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MASTERCLASSES

hands on particle physics
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CMS Masterclass 2017
for Moderators

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 pym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels

Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels




.‘\’/ * (J‘,i CMS masterclass features

e 10 000 events (divided into
100 datasets):
e W
e Z, JW, Y
e (H-> vy, afew, repeated
o H-> // afew, repeated

e Event display: iSpy-WebGL
e CIMA: CMS Instrument for Masterclass Analysis
e Updated documentation at http://tiny.cc/doc1/cms.

Students find e:p and W+:W-; create dilepton mass
plot.


http://tiny.cc/doc17cms
http://tiny.cc/doc17cms
http://tiny.cc/doc17cms

About collisions

X Vaas

* Protons as “bags of partons”

e Parton-parton collisions

 Each parton shares only a portion of proton momentum
e W+:\W- as probe of proton structure
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X Vaas

ISpy-WebGL
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Tracks (reco.)

Vv ECAL

Barrel Rec. Hits
Endcap Rec. Hits
Vv HCAL

Barrel Rec. Hits
V¥ Muon

Vv Physics
Vertices (Reco)
Electron Tracks (GSF)
Photons (Reco)
Jets (Reco)

Missing Et (PF)

CMS Experiment at the LHC, CERN

Data recorded: 2011-Jul-25 07:06:29.539698 GMT
W= | Run/Event/LS: 171484 /254263520 /224

https://www.12u2.org/elab/cms/ispy-webgl|

http://cern.ch/ispy-webgl-masterclass




Student tasks

Vs

Students must distinguish W from Z candidates.
Typical questions are about 2nd or 3rd lepton track
(check pt)




Student tasks

X Vaas

Students distinguish electron events from muon events.




Student Tasks

X Vaas

Students distinguish W+ from W- using track curvature.

Clockwise : +




Student tasks

X Vaas

Students look for H>ZZ and H->vyy candidate events.
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CIMA

CMS Instrument for Masterclass Analysis

Choose your Masterclass Choose your location Choose your group

test Buffalo 6
Test2 MexicoCity 7
31Jan2015 Quito 8
10

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

Recording event data

Find your
dataset.

Record parent
particles and
decay modes.

Back Events Table (Group 1) Mass Histogram (TT1) Results (TT1)

Masterclass: TestTables-Feb2017 Instructons {

~ Event Display

location: TT1 935 0r 200 candidatz, N Inal stk is
Group' 1 If you cannot dacide batwean W+ and VW, chox 31231
: 2.1fyou think the final stats 1s a neutral particie filks a Z), but you don’tknow Its exact type, sslsct NP for “neutral particie.” Find Its mass from the Evant
Display and enfer
3. Onc2 you have s&i verything, ClicK " Submit
n ¢352 of an amor, doubie Ciicing ha data lin2 Wil :=503d It; you ¢an than try it again
Select Event final state primary state candidate
) ) NP Mass: Gevics
Event index: | 10 ¥ Electron w- ¥ NP Higgs
v \.AN \.Al Zoo
Event number. 1-10 Lt ! !
Event index Event number Chosen Values Mass
9 19 Zp mu A
8 1-8 e, W+
7 1-7 B,z 95
6 1-6 B,z NaN
5 15 eZ NaN
< 1-4 p, W+
3 1-3 y, W+
2 1-2 e W

11 e, W+
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Back Svents Tadle  Mass Hstogram  Results
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A What you see

Macierclace: 25(an201S-NMC \imeitogym
losation: Dueren

Upsilon 7

- IIIIII-I-II L
) b 7 I B N B B DA B I T B P ) B |

Tip: Remove dats Som the Ristogram by Rolding e oot key
e command Key for mac usens)

WOIT 38 A1 Ay 4 ™HOTT TR OD A M AT DR B S0 RS ST RS 101 10) 10

) A7 48 5 A AT R M Res T TN 30y 1im LR A N B b

Mace bin (GaV)
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A What you see
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Macterclace: 2S{an2015-NMC-\ieitogym
losation: Dueren

Group Muon Elsctron w W- W+ Zz Higgs Zoo Total

1 g a g a Q a a a g
2 d a d a Q a a a d
3 19 2 6 6 10 19 a 13 59
- 23 15 g 9 15 13 1 13 2
5 13 21 10 9 9 1" a 3 &7
6 3 8 1 6 - 5 a 1" rof
7 g a a a a a a a g
3 15 15 2 7 10 12 1 12 %5
9 21 13 2 1" 10 1" a 12 43
10 g a a a a a a a g
1" 25 24 a 14 19 17 a 1 51
12 15 19 a 7 13 14 3 10 &7
13 15 2 g 1" 15 10 1 6 44
14 24 15 a 7 17 15 a 3 &7
15 g a g Q a a a a g

Total: :
Muon Electron w W- W+ Zz Higgs Zoo Sum

135 174 21 87 24 127
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.‘\ﬂ'?J‘,i Additional step with CIMA

8 htt ps://www.i2u2.org/elab/cms/cima/auth.php




«\ﬂ'{J,i Additional step with CIMA

Bﬁ httpsw;\;vw12u207rige la bcn; sc1 m aCI as§ es.p wp

8 https://www.i2u2.org/elab/cms/cima/auth.php
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Go!

MasterClass

Create new Masterclass Event

Enter name of new event:

Edit Event

Selectevent:
Test2

Manage Tables:

change active status

Masterclasses
Test2 -
31Jan2015 T

Femilab-06Mar2015
Femilab-07Mar2015-14C
Femilab-07Mar2015-15C
Fermilab-12Mar2015 h

v Edit Event

delete

status
(active)
(active)

(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)
(active)

Create Event

Choose:
- Date
- Results button

- Nothing else on this page!

RiyadhTeam1 A
RiyadhTeam2
RiyadhTeam3
RiyadhTeam4

# of Groups
15
15
15
15




Combined results

Group Muon Electron w w- W+ z Higgs Zoo Total
1 a 1 a 1 0 a 1 a 2
6 1 a 17
Back , Results
1 a a 1
20 a 3 50
Tabilec: RiyaanTeam 1 Ry a a a a
a 0 a a
” 0 a ”
2 a a 2
Events / 2 e 3 3 a
20eV o 0 ) 0
a 0 a a
a 0 a a
9 a a a
a 0 a a
7 a a a
7 a a a
7 a a 3
7 a a 3
a 0 1 1
2 a a 3
a a a a
I II I I l 5 1 : -
1 ] 0 5
" o3 X A DEMPDAD M pAD-MmBAS : A D = o ADEMBHADEMBDAD SN DA D - MDA D . ADEmPAS
- . . v S n g . g n a n n
Macc bin (GaV) 2 a a 2
- 3 »
4 ] ] 2
9 a 3 a
Z a 0 a a a a a a a
23 a 0 a a a a a a a
2 16 15 6 6 8 1 ] 8 3
k) 0 a a a a a a a a
Total:
Muon Elactron w Ww- W+ z Higgs Zoo Sum amu W+IWV-
78 73 3 % Q2 54 3 14 183 084 291
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Students might ask:

eAbout individual (collision) events

eLife at CERN or Fermilab

ePopular doomsdays

You might ask or comment on:

eHow students decided on specific candidate events
eNo. of events needed for “good” results

eHow their day went

Questions? Ken Cecire: kcecire@nd.edu
(also, CMS Question Time, later today...see Uta.)
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