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Pixel
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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o éuarkNet\ The LHC and the new physics
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It is a time of exciting hew
discoveries in particle physics.

The Large Hadron Collider at
CERN has been operating for
almost 10 years and had not
only shed new light on the
Standard Model but discovered
new patrticles, including the
cornerstone Higgs boson.
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The LHC is buried ~100 m
below the surface near the B
Swiss-French border. F5

ey ‘ 1

beams accelerated in large rings
(27 km circumference at CERN)
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Experiments
particle source where beams cross and

(injector) some particles collide



N
“®C /éuarkNet‘ The LHC and the new physics

Generic Design
Cylinders wrapped around the beam pipe

From inner to outer . . . CO’EZ";’;
Tracking ‘E\ beam

Electromagnetic calorimeter
Hadronic calorimeter
Magnet*

Muon chamber beam” ¥

* location of magnet depends on specific detector design



arkNet ll

CMS Detector

Weight : 14,000 tonnes Silicon Trackers
Diameter :15.0m

Length :28.7m :
Maggnetic field: 3.8 T Superconducting

Solenoid

Muon Chambers

Preshower

)/ Forward
* < Calorimeter
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Steel '
Return Yoke \

Electromagnetic "
Calorimeter | \ |
L

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



http://cms-aframe.web.cern.ch/

arkNet Leptons in CMS

Transverse Slice of the Compact Muon Sclenoid (CMS) Detector

Muan E E*! Electron j Neutral Hadron Ew Hadron Phaton
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Transverse slice Muon zignature: Signals in the Tracker and muon chambers; almost nothing seen in the calorimeters. ettt i
through CMS hlwons are perhaps the ezsisst particles to identifiy in CME: no other charged particle traverzes the whols detector. Baing charged, they ane

bent by the fisld in one dirsction inzids the solenodd znd in the opposite dirsction outzide Az amons czn only arise o the decay of
something heavier their presence signifies that something potentizlly interssting has happened.

Dierivedd fram CMS Detector Skee Irom CEAM



arkNet Leptons in CMS

Transverse Slice of the Compact Muon Solenocid (CMS) Detector

Muon E E*! Electron j Meutral Hadron Ew Hadron Photon

| | | | | | | |
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Magnetic Field
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Transverse slice Electron signature: Siznals 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 reconstrocted. The zmount

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

Derived from CMS Detecior Shoe Irom CEAN


https://www.i2u2.org/elab/cms/graphics/CMS_Slice_elab.swf
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The LHC accelerates protons to as much as 6500 times
the energy equivalent of their mass. The protons

circulate in opposite directions and collide in the center
of CMS.

But protons are not just particles: they are more like
bags of quarks and gluons. When they collide, anything
can happen. And we are looking something specific.

SRV

@@—-J-‘ <—®@

/ \




' :fguarkNet> One-lepton events

The + or — charged W boson
enables radioactive decay by
transforming neutrons into

O -0
protons. — ©.@®.° s
It decays into a neutrino and /
another lepton. Since CMS @, -
cannot detect the neutrino J _
directly, we can call this a : Jet

one-lepton event.
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The Z boson is a neutral wt
cousin of the W. It enables f 3
the “weak neutral current”.

It decays into two leptons of O %
the same type but opposite —> 995 0

o)
charge — electron and
positron or muon and
antimuon. It has other decay :
paths but we are not looking -
for these.
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- :gzuarkNet> Four-lepton events

_ et

The Higgs boson is an N/ W
expression of the field that C|>Z° /_;_,P+
gives other particles mass. W@~ Cz)o
One decay mode of the Higgs o‘\'/@

is into two Z bosons, which —> .0 .0 «<—
themselves promptly decay.

Thus we can get 2 muons

and 2 electrons or 4 muons

or 4 electrons. jet
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- QuarkNet) Decay summary

Because bosons only travel a tiny distance before
decaying, CMS does not “see” them directly.

@ @
CMS can detect : © ~ ® NG
e electrons
* MUONS @ =<l @ @
* photons
-© .-®
©—<. © L@

CMS can infer: @ ——: @ S —=s3
* neutrinos from “missing energy”
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WP CMS Experiment at the LHC, CERN
Data recorded: 2011-Aug-06 22:17:27.920396 GMT
Run / Event / LS: 172822 / 1721635974 / 1276

tracker
(inside blue ECal barrel)

beam axis”

(not normally
shown)
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4 QuarkNet 1, 2, or 4 leptons?
PP

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
~ 4| Data recorded: 2011-Jun-25 10:38:52 436585 GMT
" ! Run/Event/LS: 167676 / 345932039 / 387




,,,:%‘e‘ﬁuarkNet 1, 2, or 4 leptons?

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 CMb CMS Experiment 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

! _J-J- T l_l__
| 1




R . 4

-

4 QuarkNet 1, 2, or 4 leptons?
PP

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

o A L W N
- ~



-

4 QuarkNet 1, 2, or 4 leptons?
PR

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

CMS CMS Experime: /'j.he LHC, CERN CMS CMS Experiment at the LHC, CERN
Data reco ,',2011—A } 8 07:49:16.734479 GMT Data recorded: 2012-Jun-12 21:20:17.109519 GMT
! Run //\fﬂﬂﬁ LS: 1 933807102 / 689 ! Run/Event/LS: 196197 / 352383455/ 238
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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 @ 4o @ 1 Z.H Next
O 2e2p ’
0 Zoo
Event index Event number Final state Primary state Mass

13 113 pv W

# Event Display




CIMA makes mass histograms automatically

2 CUAFIL-WM-GAUG2019
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Events |
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Mas3 bin (GeV)

Events |
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CIMA tabulate data for key ratios:

Back Events Table (Group 21) Mass Histogram (FIU-Aug2019) Results (FIU-Aug2019)

Masterclass: CUA-FIU-WM-6Aug2019
location: FIU-Aug2013

Group e [ W+ W- Wz

21 26 32 21 21 0

22 M 46 24 38 1

23 0 0 0 0 0

24 0 0 0 0 0

25 10 12 10 5 0
Total:

Group e [ W+ W- W=
All 77 90 55 64 1
Ratios:

elp W+W-

0.92 0.86

Neutral

13

16

Neutral

34

Zoo

Zoo

Total

55

80

21

Total

156
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“Science is nothing but developed perception, interpreted
iIntent, common sense rounded out and minutely
articulated.” George Santayana

- Indirect observations and imaginative, critical, logical
thinking can lead to reliable and valid inferences.

- Therefore: work together, think (sometimes outside the
box), and be critical of each other’s results to figure out
what is happening.

Form teams of two. Each team analyzes 100 events.
Talk with physicists about interpreting events. Pool results.



	CMS WZH Masterclass
	The LHC and the new physics
	The LHC and the new physics
	The LHC and the new physics
	The Compact Muon Solenoid (CMS)
	Leptons in CMS
	Leptons in CMS
	Protons collide inside CMS
	One-lepton events
	Two-lepton events
	Four-lepton events
	Decay summary
	iSpy event display for CMS
	1, 2, or 4 leptons?
	1, 2, or 4 leptons?
	1, 2, or 4 leptons?
	1, 2, or 4 leptons?
	Slide Number 18
	CMS Instrument for �Masterclass Analysis (CIMA)
	CMS Instrument for �Masterclass Analysis (CIMA)
	CMS Instrument for �Masterclass Analysis (CIMA)
	Parting words…

