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● W-path consists of two measurements:
■ W+/W- ratio from single W events
■ Search for the Higgs in WW → ℓνℓν events

● Instructions for the students:
https://atlas.physicsmasterclasses.org/en/wpath.htm

● Recommended moderation scenarios at:
https://twiki.cern.ch/twiki/bin/viewauth/Main/InternationalMasterclassesModeratorManual

● Two aspects will be discussed:
■ W+/W- ratio: how to get from the measured ratio to composition of the 

proton
■ H → WW candidates: how significant is the measurement

Introduction
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https://atlas.physicsmasterclasses.org/en/wpath.htm
https://twiki.cern.ch/twiki/bin/viewauth/Main/InternationalMasterclassesModeratorManual#ATLAS_W_path


• The students analyze event 
displays like the one on the 
left

• The events are categorized 
using a flowchart

What the students do:
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• Categorize each event as
• Single W event
• WW event
• Background

• If the event is a single W event:
• Determine type and charge of 

the lepton

• If the event is a WW candidate
• Measure azimuthal opening 

angle Δφℓℓ

• If the event is background
• Discard

What the students do:

Carsten Bittrich, Max Stange IKTP, TU Dresden Masterclass W path 4



• Combine the results: https://atlas.physicsmasterclasses.org/results/wpath_auswertung.php
• Final Moderation: https://atlas.physicsmasterclasses.org/results/wpath_moderator.php

• There are two parts:
• Inner structure of the proton
• Search for the Higgs

• Drop down menus contain the dates of masterclasses, choose the date of the 
masterclass you are moderating:

Results: General
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https://atlas.physicsmasterclasses.org/results/wpath_auswertung.php?language=0
https://atlas.physicsmasterclasses.org/results/wpath_moderator.php


• The page will show the tables on the 
left

• Red table shows results combined 
from all institutes

• Blue table shows results from ATLAS

• Main result in table is W+/W- ratio

• Structure of the proton should already 
have been discussed in each institute 
individually
• Step from ratio to composition of the 

proton is described here:
https://atlas.physicsmasterclasses.org/en/w
path_auswertung.htm

Results: W+ / W- ratio
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https://atlas.physicsmasterclasses.org/en/wpath_auswertung.htm
https://atlas.physicsmasterclasses.org/en/wpath_auswertung.htm


Moderation scenario questions:

All questions can be found at 
https://twiki.cern.ch/twiki/bin/viewauth/Main/I
nternationalMasterclassesModeratorManual

• Q1: How did the final result change 
when we did the combination?

• Q2: Is our result compatible with the 
results measured at ATLAS?

Results: W+ / W- ratio
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https://twiki.cern.ch/twiki/bin/viewauth/Main/InternationalMasterclassesModeratorManual#ATLAS_W_path
https://twiki.cern.ch/twiki/bin/viewauth/Main/InternationalMasterclassesModeratorManual#ATLAS_W_path


Further things to discuss:

• The datasets contain 50% single W 
events and 42% background, ratio is 
about 1.2

• The W+/W- ratio should be compatible 
with 1.5 within statistical uncertainty
→ structure of the proton

• Compare to ATLAS measurement
→ larger statistics, smaller uncertainty

Results: W+ / W- ratio
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● Results for H → WW are discussed 
via this histogram

● Higgs contribution must be 
toggled on!

Options:
• number of bins can be set
• histogram normalization 

(standardization)
• 1: normalized to expected number 

of WW candidates in analyzed data
• 2: normalized to number of found 

WW candidates
• 3: normalized to number of WW 

candidates found with Δφℓℓ≥115º

Results: H → WW
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Results: H → WW

Moderation scenario questions:

All questions can be found at 
https://twiki.cern.ch/twiki/bin/viewauth/Main/I
nternationalMasterclassesModeratorManual

• Q3: What do the blue and green areas 
mean?

After turning on the Higgs contribution:

• Q4: Can we claim a Higgs discovery?
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https://twiki.cern.ch/twiki/bin/viewauth/Main/InternationalMasterclassesModeratorManual#ATLAS_W_path
https://twiki.cern.ch/twiki/bin/viewauth/Main/InternationalMasterclassesModeratorManual#ATLAS_W_path


Results: H → WW

Further things to discuss:

• Significance of measurement

• Need for large statistics for Higgs 
hunt

• Compare to ATLAS measurement
→ animations:
https://twiki.cern.ch/twiki/pub/AtlasPublic/Hig
gsPublicResults/WW-FixedScale.gif
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https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults/WW-FixedScale.gif
https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults/WW-FixedScale.gif
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Composition of the datasets
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Composition of the datasets


