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\“akaet CMS WZH Masterclass

Tracker
ECAL
HCAL
Muons

Total weight 12500 t, Overall diameter 15 m, Overall length 21.6 m, Magnetic field 4 Tesla
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CMS Detector
Weight : 14,000 tonnes Silicon Trackers
Eiargt%ter :150m
| Len :28.7m :
—| Magnetic field: 3.8 T Superconducting
: Solenoid

Muon Chambers

Preshower

Forward
|Calorimeter

Steel
Return Yoke \ |

Electromagnetic’ \

Calorimeter \ |
Let’s take a closer look at the real thing.



http://cms-aframe.web.cern.ch/
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Transverse Slice of the Compact Muon Solenoid (CMS) Detector
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Transverse slice Muon signature: Sigunls in the Tracker and muon chambers; almost nothing seen in the calorimeters.
through CMS oz ars perhaps the ezsisst particles to identifiy in CME: no other chargsd particle traverzss the whols detector. Baing charged, they ane

bent by the fisld in one dirsction insids the solenodd znd in the opposite dirsction outzide Az amons czn only arise Som the decay of

Derived fram CMS Detecior Shoee rom CEAN
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Leptons in CMS

R

Transverse Slice of the Compact Muon Solenocid (CMS) Detector
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Transverse slice Electron signature: Signals in the Tracker and the ECAL; nothing in the HCAL or muon chambers. it i
through CKMS These electrically charged particles bend in the fisld 2nd leave signals in the Tracker, enabling their paths to be reconstructed. The zmount

ofbend depends on the momentum they cary, with the radivs of curvature, 1, being given by the momentum, p. dividad by 0328, wherz B iz
the magnetic fald strength (3 8T in CAE) Elsctrons zre slowsd to 2 stop in the transparent lead tungstate orystzls of the ECAL,
peoducing 2 shower of electrons, photons znd positrons 2long the way znd depositing their energy in the form of light, which iz datected.
The zmount of light is proportional to the elactron ensgy.

Derived from CMS Detecior Skee from CERM



)24 »
;.ﬁguarkNet\, One-lepton events
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The + or - charged W boson

enables radioactive decay by

transforming neutrons into :
protons. ° .9

— 0200
It decays into a neutrino and /
another lepton. Since CMS Oy-
cannot detect the neutrino j
directly, we can call this a e Jet

one-lepton event.
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;.ﬁguarkNet> Two-lepton events
| “.

The Z boson is a neutral wt
cousin of the W. It enables f W
the “weak neutral current”.

It decays into two leptons of I \/;

the same type but opposite —>e- 9@ 0 —
charge - electron and

positron or muon and
antimuon. It has other decay

paths but we are not looking Jet
for these.
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;.ﬁguarkNet\, Four-lepton events
y “.

The Higgs boson is an X J W
expression of the field that er /[ .
gives other particles mass. Ho‘/ Cz)oﬁp
One decay mode of the Higgs P %

is into two Z bosons, which —> @.Q'Q.Q —
themselves promptly decay.

Thus we can get 2 muons

and 2 electrons or 4 muons

or 4 electrons. jet
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(not normally

172822 1 1721635974 1 1276
shown)

Data recorded: 2011-Aug-06 221727920396 GMT
(inside blue ECal barrel)

CMS Expenment at the LHC, CERN
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<4 QuarkNet 1, 2, or 4 leptons?
e R

Which of these events is 1-, 2-, or 4-lepton? Which
flavors of leptons? What else do you see?

CMS Expenment at the LHC, CERN
~ | Data recorded: 2011-Jun-25 10:38:52 436585 GMT
" ! Run/Event/LS: 167676 / 345932039 / 387
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<4 QuarkNet 1, 2, or 4 leptons?
IS

Which of these events is 1-, 2-, or 4-lepton? Which
flavors of leptons? What else do you see?

CMS Experiment at the LHC, CERN "\ CMS BExperiment at the LHC, CERN
b 1 Datarecorded: 2011-Jun-25 10:38:40.982139 GMT . 1 Data recorded: 2011-Aug-06 22:17:40. 488177 GMT
| Run/Event/LS: 167676 / 345503199 / 387 ! Run/Event/LS: 172822/ 1722302739/ 1276
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<4 QuarkNet 1, 2, or 4 leptons?
e R

Which of these events is 1-, 2-, or 4-lepton? Which
flavors of leptons? What else do you see?

WU CMs Experiment at the LHC, CERN W™ cMs Experiment at the LHC, CERN
p. | Datarecorded: 2011-May-19 21:45:52. 309850 GMT b | Data recorded: 2012-Jun-07 17:03:43.595082 GMT
| Run/Event/LS: 165364 / 70639384 / 67 ! Run/Event/LS: 195757 / 244623214/ 148
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Enter data on each event:

Back Events Table (Group 1) Mass Histogram (Table01) Results (Table01)

Masterclass: Event01
location: Table01

Group: 1
Select Event Final State Primary State Enter Mass
_ O ev O pv Charged Particle: GeVic?
Event index: ® co ® up o W+ o w e wi I:I
= = ) Neutral Particle
Event number: 1-14 @ se @ 1 @.H) Next
O 2e2p ’
O Zoo
Event index Event number Final state Primary state Mass

13 113 pv W

# Event Display




CIMA makes mass histograms automatically

Masterclass: CUA-FIU-VIM-840g2019

Tocation: FIU-Aug2019

Events /

2Gev.

Mass bin (GeV)

Events |
GV

Mass bin (GeV)



CIMA tabulates data for key ratios:

Back Events Table (Group 21) Mass Histogram (FIU-Aug2018) Results (FIU-Aug2013)

Masterclags: CUA-FIU-WIM-6Aug2018
location: FIU-Aug2019

Group e I W+ W- W= Neutral

21 26 32 21 21 0 13

22 41 46 24 38 1 16

23 0 0 0 0 0 0

24 0 0 0 0 0 0

25 10 12 10 5 0 5
Total:

Group e M W+ W- Wz Neutral
All 77 90 55 64 1 34
Ratios:

el WW-

0.92 0.86

Zoo

Zoo

Total

55

a0

21

Total

156



