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CMS WZH Masterclass

Total weight 12500 t, Overall diameter 15 m, Overall length 21.6 m, Magnetic field 4 Tesla
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*ﬁ% /QuarkNeﬁ The LHC and New Physics
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It’s a time of exciting hew
discoveries In particle
physics!

At CERN, the LHC
succesfully completed Run | .
at 8 TeV of collision energy, confirming that the
measurements correspond well to the Standard
Model and then finding the Higgs boson. The LHC is
now Into Run Il at an amazing 13 TeV and the task Is
to look for new phenomena...and we are off to a
great start.
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y QuarkNet‘ The LHC and New Physics
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The LHC is buried ~100 m pmee s

below the surface near the B
Swiss-French border. ==

beams accelerated in large rings
(27 km circumference at CERN)

Experiments
particle source where beams cross and

(injector) some particles collide
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1\ 4

We will look at Run I, in which proton energy is 4 TeV".
*The total collision energy is 2 x 4 TeV = 8 TeV.

*But each particle inside a proton shares only a portion.

*S0 a newly created particle’s mass must be smaller than
the total energy.

*In Run I, this was increased to 6.5 GeV!
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-,Q,. QuarkNet W and Z Particles

We are looking for the mediators
of the weak Interaction:
*clectrically charged W " boson,

*the negative W boson,

*the neutral Z boson. 5 @0 o ° :

O,
Unlike electromagnetic forces
carried over long distances by D,
massless photons, the weak force \v\ i+
IS carried by massive particles W

which restricts interactions to very
tiny distances.
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'«Q‘ QuarkNet W and Z Particles

The W bosons are

responsible for radioactivity |

by transforming a proton into f
a neutron, or the reverse.

Z bosons are similarly 5 °.€3/01
exchanged but do not © "0
change electric charge.

Collisions of sufficient energy
can create W and Z or other Jet
particles.
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W and Z Particles

d'. 7

!Q. QuarkNet

The W bosons are
responsible for radioactivity
by transforming a proton into
a neutron, or the reverse.

Z bosons are similarly
exchanged but do not
change electric charge.

Collisions of sufficient energy
can create W and Z or other
particles.
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58 QuarkNet Higgs Particles

"W
The Higgs boson was o,
discovered by CMS and ° /i
ATLAS and announced on ?ZO /;,w
July 4, 2012. e

This long-sought particle is =—> @.G'g.o -
part of the "Higgs

mechanism” that accounts

for other particle having

mass. o
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The Higgs boson was
discovered by CMS and
ATLAS and announced on 2
July 4, 2012. HOA/Y
_ e
This long-sought particle is =—> @.OQ.Q -
part of the "Higgs
mechanism” that accounts
for other particle having

mass. It
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'@.; QuarkNet W and Z Decays
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Because bosons only travel a tiny distance before
decaying, CMS does not “see” them directly.

CMS can detect :
e electrons |
¢ @-:’:::-—:"' @ —{ = "'@
muons S - ®
* photons
e i® e ®
@—<1Y @—=—sxlg
' @Y @—]
CMS can infer: = W===1_,

* neutrinos from “missing energy”



Tracker Bamels

Tracker Endcaps
ECAL Barel
ECAL Endcap (+)
ECAL Endcap (-)
HCAL Barel
HCAL Endcaps
HCAL Outer
HCAL Forward (+)
HCAL Forward (-)
Drift Tubes

Cathode Strip Chambers
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event vertex

event display (near collision)
controls =
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missi

ECAL=blue wireframe HCAL=ye/[ow wireframe

Lbeamline N 3 :

tracker inside ECAL
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Recording event data

CMS Instrument for Masterclass Analysis

Choose your Masterclass
test
Test2
31Jan2015

Choose the date of your masterclass, the institute, and your dataset.

Choose your location
Buffale
exicoCity

Cuite

Find your
dataset.
Record parent
particles and
decay modes.
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Back  Events Table (Group 1)

Masterclass: TestTables-Feb2017
location: TT1

Mass Histogram (TT1)

Results (TT1)

Instructions (aiso avallatie as somancas])

1. Far aach eval, ke

2 fnal sigie and s2iact 3 pamary sigie candidae

#+ Event Display

« ForHggs candidaie, no final sigie ks chasan
Grnup' 1 - "'_- U annat dackde batasan W and W, choosa Winsizad
) 2 Iryou think the final st=is Is a neutral particls filka a 7|, but you don'tknow e exact typs, sslact NP for “neuiral particle.™ Find Ite mass from the Evant
Dieplay and antar It
i :'“DE'_-L nawe ﬁexe:l-"_r.;aj-'.‘ ng, cic Sutmil
n c3se of an awr, Joutie CBCng Te daia ine Wil I=iaad It; you <an hen iy 1 again.
Select Event final state primary state candidate
MNP Mass: Teic
Event index: [ 10 = Electron W # NP Higgs
() W W Zo
Event number. 1-10 * Muon () ° m
Event index Event number Chosen Values Mass

9 19 Z mu
3 18 e, W+
7 17 uZ o5
B 1-6 uZ Mak
5 1-5 e Z Mal
4 1-4 W, W+
3 1-3 W, W+
2 1-2 e, W
1 1-1 e, W+
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Mass Histogram and

Back  Svemts Taie  Mass Hstogram | Resits

Results pages

Macferclace: 31Jan2015
tosation: Mexicoliy

Back Events Table | Mass Hsiogem  Resuits

T 9 11 13 15 47 102

Magierolace: 31Jan2013
losation: Mexfcolity

Eventc / 2

208V |
1
s| |
' 3=

Note!

Tio: Remoue data foon e histogram by Roiding the ot key
(e command Key for mac users)

2.2 N N 3B W N H Qs g 5 % 7

Data chosen by other groups from the
same institute.

a
a
Q
a
a
a
a
a
e o

$ 02 95 07 GO 10f 108 125 107 100 11t 135 495 117 110 121 123 128 127 120 131 13% 135 a

30 0 & 8% ™ 73 75 77 0 31 83 B5 &

Mace bin (GeV)

e oM

Choose an event close to 51 GeV mass by clicking "51". g

Total:
Mucn W+ z

9 9 3 1 3
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}ﬁ@uarkNet} Detector Design
Generic Design

Cylinders wrapped around the beam pipe

From inner to outer . . . CO’ZZ’;';
Tracking

Electromagnetic calorimeter
Hadronic calorimeter

Magnet* é A

beam

Muon chamber beam

* location of magnet depends on specific detector design
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‘:QuarkNet Detector Tracks ' e

Version

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

|[ llunnéu*! ] l Electron ‘I |Hauuamadmn] |[chawuadmn] l Photon ‘I

om 2m am

Magnetic Field

ECAL

: }ll]] Electromagnetic

HCAL - Hadron

Superconducting

lron return yoke interspersed
! Il
Transverse slice Muon signature: Signals in the Tracker and muon chambers; almost nothing seen in the calorimeters.
through CMS Muons are perhaps the easiest paricles to identify in CMS: no other charged particle traverses the whole detector.

Being charged, they are bent by the field in one direction inside the solenoid and in the opposite direction outside. As

muans can anly arise from the decay of something heavier their presence signifies that something potentially
interesting has happened.

ney, CERN, 304

12

Derivad from CMS Detector Slice from CERMN


https://www.i2u2.org/elab/cms/graphics/CMS_Slice_elab.swf

Helping Develop America’s Technological Workforce

‘:QuarkNet Detector Tracks e

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

[ uunnéu*! ] i Electron ‘I |i Neutral Hadrun| |[ Charged Hadron ]I { Photon ‘I

Magnetic Field

O

Electron

Silicon

ECAL

: }Hl]] Electromagnetic

HCAL - Hadron

Superconducting

lron return yoke interspersed

[N

B amiy

Transverse slice Electron signature: Signals in the Tracker and the ECAL; nothing in the HCAL or muon chambers. il ||

through CMS These electrically charged particles bend in the field and leave signals in the Tracker, enabling their paths to be
reconstructed. The amount of bend depends an the momentum they carry, with the radius of curvature, r, being given
by the momentum, p, divided by 0.2xB, where B is the magnetic field strength (3.8T in CM3). Electrons are slowed to
a stop in the transparent lead tungstate crystals of the ECAL, producing a shower of electrans, phaotons and

positrans along the way and depaositing their energy in the form of light, which is detected. The amount of light is
proportional to the electron energy.

Derivad from CMS Detector Slice from CERN


https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf
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Version

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

|[ l.lunnéu*! ]| i Electron ‘I Iuauuamadmn |[ Charged Hadron ]I I Photon ‘I

| | | | | | | I
om

4m otm &m

Magnetic Field

Medtral

Hadron
®

2

Silicon

HCAL - Hadron Superconducting

Iron return yoke interspersed

ney, CERN

Transverse slice
through CMS

Meutral Hadron Signature: Signal only in the HCAL; nothing in Tracker, ECAL or muon chambers. |
Meutral hadrons, such as neutrons, travel straight through the Tracker and ECAL, without being bent by the magnetic
field or leaving any signals. Like charged hadrons, they are slowed to a stop in the HCAL, depositing their energy and

leaving signals in the form of light in the plastic scintillators. The amount of light is proportional ta the energy of the
incoming hadron.

L B

Darnvad from CMS Detector Slice from CERMN


https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf
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Detector Tracks 22

Version

‘\QuarkNet

Transverse Slice of the Compact Muon Solenoid (CMS) Detector

|[ l.lunnél.l*! ] i Electron ‘I iHnutnlI Hadrun| |[ Charged Hadron ]I i Photon ‘I

Magnetic Field
®,
=/ Charged
Hadron
Silicon
ECAL /
. Electromagnetic
: }1] g

HCAL - Hadron superconducting
lron return yoke interspersed %
|
Transverse slice Charged Hadron signature: Signals in the Tracker and HCAL; almost nothing in ECAL and nothing in the muon -= = EU B

through CMS chambers.

Charged hadrans, such as protons and pi plus ar pi minus (made of pairs of quarks), are bent by the magnetic field
and travel straight through the ECAL leaving almaost no signals. Upon reaching the HCAL they are slowed to a stop by
the dense materials, producing showers of secondary paricles along the way that in turn produce light in thin layers
of plastic scintillator material. The amaount of light is proportional to the energy of the incoming hadran.

Dermvad from CMS Detactor Slice from CERN


https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf
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Transverse Slice of the Compact Muon Solenoid (CMS) Detector

|[ I.Iunnéu*! ]| i Electron ‘I |i Neutral Hadmn] |[ Charged Hadmn] [ Photon ‘I

Detector Tracks

Magnetic Field

: }::H]_] Electromagnetic

§
Transverse slice
through CMS

am &m

ECAL

HCAL - Hadron Superconducting

Iron return yoke interspersed

Photon signature; Signal in the ECAL only; nothing in Tracker, HCAL or muon chambers.

Being electrically neutral, photans pass thraugh the Tracker undetected and not bent by the magnetic field. They
interactin the ECAL in a similarway to electrons, praducing electromaagnetic showers that leave their energies in the

form of lightthat is detected.

Derived from CMS Detector Slice from CERM

Web
Version

ney, UERN, 2004

Lk B



https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf
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HCAL Outer - just outside

, //\/ 1. Draw a muon (-) going
N < through the detector slice.
L_. 4\-{;\\,\?:1 _,CJ;:X--’ 2 Draw an antimuon (+) going

in the opposite direction.



https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf
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An electron (-) track is
already drawn. Add the
positron (+) track and
energy deposit




Helping Develop America’s Technological Workforce

———
—

.- Mg Er

An electron (-) track is
already drawn. Add the
positron (+) track and
energy deposit
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N A Missing Et track,
indicating a possible
neutrino, is already
drawn. Add the electron.
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