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Overview 
• Current top mass is measured at  GeV 
• Multiple observables are used for the measurement 
• Profile likelihood fits including nuisance parameters could 

constrain systematic uncertainties on the measurement 
• Independency of used observables is assumed  
• Including more observables is expected to improve the 

accuracy and precision of the measurement 
• Assumption of independent observables could be violated 

172.52 ± 0.33

0.0 0.2 0.4 0.6 0.8 1.0
correlation

°0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

E[(bmt ° mt)/bæ]

E[( dJSF ° JSF )/bæ]

E[( dJRF ° JRF )/bæ]

Var[(bmt ° mt)/bæ]

Var[( dJSF ° JSF )/bæ]

Var[( dJRF ° JRF )/bæ]

60 70 80 90 100 110 120

mreco
W [GeV]

0

100000

200000

300000

400000

500000
central
¢mt = 1

¢mt = °1

¢JSF = 1

¢JSF = °1

¢JRF = 1

¢JRF = °1

160 180 200 220 240 260 280 300

mfit
t [GeV]

0

50000

100000

150000

200000

central
¢mt = 1

¢mt = °1

¢JSF = 1

¢JSF = °1

¢JRF = 1

¢JRF = °1

100 150 200 250 300 350
mt [GeV]

60

70

80

90

100

m
W

[G
eV

]

Ω = 0

100 150 200 250 300 350
mt [GeV]

Ω = 0.5

0.1

25.0

50.0

75.0

100.0

125.0

150.0

175.0

200.0

225.0

en
tri

es

£102

Figure 4: 2D-Histogram from the joint distribution of  for correlations 0 and 0.5mW, mt
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Figure 3: Example of sampled distributions for  and mW mt
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Likelihood formulation 
 

                                       

                                    

−log ℒ(θ |mt, mW) = − ∑
i

log ℒP(μt(θ), σt(θ) |mi
t)

−∑
i

log ℒQ(μW(θ), σW(θ) |mi
W)

−ℒJSF(ΔJSF) − ℒJRF(ΔJRF)

2) Update calibrated parameters in likelihood function                                                                       
3) Minimize negative log-likelihood wrt  
Alternative Approach: Binned likelihood fit with pyhf 

θ

Correlated Sampling 
1. Sample  independently and compute  
2. Sample sets of  and  independently 
3. Normalize , i.e.,  
4. Given correlation coefficient  calculate 

 

5. Renormalize to get 

θi μt, σt, μW, σW
mt ∼ P(μt, σt) m′￼W ∼ Q(μW, σW)

mt, m′￼W m̂⋆ = (m⋆ − μ̄⋆)/(σ̄⋆)
ρ ∈ [0,1]

m̃W = ρm̂t + 1 − ρ2m̂′￼W

mW = m̃WσW + μW

Toy Experiment ResultToy Model Setup (Inspired by CMS-TOP-20-008)

Conclusion 
• With increasing correlation pull width increases from 1 
• Most significant impact are in parameters affected by both distributions 
• Measurement needs careful selection of observables or multi-dimensional  

joint probability density functions 

•

Evaluation of the experiment

Outlook to Normalizing Flows (NF) 
• Normalizing flows can be used to model complicated distributions 
• Giving a transformation of variables from a complicated distribution to a simple 

distribution (i.e. Gaussian) NF can be used to calculate exact likelihoods 
• Use NF to learn the combined distribution of (mt, mW) ∼ D

Figure 1: Proton-Proton Collision Event Display Figure 2: Top mass measurement results

Single Event Likelihood 
• Individual events will be stochastically independent 
• Measured observables in an event are potentially 

correlated   
• Increase accuracy and precision through joint probability 

density of multiple observables per event

1) Calibration 
Before fitting the parameters of interest one has to calibrate the distributions used, 
i.e., find  from simulations with known parameters of interest 

( : 

 

μ0
t , sμ

⋆,t
Δmt, ΔJSF, ΔJRF ∈ {−1,0, + 1}

μ′￼t(θ) = μ0
t ⋅ (1 + sμ

t,tΔmt) ⋅ (1 + sμ
JSF,tΔJSF) ⋅ (1 + sμ

JRF,tΔJRF)

Independency of 
 and  neededmt mW
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 [1]WGtopLHCLHC comb. (Feb 2024), 7+8 TeV 
statistical uncertainty
total uncertainty

total  stat

 recoil) [GeV]± syst ± total (stat ± topm L dt     Ref.∫
LHC comb. (Feb 2024), 7+8 TeV  [1]-120 fb≤ 0.30)± 0.33 (0.14 ±172.52 
World comb. (Mar 2014), 1.9+7 TeV , [2]-18.7 fb≤ 0.67)± 0.76 (0.36 ±173.34 
ATLAS, l+jets, 7 TeV , [3]-14.6 fb 1.02)± 1.27 (0.75 ±172.33 
ATLAS, dilepton, 7 TeV   [3]-14.6 fb 1.31)± 1.42 (0.54 ±173.79 
ATLAS, all jets, 7 TeV , [4]-14.6 fb 1.2)± 1.8 (1.4 ±175.1 
ATLAS, dilepton, 8 TeV , [5]-120.3 fb 0.74)± 0.84 (0.41 ±172.99 
ATLAS, all jets, 8 TeV , [6]-120.3 fb 1.02)± 1.15 (0.55 ±173.72 
ATLAS, l+jets, 8 TeV , [7]-120.2 fb 0.82)± 0.91 (0.39 ±172.08 
ATLAS comb. (Feb 2024) 7+8 TeV   [1]-1 20.3 fb≤ 0.41)± 0.48 (0.25 ±172.71 
ATLAS, leptonic inv. mass, 13 TeV , [8]-136.1 fb 0.25)± 0.66 ± 0.81 (0.39 ±174.41 
ATLAS, dilepton (*), 13 TeV   [9]-1139 fb 0.39)± 0.67 ± 0.80 (0.20 ±172.21 
CMS, l+jets, 7 TeV , [10]-14.9 fb 0.98)± 1.07 (0.43 ±173.49 
CMS, dilepton, 7 TeV , [11]-14.9 fb 1.5)± 1.6 (0.4 ±172.5 
CMS, all jets, 7 TeV , [12]-13.5 fb 1.21)± 1.39 (0.69 ±173.49 
CMS, l+jets, 8 TeV , [13]-119.7 fb 0.48)± 0.51 (0.16 ±172.35 
CMS, dilepton, 8 TeV , [14]-119.7 fb)-0.93

+0.89 (0.18  -0.95
+0.91172.22  

CMS, all jets, 8 TeV , [13]-119.7 fb 0.59)± 0.64 (0.25 ±172.32 
CMS, single top, 8 TeV , [15]-119.7 fb)-0.93

+0.97 1.22 (0.77  ±172.95 
CMS comb. (Feb 2024), 7+8 TeV   [1]-1 19.7 fb≤ 0.39)± 0.42 (0.14 ±172.52 
CMS, all jets, 13 TeV   [16]-135.9 fb)-0.72

+0.66 0.73 (0.20  ±172.34 
CMS, dilepton, 13 TeV , [17]-135.9 fb 0.69)± 0.70 (0.14 ±172.33 
CMS, l+jets, 13 TeV , [18]-135.9 fb 0.37±171.77 
CMS, single top, 13 TeV , [19]-135.9 fb)-0.71

+0.69 (0.32  -0.77
+0.76172.13  

CMS, boosted, 13 TeV , [20]-1138 fb 0.84 (0.24)±173.06 
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Goal: Reconstruct the top mass from ”measuring” two observables 
Observables:   and  

Parameters of interest:  

Reconstruction: Minimize the negative log-likelihood with respect to  given 
data samples from  
Use nuisance parameters  to include systematic uncertainty

mt ∼ P(μt(θ), σt(θ)) mW ∼ Q(μW(θ), σW(θ))
θ = (Δmt, ΔJSF, ΔJRF)

Δmt
P and Q

ΔJSF, ΔJRF

•  pseudoexperiments 
• Evaluate pull: 

 

• Variance of pull describes 
accuracy 

• Mean of pull describes bias

104

Pull(θi) =
̂θ i − θtrue

i

̂σ i

Figure 9: Result from the single event likelihood fit Figure 10: Result from the binned likelihood fit

Figure 5:  simulations for calibrationmt Figure 6:  simulations for calibrationmW

Figure 7:  simulations for calibration (binned)mt Figure 8:  simulations for calibration (binned)mW
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