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THE LHCb EXPERIMENT @ CERN
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PROTON COLLISIONS FROM THE SIDE

& / / Side View ECAL HCAL

Magnet SciFi RICH2
Tracker

upgrade



THE LHCb DETECTOR - Measures the trajectory of charged particles 4
- ldentifies particles
- Measures the energy of electromagnetic and
hadronic particles

Side View ECAL HCAL
M3
Magnet SciFi RICH2 M2
Tracker |

/

Vertex)

upgrade



THE TRACKING SYSTEM: WHAT IS THE TRAJECTORY OF PARTICLES?

Magnet SciFi
Tracker

. T
72777772 O L

upgrade




THE PARTICLE IDENTIFICATION SYSTEM: WHAT ARE THESE PARTICLES?

Side View

RICH2

upgrade



THE CALORIMETERS: WHAT IS THE ENERGY OF PARTICLES?

Side View ECAL HCAL

upgrade




OUR GOALS:
SELECT DO MESONS AND MEASURE THEIR
LIFETIME

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

- DO mesons are interesting because
they oscillate in their antiparticle

- This oscillation allows for the
measurement of a CP violation in

1st Stars

th is SySte m about 400 million yrs.

Big Bang Expansion

13.7 billion years







THE LINK OF THE EXERCISE

Here:
https://Ihcb-d0.web.cern.ch/

Firsthame

Violaine

Surname

Bellée

Grade
Clearly out of high school

Combination

Combination 3

Event Display

DO Lifetime

Save
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https://lhcb-d0.web.cern.ch/
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1) FIND THE DO0s
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1) FIND THE DO0s




1) FIND DOS 13

About
LHCb Masterclass
Language
Event Display Exercise
— Event handler — — Particle information — — My particles
event_3_0.json E 19612.373 MeV
previous chi2 1152 — Mass
ipchi2 272.949 MeV/c?
2
next mass 139570 MeV/c
name pi+ Add
— View ZFstM 49.322
» Zoom
Detector o
3 "
» Help S 09-
View
Side - g 7
8 0.7 H

0O Auto rotate

0.6
0.5

0.4+

0.3

— Legend
0.2
K_ —
0.1 -
K+ I
o+ 0.0 T T T T T T T T T T 1
p| — 1,810 1,820 1,83 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920
. DO Invarlant Mass (MeV/c2)
p| —
Do I
Read

A a v0.1
instructions



1) FIND DOs
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VELO: Vertex Locator

Previous VELO



2) DRAW HISTOGRAMS

E 4142.202
chi2 2.805
ipchi2 16.987
mass 139.570
name pi+
ZFstM 49.322

— Particle information
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— My particles
MeV pi+
K-
MeV/c? — Mass
1868.792  MeV/c?

Add

1.0 4

0.9 —

0.8

0.7 —

DO Candldates (0.5 MeV

0.6 —

0.5+

0.4 —

0.3

0.2 +

0.1 4

0.0

Entries 1
Means: 1868.792
Std dev: undefined

T T T T T T T T T 1
1,810 1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920

DO Invarlant Mass (MeV/c2)



3) MASS FIT AND BACKGROUND SUBTRACTION

DO lifetime Exercise

— Analysis tools —

; _
Plot D% mass 2 1,600
g 1,400 -
A 1,200
Fit mass :
distribution 1,000
800 —
Background 600 -
substr. 400
Signal range

200 —

1810 1915
0

1,810 1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920
DO Invarlant Mass (MeV/c2)

Plot distributions

— Variable range —

DO PT
2.5 20
D° TAU
0 10
DO Ip
4 1.5

Refresh




3) MASS FIT AND BACKGROUND SUBTRACTION

— Analysis tools ——

Plot D° mass

Fit mass
distribution

DO Candidates (0.5 MeV

—y —y —y
N B [*)]
o o o
o o o
| | |

1,000 —

800 —

600 —

1,810

Total 54352
Background : 25755
Signal : 28597
Mean : 1866.5 + 0.1
Deviation: 8.2 + 0.1

I it

1,820 1,830 1840 1850 1860 1870 1,880 1,890 1900 1,910 1,920
DO Invarlant Mass (MeV/c2)
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4) CUT ON DISCRIMINATING VARIABLES AND FIT FOR LIFETIME

DO lifetime Exercise

— Analysis tools —

Plot D® mass

Fit mass
distribution

~ Background
substr.
Signal range

1813 1915

Plot distributions

— Variable range —

DO PT
2.5 20
D° TAU
0 10
DO IP
-4 1.5
Refresh

DO Candidates (0.5 MeV

DO Candidates Fraction

1,600

1,400 —

1,200

1,000

800 —

600 —

Total 54338
Background : 25755
Signal : 28583
Mean : 1866.5 + 0.1
Deviation : 8.2 + 0.1

1

1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920
DO Invariant Mass (MeV/c2)

M Signal
[ Background

DO decay time (ps)

DO Candidates Fraction

j
|

1e+0

M Signal
[ Background

2e-1
1e-1

2e-2
1e-2

2e-3
1e-3

2e-4
1e-4

2e-5
1e-5

2 4 6 8 10 12 14 16 18 20
DO PT (GeV/c2)

lelg m Signal
3 1 Background

2e-6

1e-6

-40 -35 -30 -25 -20 -5 -0 -05 00 05 1.0 15 20
log10(DO IP (mm))

v0.1

DO Candidates Fraction

1e+4

Lo

2e+3

-
o
+
@

111

DO Candidates Fraction

0.54 +

0.52

0.50 —

0.48 —

0.46 —

0.44 —

0.42

DO lifetime 0.479 + 0.0039

6 7
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M Signal
W Fit

8 9 10 1
DO decay time (ps)

0.40

0.38 +

0.36

T=(410.1%15) x 10-15 5

T T T T T T T

T
35 830 -25 -20 -5 -0 -05 00

015 1 TO 1 {5 2,0
log10 DO IP (mm)



4) CUT ON DISCRIMINATING VARIABLES AND FIT FOR LIFETIME

Direction

Impact parameter
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4) CUT ON DISCRIMINATING VARIABLES AND FIT FOR LIFETIME

Transverse Pt

Particle direction

Beam Direction
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4) CUT ON DISCRIMINATING VARIABLES AND FIT FOR LIFETIME

DO lifetime Exercise

— Analysis tools ——

Plot D° mass

Fit mass
distribution

~ Background
substr.
Signal range

1813 1915

Plot distributions

— Variable range ——
DO PT

25 20

D° TAU

DO P

-4 1.5

Refresh

— Time fit
Fit resultFit Error

Ps)  4.0039
0.479

Save result

1,600 —

1,400 —

1,200 —

DO Candidates (0.5 MeV

1,000

800

600 —

DO Candidates Fraction

Mean : 1866.5 + 0.1
| Deviation : 8.2 + 0.1

1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920

Total 54338
Background : 25755
Signal : 28583

DO Invariant Mass (MeV/c2)

M Signal
1 Background

DO decay time (ps)

DO Candlidates Fraction

;
|

1e+0

2e-1

1e-1

L

3

M Signal
[ Background

8 10 12 14 16 18 20
DO PT (GeV/c2)
M Signal
[ Background
-0.5 0.0 0.5 1.0 1.5 2.0

log10(DO IP (mm))

v0.1

Copyright © 2019 CERN

DO Candlidates Fraction

1e+4

L

2e+3
1le+3 o

2e+2
le+2 o

2e+1
1e+1

2e+0
1e+0

2e-1
1e-1

DO Candidates Fraction

0.54

0.52

0.50

0.48

0.46

0.44

0.42

DO lifetime 0.479 + 0.0039

6
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W Signal

M Fit

DO decay time (pe)

0.40

0.38

0.36

T=(410.1+15) x10-15 s

T T T T T
25 -20 -5 -10 -05

T
0.0

0!5 1!0
log10 DO IP (mm)

T
1.5

1
2.0

"
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DO 1ALkl EL QN DISCRIMINATING VARIABLES AND FIT FOR LIFETIME

— Analysis tools ——

Plot D° mass

Fit mass
distribution

~ Background
substr.
Signal range

1813 1915

Plot distributions

— Variable range ——
DO PT

25 20

DO TAU

DO IP

-4

Refresh

— Time fit
Fit resultFit Error

Ps)  0.0039
0.424

Save result

DO Candlidates (0.5 MeV

DO Candidates Fraction

1,600

1,400

1,200

1,000

800

600

400

200

0
1

1e+0

2e-1
1e-1

2e-2
1e-2

2e-3
1e-3

2e-4
1e-4

2e-5
1e-5

-
,810

1,820 1,830 1,840 1,850

1,860 1,870

Total 24889
Background : 7676
Signal : 17213
Mean : 1866.5 + 0.1
Deviation : 7.7 + 0.1

1,880 1,890 1,900 1,910 1,920
DO Invarlant Mass (MeV/c2)

M Signal
1 Background
] |
T T T T T T 1
5 6 7 8 9 10 1
DO decay time (ps)

DO Candidates Fraction

DO Candlidates Fraction

1e+0

L

2e-1
1e-1

N

@

o
1

le-24

2e-3
1e-3

Lo

n

b

IS
|

1e-4

Lo

=
9
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1

1e-1

L
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L
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1e-34
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IS
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1e-4

N

@

&
1

1e-5
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|
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)
Lo W
B O
o]

W Signal § M Signal
W Background g W Fit
§ DO lifetime 0.424 + 0.0039
8
T T T T T T 1
4 6 8 10 12 14 16 18 20 5 6 7 8 9 10 1
DO PT (GeVic2) DO decay time (ps)
| Signal
[ Background
§ 0.54:
Y o052
i 0.50 -
§ 0.48
8
0.46 —
0.44
0.42 ¢
0.40 T=(410.1+15) x10-15s
0.38
0.36 —
T T T T T 1 T T T T T T T T T T T 1
-05 0.0 05 1.0 15 2.0 -40 -35 -3.0 25 -20 15 10 -05 0.0 0.5 1.0 15 2.0
log10(DO IP (mm)) ° log10 DO IP (mm)

Cut on impact parameter

v0.1

Copyright © 2019 CERN
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DO 1#kiGUL QAN DISCRIMINATING VARIABLES AND FIT FOR LIFETIME

— Analysis tools ——

2 1! ! let0g Signal Signal
0 2 1600 ! Total 24889 ! § 3 Wsig § - .g
Plot DY mass 9 ! Background : 7676 ' - [ Background W Fit
S X FARY Signal : 17213 | L et w
1,400 J \ Mean: 18665+ 0.1 |
5 ’ \ ! \ Deviation: 77 £+ 0.1 | Te-15
3 1200 | / ! 3 DO lifetime 0.424 + 0.0039
‘Flt .mas.s 2 ! \ ! 8 202 8
distribution 1,000 ! ! le-25
1 1 E
800 | X 26-3
! ! 1e-3 5
Background 600 | : 3
_ ] 1 1 -
1 | -
substr. wod 1 . 204
. : : 1e-4 E
Signal range ' ' 3
200 | J
1813 1915 : ' 265 -
—— o -‘ 1e-5 i’ T T T T T T 1
1,810 1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920 2 4 6 8 10 12 14 16 18 20 5 6 7 8 9 10 1
DO Invarlant Mass (MeV/c2) DO PT (GeVic2) DO decay time (ps)
Plot distributions . .
g Te+0 M Signal g lelg | Signal
g mBackground g 3 [ Background
2e-1 2e-2
— Variable range —— g te-t § te2s i
3 054
DO PT ’ §
] 202 ] 2e3- Y o052
2.5 20 1e-2 1e-3§| g 050
. § 0.48 |
2e-3 2e-4 — 8
0.46 —
0 1e-3 le-4 o
D" TAU E 0aa
0 10 2e-4 26-5 0.42+ ¢
1e-4 1e-5 = 040 T=(4101+15) x 10-15 s
0 g 0.38
DY IP 2e5 11 | 2e-6 036
1e-5 T T T T T T 1 1e-6 T T T T T T 1 T T T T T T T T 1
-4 -1.5 0 1 2 3 4 5 6 7 8 9 10 1 -40 -35 30 -25 -20 -5 -10 -05 0.0 0.5 1.0 15 2.0 -5 -1.0 -05 00 0.5 1.0 1.5 20
— DO decay time (ps) log10(DO IP (mm)) ° log10 DO If(mm)
Time fit
Fit resultFit Error — T| me flt
S
(PS)  5.0039
0.424 Fit resultFit Error
(ps)
Save result 0.0039

0.424

PDG value

Save result
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