Web based LHCb masterclass

14 X 2020

Federico Leo Redi on behalf of the LHCb collaboration

Federico Leo Redi | Ecole polytechnique fédérale de Lausanne | 1




LHCb Masterclass project

Measuring DO lifetime

PART 1 - D%identification
Locate displaced vertices belonging to D°
particles for 30 events

PART 2 - D°lifetime fit
54 000 events
Fit data to measure signal properties and
observe effect of IP cut on DP lifetime

Existing software

Read Instructions Reset Exercise

PART 2 - Data visualization
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Technological choices

Javascript libraries

Angular 8 “
three.js

- Single Page Application
(Client only)

- Typescript based D3.js
- Led by Google Create 3D scene

Create dynamic and interactive

Uses WebGL L
Opel’] source data visualizations
Dl SOLICE BSD license
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Event Display Exercise
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LHCb Masterclass

Event Display Exercise

Event handler Particle information My particles
event_3_0.json E MeV
Mass
% chi2
previous
ipchi2 MeV/c?
next mass Mev/c?
name Add
View ZFstM
1 Zoom
Detector
> 1049
D Help 2
;, 09+
View v § 0.8
074
[:] Auto rotate 8
0.6
05+
0.4
Legend
034
K o
| G — 02
Pit — 0.1+
Pi7 —
D° T T T T T T T T T T J
— 1,810 1,820 1,830 1,840 1850 1,860 1870 1,880 1,890 1,900 1910 19820
DO Invariant Mass (MeV/c2)
Read instructions
Download JSON
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Event Display Exercise

LHCb Masterclass

Non sécurisé — test-lhcb-masterclass.web.cern.ch/test-lhch-masterclass/ev:

Information of selected

¢

particle

Particles saved
K" and pi-

Event Display Exercise

Event handler

event_3_0.json

Close up o
on collision ot
View
1 Zoom
Detector
1D Help

View v

Projections —AT

D Auto rotate

Detector
opacity

Read instructions

Download JSON

Event display

Particle information ’ My particles

E

MeV
v Mass

chi2

ipchi2 GV/c?

mass MeV/c?
name Add
ZFstM

vo.1
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DO Candidates (0.5 MeV
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Event Display Exercise
Step 2 : check if invariant

mass is in the good range
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LHCb Masterclass

Event Display Exercise

Event handler Particle information My particles
event_3_0.json E 19612.373 MeV K_'
: pi+
: chi2 1.152
previous
ipchi2 272.949 Mass
next mass 139.570 MeV/c2
name pi+ 1864.903 MeV/c?
View —_— — e ZFstM 49.322
B PRt Add
Zoom s s
I Detector ey S
2 Help

View v

1.04
h = Entries 1
[] Auto rotate b e N - o8 Z‘é"’é’:&fgﬁf’ﬂid
074
0.6
Legend 7 .
" Step 3: Add to histogram

|
DO Candidates (0.5 MeV

Step 1:find vertex

"
K o 03
Pit —
o 024
Pl —
0
[ J— 0.1
. . 00 T T T T T T T T d
Read instructions 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1820
DO Invariant Mass (MeV/c2)
Download JSON
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Event Display Exercise
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LHCb Masterclass

Event Display Exercise

Event handler : Particle information My particles
event_3_4.json E 44200.600 Mev ¥
K-
f chi2 1.067
previous
ipchi2 5.
{ ipchi 306 Mass
next \ mass 139.570 MeV/c?
\ name pi+ 1861.949 MeV/c?
View ZFstM 289.193
- Add
[ Zoom
0  Detector
L Help
> 204
View v 2
_— s 18-
Entries 5
Means: 1859.397
16
[ Auto rotate § Std dev: 26.381
8 147
12
1.0
Legend
[ q— o8
K 0.6
DIt —
D7 — 0.4
D% 02
3 . 0.0 T T T T T T T 1
Read instructions 1,810 1820 1,830 1840 1,850 1860 1870 1,880 1,890 1900 1,910 1,920
DO Invariant Mass (MeV/c2)
Download JSON
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Event Display Exercise
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LHCb Masterclass
You have successfully completed

V MasterClassDisplay exercise.

Event Display Exercise

Event handler Particle information ’ My particles
event_3_30.json E MeV
: Shid Mass
previous
ipchi2 MeV/c?
next mass MeV/c?
name Add
View ZFstM
1 Zoom
1 Detector
> 50
1 Help 2
g 454
_ Entries 30
View v 404 Means: 1854.394
— Std dev: 22.439
S 35+

[] Auto rotate

0.0
1,810 1,820 1,830 1,840 1850 1,860 1870 1,880 1,890 1,900 1,910 1920
DO Invariant Mass (MeV/c2)

Read instructions

Download JSON
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DP Lifetime Exercise
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DO lifetime Exercise

. (0] [ Analysis tools
Step 1:plotthe D
—
mass distribution

— Background substr. —
Signal range
1810 1915
sl | il

810 1,820 1,830 1,840 1,850 1,860 1,870 1880 1890 1900 1,910 1,920
DO Invariant Mass (MeV/c2)

— Variable range
p%pPT
25 20
p° TAU
0 [ro
1P
-4 15

e —

— Time fit

Fit result Fit Error

vo.1
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DP Lifetime Exercise
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DO lifetime Exercise

— Analysis tools

Step2:fittheD®

DO Candidates (0.5 MeV'

mass distribution — Background substr. —
Signal range
1810 1915

|

. / 1.-10 1820 1830 1,840 1850 1,860 1,870 1,880 1890 1900 1910 1,920
. DO Invariant Mass (MeV/c2)
Step 3: determine A

the signal range T
?.5 20
p° TAU
0 10
%P
-4 15

— Time fit

Fitresult ~Fit Error

v0.1

Copyright © 2019 CERN



DO Lifetime Exercise
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D lifetime Exercise
Analysis tools
- ' 1e+0 i i
M signal M signal
0 4
Plot D® mass g 11600 Btk - 25351 Il Background g WFi
LAl 2850 0y
a0 Deyiation : 8.2 0.1
1 distibution s DO lifetime 0.478 + 0.0039
8

— Background substr. —

Signal range
1844 1889
Plot distributions

/'—

— Variable range

Step 4 : plot the
variable distributions o

25 20

p° TAU

— Time fit
Fit result Fit Error

Step 5 :save result of
the fittoadd itinthe —_

0.478 0.0039

~h  Save result

scatter plot
Read instructions

DO Candidates Fraction

1,000

800

0
1810 1820 1830 1840 1850 1860 1870 1,880 1890 1900 1,910 1,920
DO Invariant Mass (MeV/c2)

M signal
1 Background

1w 16
DO PT (GeVic2)

M signal

I Background
2e-2
1e-2

203
1e3

264
ted

205
1e-5

266
166
40

20

DO Candidates Fracton

Lifetime fit

DO decay time (ps)

6 00 0 00

T=@101 215 x10-165

00 05 10 15 20
1og10 DO IP (mm)
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DO Lifetime Exercise
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D lifetime Exercise
Analysis tools
3 7 ' ! les0g M signal M signal
- ' 3
Plot D° mass § 1,600 ' E‘L‘gfﬁﬂd:wm 3 1 Background WFit
! Sighal : 4247 2e-1
1,400 i Mégn - 1866.4 + 0.3
! Deyiation : 7.6 7.6 te1
Fit mass distibution g 56+ ! 3 DO lifetime 0.447 = 0.0086
8 : ]
1,000 '
— Background substr. — !
800~ i
Signal range W5 E
1844 1889 i
E—— 400 4 :
200 i
Plot distributions | B
..
1810 1820 1830 1840 1850 1,860 1,870 1880 1890 1900 1910 1920 14 16 20 1 2 é : ; é ; é é I‘O 1'1
DO Invarient Mass (MeV/c2) DO PT (@oVk2) DO decay tme (pe)
— Variable range
p%pT 1109 M signal loiig M signal
3 1 Background 3 1 Background
25 20 2e-2
Ie-2§
E i 0s4-]
D% TAU 8 203 os2-]
1e-34 g
0 10 E 050
wed 3 o Oqoaoooe
0 totd 0.6 y
0% E b
4 194 5] 042 950 °
| 165 | T=@i01 =185 x 10155
| I 2e-6 o384
Time fit 4 7 s s 10 1 wj 45 80 25 20 15 410 05 00 05 10 15 20 40 45 <o 25 20 s 4o 05 o os 1o 15 2o
DO decay time (pe) 0g10(D0 P (mm)) estoDoIP (mm)
Step 6 : repeat step 4 i
. 0 0.447  0.0086
varying upper D* IP
YN Ll prom— Step 7 : compare results
variable range to the PDG value
Read instructions
v0.1
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