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Overview and goals

@ The students go through events using event displays
e Looking for good electron, muon, and photon candidates
o l|dentifying events with dileptons (e e~/u™ ™), diphotons
(vy), or 4 leptons (eTe~ete, ete utp—, pTpu ptp")
e Calculating invariant masses and uploading these in the
end to a plotting tool
@ In the end, results are combined, and invariant mass
distributions are built, where the students may have
o Identified and measured masses(/widths) of well-known
particles such as the J/v, T, and Z°
o l|dentified good Higgs-boson candidates
e Discovered new particles (Z’, Graviton)
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Physics background

q 1 Decays of Z boson
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@ Looking for rare decays (especially for Higgs) which are
easily distinguishable from background
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Identifying events in HYPATIA

e Electron: concentrated'energy deposit in EM céTCinméter
and associated track

@ Muon: long track through whole detector
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Identifying events in HYPATIA

@ Photon: electron-like EM energy deposit, but no track
(unless converted)

@ In all cases, students select objects which they identify as
electron, muon, or photon, and HYPATIA calculates the
corresponding invariant mass
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The online plotting tool (OPIoT)

OPIoT — MasterClass — Combination Page

Moderator Tasks

2016 7| [March ][ 09 1]

@ Click “Moderator” (no password required)
@ Select date
@ You can see which groups have uploaded their results

@ Click “Combination plot — all institutes” to see combined
results for all uploaded data on the given date
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Z path result

OPIloT — MasterClass — Combination for all institutes on 2016-03-09
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Update plot Reset

@ “All institutes combination” start page
@ Invariant mass distributions for all final states
@ Table with estimated masses and widths
@ Table with event counts compared to expectations
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Monday, February 20th 2017 - 13:38:51 CET

Pt type:
lI+4l+yy overview ~|

Dilepton statistics

Electrons
Region R1 Rz R3 R4 RS
Events 104 122 768 S
Mean 314 077 89.86 999.46 1.496.20
Width 047 131 366 3299 17.06
Muons
Region R1 Rz R3 R4 RS
Events 73 90 874 65 14
Mean 307 9.07 90.46 997.00 1479.20
Width 026 0.73 369 5232 5438
Number of events

Student distribution Expected

1 aus 4225
a 347 40
1002 1950

sum 4557 6215



Z path results from 2016

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

St Stdent Moderalor  Tutor  Adminisirator Monday, February 20th 2017 - 13:42:20 CET

Events Dilepton invariant mass W Elections M Muons Plot type:
u -
1032 E

Dilepton statistics

Electrons

Region R1 Rz R3 R4 RS
Events 104 122 768 76 S
Mean 314 077 89.86 999.46 1.496.20
Width 047 131 366 3299 17.06

Muons
516 Region R1 Rz R3 R4 RS
Events 73 90 874 65 14
Mean 307 9.07 90.46 997.00 1479.20
Width 026 0.73 369 5232 5438

a-—-——r-I.Il—_-.-,—.-.lll | B, I- | |

h 10 100 1000
M) [Gev]
Bins: X-Axis: [Logarithmic -/ Upper:  [2000

Update plot Reset
RL Min: Rz win: R3 Min Ra win: RS Min:
R1 Max: Rz Max: R3 Max: Ra Max: RS Max:
@ Dilepton invariant mass distribution
@ Can identify J/v, T, Z%, Z', and graviton
@ The latter two come as a surprise to the students (most
likely already covered in the institute level review)
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Z path results from 2016

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

Stat Stdent Moderator  Tutor  Administrator Monday, February 20th 2017 - 14:01:22 CET

Events Diphoton invariant mass WDa Plot type:
v E
48 K

Signal and background (simulated data):
® No data

0.3514 %
2t
0mt
Dot
Analyzed data (real data).
O No data.

= ® Student distribution
Expected distibution
Dipoton statisics

Diptetons
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Bins: Lower: Upper: [160

Update plot Reset

@ Diphoton invariant mass distribution
@ In principle sensitive to Higgs contribution
@ Statistics is too low to make a discovery
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Z path results from 2016

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

Stat Stdent Moderator  Tutor

Administrator

Events

13

Diphoton invariant mass

WDaw
W Higgs MC
W Background MG

Miyy) [GeV]

Bins:

R Min:

R

Lower:

Upper:

Update plot Reset

Monday, February 20th 2017 - 14:04:02 CET

Plottype:
v E
Signal and background (simulated data)

O No data
®0.3514 !

2101

O1omt

Ozsmt

Analyzed data (real data):
O No data

© Student distribution
O Expected distribution

Diphoton statistics

Diphotons
Region

Events 25
Mean 151513
Width 3891

@ Compare students’ results to simulated background and
signal corresponding to the analysed integrated luminosity
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Z path results from 2016

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

St Stdent Moderator  Tutor  Administrator Monday, February 20th 2017 - 14:05:35 CET

Events  Diphoton invariant mass Plot type:
W Higgs MC 25 v -l

M Background MC

7017

Diphoton statistics

rogton
Events 2%
.
Miyy) [GeV]

Update plot Reset

R Min: Rwax:

@ Look at simulated background and signal for larger
amounts of integrated luminosity

@ = we could have seen the Higgs, we just need more
data...
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Z path results from 2016

OPIoT — MasterClass — Combination for all institutes on 2016-03-09

St Student Moderalor  Tutor  Administraior Monday, February 20th 2017 - 14:06:37 CET

. ¥ E|

Higgs simulated data:
Ozt
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O25mt

Analyzed data (real data)
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Update plot Reset

ains: Lower: @] upper
Ritn: Rax

@ 4-lepton invariant mass distribution

@ Huge number of events (remember table in overview page)
@ Notice composition in terms of 4e, 2e2, 41

@ Much easier to find fake electrons
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Z path results from 2016

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

St Stdent Moderalor  Tutor  Adminisirator Monday, February 20th 2017 - 14:14:08 CET

Evenis  Four fepton invariant mass Miel Mamu W2el+2m Plot type:
4 4l k|

Higgs simulated data:
Ozt

O1omt
D25t

I Analyzed data (eal date)
o
Of=" on
2
Jepton stat
egion
Eventtype 41 = am 2ev2m
Events 19 6 7 6
Mean 148824 151222 147138 1483
width 4486 4331 4018 4108
o

180 200
M) [Gev]

Update plot Reset

Bins: Lower: [0 ] upper: [0
R Min: R Max:

@ Expected distribution shows what the students would find
with “perfect event identification”

@ A few nice Higgs candidates with very little background

@ Many participating students looked at these prime
candidates during the day!
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Z path results from 2016

OPIloT — MasterClass — Combination for all institutes on 2016-03-09
Sa Sudent Wodermor  Toor  Admisiar oy, February 200 2017 142232 CET

Events Dilepton invariant mass M Elecrons MMuons Pt type:
l+al+yy -l

52
2 Difepton statistics

™~ _I Electrons
o Region RI_R2 R3 R4 RS
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Mean 314 077 89.86 999.46 1.496.20
Width 047 131 366 3299 17.06
Events Four lepton invariant mass. Mael Wamu B2ei+2mu
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- Events 73 90 874 65 14
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a w o
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Bins: Lower: [500 ] Upper:

Update plot Reset

@ Investigate high mass range in all final states
simultaneously

@ Z' seen only in dilepton distribution
@ Graviton shows up in all of them!
@ A manifestation of spin
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Moderator “scenarios” (see )

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

Sart Swdent Moderatr  Tuor  Administator

Monday, February 20 2017 - 13:42:20 CET

Events. Dilepton invariant mass MElecrons WMuons

Elections
Region R1 R2 R3 R4 RS
Events 104 122 768 76

Mean 3.4 9.7 B0.86 999.46 1496.29
Width 047 131 366 3299 17.06

Muons
Region R1 R2 R3 R4 RS
Events 73 % 874 65

Mean 307 9.97 90.46 997.90 1479.20
Width 026 073 369 5232 5438

P S - |

1 10 100 1000
M) (Gev)

Update plot Reset.

Ramin: 50| Remin: [70 Romin: 560 | memin: 5000 | Rsmin: (14000 |

Rimac 10 ] Rewax (30 ] RaMax Ramax [I1000 ] RsMax: (16000 ]

Bins: [0 ] xoads: [Logarithmic <] Upper: [20%0

@ Explain what a peak is, point out Z boson peak at 90 GeV

@ Poll question: Do you see any peaks here that you would
not expect?

@ Discuss J/v and T, and explain that we “injected” Z’ and
graviton events at 1 TeV and 1.5TeV
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https://twiki.cern.ch/twiki/bin/view/Main/InternationalMasterclassesModeratorManual

Moderator “scenarios” (see )

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

Stat Stdent Moderator  Tutor  Administrator Monday, February 20th 2017 - 14:01:22 CET

Events Diphoton invariant mass WDaa Plot type:
4 w E

Signal and background (simulated data):
® No data
0.3514 %
2t
0mt
251t

Analyzed data (real data)
No data
® Student distribution
Expected distribution

Diphoton statistics

Diphotons
Region

Events 25

Mean 151513

Width 38.91

80 85 % 9 100 105 10 15 120 125 130

Miyy) [GeV]

Bins: Lower: Upper:
Update plot Reset
Rwin: R M

@ Poll question: Do you see a peak corresponding to the
Higgs boson?

@ Explain about statistical limitations of the measurements
and that H — ~~ is a very rare process
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https://twiki.cern.ch/twiki/bin/view/Main/InternationalMasterclassesModeratorManual

Moderator “scenarios” (see )

OPIloT — MasterClass — Combination for all institutes on 2016-03-09

St Sudent Moderabr  Tutr  Adminisiator Monday, February 20th 2017 - 14:05:35 CET
Events  Diphoton invariant mass
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Bins: Lower: Upper:
Update plot Reset
R vin: Rax

@ Explain that you're now showing the results scaled up to a
much larger amount of data

@ Poll question: Do you think we could see the peak here
even if it had the same color as the background?
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https://twiki.cern.ch/twiki/bin/view/Main/InternationalMasterclassesModeratorManual

Moderator “scenarios” (see )

OPloT — MasterClass — Combination for all institutes on 2016-03-09

Sart Swdent Moderator  Tuor  Administator

Events Four lepton invariant mass Wiel Wamy m2el+2mu
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Update plot Reset.

B [30 5] Lowac: Upper: 500

RMin: [1400.0 | RMax [1600.0

Monday, February 201 2017 - 14:06:37 CET

Higgs simulated data:

Eventype 4 H o =

Wen am isiz i e
Width 4386 4331 4018 4108

@ Explain the plot and that we’re now looking for Higgs
bosons decaying to two Z bosons (with Z — ee or Z — )
@ Poll question: Why are there more events with electrons

in than muons?

@ Explain that the Z boson decays to e"e~ and p* .~ at
equal rates, but electrons are easier to fake
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https://twiki.cern.ch/twiki/bin/view/Main/InternationalMasterclassesModeratorManual

Moderator “scenarios” (see )

OPIloT — MasterClass — Combination for all institutes on 2016-03-09
Sa Sudent Wodermor  Toor  Admisiar oy, February 200 2017 142232 CET

Events Dilepton invariant mass M Elecrons MMuons Pt type:
I1+41+yy -l

.
. |
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Update plot Reset

@ Poll question: Why don’t we see the particle at 1000 GeV
in the 4-lepton and diphoton distributions?

@ Explain that observing how a particle decays can give us
lots of information about its properties, in this case in
particular about the spin
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https://twiki.cern.ch/twiki/bin/view/Main/InternationalMasterclassesModeratorManual

@ Students look for dilepton, diphoton, and 4-lepton events to
search for

e Z° — It~ (and other dilepton resonances)
e H — v~ (and other diphoton resonances)
e H— [T/=I'tI'~ (and other 4-lepton resonances)
@ Invariant masses are calculated in HYPATIA and uploaded
to OPloT

@ Invariant mass distributions are built for the combination of
all students’ data, showing resonance peaks
corresponding to known and new particles

@ 5 “scenarios” are provided as suggestions to guide the
discussion with the students in the video conference
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