How to Unfold Top Decays

Precisely & Without Bias

Physics problem — boosted top decays Challenging aspects of top-unfolding & solutions

Multiresonant phase space & combinatorics
- Triple-jet mass (f-decay) & di-jet masses (W-decay)

pr ;> 400 GeV _ |
| - Jets are sorted according to their py

Reconstruct triple jet mass — any subset of two jet could originate from W-decay
1\4]-]-j to measure m, Solution: Choosing a smart parametrisation p; = (pT,l-, M., n,, m;)
Previously done in CMS with Detector smearing
TUnfold (classical binned - Small local shifts in M;; (rec) might not result in shifts in M, (gen)
unfolding algorithm, in 5 bins)
CMS 2211.01456
P sim(xgen ‘ msim) P unfold(xgen ‘ Mgims mdata)
BUT leading uncertainty: choice of m, in simulation G ) Gl m)
+ no access to full phase space Pitreco | Ygen Pmodel’*gen 1 Xreco> Msim
correspondance
— Could generative unfolding help’? psim(xreco ‘ msim) - pdata(xreca ‘ mdata)

Solution: Strengthening m, ., dependence

Why unfold?

Generative unfolding
In boosted top regime:

Direct analytical access to m, after unfolding Classical methods are restricted to binned, one-dimensional distributions

For full phase space unfolding: We would like to learn high-dimensional, unbinned unfolding

Direct comparison between theoretical calculations and
high-dimensional unfolded data without caring about
detector effects

P (xgen) = Jp (xreco)p (xgen ‘ xreco) dxreco

target probability

Use a conditional generative network to sample from p(xgen | X )
Originally proposed in Bellagente et al. 1912.00477, 2006.06685
Results Ity Prop J
Train with full CMS simulation with For a fixed top mass:
m, = [172.5 GeV, 169.5 GeV, 175.5 GeV] - Choose subset of 41000 reco level events & unfold 1000 bootstrapped replicas

- Estimate covariance matrix and mean from 1000 different unfolded distributions

Test by unfolding simulation with
m,= 171.5 GeV & 173.5 GeV
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Mj;; [GeV] - Statistical uncertainty for 60 bins would be decreased by 36%

Proposed analysis pipeline: Observe — Calibrate — Unfold subspace— Measure — Resimiluate with measured m,
— Unfold full space — Correct remaining MC/data difference according to Backes et al. 2212.08674
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