


Anomalous TGC may give different contributions to different helicity states of the W 
bosons (wrt SM) and give access to BSM effects
W pair production and decay  defined by 5 angles (neglecting ISR): 
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Signature 

Amplitude to produce a W-

with helicity τ from an electron 
with helicity λ and a positron
with helicity λ’

Spin density matrix



Cut defintion :
- C1 : Charged multiplicity > 5
- C2 : Charged multiplicity < 25
- C3 : Charged energy > 0.3 𝑠
- C4 : 1 Lepton with 20 GeV
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Event selection

- C5 : Missing momentum > 15 GeV
- C6 : Missing momentum < 100 GeV
- C7 : Transverse energy >  0.3 𝑠

- WW semi-leptonic tau (decaying to hadrons),WW  fully leptonic, fully
hadronic, Zll events almost entirely rejected

- WW Semi-leptonic tau (decaying to leptons) and Zqq need further attention
- Signal efficiency goes up to 81.4% in the new Delphes version due to 

improved Cut 4 efficiency
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Simulation : Pythia + FCCAnalyses (Thanks to Emmanuel Perez & Clement Helsens)
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WW – sl 𝑒, 𝜇 - Charged leptons resolution

Number of 
events

IDEA detector fast

simulation :

→ Charged lepton 

resolution is very 
good

𝜑𝑡𝑟𝑢𝑡ℎ − 𝜑𝑟𝑒𝑐𝑜𝜃𝑡𝑟𝑢𝑡ℎ − 𝜃𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ − 𝐸𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ

𝜎 = 0.026 𝑚𝑟𝑎𝑑 𝜎 = 0.037 𝑚𝑟𝑎𝑑

𝜎 = 0.2%

Truth = lepton from W
Reco = associated reco leptonNumber of 

events

Number of 
events
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Jet reconstruction

• Jets are reconstructed using
Durham algorithm (𝑒+𝑒−𝑘⊥), 
forcing exactly 2 jets

• Input Particles :
- Jet reco : 
All particles > 500MeV except
highest energy lepton
- Jet truth : 
All particles > 500MeV Status = 1, 
except highest energy lepton & 
neutrinos

• Slightly worse results w.r.t. 
the same reference plot  by 
Julie Torndal

• No improvement decreasing 
the 500MeV cut to 100MeV

Cosine of the minimum angle between a truth and reco jet

Number of 
events

Worse resolution w.r.t. charged lepton 
due to clustering and detector effects

𝜎𝜃 = 24 𝑚𝑟𝑎𝑑 𝜎𝜑 = 27 𝑚𝑟𝑎𝑑 𝜎𝐸 = 4.8%

Jet resolutions by fitting distributions with a gaussian
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WW – sl 𝑒, 𝜇 - Neutrinos resolution before fit

Truth : neutrino from W
Reco : Ԧ𝑝= −σ𝑎𝑙𝑙 𝑟𝑒𝑐𝑜 Ԧ𝑝

𝜑𝑡𝑟𝑢𝑡ℎ − 𝜑𝑟𝑒𝑐𝑜𝜃𝑡𝑟𝑢𝑡ℎ − 𝜃𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ − 𝐸𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ

→ We would like 

to improve the 

energy and angle 

resolution using a 
kinematic fit

𝜎 = 39 𝑚𝑟𝑎𝑑 𝜎 = 31 𝑚𝑟𝑎𝑑

𝜎 = 3.7%

Tails

Number of 
events

Number of 
events

Number of 
events
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Losses in the beam pipe

• Effect of the losses (ISR, …) in the beam pipe : veto the event if there is at least a
truth photon with E > 2 GeV and θ < 0.1 rad
• Photon lost in beam pipe : 34% of signal events
• Lost prompt charged lepton : ~2% of signal events

→ Losses in the beam pipe (mainly ISR) are responsible for tails in 𝜃 and E resolution

→ Need to treat differently ISR and non-ISR events

→ Events with lost prompt charged lepton events can be removed by a cut on missing 

momentum and visible energy (see backup)

𝜑𝑡𝑟
𝜐 − 𝜑𝑟𝑒𝑐𝑜

𝑚𝑖𝑠𝑠

Lost photonLost photon

𝜃𝑡𝑟
𝜐 − 𝜃𝑟𝑒𝑐𝑜

𝑚𝑖𝑠𝑠

𝜑𝑡𝑟
𝜐 − 𝜑𝑟𝑒𝑐𝑜

𝑚𝑖𝑠𝑠

Before veto

Lost photonLost photon

𝜃𝑡𝑟
𝜐 − 𝜃𝑟𝑒𝑐𝑜

𝑚𝑖𝑠𝑠

𝜑𝑡𝑟
𝜐 − 𝜑𝑟𝑒𝑐𝑜

𝑚𝑖𝑠𝑠

After veto
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Beam pipe loss : veto at reco level

𝜃 of the 

missing

momentum

𝜃 of the 

missing

momentum

No ISR events (38k events) Only ISR events (20k events)

Simple cuts are not efficient even though the shapes are different

for ISR and non-ISR events

Magnitude of 

the missing

momentum

Magnitude of 

the missing

momentum

→ Need to implement MVA method to discriminate and treat

ISR and non-ISR events (DNN, BDT, likelihood …)
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Kinematic Fit

• Use ABCFit++ (Julie Munch Torndal, Jørgen Beck Hansen)
• Constraints :
 The sum of the momenta of the 2 jets and the 2 leptons, projected on 

all 3 axis, is null (3C)
 The total energy follows a gaussian distribution : 240 ± 0.28 GeV (1C)
 The 𝑊𝑙𝑒𝑝 mass follows a gaussian distribution : 80.5 ± 13.5 GeV (value 

found iteratively from the original mass distribution) (1C)

• The fit has 2 degrees of freedom (equal to 5C – 3 parameters
𝐸𝜐, 𝜃𝜐, 𝜑𝜐)

Kinematic fit behaves well if a 
charged lepton has more than
15 GeV

𝐸𝑏𝑒𝑎𝑚

https://github.com/Torndal/ABCfitplusplus
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Neutrino resolution after kinematic fit

𝐸𝑡𝑟
𝜐 − 𝐸𝑓𝑖𝑡

𝜐

𝐸𝑡𝑟
𝜐

𝜎𝑓𝑖𝑡𝑡𝑒𝑑 = 1.4%

𝜎𝑝𝑟𝑒−𝑓𝑖𝑡 = 2.8%

𝐹𝑖𝑡𝑡𝑒𝑑 𝑚𝑒𝑎𝑛 ∶ −0.7% 𝑏𝑖𝑎𝑠
Number of 

events
Number of 

events

𝐸𝑡𝑟
𝑙 − 𝐸𝑓𝑖𝑡

𝑙

𝐸𝑡𝑟
𝑙

• Fit improves the neutrino resolution, but creates a bias
• Bias depends on the values in the covariance matrix, 

trade off with resolution
• Lepton energy and angular resolutions slightly 

degraded

𝜎𝑓𝑖𝑡𝑡𝑒𝑑 = 0.4%
𝜎𝑝𝑟𝑒−𝑓𝑖𝑡 = 0.2%

Signal events

Cuts :

- No photon with

E>2GeV in the 

beam pipe

- Highest energy

lepton has 

E>15GeV

Fit

Reco
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W resolution after kinematic fit

𝐸𝑡𝑟𝑢𝑡ℎ − 𝐸𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ

𝜃𝑡𝑟𝑢𝑡ℎ − 𝜃𝑟𝑒𝑐𝑜 𝜑𝑡𝑟𝑢𝑡ℎ − 𝜑𝑟𝑒𝑐𝑜

Truth variables are taken directly from W (truth), reco variables are 
built from highest momentum charged lepton and missing momentum

→ 𝜃 and
𝜑 distribution 
unchanged

→ 𝐸 resolution is 
improved and the 
tails are reduced

𝜎𝑓𝑖𝑡𝑡𝑒𝑑 = 0.8%

𝜎𝑝𝑟𝑒−𝑓𝑖𝑡 = 1.5%

𝜎𝑝𝑟𝑒−𝑓𝑖𝑡 = 14 𝑚𝑟𝑎𝑑

𝜎𝑓𝑖𝑡𝑡𝑒𝑑 = 13𝑚𝑟𝑎𝑑 𝜎𝑓𝑖𝑡𝑡𝑒𝑑 = 23𝑚𝑟𝑎𝑑

𝜎𝑝𝑟𝑒−𝑓𝑖𝑡 = 23 𝑚𝑟𝑎𝑑

Signal events

Cuts :

- No truth 𝛾 with

E>2GeV in the 

beam pipe

- Highest energy

lepton has 

E>15GeV

Number of 
events

Number of 
events

Number of 
events

J.L. Raymond, FCC France Workshop, 01/12/2021



12

Final fit results – Angular variables

• After signal selection cuts (plots include ISR events):
 cos(𝜃𝑊−) is improved (closer to truth shape than reco)

 But the fit changes the shape of cos 𝜃∗𝑓 because of ISR events

cos(𝜃𝑊−) cos(𝜃∗𝑓)

Distribution after kin. fit for selected events
Ratio : 𝑁𝑒𝑣𝑒𝑛𝑡𝑠 after event selection cut / 

𝑁𝑒𝑣𝑒𝑛𝑡𝑠 before cuts

J.L. Raymond, FCC France Workshop, 01/12/2021

after cuts

after cuts
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Diagonal elements of the W spin density matrix

Fitted 𝑑𝜎

𝑑 cos 𝜃𝑓
∗

=
3

8
𝜌−− (1 + cos 𝜃𝑓

∗ )2+2𝜌00sin(𝜃𝑓
∗)2 + 𝜌++ (1 − cos 𝜃𝑓

∗ )2

cos(𝜃∗𝑓)

Fitted distribution of cos 𝜃𝑓
∗ for all truth signal, normalized to the number of events

J.L. Raymond, FCC France Workshop, 01/12/2021

Closure test



cos(𝜃𝑊)

Distribution of 𝜌−− on the leptonic side

𝜌−− = 0.710

Distribution of 𝜌00 on the leptonic side

Distribution of 𝜌++ on the leptonic side

𝜌++ = 0.109

𝜌00 = 0.181

cos(𝜃𝑊)

cos(𝜃𝑊)
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Diagonal elements of the W spin density matrix

• The results for diagonal elements are the same for fit and projection operators
J.L. Raymond, FCC France Workshop, 01/12/2021

𝜌++𝑎𝑛𝑎 = 0.115

𝜌00𝑎𝑛𝑎 = 0.183

𝜌−−𝑎𝑛𝑎 = 0.701

Kin. Fitted

Truth after cut

Truth before cut

Kin. Fitted

Truth after cut

Truth before cut

Kin. Fitted

Truth after cut

Truth before cut
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Longitudinal & transversal cross-sections

J.L. Raymond, FCC France Workshop, 01/12/2021

cos(𝜃𝑊−)

Distribution of differential cross-sections on the leptonic side

𝑑𝜎𝐿
𝑑 cos 𝜃𝑊

= 𝜌00
𝑑𝜎

𝑑 cos 𝜃𝑊

𝑑𝜎𝑇
𝑑 cos 𝜃𝑊

= (𝜌+++𝜌−−)
𝑑𝜎

𝑑 cos 𝜃𝑊

𝜌00 =
0.847

3.824 +0.8471
= 0,1813
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Conclusion & Outlook

Conclusion :

- The fit improves mainly the missing energy resolution, smaller 
effect on the angles

- Important to select (discard and treat separately) the “ISR 
events”

- Statistical uncertainty much smaller than previous experiments
- Possibility to access non-diagonal elements of SDM and perform 

a test of CP violation

Next steps :

- Consolidate the extraction of the variables of interest
- Study the 𝑊𝑊 → 𝑗𝑗 𝜏𝜐 contribution 
- Find a way to distinguish ISR events on reco level

J.L. Raymond, FCC France Workshop, 01/12/2021
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Backup - Jets resolution

Truth = quarks from W ; 
Reco = associated reco jet (Closest jet in angle to the leading quark and the other jet to the orther quark)

Worse resolution
due to :
→ Clustering 
→ Detector effects 
(efficiency)

𝜑𝑡𝑟𝑢𝑡ℎ − 𝜑𝑟𝑒𝑐𝑜𝜃𝑡𝑟𝑢𝑡ℎ − 𝜃𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ − 𝐸𝑟𝑒𝑐𝑜

𝐸𝑡𝑟𝑢𝑡ℎ

𝜎 = 24 𝑚𝑟𝑎𝑑 𝜎 = 27 𝑚𝑟𝑎𝑑

𝜎 = 4.8%

Number of 
events

Number of 
events

Number of 
events
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Backup - Losses in the beam pipe

• Lost prompt charged lepton : ~2% of signal events

→ Lost prompt lepton events can be removed by the cut on visible energy and 

missing momentum magnitude

Reconstructed missing momentum
magnitude

Reconstructed visible energy

Lost prompt lepton
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Backup – OPAL SDM plots
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Backup – ΔCP

cos(𝜃𝑊−)

Distribution ofΔ+0on the leptonic side

Distribution of Δ+− on the leptonic side

Distribution ofΔ−0on the leptonic side

cos(𝜃𝑊−)

cos(𝜃𝑊−)
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