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Overview of HEP Analyses

e Remember that most High-Energy Physics (HEP) analyses are “counting experiments”: they count
number of good physics objects that pass a certain set of cuts.

e We plot each of the variables (e.g. momentum, energy, mass, position, etc.) that we are interested in as
histograms.
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plots the the combined mass of four particles (leptons)
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that there we have successfully reconstructed two

30 - parent particles — Which standard model particles do
20 - these peaks correspond to?
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Intro to HYPATIA

o Wewill try to perform a similar
analysis using the analysis tool
HYPATIA.

e Thistoolis asimplified version of
the same tools that would be used
in a standard ATLAS analysis and
gives good consistent results.

e When you open HYPATIA for the
first time, you will see 4 separate
windows. Let’s go through each of
these windows.

HYbrid Pupils' Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window

File View Histograms Preferences Help
File Name

ETMis [GeV] Trac P [GeV]

+- Pt [GeV] | [ n M(2) [GeV] M(eeee) [GeV] | M(eemm) [GeV] M(mmmm) (GeV] e/m/g

HYPATIA - Control Window

[ Parameter Control | Interaction and Window Control | Output Display
[ Projection | Data | Cuts [ InDet | Calo | Muonbet | Objects | Geometry

Data

Name Value
| status

o 7 InDet

o ¥ calo

o 7 MuonDet

7 Objects

HYPATIA - Track Momenta Window

<« > e [ X -
Previous Event  NextEvent Electron  Muon Delete Track  Reset Canvas

ETMis: 4.167 Gev  9: 3.040 rad Collection: MET. RefFinal
[Ehomerchartie/ownloads/groupA.zpfevento0Lxmi Y \\ ‘O awsis 7/ |1
Tracks Physics Objects 1
Track - P (Gev] Pt (Gev
Tracks 4 3 583 a3
Tracks 7 3 3.40 1.0
cks 8 = a7.07 37.95
Tracks 10 5 2.34 128
Tracks 11 3 .42 Las
Tracks 12 3 296 1.20
cks 13 3 830 La7
acks 14 C 658 203
Tracks 15 + 7.59 150
Tracks 17 5 200 112
Tracks 21 + 2.65 Lol
Tracks 25 + 6.27 130
cks 27 5 a1z E]
Tracks 28 3 192 L6s
Tracks 31 - 158 154
cks 33 3 .08 121
Tracks 35 C 288 113
Tracks 36 + 200 L85
Tracks 41 5 252 Lss
Tracks 42 + 126 122
Tracks 44 + £ .00
Tracks 48 - 3.50 110
Tracks 45 5 2.86 Lo
Tracks 58 = .95 Lss
Tracks 63 - 8.03 L7
Tracks 67 3 1.02 Lol
Tracks 68 & 168 Lea
Tracks 69 + 10.96 205
Tracks 75 + 184




Main Detector

e Thisisthe main detector window, which
shows the main sub-detectors and the
various tracks and energy deposits.

Inner detector: responsible for precise
tracking of charged particles
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Canvas Window - File: event001.xml Run: 204796 Event: 5060402

Main Detector

e Thisisthe main detector window, which
shows the main sub-detectors and the
various tracks and energy deposits.

Inner detector: responsible for precise
tracking of charged particles

EM calorimeter: measures energy of
electrons and photons

~N

Hadronic calorimeter: energies of
hadrons (i.e. particles that are made of
quarks and gluons ), and of quark and
\gluon 'jets' )
~ R

Muon spectrometer: measures

passages of muons
g _J




Canvas Window - File: event001.xml Run: 204796 Event:; 5860402

Main Detector

e Thisisthe main detector window,
which shows the main
sub-detectors and the various
tracks and energy deposits.

4 )

e Thiswindow shows
where energy deposits
occurred inthe
calorimeter.




Particle Measurements

HYPATIA - Track Momenta Window

File . b2 e " X (a2
e . Previous Event  Next Event Electron Muon Photon Delete Track Reset Canvas
e Thisisacomplete list of tracks and T T T S
M M M [&ihome/charlie/pownloads/groupA.zip/evento (&l o= oty ol
physics objects that were recorded in H e i |« S
h ( Tracks [ ijeds |
t S event' Track o~ +/- P [GeV] Pt [GeV] ®

Tracks 4 = 5.83 1.43 0.509 0.248 -

Trajc;ti(z/ 5 3.40 1.06 2.977 0.316

. . . . . Tra ¥ 47.07 37.95 1.978 2.204

We will use this interface to identify Bcks 10 - 234 128 2,03 0.580

: : : Tada 12 506 120 3002 2724

racks = 3 . -2, .

tracks/physics objects with electrons, Tece 1z : 250 L2 22 212 |
Tracks 14 5 6.58 2.03 -1.081 0.313 J

muons and photons. Tracks 15 + 7.59 1.50 -1.220 2.943

Tracks 17 S 2.00 112 2.214 2,546

Tracks 21 ¥ 2.65 1.91 -0.290 2.338

Tracks 25 ¥ 6.27 1.30 2.975 0.209
Tracks 27 2 2.12 1.43 0.256 0.355 ||

Tracks 28 5 1.92 1.65 2.064 1.039

Tracks 31 2 1.58 1.54 -1.098 1.367

Tracks 33 5 3.08 1.21 -1.953 0.406

Tracks 35 5 2.88 1.13 -2.993 0.404

Tracks 36 n 2.09 1.86 1.513 1.094

Tracks 41 5 2.52 1.86 2.745 0.832

Tracks 42 ¥ 1.29 1.22 1.668 1.247

Tracks 44 ¥ 3.95 1.00 -2.840 0.256

Tracks 48 ¥ 3.90 1.10 2.977 0.286

Tracks 49 2 2.86 1.09 0.165 0.391

Tracks 58 + 1.95 1.95 2.874 1.561

Tracks 63 2 8.03 1.87 -0.613 2.906

Tracks 67 5 1.02 1.01 2.092 1.491

Tracks 68 ¥ 1.68 1.64 1.815 1.768
Tracks 69 ¥ 10.96 2.05 2.045 0.188 o)
Tracks 75 + 1.84 1.55 -1.469 1.003 =




Particle Measurements

HYPATIA - Track Momenta Window

File < » @ ﬂ.& X
. . . Previous Event Next Event Electron Muon Photon Delete Track Reset Canvas
. ThIS Is a Complete IISt Of traCkS and ETMis: 4.167 GevV @: 3.040 rad collection: MET RefFinal
. M M [El/homescharlie/Downloads/aroupA zip/evento (el o O of
physics objects that were recorded in I o ' e ——————— e
[ Tracks | ijeds |
f = |
the event. e " oo PticeV 6
lTraCks 4 - 5.83 1.43 0.509 0.248 -
iTraJc;:(Z/ - 3.40 1.06 -2.977 0.316
. . . . . |Tra + 47.07 37.95 -1.978 2.204
We will use this interface to identify #rPacks 10 - 2.34 128 2,03 0.580
|Tracks 11 - 5.42 1.44 0.516 0.269
1 M M |Tracks 12 - 2.96 1.20 -2.802 2.724
tracks/physics objects with electrons, s : 25 -0 2 o |
iTraCks 14 - 6.58 2.03 -1.081 0.313 3
muons and photons. [Tracks 15 + 7.59 1.50 -1.220 2.943
iTracks 17 - 2.00 .12 2.214 2.546
Tracks 21 + 2.65 1.91 -0.290 2.338
;Tracks 25 + 6.27 1.30 2.975 0.209
iTracks 27 - 4,12 1.43 0.256 0.355 ||
M M M |Tracks 28 - 1.92 1.65 2.064 1.039
ThlS IS the fU” ||St Of traCkS and [racks 31 : 1.58 1.54 1.098 1.367
. . |Tracks 33 - 3.08 1.21 -1.953 0.406
|Tracks 35 - 2.88 133 -2,993 0.404
physics objects. There are alot of Tracks 35 2 258 L3 293 0.40¢
|Tracks 41 - 2.52 1.86 2.745 0.832
tracks, do we need all of these acaid - T o — o
. . (Tracks 44 + 3.95 1.00 -2.840 0.256
? |Tracks 48 + 3.90 1.10 2.977 0.286
tracks? How do we determine which Tracks 48 : 3.0 Lio 2577 0.285
|Tracks 58 + 1.95 1.95 2.874 1.561
tracks to keep? racks 63 : 503 L7 5613 2508
|Tracks 67 - 1.02 1.01 -2.092 1.491
iTraCks 68 + 1.68 1.64 1.815 1.768
{Tracks 69 + 10.96 2.05 2.045 0.188 |
|\gacks 7 + 1.84 1:55. -1.469 1.003 E




Control Window

e Thiswindow is where we will control
which cuts we will apply to our tracks
to determine which tracks we will
keep for our analysis.

(There are many different cuts that )
you can use to control your analysis.
But for our purposes, we will mainly
use the “Cuts” tab to select physics

\objects. )

HYPATIA - Control Window

f Parameter Control | Interaction and Window Control | Output Display |

000

[ Projection [[Data | cuts | InDet | Calo [ MuonDet | Objects | Geometry |

s
I

Name |

Value

Status

o [v|InDet

o [vl calo

o v/ MuonDet
o v/ Objects




Control Window

“Parameter Contro}../-tatazaction and Window Control | Output Display | _

[ Projection | Date] Cuts | InDet | Calo | MuonDet | Objects | Geometry \

’w Name [ Value
Calo

[ ‘MuonbDet Pt| > [1.0 GeV
[_Objects | (] pt2] < [700.0 mev
e This window is where we will control — = |
which cuts we will apply to our tracks = o .
to determine which tracks we will ‘é:ﬁ'ﬁie,piﬂ. - f-k
keep for our analysis. — 2
[]|sim. Particle PDG-ID| < a0
(There are many different cuts that ) e e =
you can use to control your analysis. Ju— "k ==
But for our purposes, we will mainly Erta e
use the “Cuts” tab to select physics 10 module > o
objects. e i -
\ ) Hits By RecTrack All =
e — M -
The cuts tab allows you to enter e b =l
different requirements for your i ot =
physics objects, we will use this — =
(demo) to reduce the list of physics IR tracks -

] RVx primary only

v

objects.




Invariant Mass

HYbrid Pupils' Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window

File View Histograms Preferences Help

I File Name ETMis [GeV] | Track | P [GeV] | Pt [GeV] [
event00L.xml 4,167 (Tracks 173 36.6 - 132.6

=3
=

M(2) [GeV] [ M(eeee) [Gev] | M(eemm) [GeV] | M(mmmm)[GeV] | e/mig |
1.132 0.491 122.275

Tracks 239

fHere, as an example, I've added two )
tracks which I've assigned to be
electrons. HYPATIA then calculates
the invariant mass of those two

Qracks. W,

e When we begin to assign tracks to
particles, we will see them being
populated in the invariant mass
window.

HYbrid Pupils' Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window

File View Histograms Preferences Help

File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] | ) n M(2) [GeV] M(eeee) [GeV] M(eemm) [GeV] M(mmmm) [GeV] e/m/g
event001.xml 4,167 Tracks 173 36.6 = 32,6 1132 0.491 122.275 e
Tracks 239 827.4 + 311.6 0.983 1.632 le
event002.xml 32,423 Tracks 3 52.6 E 11.5 11.483 2.204 25.782 104.969 m
Tracks 12 10.6 + 10.2 0.533 0.300 |m
Tracks 65 9.2 - 8.3 |-3.043 0.470 40.364 le
Tracks 214 45.0 H 37.7 -0.144 -0.612

e

e Aslgothrough more events and label For the second event, I've added four
tracks, the list begins to grow. tracks with 2 muons and 2 electrons.




Invariant Mass

HYbrid Pupils' Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window

File Vie Histograms Hreferences Help

ETMis [GeV] Track P [GeV] +/- Pt [GeV] ) n M(2) [GeV] M(eeee) [GeV] M(eemm) [GeV] M(mmmm) [GeV] e/m/g

event0OL.xml 2.167 Tracks 173 36.6 - 32.6 1132 0.491 122.275 e

Tracks 239 827.4 + 311.6 0.983 1.632 e
event002.xml 32.423 Tracks 3 52.6 - 115 1.483 2.204 25.782 104.969 m

Tracks 12 10.6 + 10.2 0.533 0.300 h

Tracks 65 9.2 - 8.3 3.043 0.470 40.364 e

Tracks 214 e

* HYPATIA - Histogram [ N N ]

(Histograrms | PrefereD M(2) [GeV]

| M(1) Histogram 1.0
| M(2) Histogram
M(llll) Histogram

0.8

M(ee) Histogram 0.6
1 M(mm) Hi

Vitgeh Histogram e Afterwe've completed N -
| PiGse placniia assigning tracks in all of the -

M(eemm) Histogram 0.0+ } t t t

M(mmmm) Histogram events, then HYPATIA will A

ETMis Histogram

Philgtagram automatically plot histograms ‘*' e R 2 ele
ot i of the different invariant i S —

@ Histogram
Entries : 1

cot 6 Histogram mass quantities. Mean : 104,96

QHistogram / \ J - Rma : o
|




More Data = Better Results

e Asgood scientists, we know that when we collect more data we get better results. At the end of the
session we will compile everyone’s data into a single histogram and see if we've accomplished our goal

of finding a new particle!

M(yy) [GeV]

ATLAS Masterclass 2021
Events Dilepton invariant mass B Electrons M Muons Plot type:
B
90
% ‘ll Dilepton statistics
45
Electrons
0 — - = —=m _— ——— B — Region RL R2 R3 R4
: 10 100 1000 — Events 6 9 67 4
Mean 320 1011 89.77 994.22
Width 054 1.09 3.95 30.21
Events Four lepton invariant mass Miecl M4amu W2el+2mu
3 Muons
15 } I I Region R1 R2 R3 R4
' Events 4 5 93 8
o | . ) . l_. . I ; B ; O ; . Mean 305 954 9043 101391
60 90 120 150 210 240 270 300 330 360 Width 0.08 052 320 28.34
M(4l) [GeV]
Number of events
Events Diphoton invariant mass M Data Student distribution| Expected
8 Il 270 585
4l 25 40
4 vy 98 270
o | . . - . Sum 393 895
80 85 90 95 100 105 110 1us 120 125 130 135 140 145 150 155 160



