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 4 Source: https://atlas.cern/discover/physics

Open Questions of the Standard Model

• How can we 
describe gravity?

• What is dark 
matter made of?

• Why is there 
more matter 
than anti-matter?

➡Precision measurements of the SM are 
interesting approach to search for BSM physics



Source: http://united-states.cern/physics/standard-model-and-beyond

Lepton Universality
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• Electroweak interaction preserves lepton 
universality in the SM 

• Higgs mechanism breaks lepton universality by 
different couplings to leptons (depending on the 
mass) 

• Is there an additional mechanism for lepton 
universality breaking?



Source: http://united-states.cern/physics/standard-model-and-beyond,  
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

Lepton Universality
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• No experimentally observed violation of lepton universality 

• 2 sigma effect seen by LHCb 

-                                                                        (arXiv:1506.08614)                             

-                              (arXiv:1705.05802)

ℬ(B0 → D*+τ−ντ)/ℬ(B0 → D*+μ−νμ)

B0 → K*0ℓ+ℓ−

http://pdg.lbl.gov/2018/tables/html/authors_2018.html
https://arxiv.org/abs/1506.08614
https://arxiv.org/abs/1705.05802


 7 Source: Maximilian Brice, CERN



Source: https://atlas.cern/discover/detector

The ATLAS Detector
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Motivation
• 2 sigma discrepancy 

• Excellent possibility to 
test SM and lepton 
universality 

• Indicator for BSM 
physics 

• Parameter of Interest 
(POI):

Source:arXiv:hep-ex/0511027 9

BR(W ! ⌧⌫⌧ )/BR(W ! µ⌫µ)
<latexit sha1_base64="KAxZXeJ7v2gweq1qbAxCxwVyI0M="></latexit><latexit sha1_base64="KAxZXeJ7v2gweq1qbAxCxwVyI0M="></latexit><latexit sha1_base64="KAxZXeJ7v2gweq1qbAxCxwVyI0M="></latexit><latexit sha1_base64="KAxZXeJ7v2gweq1qbAxCxwVyI0M="></latexit>



W-Boson Decay

• SM decay into positron 
and neutrino 

• Additional loops with 

- SUSY 

- Charged Higgs
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W-Mass Measurement

 11 Source:arXiv:1701.07240

• Starting point: W-mass measurement with the 
ATLAS detector at 7 TeV (arXiv:1701.07240) 

➡ Very similar analysis

https://arxiv.org/abs/1701.07240


Results from W-Mass Measurement

 12 Source:arXiv:1701.07240



Event Selection of W-Mass Measurement
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plT > 30GeV
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pWT < 30 GeV
<latexit sha1_base64="642ESYC/rChfykxyMmQGJPJE6bs="></latexit><latexit sha1_base64="642ESYC/rChfykxyMmQGJPJE6bs="></latexit><latexit sha1_base64="642ESYC/rChfykxyMmQGJPJE6bs="></latexit><latexit sha1_base64="642ESYC/rChfykxyMmQGJPJE6bs="></latexit>

mW
T > 60 GeV

<latexit sha1_base64="so8bvltvUtqsbs5lk4UAMkMYZr8="></latexit><latexit sha1_base64="so8bvltvUtqsbs5lk4UAMkMYZr8="></latexit><latexit sha1_base64="so8bvltvUtqsbs5lk4UAMkMYZr8="></latexit><latexit sha1_base64="so8bvltvUtqsbs5lk4UAMkMYZr8="></latexit>

pmiss
T > 30GeV
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Cut Stage Electron Channel Muon Channel

Trigger Single electron trigger 
(20/22 GeV)

Single muon trigger  
(18 GeV)

Signal cuts

Exactly one well reconstructed electron/muon

Source:arXiv:1701.07240



Measurement of the Ratio of the Branching Ratios 
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W+ µ+

⌫

• Select lepton final state due to  

- high trigger efficiency 

- cancellation of many systematic uncertainties 

• Parameter of Interest (POI):                                              

~11% ~11%x17.4%
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RSIG
τμ = ℬ(W → τντ)/ℬ(W → μνμ)



Interesting Variables
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• Shape difference between tau and muon signal as large as 
possible 

• Difference is coming from additional neutrino in tau process

mT =
q

2plTp
miss
T (1���(plT, p

miss
T ))

<latexit sha1_base64="rSKycng81oxuR+IC7t47zswnwns="></latexit><latexit sha1_base64="rSKycng81oxuR+IC7t47zswnwns="></latexit><latexit sha1_base64="rSKycng81oxuR+IC7t47zswnwns="></latexit><latexit sha1_base64="rSKycng81oxuR+IC7t47zswnwns="></latexit>



Results for Fitting pT

• Agreement between data and MC is 1 as Asimov Data (sum of all 
samples) was used as Data 

• One scale factor (        ) is 100% correlated with the branching ratio itself
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Parameter initial value and error fitted value and error

alpha XSEC TOP 0.00± 1.000000 0.00± 0.999955
alpha PDF22 0.00± 1.000000 �0.00± 0.999919
alpha PDF23 0.00± 1.000000 �0.00± 0.999826
alpha PDF20 0.00± 1.000000 0.00± 0.999610
alpha PDF21 0.00± 1.000000 �0.00± 0.999421
alpha MUONSF TRIGGER 0.00± 1.000000 �0.00± 0.964311
alpha PDF24 0.00± 1.000000 0.00± 0.999417
alpha PDF25 0.00± 1.000000 �0.00± 0.999854
alpha Lumi 0.00± 1.000000 �0.00± 0.999811
alpha HR 0.00± 1.000000 0.00± 0.999692
alpha XSEC ZTAUTAU 0.00± 1.000000 �0.00± 0.999983
alpha TauDecay 0.00± 1.000000 �0.00± 0.999789
alpha XSEC DIBOSON 0.00± 1.000000 0.00± 0.999399
alpha MUON STAT 0.00± 1.000000 0.00± 0.894738
mu SIG 1.00± 0.000100 1.00± 0.020507
alpha SAGITTA 0.00± 1.000000 0.00± 0.986135
Rbkgmu SIG 1.00± 0.000100 1.00± 0.155199
alpha MUON METHOD 0.00± 1.000000 0.00± 0.932737
alpha MUON RESOL 0.00± 1.000000 �0.00± 0.908097
alpha MUONSF RECO 0.00± 1.000000 �0.00± 0.993439
alpha MUON EXTRAP 0.00± 1.000000 0.00± 0.874589
alpha PDF5 0.00± 1.000000 �0.00± 0.999366
alpha PTW 0.00± 1.000000 �0.00± 0.946671
alpha PDF13 0.00± 1.000000 �0.00± 0.998234
alpha PDF12 0.00± 1.000000 0.00± 0.999541
alpha PDF11 0.00± 1.000000 �0.00± 0.999306
alpha PDF10 0.00± 1.000000 �0.00± 0.994945
alpha PDF17 0.00± 1.000000 0.00± 0.998278
alpha PDF16 0.00± 1.000000 0.00± 0.998561
alpha PDF15 0.00± 1.000000 0.00± 0.999066
alpha PDF14 0.00± 1.000000 �0.00± 0.999047
alpha PDF19 0.00± 1.000000 �0.00± 0.999442
alpha PDF18 0.00± 1.000000 �0.00± 0.999185
alpha PDF9 0.00± 1.000000 0.00± 0.993094
alpha XSEC QCD 0.00± 1.000000 �0.00± 0.999486
alpha XSEC ZMUNU 0.00± 1.000000 0.00± 0.999587
alpha PDF3 0.00± 1.000000 �0.00± 0.997730
alpha PDF2 0.00± 1.000000 �0.00± 0.999778
alpha PDF1 0.00± 1.000000 0.00± 0.997846
alpha PDF7 0.00± 1.000000 �0.00± 0.999081
alpha PDF6 0.00± 1.000000 0.00± 0.998168
alpha MUON NOMSFMISS 0.00± 1.000000 0.00± 0.980026
alpha PDF4 0.00± 1.000000 �0.00± 0.998397
alpha HR VARSUMET 0.00± 1.000000 �0.00± 0.989729
alpha PDF8 0.00± 1.000000 0.00± 0.998862
Rtaumu SIG 1.00± 0.000100 1.00± 0.199277

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.

Parameter initial value and error fitted value and error

alpha XSEC TOP 0.00± 1.000000 0.00± 0.999891
alpha PDF22 0.00± 1.000000 �0.00± 0.995713
alpha PDF23 0.00± 1.000000 0.00± 0.995906
alpha PDF20 0.00± 1.000000 0.00± 0.996052
alpha PDF21 0.00± 1.000000 0.00± 0.994093
alpha MUONSF TRIGGER 0.00± 1.000000 �0.00± 0.877211
alpha PDF24 0.00± 1.000000 0.00± 0.997066
alpha PDF25 0.00± 1.000000 �0.00± 0.999084
alpha Lumi 0.00± 1.000000 �0.00± 0.999052
alpha HR 0.00± 1.000000 0.00± 0.999320
alpha XSEC ZTAUTAU 0.00± 1.000000 �0.00± 0.999995
alpha TauDecay 0.00± 1.000000 �0.00± 0.999933
alpha XSEC DIBOSON 0.00± 1.000000 0.00± 0.999917
alpha MUON STAT 0.00± 1.000000 0.00± 0.799154
mu SIG 1.00± 0.000100 1.00± 0.019248
alpha SAGITTA 0.00± 1.000000 �0.00± 0.808228
Rbkgmu SIG 1.00± 0.000100 1.00± 0.046272
alpha MUON METHOD 0.00± 1.000000 0.00± 0.889449
alpha MUON RESOL 0.00± 1.000000 �0.00± 0.819068
alpha MUONSF RECO 0.00± 1.000000 �0.00± 0.989270
alpha MUON EXTRAP 0.00± 1.000000 0.00± 0.753248
alpha PDF5 0.00± 1.000000 �0.00± 0.998960
alpha PTW 0.00± 1.000000 �0.00± 0.816582
alpha PDF13 0.00± 1.000000 �0.00± 0.997838
alpha PDF12 0.00± 1.000000 0.00± 0.988374
alpha PDF11 0.00± 1.000000 �0.00± 0.955646
alpha PDF10 0.00± 1.000000 �0.00± 0.863897
alpha PDF17 0.00± 1.000000 �0.00± 0.957552
alpha PDF16 0.00± 1.000000 �0.00± 0.969236
alpha PDF15 0.00± 1.000000 �0.00± 0.946671
alpha PDF14 0.00± 1.000000 �0.00± 0.998205
alpha PDF19 0.00± 1.000000 �0.00± 0.998032
alpha PDF18 0.00± 1.000000 �0.00± 0.991031
alpha PDF9 0.00± 1.000000 0.00± 0.979019
alpha XSEC QCD 0.00± 1.000000 �0.00± 0.996826
alpha XSEC ZMUNU 0.00± 1.000000 0.00± 0.988038
alpha PDF3 0.00± 1.000000 �0.00± 0.983690
alpha PDF2 0.00± 1.000000 �0.00± 0.997501
alpha PDF1 0.00± 1.000000 0.00± 0.982764
alpha PDF7 0.00± 1.000000 0.00± 0.984965
alpha PDF6 0.00± 1.000000 0.00± 0.997866
alpha MUON NOMSFMISS 0.00± 1.000000 0.00± 0.694391
alpha PDF4 0.00± 1.000000 �0.00± 0.994398
alpha HR VARSUMET 0.00± 1.000000 �0.00± 0.966592
alpha PDF8 0.00± 1.000000 0.00± 0.988103
Rtaumu SIG 1.00± 0.000100 1.00± 0.143262

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.
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Fit Results for pT
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Parameter initial value and error fitted value and error

Rbkgmu SIG 1.00± 0.000100 1.00± 0.018482
mu SIG 1.00± 0.000100 1.00± 0.001309
Rtaumu SIG 1.00± 0.000100 1.00± 0.047772

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.

Parameter initial value and error fitted value and error

Rbkgmu SIG 1.00± 0.000100 1.00± 0.029243
mu SIG 1.00± 0.000100 1.00± 0.001879
Rtaumu SIG 1.00± 0.000100 1.00± 0.067432

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.

• Error on branching ratio relatively 
high (~14.3%) 

• Statistical error is 4.8% 

• Error is confirmed by Toy Data 

• Error is rather stable for different pull 
factors
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Relax Cuts
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14.3% (4.8% stat) 10.4% (2.4% stat)
➡ Need to further reduce the uncertainties

• 71% of tau signal lost • 39% of tau signal lost

pT : 30 GeV, mW
T : 60 GeV pT : 20 GeV, mW

T : 40 GeV



Vertexing

• Visible shape difference due to lifetime of tau lepton (decays after 87µm) 

• Completely independent from kinematic quantities 

• Needs to be explored in detail 

• 2D Histogram unrolled in one dimension (due to technical limits of 
HistFitter)

 19 Source: http://atlas.kek.jp/sub/documents/jps201409/18pSK-6.pdf



• 3 different binning 
configurations in d0

 20

2D Fit

1 2

3



2D Fit
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Muons Electrons Combined

1D Fit 4.8 % 5.4 % 3.6 %

Binning 1 2.5 % 4.3 % 2.2 %

Binning 2 2.9 % 4.3 % 2.4 %

Binning 3 2.1 %

Relaxed Cuts 
Binning 3 0.6 % 1.2 % 0.5 %

• numbers provided by Hannah Schmitz



Summary and Outlook
• Precision measurement of the lepton universality is excellent 

possibility to test the SM and an indicator for BSM physics 

• Analysis based on W-Mass measurement from ATLAS at 7 TeV 

➡ Joint the re-analysis effort for even better precision 

• Fully consistent setup and a fully functional fit including all 
systematics for muons 

• Relaxed cuts and/or adding d0 improve the sensitivity of the 
branching ratio measurement 

• Include electron channel with all systematics to the fit 

• Work on vertexing
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The End



Backup



Production of W-Bosons at the LHC
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Results from W-Mass Measurement

 26

• MC template fit for different masses in pT or mT 

• Fitted positive and negative leptons separately
Source:arXiv:1701.07240

mT =
q

2plTp
miss
T (1���(plT, p

miss
T ))
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Results from W-Mass Measurement

 27 Source:arXiv:1701.07240



Introduction to fit setup

• implemented histogram-based fit in HistFitter 

• multi-bin fit of          in 20 bins from 30 to 50 GeV  

• H_data != mu_tau*H_tau + mu_mu*H_mu + mu_B*H_B + syst  

  = mu_mu*Rtaumu*H_tau + mu_mu*H_mu + mu_mu*Rbkgmu*H_B + syst 

  = mu_mu*(Rtaumu*H_tau + H_mu + Rbkgmu*H_B) + syst 

• so we have one overall normalisation scale factor and two 
„branching ratio“ scale factors 

• used AsimovData (so summed up background without smearing, fit 
should not pull the branching ratio)

 28

pµ
+

T
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Relax Cuts
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Ranking plots
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Extrapolated systematic uncertainties
• Fitted polynomial function 2nd order to the first half of the histogram 

• 1st approach: Take fit function as systematic unc. for pT values < 
30 GeV 

• 2nd approach: Re-evaluate the systematics in the range between 
30-40 GeV by taking the mean of the old systematic and the fit 
function
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Muon Resolution down 
systematic for Z



Results with more Statistics
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Parameter initial value and error fitted value and error

alpha XSEC TOP 0.00± 1.000000 0.00± 0.999955
alpha PDF22 0.00± 1.000000 �0.00± 0.999919
alpha PDF23 0.00± 1.000000 �0.00± 0.999826
alpha PDF20 0.00± 1.000000 0.00± 0.999610
alpha PDF21 0.00± 1.000000 �0.00± 0.999421
alpha MUONSF TRIGGER 0.00± 1.000000 �0.00± 0.964311
alpha PDF24 0.00± 1.000000 0.00± 0.999417
alpha PDF25 0.00± 1.000000 �0.00± 0.999854
alpha Lumi 0.00± 1.000000 �0.00± 0.999811
alpha HR 0.00± 1.000000 0.00± 0.999692
alpha XSEC ZTAUTAU 0.00± 1.000000 �0.00± 0.999983
alpha TauDecay 0.00± 1.000000 �0.00± 0.999789
alpha XSEC DIBOSON 0.00± 1.000000 0.00± 0.999399
alpha MUON STAT 0.00± 1.000000 0.00± 0.894738
mu SIG 1.00± 0.000100 1.00± 0.020507
alpha SAGITTA 0.00± 1.000000 0.00± 0.986135
Rbkgmu SIG 1.00± 0.000100 1.00± 0.155199
alpha MUON METHOD 0.00± 1.000000 0.00± 0.932737
alpha MUON RESOL 0.00± 1.000000 �0.00± 0.908097
alpha MUONSF RECO 0.00± 1.000000 �0.00± 0.993439
alpha MUON EXTRAP 0.00± 1.000000 0.00± 0.874589
alpha PDF5 0.00± 1.000000 �0.00± 0.999366
alpha PTW 0.00± 1.000000 �0.00± 0.946671
alpha PDF13 0.00± 1.000000 �0.00± 0.998234
alpha PDF12 0.00± 1.000000 0.00± 0.999541
alpha PDF11 0.00± 1.000000 �0.00± 0.999306
alpha PDF10 0.00± 1.000000 �0.00± 0.994945
alpha PDF17 0.00± 1.000000 0.00± 0.998278
alpha PDF16 0.00± 1.000000 0.00± 0.998561
alpha PDF15 0.00± 1.000000 0.00± 0.999066
alpha PDF14 0.00± 1.000000 �0.00± 0.999047
alpha PDF19 0.00± 1.000000 �0.00± 0.999442
alpha PDF18 0.00± 1.000000 �0.00± 0.999185
alpha PDF9 0.00± 1.000000 0.00± 0.993094
alpha XSEC QCD 0.00± 1.000000 �0.00± 0.999486
alpha XSEC ZMUNU 0.00± 1.000000 0.00± 0.999587
alpha PDF3 0.00± 1.000000 �0.00± 0.997730
alpha PDF2 0.00± 1.000000 �0.00± 0.999778
alpha PDF1 0.00± 1.000000 0.00± 0.997846
alpha PDF7 0.00± 1.000000 �0.00± 0.999081
alpha PDF6 0.00± 1.000000 0.00± 0.998168
alpha MUON NOMSFMISS 0.00± 1.000000 0.00± 0.980026
alpha PDF4 0.00± 1.000000 �0.00± 0.998397
alpha HR VARSUMET 0.00± 1.000000 �0.00± 0.989729
alpha PDF8 0.00± 1.000000 0.00± 0.998862
Rtaumu SIG 1.00± 0.000100 1.00± 0.199277

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.

Parameter initial value and error fitted value and error

alpha XSEC TOP 0.00± 1.000000 0.00± 0.999891
alpha PDF22 0.00± 1.000000 �0.00± 0.995713
alpha PDF23 0.00± 1.000000 0.00± 0.995906
alpha PDF20 0.00± 1.000000 0.00± 0.996052
alpha PDF21 0.00± 1.000000 0.00± 0.994093
alpha MUONSF TRIGGER 0.00± 1.000000 �0.00± 0.877211
alpha PDF24 0.00± 1.000000 0.00± 0.997066
alpha PDF25 0.00± 1.000000 �0.00± 0.999084
alpha Lumi 0.00± 1.000000 �0.00± 0.999052
alpha HR 0.00± 1.000000 0.00± 0.999320
alpha XSEC ZTAUTAU 0.00± 1.000000 �0.00± 0.999995
alpha TauDecay 0.00± 1.000000 �0.00± 0.999933
alpha XSEC DIBOSON 0.00± 1.000000 0.00± 0.999917
alpha MUON STAT 0.00± 1.000000 0.00± 0.799154
mu SIG 1.00± 0.000100 1.00± 0.019248
alpha SAGITTA 0.00± 1.000000 �0.00± 0.808228
Rbkgmu SIG 1.00± 0.000100 1.00± 0.046272
alpha MUON METHOD 0.00± 1.000000 0.00± 0.889449
alpha MUON RESOL 0.00± 1.000000 �0.00± 0.819068
alpha MUONSF RECO 0.00± 1.000000 �0.00± 0.989270
alpha MUON EXTRAP 0.00± 1.000000 0.00± 0.753248
alpha PDF5 0.00± 1.000000 �0.00± 0.998960
alpha PTW 0.00± 1.000000 �0.00± 0.816582
alpha PDF13 0.00± 1.000000 �0.00± 0.997838
alpha PDF12 0.00± 1.000000 0.00± 0.988374
alpha PDF11 0.00± 1.000000 �0.00± 0.955646
alpha PDF10 0.00± 1.000000 �0.00± 0.863897
alpha PDF17 0.00± 1.000000 �0.00± 0.957552
alpha PDF16 0.00± 1.000000 �0.00± 0.969236
alpha PDF15 0.00± 1.000000 �0.00± 0.946671
alpha PDF14 0.00± 1.000000 �0.00± 0.998205
alpha PDF19 0.00± 1.000000 �0.00± 0.998032
alpha PDF18 0.00± 1.000000 �0.00± 0.991031
alpha PDF9 0.00± 1.000000 0.00± 0.979019
alpha XSEC QCD 0.00± 1.000000 �0.00± 0.996826
alpha XSEC ZMUNU 0.00± 1.000000 0.00± 0.988038
alpha PDF3 0.00± 1.000000 �0.00± 0.983690
alpha PDF2 0.00± 1.000000 �0.00± 0.997501
alpha PDF1 0.00± 1.000000 0.00± 0.982764
alpha PDF7 0.00± 1.000000 0.00± 0.984965
alpha PDF6 0.00± 1.000000 0.00± 0.997866
alpha MUON NOMSFMISS 0.00± 1.000000 0.00± 0.694391
alpha PDF4 0.00± 1.000000 �0.00± 0.994398
alpha HR VARSUMET 0.00± 1.000000 �0.00± 0.966592
alpha PDF8 0.00± 1.000000 0.00± 0.988103
Rtaumu SIG 1.00± 0.000100 1.00± 0.143262

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.
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Parameter initial value and error fitted value and error

alpha XSEC TOP 0.00± 1.000000 0.00± 0.999955
alpha PDF22 0.00± 1.000000 �0.00± 0.999919
alpha PDF23 0.00± 1.000000 �0.00± 0.999826
alpha PDF20 0.00± 1.000000 0.00± 0.999610
alpha PDF21 0.00± 1.000000 �0.00± 0.999421
alpha MUONSF TRIGGER 0.00± 1.000000 �0.00± 0.964311
alpha PDF24 0.00± 1.000000 0.00± 0.999417
alpha PDF25 0.00± 1.000000 �0.00± 0.999854
alpha Lumi 0.00± 1.000000 �0.00± 0.999811
alpha HR 0.00± 1.000000 0.00± 0.999692
alpha XSEC ZTAUTAU 0.00± 1.000000 �0.00± 0.999983
alpha TauDecay 0.00± 1.000000 �0.00± 0.999789
alpha XSEC DIBOSON 0.00± 1.000000 0.00± 0.999399
alpha MUON STAT 0.00± 1.000000 0.00± 0.894738
mu SIG 1.00± 0.000100 1.00± 0.020507
alpha SAGITTA 0.00± 1.000000 0.00± 0.986135
Rbkgmu SIG 1.00± 0.000100 1.00± 0.155199
alpha MUON METHOD 0.00± 1.000000 0.00± 0.932737
alpha MUON RESOL 0.00± 1.000000 �0.00± 0.908097
alpha MUONSF RECO 0.00± 1.000000 �0.00± 0.993439
alpha MUON EXTRAP 0.00± 1.000000 0.00± 0.874589
alpha PDF5 0.00± 1.000000 �0.00± 0.999366
alpha PTW 0.00± 1.000000 �0.00± 0.946671
alpha PDF13 0.00± 1.000000 �0.00± 0.998234
alpha PDF12 0.00± 1.000000 0.00± 0.999541
alpha PDF11 0.00± 1.000000 �0.00± 0.999306
alpha PDF10 0.00± 1.000000 �0.00± 0.994945
alpha PDF17 0.00± 1.000000 0.00± 0.998278
alpha PDF16 0.00± 1.000000 0.00± 0.998561
alpha PDF15 0.00± 1.000000 0.00± 0.999066
alpha PDF14 0.00± 1.000000 �0.00± 0.999047
alpha PDF19 0.00± 1.000000 �0.00± 0.999442
alpha PDF18 0.00± 1.000000 �0.00± 0.999185
alpha PDF9 0.00± 1.000000 0.00± 0.993094
alpha XSEC QCD 0.00± 1.000000 �0.00± 0.999486
alpha XSEC ZMUNU 0.00± 1.000000 0.00± 0.999587
alpha PDF3 0.00± 1.000000 �0.00± 0.997730
alpha PDF2 0.00± 1.000000 �0.00± 0.999778
alpha PDF1 0.00± 1.000000 0.00± 0.997846
alpha PDF7 0.00± 1.000000 �0.00± 0.999081
alpha PDF6 0.00± 1.000000 0.00± 0.998168
alpha MUON NOMSFMISS 0.00± 1.000000 0.00± 0.980026
alpha PDF4 0.00± 1.000000 �0.00± 0.998397
alpha HR VARSUMET 0.00± 1.000000 �0.00± 0.989729
alpha PDF8 0.00± 1.000000 0.00± 0.998862
Rtaumu SIG 1.00± 0.000100 1.00± 0.199277

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.

Parameter initial value and error fitted value and error

alpha XSEC TOP 0.00± 1.000000 0.00± 0.999929
alpha PDF22 0.00± 1.000000 �0.00± 0.996442
alpha PDF23 0.00± 1.000000 �0.00± 0.996138
alpha PDF20 0.00± 1.000000 0.00± 0.996715
alpha PDF21 0.00± 1.000000 �0.00± 0.996414
alpha MUONSF TRIGGER 0.00± 1.000000 �0.00± 0.943197
alpha PDF24 0.00± 1.000000 0.00± 0.999513
alpha PDF25 0.00± 1.000000 �0.00± 0.999201
alpha Lumi 0.00± 1.000000 �0.00± 0.998462
alpha HR 0.00± 1.000000 �0.00± 0.961761
alpha XSEC ZTAUTAU 0.00± 1.000000 �0.00± 0.999992
alpha TauDecay 0.00± 1.000000 �0.00± 0.999999
alpha XSEC DIBOSON 0.00± 1.000000 0.00± 0.999965
alpha MUON STAT 0.00± 1.000000 0.00± 0.761441
mu SIG 1.00± 0.000100 1.00± 0.019267
alpha SAGITTA 0.00± 1.000000 0.00± 0.838149
Rbkgmu SIG 1.00± 0.000100 1.00± 0.043378
alpha MUON METHOD 0.00± 1.000000 0.00± 0.783712
alpha MUON RESOL 0.00± 1.000000 0.00± 0.716451
alpha MUONSF RECO 0.00± 1.000000 �0.00± 0.995788
alpha MUON EXTRAP 0.00± 1.000000 0.00± 0.735921
alpha PDF5 0.00± 1.000000 �0.00± 0.999545
alpha PTW 0.00± 1.000000 �0.00± 0.964500
alpha PDF13 0.00± 1.000000 �0.00± 0.998785
alpha PDF12 0.00± 1.000000 0.00± 0.988122
alpha PDF11 0.00± 1.000000 �0.00± 0.962631
alpha PDF10 0.00± 1.000000 �0.00± 0.878207
alpha PDF17 0.00± 1.000000 �0.00± 0.968018
alpha PDF16 0.00± 1.000000 0.00± 0.970670
alpha PDF15 0.00± 1.000000 �0.00± 0.956112
alpha PDF14 0.00± 1.000000 �0.00± 0.999593
alpha PDF19 0.00± 1.000000 �0.00± 0.999277
alpha PDF18 0.00± 1.000000 �0.00± 0.996641
alpha PDF9 0.00± 1.000000 0.00± 0.993777
alpha XSEC QCD 0.00± 1.000000 �0.00± 0.976497
alpha XSEC ZMUNU 0.00± 1.000000 0.00± 0.988354
alpha PDF3 0.00± 1.000000 �0.00± 0.989900
alpha PDF2 0.00± 1.000000 �0.00± 0.996933
alpha PDF1 0.00± 1.000000 0.00± 0.986828
alpha PDF7 0.00± 1.000000 0.00± 0.986582
alpha PDF6 0.00± 1.000000 0.00± 0.999018
alpha MUON NOMSFMISS 0.00± 1.000000 0.00± 0.668709
alpha PDF4 0.00± 1.000000 �0.00± 0.996754
alpha HR VARSUMET 0.00± 1.000000 0.00± 0.771464
alpha PDF8 0.00± 1.000000 0.00± 0.994838
Rtaumu SIG 1.00± 0.000100 1.00± 0.173735

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.

pT+ and pT-

• Error on POI is 14.3% 

• Statistical error is 4.8%

mT+ and mT-

• Error on POI is 17.4% 

• Statistical error is 5.8%
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Maximum Likelihood Method

Idea: Maximize log L(µ) in all bins 2

� log L(µ) = (µS + B) + log n!�
nX

e=1

log(µSfs(xe) + BfB(xe))

Attention: The used Likelihoods depend on normalization factors and
statistical uncertainties

2
Source [2]

Hannah Schmitz May 10, 2019 6 / 19
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Maximum Likelihood
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Framework
Likelihood Method

Idea 1: Find probability model for receiving n events in the data where the
variable e has a value xe

P(x1 . . . xn|µ) = Pois(n|µS + B)
nY

e=1

⇣µS · fS(xe) + B · fB(xe)
µS + B

⌘

S : number of signal events
B : number of background events
fS(x) and fB(x): signal and background shape
µ: signal strength

1
Source [2]

Hannah Schmitz May 10, 2019 5 / 19



Neural Network
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• 1 hidden layer with 50 
nodes 

• 14 input variables 

• Desired output should be 
0 for muons and 1 for 
taus

Source:arXiv:1701.07240



Pt of positive muons

Parameter initial value and error fitted value and error

alpha Lumi 0.00± 1.000000 0.00± 0.999991
mu SIG 1.00± 0.000100 1.00± 0.019008
Rtaumu SIG 1.00± 0.000100 1.00± 0.007869

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.
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Neural Network with 14 Input Observables

Parameter initial value and error fitted value and error

alpha Lumi 0.00± 1.000000 0.00± 1.000007
mu SIG 1.00± 0.000100 1.00± 0.019009
Rtaumu SIG 1.00± 0.000100 1.00± 0.007528

Table: Floating fit parameters for the analysis involving signal region SR, before (left) and

after (right) the background-only fit. The quoted fit errors come from HESSE.
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