 3.08+-0.05 5 Milions 2500 -
o cchar P — p+ p- 3.090+-0.003 5 Milions 1600 -

cd DO — K+T11- 1.861 +-0.004 5 Milions 77020 -
3 DO — K-Tr+ 1.857+-0.004 5 Milions 73000 -

cd or cu D*+ — DO T+

Cd or cu D*- — DO -

B+ — J/Y K+

Belle2Lab Manual
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The fit for the Phi meson mass with a Breit-
Wigner

Number
of even

I|IIII|IIII|IIII|IIII Illlltn

S

100 101 102 Gev/c2
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Jpsi invariant mass fit with a Gaussian

3.09 Gev/c2
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Worksheet

Exercise table with the list of decays to examine

>yy 0.1325 0.005174
- Ks = m+ 1 - 0.4963 357 0.4454
_ d SK+K- 1.019 629 0.03
_ Y > ete- 3.09 435 0.23
_ P > p+p- 3.1 349 0.45
S P
— oL

Belle2Lab Manual
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Worksheet

Exercise table with the list of decays to examine

Uantiu /dantid m->vy 0.1318 . 0.0055

-U s Ks =+ 1t - 0.4973 1000000 12385374 00105
_s antis d >K+K- 1.019 " " 0.0026
_C anti ¢ /P> e+e-

_ P > p+p- 3.094 " " 0.007

_c antiu DO > K+Tt- 1.864 « " 0.0087
_ DO > K-+ 1.8637 " " 0.0086
-c anti d D*+ - DO+ 2.005 7085107 84106066 0.008

_ anticd D*- > DOr- 2.007 " " 0.009

_U antib B+ > J/P K+ 5.280 " " 0.009

_Anti ub B- > J/U K- 5.277 7085107 84106066 0.01285
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Worksheet

Exercise table with the list of decays to examine

D

o

Belle I

u \bar{d}

d \bar{s}

u \bar{d}

c \bar{c}
c \bar{c}

m->yy

Ks > n+ 1 -

® >K+K-

P > et+e- 3.85
I > pt p- 3.0893
DO > K+7t-

D% > K-m+

D*+ - DO+

D*- > DO m-

B+ > )/ K+

B- > J/U K-

Belle2Lab Manual

5.66 million 0.015
7 million 66’234 0.0143
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60
55
50
45
40
35
30
25

20

m>vyy

pi0 Mass

X 1 0 3 Entries =

II|||II|||I||I|I||I|II‘I|I|‘I|II‘I|II‘II

hMesn
Std Dev

18591 2448
01407
001717
50858 /47
0:000e+0
40302
0.1308
0.01810

D

<o

Belle I
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Phi mass
ho
= - :

— Entries 107258
S00— Mean 1.017
asoE Std Dev  0.007242

— X2 / ndf 384.9/95
400} Prob 1.541e-36

= N 324.1
350 — y 1.020
200E 0.003076

= 52.36
250 67.57
200
150f—

g nU <1
100}

S| Y

— 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 J

1 1.005 1.010 1.015 1.020 1.025 1.030

mass (GeV/c2)
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J/Psi Mass

<o

Belle I

Rz
Entrizs [k

Mean 255

=z . Si De 03811
gﬁ /nd 295.0/95

| ok 858=-23

N 207

- M 2083

a 01425

2 5 O I Ny 8107

K 1534

200

150

100

50

II|‘II[||II|I||III‘|I

4
mass (%eV/oZ)
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B+ = J/ K+
B mass
- hl
- Entries 58
1G__ Mean 5.299
~ Std Dev  0.06076
E’__ ¥"2 I ndf 27.18/23
— Prob 0.2483
6| — N 10.37
- Y 5.281
al— o 0.004153
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Worksheet

Exercise table with the list of decays to examine

m—yy 0.132 MeV 100000 1775312

Ks —» 11+ 17 -

¢ —> K+K- 1.019 5000000 93 402
JIy — e+ e-

Jg — p+ -

D0 — K+11-

D0 — K-1r+

D*+ — DO 11+

D*- — DO -

B+ — J/y K+

B- — J/y K-
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