UARKNET 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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.(Q_UARKN ET The LHC and the new physics

It is a time of exciting new
discoveries in particle physics.

At CERN, the LHC is now in Run 3, &= Y
with its highest collision rates r 7/
and energies yet. At the same
time, there are new questions as
the few experimental results vary
from the highly reliable Standard
Model.

The LHC and CMS are where we
need to be to explore these new
mysteries.




NUARKNET LHC@CERN

~27 km circumfé};ence
~100'm underground



https://cms-masterclass.web.cern.ch/introduction

.(QUARKNET The LHC and the new physics

Generic Design
Cylinders wrapped around the beam pipe
From inner to outer . . . colisian
Tracking - beam
Electromagnetic calorimeter -
Hadronic calorimeter
Magnet*

Muon chamber _

* location of magnet depends on specific detector design



(QUARKNET  The Compact Muon Solenoid (CMS)

CMS Detector

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

— | Length :28.7m -
= Magnetic field: 3.6 T Superconducting
Solenoid
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https://cms-masterclass.web.cern.ch/detector

(QUARKNET  Protons collide inside CMS

The LHC accelerates protons to almost 7500 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 protons collide, all
sorts of very short-lived particles can be made from all

that energy.
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@UARKNET What do the protons tell us?

We learn from what proton
collisions produce:

W bosons give us clues to the
proton structure...and they
also present a mystery.

Z bosons decay (sort of) like
lighter particles but are also
needed to sort out Higgs data.

Higgs bosons, well, are Higgs
bosons, the new kid on the
block!

Artist’s image of a proton from CERN
Courier. Learn more here and even

more here.



https://cerncourier.com/a/the-proton-laid-bare/
https://www.quantamagazine.org/decades-long-quest-reveals-details-of-the-protons-inner-antimatter-20210224/
https://www.quantamagazine.org/decades-long-quest-reveals-details-of-the-protons-inner-antimatter-20210224/

@UARKN ET One-lepton events

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

o -0
protons. — @-@@-o s
It decays into a neutrino and /
another lepton. Since CMS @, -
cannot detect the neutrino J .
directly, we can call this a e Jet

one-lepton event.



@UARKN ET Two-lepton events

The Z boson iIs a neutral wt
cousin of the W. It enables f/,, s
ZO

It decays into two leptons of j/o‘

the “weak neutral current”. O
u)
the same type but opposite — @.9@,

0 «—
charge — electron and
positron or muon and
antimuon. It has other decay _
paths but we are not looking -

for these.
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@UARKN ET Four-lepton events

v e
The Higgs boson is an N/ W
expression of the field that ?ZO /:__,w
gives other particles mass. H@~ 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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@UARKN ET Decay summary

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

@1-—-::' @
CMS can detect : B
* electrons ® --® -
* muons e ®
(20 =z
* photons @ ®
@m-—-:::N@
o—
-
@ =<7

CMS can infer:
* neutrinos from “missing energy”



@UARKNET ISpy event display for CMS

iSpy WebGL N50:Events/Run_1/Event_1 [1 of 100]

a.m.v

CMS Experiment at the LHC, CERN
N Data recorded: 2011-Aug-17 06:01:43.420410 GMT
& Run / Event / LS: 173389 / 490175997 / 370

muon Tmck 0 VL /—--missing E+

muon chambers

Tmcker (msude

beam axis (not

normally shown)




@UARKNET 1, 2, or 4 leptons?

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

N50:Events/Run_1/Event_5 [5 of 100]

0 6 0 3 O3 ) 30 ES

CMS Experiment at the LHC, CERN
Data recorded: 2011-May-24 21:42:58 612262 GMT
Run / Eve

ent / LS: 165617 / 75779415/ 62




.(&UARKNET 1, 2, or 4 leptons?

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

iSpy WebGL N50:Events/Run_1/Event_9 [9 of 100]

iSpy WebGL N50:Events/Run_1/Event_10 [10 of 100]
ECc| KM |N|a @ a|D Bl e il x & iEe oSl = a mcun a aaofBle (FEe kEe uf=w

CMS Experiment atfhe LHC. CERN

Dk recorc ed: 20#1-Aug-17 06:01:53 815545 GMT
Run / B¥ent /LS; 173389 / 490513283 / 370
- NG

CMS Experiment at the LHC. CERN
Data recorded: 2011-Jun-25 10:31:23.766630 GMT
B, Run /Event /LS: 167676 / 329124215/ 368
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NUARKNET

1, 2, or 4 leptons?

Which of these events is 1-, 2-, or 4-lepton? Which

iSpy WebGL

N25:Events/Run_2/Event_19 [19 of 100]
= C L I |

a Q ) 3D | rp

pz Sk
CMS Experiment at the LHC, CERN
h Data recorded: 2011-May-19 21:45:48.710100 GMT

flavors of leptons? What else do you see?

iSpy WebGL
r {

an
3F

N25:Events/Run_2/Event_74 [74 of 100]
& C| KN

Run / Event/LS: 165364 / 70421941 / 67

@ Q| a9 3D | ro

z ||k Bk REle  CEH = v ila
CMS Experiment at the LHC, CERN
E Data recorded: 2012-Sep-09 18:41:04.792442 GMT

Run / Event / LS: 202504 / 350555096 / 264




.(QUARKNET 1, 2, or 4 leptons?

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

iSpy WebGl N10:Events/Run_3,

L /Event_8 [8 of 100] N10:Events/Run_3/Event_5 [5 of 100]
= c u]e aa sf@llo = %k & h[@Ble vz « i e miciun o aasEBleFElx :FEe 2=« i a
C. CERN

CMS Experiment at the LHC, CERN
% Data recorded: 2012-Oct-17 18:07:39.271251 GMT
) Run/Event /LS: 205339/ 151083216 / 134
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o CMS Instrument for
&UARKN ET Masterclass Analysis (CIMA)

Enter data on each event:

Back Events Table (Group 1) Mass Histogram (Table01) Results (Table01) # Event Display
Masterclass: Event01
location: Table01
Group: 1
Select Event Final State Primary State Enter Mass
ev (TRY Charged Particle: GeV/c?
Eventindex: |14 ce up W We Wi
Neutral Particle e
Event number: 1-14 1e o 7 =
2e 2y Y
Zoo
Event index Event number Final state Primary state Mass
13 1-13 pv Wit



https://www.i2u2.org/elab/cms/cima-wzh/

o CMS Instrument for
@UARKNET Masterclass Analysis (CIMA)

CIMA makes mass histograms automatically:
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o CMS Instrument for
@UARKN ET Masterclass Analysis (CIMA)

CIMA tabulate data for key ratios:

Back Events Table {Group 21) Mass Histogram (FIU-Aug2019) Results (FIU-4ug2019)

Masterclass: CUA-FIU-WM-62ug2019
location: FIU-Aug2019

Group [ i W+ W- Wz 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 W= Neutral
All 1 34
/

/ /
Calculate e/mu and W+/W- |

Zoo

= o @ = | o2

Zoo

Total

55

a0

21

Total

156



NUARKNET Google Sheet option

E Sandbox CMS Masterclass AnalysisSheet & m & N B -

File Edit View Insert Format Data Tools Extensions Help
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@UARKN ET Parting words...

“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.
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