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hands on particle physics

International Particle
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CMS Mastercl
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Total weight 12500 t, Overall diameter 15 m, Overall length 21.6 m, Magnetic field 4 Tesla



W and Z Particles

Looking for the mediators of the weak interaction:

e electrically charged W * boson,

* the negative W boson,
* the neutral Z boson.
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W and Z Decays

W and Z travel only a tiny distance before decaying,
so CMS does not “see” W or Z bosons directly.

CMS can detect ®
. @) —=:11 —z1
electrons ® @ .
* MUONS
i ® @ -
CMS can infer ®

* neutrinos from “missing energy”
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The Task

Use new data from the LHC in 1Spy to test CMS
performance.

Can we distinguish W from Z candidates?
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Can we calculate the e/u ratio?
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Can we calculate a W+/W- ratio for CMS?

y

straight edge line I—O
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Can we make mass plot of Z candidates?
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IEvNo | El | pxl | pyl | pzl | ptl | etal | phil Iﬂl | E2 | px2 | py2 | pz2 | pt2 | eta2 | phi2 I{}Z | M
128943239 72.89895 13.30098 -20.087 060.74727 29.3095 1.5612 -1.09746 1 37.6277 -10.9181 35.80517 -3.82334 37.3%966 -0.10197 1.86677 -1 90.31227

IPPOG Masterclasses Moderator Orientation

CERN/Vidyo

21 February 2012



S¥a| 4

Tracks (reco.)
Clusters (Si Pixels)
Clusters (Si Strips)

Rec. Hits (Tracking)
ECAL

Barrel Rec. Hits
Endcap Rec. Hits

Preshower Rec. Hits
HCAL

Barrel Rec. Hits
Endcap Rec. Hits
Forward Rec. Hits

Outer Rec. Hits
Muon
DT Rec. Hits

DT Rec. Segments (4D)
CSC Segments
RPC Rec. Hits

CSC Rec. Hits (2D)
Physics Objects
Electron Tracks (GSF)

Tracker Muons (Reco)

Stand-alone Muons (Reco)

Global Muons (Reco)

Calerimeter Energy Towers

Jets

Miocoina Ft (Danrnl

Try Real Events

Ll I

O O O

3 |

<

oW o 2

Open ISpy-online with:

- Firefox ver 5 or greater
- Chrome .

- Safari >

P
=P
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Open ISpy-dvd with:
- Firefox ver 7 or greater

v
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C M | 8 https://www.editgrid.com/gn-nd/gnmasterclasses/CMS_WZ_cohoes

Spreadsheets

Organisation

Spreadsheet [ gnmasterclasses |/ CMS WZ cohoes
Wiew Format Insert Data Share Publish Collaborate Macro
& RS e > S & 2 & s

Hun=[B] 7 u s/

D 9| 53 z_I“

A1

- feo| MCHNo

W) oG =] | o) de| owa| R

—~
=

=i
=

12

B c | D | E | | J

Ev No electron muon W+ cand Z mass Zmass list
201 110239978 1 1
202 112324546 1
203 112536826 1 23.44 23.44
204 115180352 1 86.23
205 118510854 1 86.56
206 120218778 1 86.23 29.41
207 120706369 1 9.42
208 127095686 1 1 9.08
209 130593477 1 10.33
210 130601256 1 1 5.85
211 139591470 1 1 24.03
212 139984297 1 24.57
213 140664090 1 1 2.97
214 141933955 1 1 63.88
215 142471053 1 1 49.58
216 142715334 1 1 85.97
217 147313218 1 1 68.3
218 15395536 1 86.56 90.39
219 156900355 1 1 J0.37
220 164518991 1 1 86.75
221 173183638 1 1 6d1.67
222 188499351 1 1
223 207058976 1 1
296 658338706 1 64.67
297 664543623 1 1
298 b67373800 1
299 96499340 1 1
300 96771000 1 1

sums --= 41 53 43 a8 46.949 =--Averages

efmu W+ wWi-
Ratios --= 0.7735849051 1.53571428571429
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- = C M B https://www.editgrid.com/gn-nd/gnmasterclasses/CMS_WZ_cohoes
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Spreadsheet [gnmasterclasses/CMS WZ cohoes
File Edit View Format Insert Data Share Publish Collaborate Macro Help

Spreadsheets

Organisation

LA

& TR e~ & &2 b & [aa [l [1et[-][[B] 7 U s | = = = = U B ==0 K
Al »  feo | mc_no.
B | E | D | E | F | G | H | 1
mc_no. electron muon W+ cand W- cand W cand Z cand "zo0"
2 1 49 49 40 45 o 8 B
3 2 56 57 39 35 7 13 5
4 3 41 53 43 28 2 19 a
= 4 0 0 34 17 0 11 3
6 5 59 45 45 41 o 10 1]
¥ 6
2 7
g 8 1.2239156626506
10 g
11 10
12 11
13 12
14 13 1.00490196073431
15 14
16 15
17 16
18 17
19 18
20 19
21 205 204 204 166 q 61 22 = Institute Totals
22
23
24 17 cand masses <-- make one contiguous list below A24
25 3.03
26 11.18
27 8.25
28 11.1
29 17.01
30 94.57

* 4> mc7 fmes fmcs fme_10 fme_11 fme_12 [mec_13 fmec_14 fmec_15 fmec_16 fmc_17 fmc_18 fmc_19Y), Resun 4]

IPPOG Masterclasses Moderator Orientation
CERN/Vidyo 21 February 2012



Upload Institute Results

LB A

@ quarknet.us/library/index.php/CMS_Combination_of_Results_2012#Moderator_Leve

5. Find your data upload spreadsheet for:
1. CERM-moderated video conferences
2. Fermilab-moderated video conferences (or use Indico page)

6. Send the following to moderators at least 30 minutes prior to video conference:

1. final tally of &, mu, W+, W-, Z, and zoo

2. list of all £ candidate masses (including events which are not near £ mass)
7. Share mass plot on Vidyo andfor transmit to moderators (U.5. Masterclass can upload to Indico page)

Moderator Level

Find your data upload spreadsheet fm— @ quarknetus/library/index.php/

m CERM-moderated video conferences z

» Fermilab-moderated video conferences (or use Indico page)
Moderators should show and discuss the following results with students:
= efp ratio

w W+MAW- ratio
» 7 candidate mass plot {including "surprises”) for all Institutes that day.

Cptional:

The second and third tabs of the data upload spreadsheet each have moment
measurement. Moderators may use this to create a unigue plot of their own |1

Combination of Results pages
linked from
http://physicsmasterclasses.org:

w 8

[edit]
Spreadsheets_2012#CERN
CERN
Date (2012) || Time (CET) || Results upload Data analysis spreadsheets
Tue 28 Feb || 16:00 CERN1Z Foma Sapienziad - Motre Dame 148 - Cohoes &
Thu 08 Mar || 16:00 CERN 25 Faliaseau 18 - Notre Dame 28 - Zagreb S
Fri 09 Mar 16:00 CERN 33 Santanderd - Perugiad - Wien HEPHY &
Sat 10 Mar || 16:00 CERMN 44 AntwerpS - Warszawa g - Ghent3
Padova 183 - Split3 - Trieste 5 -

Mon 12 Mar || 16:00 CERN 55 Fodz3 -ienéwz CiRHg -
Tue 13 Mar || 16:00 CERNGZ Padova 25 - ObudaZ - Debrecen3
Wed 14 Mar || 16:00 CERN 7S E_f'hd:;;' BDfm'D“'kErirt“;;;mg ~Mons 3 -
Thu 15 Mar || 16:00 CERN 82 Palaiseau 28 - Lyons & - Rio de Janeiro &
Thu 22 Mar || 16-00 CERN 98 :turjjsel:u:trgl(::iéF'_allaa::;:I:gi - Madrid CIEMATS, -
Fri 23 Mar 16:00 CERN 1053 Strasbourg 23 - Torino 2
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http://physicsmasterclasses.org/

€ - C A 5 https//www.editgrid.com/gn-nd/gnmasterclasses/CMS_WZ_Combined_28_Feb2012_CERM

w B A

EditGrid

Spreadsheet

Pr Logout

I gnmasterclasses | CMS WZ Combined 28 Feb2012 CERN

Spreadsheets Organisation Data

L-ﬁ' Comments [0) ﬁ

File Edit View Format Insert Data Share Publish Collaborate Macro Help Auto Saved Close
d NP S ey G &[N R & [ ezl B 7 U s/E=s==sE®R 9% 3> ==1E

E21 - fw

| A | B | c | D F | G | H | | | 1

' CMS W/Z Measurement Results Date: 1

Z

*|Institute electron |muon W+ cand \W-cand W cand |Zcand "zo00" e/mu W+/W-

‘IRoma Sapienzia

*INotre Dame

*|Cohoes

T

&

? 205 204 204 166 9 61 22|1.00490191.228915

10

11

'?'Z cand masses

13 3.03 <-- make one contiguous list below A10

14 11.18

15 8.25

16 11.1

17 17.01

18 94.57

19 B89.96

20 90.21

23.44 J

22 86.23 ‘

+ 4> \ Results {Inu_ext_data Jii_ext_data / « | oh
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Make mass plot for all Institutes

Masterclass Results

Optional scatter plot
(example):

Events/Bin
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