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The Z-path
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» Use the invariant mass technique to

measure mass of short-leaved
particles

search for exotic particles — Z,
GravitoF

discover new particles — Higgs
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Z-path measurement

» each pair of students go through 50 collision events

» identify €, 4€ and yy events and calculate invariant
masses (in HYPATIA)

» resulting di-lepton invariant mass distribution is used
to

measure mass and width of Z° boson, J/¥ and Y mesons

look for new particles (Z’@ | TeV and Graviton@1.5 Te
» di-photon and four lepton invariant mass distributions
are used to

provide insight into the process of discovering the Higgs

boson at the LHC
look for new particles (Graviton@ 1.5 TeV
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HYPATIA

File View Histograms Preferences Help
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More on how to identify events:

http://cernmasterclass.uio.no/material/Zpath-SignalEvents.pdf
http://cernmasterclass.uio.no/material/Zpath-Cuts.pdf

Tracks Physics Objects
Track +/- P [GeV] Pt [GeV] P | ]
Tracks 10 - |66.56 166.17 12.937 11.679
Tracks 11 - 167.90 33.24 -0.081 2.630
Tracks 27 - 81.89 63.94 |-2.815 2.246
Tracks 43 I+ 114.62 |5.29 10.378 |2.771
| Tracks 62 + |67.66 134.86 -0.001 |2.600
| Tracks 96 I+ 117.72 16.26 =-0.097 |2.780
| Tracks 216 I+ 167.90 |34.86 1-0.006 |2.602
Tracks 217 I+ 167.90 133.30 10.020 |2.629
| Tracks 248 I+ 160.23 |59.22 12.327 |1.387
ITracks 282 + 118.00 115.54 3.079 1.042
| ® 6O 6 HYPATIA - Control Window
:_ Parameter Control = Interaction and Window Control Output Display |
Projection Data ] Cuts InDet Calo MuonDet | Objects | Geometry
InDe Name Value
Calo | =
MuonDet | ! |Pt] 5.0 CeV e
Objects IPt2| 700.0 MeV s
ATLAS | v |dO| 2.5 mm
v |z0| 20.0 cm
|d0 Loose| 2.0 cm
|z0-zVx| 2.5 mm
Layer 0
Number Pixel Hits 2
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ATLAS Z-path data 2014

)

each institute is initially assigned 2 dataset packages with 20
datasets in each package.

each dataset contains 50 events, for a group of two students to
analyze.

this means that each institute has a default of 40 datasets available, which is
enough to accommodate 80 students.

Some further MC data is used in the online plotting tool,

to show expected di-photon and 4-lepton distribution at higher
luminosities

Data distributed as event mixtures in XML format available
from

Accessible from:
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http://cernmasterclass.uio.no/OPloT/index.php
http://cernmasterclass.uio.no/datasets/
http://atlas.physicsmasterclasses.org/en/zpath_data.htm

The plotting tool - OPloT

OPloT - MasterClass — Combination Page

Start  Student ~ Moderator T oaor Administrator Wednesday, March 5th 2014 - 11:55:34 CET

Moderator Tasks I) CIiCI( on ”Moderator”

Groups that have uploaded their files:

ﬂ & Slides comparing IMC2013 with official ATLAS Results - slide 2 most relevant

2) choose today’s date

3) Check what the the
different institutes of that

OPIoT - MasterClass — Combination Page day have uploaded

Start  Student  Moderator Tutaor Administrator Wednesday, March 5th 2014 - 11:56:44 CET

4) Choose "combination
plot — all institutes”

Moderator Tasks

Groups that have uploaded their files:

(2014 <] [Warch[] 72 « Insttute combinaton . )
o Pisa
o Graz Pisa
o Thessaloniki
- I,I l’:‘t.l:f,:__.:f. n:..T_T:_I,-; Thessallonjkf E
& Combination nlot - all institutes
» Slides comparing IMC2013 with official ATLAS Results - slide 2 most relevant Vila Real

U. California Riverside i

Detailed descr.:
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http://cernmasterclass.uio.no/material/ModeratorInstructions-Zpath.pdf
http://cernmasterclass.uio.no/material/ModeratorInstructions-Zpath.pdf
http://cernmasterclass.uio.no/material/ModeratorInstructions-Zpath.pdf

Example distributions

» the following few slides will show some example
distributions for di-leptons, 4-leptons and di-photons
these are “perfect” distribution — student’s results may contain
more noise
di-lepton plot:
all available data + MC is used

expect less statistics in a real IMC event (not enough students to cover the
complete dataset)

di-photon, 4-lepton:

half of the available data (1fb™!) is used in the examples
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Di-leptons

3 Plot type:
Events Dilepton invariant mass M Electrons M Muons I v

10077 ¢ Dilepton statistics
Electrons
Region R1 R2 R3 R4 R5
Events 871 868 7844 850 274
Mean  3.12 968 89.67 99499 149620
Width 037 084 361 3107 1423
Muons
Region R1 R2 R3 R4 R5
5,038.51 Events 864 926 7948 662 161

Mean  3.08 9.86 9050 99550 148959
Width 026 070 359 5110 51.36

1 100 1000 statistics, mean
M) [GeV] .
Bins: X-Axis: Upper: I and Wldth Of
Update plot Reset
mass peaks
R1 Min: R2 Min: R3 Min: R4 Min: R5 Min: . .
RiMax: B0 | R2Max RIMax: [1000 | ReMax: (11000 | RSMax: [16000 | plotting options
and defining mass
ranges
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4_ leptons add simulated 4-

lepton events for
different

L o luminosities
OPIloT - MasterClass — Combination for all institutes on 2014-01-01

Start Student IModeratar Tutor Administrator

Events Four lepton invariant mass Plot types |

4l =
Higgs simulated data:
M Higgs MC 10 ! g'}"‘2 it

10 1!

W25 1!

B4 [eptan

i1 Higgs MC 2 fbl

B Higgs 1C 25 b7t

Analyzed data (real data):
Nathing
2] Student distribution

55 + Expected distribution

choose to plot
’student

0 . . . . , | “ II L distribution” or

4] 20 40 G0 B0 100 120 140 160 180 200

M) [Gev] ”expected
Bins: Lower: IE' Upper: distribution”

Default values I

expected dist.: what to expect if all students had identified all the events correctly
9 04.02.2016




add simulated di-
photon events
and Higgs signal
for different

Di-photons

o o luminosities
OPIloT - MasterClass — Combination for all institutes on 2014-01-01
Start Student Moderator Tutar Administratar
Events Diphoton invariant mass B Data Plot type: N/
¥
== W Hige-Mc Loat™ Signal and background (simulated data)
B Background (MC) Nothing
correspond to the Sp=ut
amount of data D01
25 fb”
analysed by the Analyzed data (real data):
uis} students that day! e N
tudent distribution
" Expected distribution
choose to plot
’student
W] T T - = = . . . [X)]
a0 85 1] a5 100 105 110 115 120 125 130 135 140 145 150 ﬁi] i :ﬁ]ﬂ d I Strl butlo n o r
9
Bins: SO Lovwer: Upper: 180 eXPeCted

pefaitvaues | distribution”

expected dist.: what to expect if all students had identified all the events correctly
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Di-photons

» Can also show only simulated data with the full ATLAS luminosity (25 fb-')
to illustrate that we need more data than we have at the IMC to discover Higgs!

OPIloT - MasterClass — Combination for all institutes on 2014-01-01

Flot type:

Start Student Moderatar Tutar Administratar
Ewvents Diphoton invariant mass
. ae el
2017 + M Higgs MC 25 fb
M Eackground (MC)
[2.508 .5+
8] T T T
B0 ES an a5 100 105 110 115 120 125 130 135 140 145 150 155 160
Fiyy) [Get]
Bins: Lowrer: Upper:

Default valuas l

[vy =

Signal and background (simulated data):
z_xr-lu:-thing

Oroaw?

Dz gl

Mo !

@5 !
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New particles/new physics?

Low mass

High mass

Events Dilepton invariant mass B Electrors W Muons Events Dilepton invariant mass M Electrons M Muons
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» Spin-0 (Higgs-like)
decays to di-photons, ZZ,WW,

di-leptons (suppressed for
electron and muon)

» Spin-1 (Z,Z’-like)

decays to di-leptons, not to di-
photons, ZZ,WW

» Spin-2 (Graviton-like)

decays to di-photons, di-leptons,
ZZ,WW
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More information

» Detailed description for moderators:

Section 8: Keywords for discussion

v

Slides to compare student’s result with official ATLAS results

v

|dentifying events with HYPATIA

» Instructions for institutes:

v

Instruction for students (cheat sheet):

v

If there are any questions do not hesitate to contact us:
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http://cernmasterclass.uio.no/material/ModeratorInstructions-Zpath.pdf
http://cernmasterclass.uio.no/material/Zpath-ATLAS.pdf
http://cernmasterclass.uio.no/material/Zpath-Cuts.pdf
http://cernmasterclass.uio.no/material/Zpath-SignalEvents.pdf
http://cernmasterclass.uio.no/material/InstituteInstructions-Zpath.pdf
http://cernmasterclass.uio.no/material/cheat-sheet_en.pdf
mailto:epf-mc@fys.uio.no

BACKUP



ATLAS Z-path data 2016

» Allowed to use 2 fb-! for Higgs selections: yy and 4l
Sequential run range 204769 — 20697
2007pb"! in period B12 — C6 from June — July 2012
» Moriond 2013 candidates list following official Higgs selections:

40 H > (¢t candidates with 6 having an invariant mass in the range 120-130
GeV

evenly shared between e*e- -, e*e- e*e” and puputu-
some events are replicated in the student’s data sets

11.100 H > yy candidates (4100 fully unconverted, 5400 mixed, 1800 double
conversions)

data sets with double converted photons are not used unless there are
exceptionally many students

» Same data period as above used for di-lepton selection
18500 Z, 1850 J/y, 1850Y events (modest fraction, still larger than Higgs )

50% share between e*e- and ptu-
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ATLAS Z-path MC 2016

» MC for Z' events (1850) mixed in the real data analyzed by students

50% share between e*e  and ptu-
mcl2_8TeV.158020.Pythia8 AU2MSTW2008LO_Zprime_ee_SSM1000.recon.ESD.e1242_s1469 s1470_r3542/
mcl2_8TeV.158026.Pythia8 AU2MSTW?2008LO_Zprime_mumu_SSM1000.recon.ESD.e1242_s1469_s1470_r3542/

» MC for Graviton events (1400) mixed in the real data analyzed by students

600 into di-leptons (50% share between e*e- and ptp")
locally simulated
400 into di-photons
mcl2_8TeV.158708.Pythia8 AU2CTEQ6LI_Ggammagamma_01_1500.evgen.EVNT.e 507
400 into ZZ (which subsequently decay into electrons and muons)
mcl2_8TeV.158280.CalcHepPythia8 AU2CTEQ6LI_KKGravitonZZ_Illl_m1500_4LeptonPt8.evgen.EVNT.e1370
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