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OPAL masterclass

o Original OPAL masterclass: — Mésuriig Z0%ecass 5 % % %
students examine event

display images, learn how to Smmiossmesse s =
identify types of events ko T ., N
. Original late-90s web design —mom e e =s :
(last update 2003)
. Upgrade and adapt to make -
more modern (done) easuing 2 cecay

In the challenge part 2 you learned how 1o distinguish events in which a Z° dacays 1o produce the diferent sorts of particle-antiparticie pairs. Now you might fike 1o try your hand at one

- of the important measurements we make at LEP. This is to measure the fractions of 27 that decay 1o each type of particle-ansparticle pair.
m giorics o e o oo

Before proceding any further you need to mutiply the number of e ¢~ — ¢” ¢ events you have found wiys facior of 1.6. Don't worry, you don't have to understand where this factor
comes from in order fo do tis challenge. However, i youd like

0
n Once you have classifid all the events there are a rumbe of inferesting questions o ask yourselt
. - « Animportant prediction of the Standard Model of particle physics is that the probability for a Z” to decay to an electron-positron pair should be the same as the probabiity for it to

decay to @ muon-animuon pair o a tau-anttau pai. Are the numbers of: ¢ ¢~ — "¢ (corrected), e "¢~ — i, ande’ e — 77 events you have counted statitically
conssteat wih one anatrer?

WEvents  Cha

ge3  Challenged  OtherEvents  ChallengeS  ZMeasurement

o know more about his factor ci

. « Another predicion of the s that 2° decay h more trequently or pairs. Infact,
the number of muon-antimuon pairs should be only about 0,048 times the number of quark-ansquark pairs. Using the number of €7 — g events you have observed, calculate
| the rumber of ¢ — 1" 4™ events you shoukd have expeced 10 see. Is the rumber of "¢~ —» 4"~ events you achuall abserved statistcaly consistent with the rumber
you expected? What about e number of e ¢~ ~+ ¢ ande’e” — 777~ events?
Note: in order o decide whether or not two numbers are "statistically consistent” you need 1o have some Kea about *statistical errors” o« "statistical uncertainties”, H elpit
. u vs s unfamisar to you
Here are the events. DonY worry I you don't have time 1o look at them all. You can make measurements even i you fook only af a subset, Of course, your measurements willbe more
accurate the lasger the number of events you do Jook at. Anther way might be 1o colaborate with a few of your fiends: you could each scan a difierent set of events and then combine
your resus,
Event 1
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http://www.hep.man.ac.uk/u/events/
https://docs.google.com/presentation/d/15Csew8q5-W_CvYJE6MXy439ZS34rPq_tdrNXTvMVV40/edit?usp=sharing

OPAL masterclass- New version

o Plan: use major structure of the original masterclass but
update user interface, technology behind the scenes; run
checks on data to find duplicate and missing images

e Technical details: new website built using Flask, flask-
bootstrap Ul, and Jinja templates; use MathJax for
equation rendering

o Webpage has responsive layout e.g. runs on mobile
devices

e Deployment via CERN instance of OpenShift (cloud

container platform)

GitHub repo

QOutstanding Issues

New version

Z results: GitHub Discussions



https://github.com/QuarkNet-HEP/opal-masterclass
https://github.com/QuarkNet-HEP/opal-masterclass/issues
http://opal-masterclass.web.cern.ch/
https://github.com/QuarkNet-HEP/opal-masterclass/discussions
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(Y A palmasterclass.web.cern.ch ([ 1} Y A palmasterclass.web.cem.ch ([ i HOW tfo Identlfy Eve nts
OPAL Masterclass Containing a Particle-
The purpose of this masterclass is Contents Cha"enge 1 Ant|part|c|e Pair
to allow you to identify for yourself + Introduction See f you can identify which sort of particle is present in Perhaps the simplest types of events to identify are those
. A 4 « The Detector and How to Understand the Event the following event pictures! . A i o
some mterestlng partlcle DhySICS Pictures in which the electron and positron annihilate to produce a
0 . - .
teractions o ‘everts” These
. « How to Identify Events Containing a Particle- P . P Y .
events have been seen using an Antiparticle Pair Everts are observed in the detector. We represent the production
. - o anti oo 0
expe”mem called OPA L, at ‘l,EH\\,, l « The Challenge (Part 2) of, forex:::plfe. lT ml..lunda.mlmuu‘n pairin Z" decay by
: . « How to Identify Events Containing a Pair of W fmeans of the fallowing clagram.
near to Geneva, Switzerland. This Particles BT "
. e- -
experiment ran at LEP (the Large « The Challenge (Part 3) Event 4
P i « The Challenge (Part 4) z°
Electron-Positron COHIdGF). « How to Identify Slightly More Complicated Types of
o Event Event 5
The emphasis is very much on your « The Challenge (Part 5) N N
active participation. We have tried to * Measuring Z Decays SEEE e B
X 3 : + Measuring W Decays
explain as Simply as possible a few Event7. Here are some events containing the different types of
5 Acknowledgements I . . ,
|mportant Th\l’]gS you need to know f::,:le antiparticle pairs, with hints on how to identify
about our experiment and the SR
diff f s
ifferent types of events that can Event9
T. he main parts are wher ; y
occur. But the ma ‘_pa t? SICIEIS Once you've successfully identified each of these ce e
you p!ay the role of part!cle particles, then please proceed to the next part of the P -
detective" and 4dent|fy for yOUrSG‘!f p.rugramme, wh?re you will Ieam-how to identify some | ce T
_ . simple types of "Standard Model” events.
pictures of different types of event. ot ; ete™ — qq
Back to start Once you've understood the way we identify the different
Start types of events, then please proceed to the next part of
i the programme.
|
4 @® s} 4 @® | | ® | 4 @® |
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Four Fermion Events

Remember the example diagram we used to represent
e'e » "1~y events

Instead of flying out and being observed in the calorimeter,
sometimes the photon produces an additional particle-
antiparticle pair. Such events contain two particle-
antiparticle pairs. For example:

el W
I
LN

€7 "W

These events go by the jargon name "four fermion” events.
Here is an example event that contains electron-positron
and muon-antimuon pairs:

1519 8 M % ¥4 W88%

Measuring Z decays

In the challenge part 2 you learned how to distinguish
events in which a Z" decays to produce the different sorts
of particle-antiparticle pairs. Now you might like to try your
hand at one of the important measurements we make at
LEP. This is to measure the fractions of Z"s that decay to
each type of particle-antiparticle pair.

In this section you will be provided with a large number of
events containing particle-antiparticle pairs from Z°
decays. Look at each one and keep a separate count of
the number of: e " e re’e e’ e yput e,

e'e” =77 ,ande’ e — gq events

Before proceding any further you need to multiply the
number of e e + e e events you have found by a
factor of 1.6. Don't worry, you don't have to understand
where this factor comes from in order to do this challenge.
However, if you'd like to know more about this factor click
here

Once you have classified all the events there are a number
of interesting questions to ask yourself:

« An important prediction of the Standard Model of
particle physics is that the probability for a Z%0
decay to an electron-positron pair should be the
same as the probability for it to decay to a muon-
antimuon pair or a tau-antitau pair. Are the numbers
of:e’e »e'e (corrected), e e e,
ande’e » 7T events you have counted
statistically consistent with one another?

Another prediction of the Standard Model is that Z°
decay to quark-antiquark pairs much more
frequently than to electron-positron, muon-
antimuon or tau-antitau pairs. In fact, the number of
muon-antimuon pairs should be only about 0.048

Simmnn tha mimnbar af coinels Antisark mniea Llnine
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Measuring W decays

If you've got this far then you're probably now an expert at
identifying different types of Z° and W pair events. Here
is a more difficult challenge to keep you on your toes!

In the previous challenge you measured the fractions of
Zs that decay to each type of particle-antiparticle pair.
Another important measurement is measuring the
fractions of W pairs that decay into each possible class.
Remember these classes are

« the four-jetevents: W W~ — qqqq,

« the two lepton, two neutrino events.
wtw y vl v

« or the lepton-neutrino, quark-anti-quark events:
wWTw revqg, WW » pqq,
Ww » TVQq

In this challenge you are asked to look through a list of
events and keep count of the various types of W pair
decays. But beware! There are other types of events, such
as Z° decays, mixed in as well. Therefore, for each event
you first need to determine whether you're looking ata W
pair decay or some other kind of event

One measurement you can make is to count the total
number of W pair events (having "thrown away" all the
events you didn't think were W pairs). Count also the
number of W pair events in each of the classes listed
above. Thus you can determine the fractions of W pair
events that end up in the various classes.

We expect the number of W* W > evqq,

W*W~ — uvqq,and W*W ™~ — Tiqq events each
to be 0.29 times the number of W W » qqqq events
We also expect to observe that the total number of
Ww » I vl U events to be 0.18 times the number
of W*W » qqqq events. Check your measurements

FOE QuarkNet
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CMS masterclass updates

e ISpy WebGL event display
- Upgrade of underlying WebGL library
- Lightweight detector geometry
- Improved picking and table views
- New, improved view and settings controls
« CIMA
- Improvements to histograms in development



New NOVA masterclass

e In development by Greg
Pawlowski (QuarkNet mentor),
Mike Plucinski (Neutrino fellow),
QuarkNet staff

o Concept tested several times in
QuarkNet workshops — teachers
enthusiastic

o« Combine event display analysis
(small number) with python
notebook (many events)

o« NOVA (NuMI Off-axis neutrino
Appearance): long baseline

110 km

810 km

neutrino oscillation study

https://www.universetoday.com/109444/nova-experiment-nabs-its-first-neutrinos/
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https://www.universetoday.com/109444/nova-experiment-nabs-its-first-neutrinos/

o Students study Far Detector (FD) event displays — small

number due to beam spread
o Find ratio of Neutral Current (NC) to Charged Current (CC) events
s CC — muon neutrino (numu + n - mu + p) (W exchange)
«= NC —anything (nu+n - nu+ n) (Z exchange)
o Create quantitative criteria for detemination of CC vs NC events

CC event: muon (long) and proton (short)

{3 QuarkNet |%) ey .“((f‘g



o Students use python notebook and developed criteria to
examine Near Detector (ND) events — many, close to

beam source
o Find ratio of Neutral Current (NC) to Charged Current (CC) events
o Compare CC:NC in FD vs in ND - evidence of oscillations

o Still working: combination of results (we have ideas)

NC event: short tracks, multiplicities

{3 QuarkNet |%) ey .“((f‘g



NOVA masterclass plans

o Current — refine measurement and procedure
e IMC 2022 — limited trial masterclasses

e Next SG — request inclusion in IMC

e Rest of 2022 — introduce in workshops

e IMC 2023 — Official rollout

° # Importing data into a Dataframe from a web based source
# For this activity, Near NOvA Event Data can be found at this website: https://github.com/ThePAEngineer/NOvAData
# The file you'll want to focus on is called: NOvA-ND-Events.csv
# Once there, click on the file of interest, then copy the link from the "Raw" button, pasting it in the indicated space below

dataImported = pd.read csv('https://raw.githubusercontent.com/ThePAEngineer/NOvAData/main/NOvA-ND-Events.csv')
dataImported.head() # A call to the "head” function prints out the first few rows to verify the data was correctly imported

# As always, don't forget to "Run" this cell when ready!

Event Number Longest Track Length (ecm) 2nd Longest Track Length (cm) 3rd Longest Track Length (cm)

0 1 99.49 0.00 0.00
1 2 343.63 227.86 167.31
2 3 1132.58 75.03 0.00
3 4 350.23 261.42 240.75
4 5 107.44 0.00 0.00
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