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https://arxiv.org/abs/1907.03729
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History of down tagging we want to maximize spin 
analyzing power!

“W-bosons in top decay are produced on average with negative helicity, favoring the 
down-type quark to be emitted closer to the b-quark”

1994
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History of down tagging

Better Hadronic Top Quark Polarimetry

1994 2014
2Methods for measuring the charge of the progenitor quark do exist, but are not very statistically powerful for separating charge +1/3 from +2/3 
(see [43]). It might nonetheless be interesting to explore what further gains could be achieved by folding in this information.

we want to maximize spin 
analyzing power!

https://arxiv.org/abs/1401.3021
https://arxiv.org/abs/2407.01663
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History of down tagging

Better Hadronic Top Quark Polarimetry

1994 2014 NOW
2Methods for measuring the charge of the progenitor quark do exist, but are not very statistically powerful for separating charge +1/3 from 
+2/3. It might nonetheless be interesting to explore what further gains could be achieved by folding in this information.

we want to maximize spin 
analyzing power!

https://arxiv.org/abs/1401.3021
https://arxiv.org/abs/1401.3021
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The maths…

…

…

including non-kinematic observables {O} other than helicity

Fig 1.: me still trying to understand what they are doing…
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The maths…

Fig 1.: me still trying to understand what they are doing…
…

…

depends on the non-kinematic observables {O}

Term is strictly positive

including non-kinematic observables {O} other than helicity
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The maths…
including non-kinematic observables {O} other than helicity
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Analysis
Samples:

● semileptonic ttbar samples at 14 TeV
(left-, right-, and unpolarized top quarks)

● gen-level top pT > 200 GeV
Objects:

● all particles (|η| < 3 and pT > 1 GeV)
● CA fatjet (R=1.5) with pT > 250 GeV
●  declustering the fatjet

→ ≥3 subjets (msubjet < 30 GeV)
Selection:

● hardest 4 subjets
● top quark reconstruction with 3rd or 

4th jet, m(j1,j2,j3/4) ∊ [165, 190] GeV 
● parton matching
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Analysis
constituents of the subjet

b-jet* hard subjet soft subjet

Fancy Graph Neural Network
● modified the Particle Net architecture
● trained on unpolarized samples

modified 
Particle Net

*In no way they state how they tag the b-jet…  (I assume gen-level information and 
one should keep in mind the b-tagging efficiency when applying on reco level?)
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Analysis
Fancy Graph Neural Network

● modified the Particle Net architecture
● trained on unpolarized samples

modified 
Particle Net

constituents of the subjet

DNN

b-jet* hard subjet soft subjet

*In no way they state how they tag the b-jet…  (I assume gen-level information and 
one should keep in mind the b-tagging efficiency when applying on reco level?)

W helicity
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Analysis
constituents of the subjet

helicity
DNN

b-jet* hard subjet soft subjet

*In no way they state how they tag the b-jet…

modified 
Particle Net

Fancy Graph Neural Network
● modified the Particle Net architecture
● trained on unpolarized samples
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down tagging in top decays
● GNN for tagging
● jet substructure kinematics and PID most 

important for down tagging

top quark polarization
● tagged down-type jet can be used as a proxy 

for top quark spin in ttbar semileptonic
● boost the top quark precision physics studies

Future Outlook?
● incorporate charm tagging since half of the 

hadronic top decays to charm quarks.
● actually be used in a measurement
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