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§ 𝐻± → 𝜏𝜈 an Introduction

§ Analysis Strategy

§ Statistical Analysis

§ Results of 𝐻± → 𝜏𝜈 in ATLAS using 
𝟏𝟒𝟎𝒇𝒃"𝟏 of data collected during Run2

Overview

1



2

The 𝑯± → 𝝉𝝂 Analysis
§ Analysis searches for 𝑯± → 𝝉𝝂 in a model 

independent manner
§ Results interpreted in an hMSSM 

benchmark scenario
§ Search for 𝐻± between 80GeV − 3000𝐺𝑒𝑉 

§ 32 mass hypothesis 
§ Two search channels: 𝜏 + 𝐽𝑒𝑡𝑠, 𝜏 + 𝑙𝑒𝑝
§ Parameterized Neural Net as event classifier 
§ PNN score histograms are used for stat 

analysis
§ Final results are exclusion limits on

§ 𝜇 ≡ 𝜎 𝑝𝑝 → 	𝑡𝑏𝐻$ ×𝐵𝐹 𝐻$ → 𝜏𝜈

𝑎 	𝐿𝑜𝑤	𝑀𝑎𝑠𝑠	𝐻±	(𝜏 + 𝐽𝑒𝑡𝑠) 𝑏 	𝐻𝑖𝑔ℎ	𝑀𝑎𝑠𝑠	𝐻±	(𝜏 + 𝑙𝑒𝑝)
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Signal Region Selections: 𝜏 + 𝐽𝑒𝑡𝑠	\	𝜏 + 𝑙𝑒𝑝	

𝜏 + 𝐽𝑒𝑡𝑠 𝜏 + 𝑙𝑒𝑝

𝐸!"#$$	triggers Single lepton triggers

1 hadronic 𝜏	with	p% > 40𝐺𝑒𝑉 1 hadronic 𝜏	with	p% > 30𝐺𝑒𝑉

No leptons (e	or	𝜇) ; p% > 20𝐺𝑒𝑉 1 lepton (e	or	𝜇) with p% > 30𝐺𝑒𝑉

𝑁&'($ ≥ 3	;	p% > 25𝐺𝑒𝑉 𝑁&'($ ≥ 1	with p% > 25𝐺𝑒𝑉

𝑁)*&'($ ≥ 1	; p% > 25𝐺𝑒𝑉 𝑁)*&'($ ≥ 1	;	p% > 25𝐺𝑒𝑉

𝐸!"#$$ > 150𝐺𝑒𝑉 𝐸!"#$$ > 50𝐺𝑒𝑉

𝑚! 𝜏, 𝐸!"#$$ > 50𝐺𝑒𝑉 𝜏 and ℓ have opposite sign (OS)

𝑎 	𝐿𝑜𝑤	𝑀𝑎𝑠𝑠	𝐻±	(𝜏 + 𝐽𝑒𝑡𝑠) 𝑏 	𝐻𝑖𝑔ℎ	𝑀𝑎𝑠𝑠	𝐻±	(𝜏 + 𝑙𝑒𝑝)	
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Background Sources
§ Main sources of background: 

§ TTbar, Events with Mutliple jets (QCD), Events 
with Jet-𝜏 Fakes, W+jets 

§ Must measure level of agreement of MC with data

§ Account for mis-modelling of TTBar, Wjets:
§ Scale factors derived using control regions, and 

distributions of 𝑚788 , 𝑁97:;

§ Jet-𝝉 Fakes also mis-modelled:
§ Derive scale factors for jet-tau fakes data driven 

Fake Factor method

0 500 1000 1500 2000 2500 30000

1000

2000

3000

4000

5000

6000

7000

Ev
en

ts
/1

00
.0

0[
G

eV
]

DiBoson ττ→Z
τ →MisID l ντ→W

single top τ →MisID j 
tt Stat+Syst

Data
 CRtt

 = 13 TeVs;  -1 L dt = 139.0 fb∫

0 500 1000 1500 2000 2500 3000
 [GeV]Eff mass tau

0.5

1

1.5

D
at

a/
M

od
el

N
o 

Sc
al

e 
Fa

ct
or

 A
pp

lie
d

Sc
al

e 
Fa

ct
or

 A
pp

lie
d

ATLAS Work In Progress

ATLAS Work In Progress
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§ To estimate the number of fake 𝝉	 jets in our signal region we 
use a data driven fake factor method defined as →

§ We use 2 control regions to estimate the number of fakes 
§ W+Jets CR (Mostly Quark Initiated Jets)
§ Multi-Jet CR (Quark/Gluon Initiated Jets)

§ Fake Factors calculated for 1 and 3 prong jets in defined 𝑝! 
bins defined from 80𝐺𝑒𝑉 − 3000𝐺𝑒𝑉

§ Combined FF calculated through 𝛼"#	using a template 
fit method

§ Jet Width is used as discriminating variable

§ Can determine number of events with fake 𝝉 in signal region

Fake Factors: Background estimation for 𝐉𝒆𝒕 → 𝝉 fakes
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The Parameterized Neural Network (arxiv:1601.07913)
§ Mass Parametrized Neural Network: 

§ Allows us to train 1 set of networks, not 32

§ Trained using 
§ 32 unique 𝐻± signal samples
§ 32 clones of our background samples
§ Each event given 𝑚!,-(.

/±

§ 4 network sets* are trained according to
§ 1𝑝	𝜏	in	(𝜏 + 𝐽𝑒𝑡𝑠), 1𝑝, 3𝑝	𝜏	in	(𝜏 + 𝐽𝑒𝑡𝑠)**
§ 1𝑝	𝜏 in (𝜏 + 𝑙𝑒𝑝),   1𝑝, 3𝑝	𝜏 in (𝜏 + 𝑙𝑒𝑝)**

§ Inputs: Particle 4 momenta variables →

§ Output: PNN scores representing a classification  
likelihood (0↔1)
§ Near 0, Background like
§ Near 1, Signal like 

§ PNN score distributions are used for Stat. analysis →
§ Fits performed with WSMaker

**Includes 1p, Stat limitations on 3p sample

Work In Progress

Pre-fit Asimov Only plot
w/ 500GeV H+ manually overlayed (1pb)

* A k-Fold Method is used

https://arxiv.org/abs/1601.07913
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Impacts of systematic uncertainty on 𝝁

§ Quantify the level of impact our systematics 
on 𝜇 ≡ 𝜎 𝑝𝑝 → 	𝑡𝑏𝐻$ ×𝐵𝐹 𝐻$ → 𝜏𝜈 , 
produced nuisance parameter plots

§ Systematics that have the largest affect on 
our ability to set limits for the 250GeV 
Combined Mass hypothesis are
§ Singletop_DS 

§ Uncertainty related to TTBar and 
Singletop diagram subtraction

§ SingeTop_hdamp
§ Controls High	𝑝N radiation 

Asimov Only Fit

Work In 
Progress
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§ Expect to exclude a large region of tan(𝛽) parameter space
§ Working on interpretations in other models

hMSSM hMSSM 𝑚!
"#$%
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CombinedSignal Injection Studies: 

𝒎𝑯± = 𝟓𝟎𝟎𝑮𝒆𝑽
§ To simulate the presence of signal, and to 

validate the fitting machinery, I performed 
signal injection studies for different mass 
scenarios: 𝒎𝑯± = 𝟏𝟑𝟎, 𝟓𝟎𝟎, 𝟏𝟎𝟎𝟎	𝑮𝒆𝑽

§ Injected median expected limit 𝜇 = 0.0066, 
fit determined 𝜇 to be 0.0065 ± 0.0035 ✅

§ If 𝐻± exists with a 𝑚=± = 500 and         
𝜇 = 0.0066 it should appear in like this →	
§ Broad bump above expected

§ So what does the exclusion plot look like 
when fitting on 140	𝑓𝑏>? of data from 
Run2?

500GeV

Work In Progress Work In Progress

*Original binning*Bins Displayed Uniformly

Work In Progress
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Ready to unblind?
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Result awaiting ATLAS approval

🔒
Unable to show publicly 

Sorry to disappoint L
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Be on the lookout for 
the published result!

Work In Progress
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Conclusion
§ Analysis uses mass parameterized neural network (PNN) as 

event classifier

§ Considers 2 Signal regions: 𝜏 + 𝐽𝑒𝑡𝑠, 𝜏 + 𝑙𝑒𝑝

§ Statistical analysis done in WSMaker using PNN score 
histograms

§ Set new upper bounds on exclusion limits for the            
𝐻*→ 𝜏𝜈	production cross section 
§ 𝜇 ≡ 𝜎 𝑝𝑝 → 	𝑡𝑏𝐻* ×𝐵𝐹 𝐻* → 𝜏𝜈  
§ Using 𝟏𝟒𝟎𝒇𝒃+𝟏 of data

§ Expect to exclude a large region of tan 𝛽  parameter space 
in hMSSM and 𝑚-

./0+ frameworks w.r.t previous analysis
      
§ Be on the look out for the published result!
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Thank you! 



Backup

17
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Differences between current and previous analysis
§ We use the full Run 2 Dataset (140𝑓𝑏*0) vs (36.1𝑓𝑏*0) in previous analysis

§ 𝐻± mass search extended
§ Current: 80𝐺𝑒𝑉 ≤ 𝑚/± ≤ 3000𝐺𝑒𝑉
§ Previous: 90𝐺𝑒𝑉 ≤ 𝑚/± ≤ 2000𝐺𝑒𝑉

§ Current analysis uses a Parametrized Neural Network (PNN) vs BDT

§ Applied signal filtering to MC to increase the statistics in the signal regions
§ Event generation is run until desired number of events is attained

§ Use updated derivations with new CP recommendations
§ RNN 𝜏 ID
§ ParticleFlow Jets
§ Updated 𝑏-tagging recommendations
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§ Limits in 140 fb analysis improve by (> 2x) above 120 GeV when 
compared to 36 fb stat only limits in Combined channel

§ TauJets shows similar behavior to the Combined limits
§ Other channels fluctuate around ~2x
§ Adding stat only limits to Internal Note

Work In Progress
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Signal Region Definitions: 𝝉 + 𝑱𝒆𝒕𝒔, 𝝉 + 𝒍𝒆𝒑
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K-Fold Method

§ A given dataset is split into k equally populated subsets used to train and evaluate a 
network

§ 𝐻± → 𝜏𝜈 uses k=5, resulting in a set of 5 trained PNNs
§ Increases statistics for training, prevents overtraining
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Systematic Effect on Event Yields

§ Tau related systematics effect on total 
yeilds 
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Fake Factors definition and determining our templates
§ Fake Factors (FFs)

§ Measured rate of fake Tau candidates passing the Tau criteria to 
fakes passing Anti-Tau criteria (Anti-Taus)

§ Estimate number of Fake Taus making it into Signal Region
§ Anti-Tau selected candidates are chosen in a given region

§ Fail the TauSigLoose Working point (obviously bad Taus)
§ RNNSigTrans Score cut > .01
§ Ensures that fake Tau candidates are still similar enough to 

backgrounds in signal region
§ Signal Region backgrounds dominated by Quark/Gluon Initiated Jets 

(QIJ/GIJ)
§ Select Control Regions where QIJ and GIJs dominate 

(W+Jets/MultiJet) to try and estimate contributions in Signal Region 
from these

§ Determine parameter 𝛼"# 
§ Discriminating variable for Template fit (Jet Width)
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𝛼&' determination for 𝜏 + 𝑗𝑒𝑡𝑠

Jet Width Templates 
for MJ and WJ

𝜏 + 𝑗𝑒𝑡𝑠 jet width, with 
best fit of templates to 
the left

Iterating through values of 
𝛼"# to find best minimum 
1"

203
 (Best 𝛼"# fit ) 
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500GeV H+ Mass Hypothesis
Signal Background Composition

§ Total number of background and signal events 
used to build PNN Score distributions

§ 500GeV H+ Hypothesis
§ All background across mass hypothesis is 

equal
§ % Shown w.r.t total Background
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Background Composition: Tau Jets SR

§ Tau+Jets background dominated by 
TTBar processes

TTBar

SingleTop QCD

WtauSH

Rest

Region_distPNN170_DJetTauSR_L0_Y2015_isMVA0_T0_J2_BMin0Region_distPNN170_DJetTauSR_L0_Y2015_isMVA0_T0_J2_BMin0

Background sources 
Tau+Jets

67%

8% 12%

9%
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TTBar

SingleToplep

QCD

Rest

Region_distPNN170_DElTau_L1_Y2015_isMVA0_T0_J2_BMin0Region_distPNN170_DElTau_L1_Y2015_isMVA0_T0_J2_BMin0

Background Composition: Tau Lep SR

§ Background composition in the 
TauLep channels is very simiar
§ TTBar dominated, QCD, 

SingleTop, Leptons faking 
Taus

TTBar

SingleTop

QCD

Rest

Region_distPNN170_DMuTau_L1_Y2015_isMVA0_T0_J2_BMin0Region_distPNN170_DMuTau_L1_Y2015_isMVA0_T0_J2_BMin0
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210 310  [GeV]+Hm

4−10

3−10

2−10

1−10

1

10

210

) [
pb

]
ν 

± τ 
→ 

±
 B

R
(H

×) 
±

 [b
]tH

→
(p

p 
σ

ATLAS Internal

500GeV Sig. Inj. at Exp. limit
σ 1 ±

σ 2 ±

Expected (95% CL)

-1 = 13 TeV, 140.0 fbs
Combined

500GeV

Work In Progress

Signal injection procedure  500 GeV
§ Signal Injection procedure starts with a BKG only Asimov 

dataset evaluated by the PNN with a given H+ Mass 
hypothesis

§ The corresponding MC generated signal distribution is 
then multiplied by a production cross section and added 
to the background distribution

§ A signal injected dataset is used for each mass 
hypothesis to produce exclusion plot to simulate the 
presence of H+ signal being evaluated by all PNN mass 
hypothesis

§ Mu is arbitrarily chosen as expected exclusion for the 
combined channel
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MC generation and 𝑯± production

§ 32 𝐻± signal samples using madGraph

§ Analysis defines 3 mass ranges 
dependent on 𝐻±  production mode
§ 80 ≤ 𝑚V± < 140: Low Mass 
§ 140 ≤ 𝑚V± < 200: Intermediate Mass
§ 200 ≤ 𝑚V± < 3000: High Mass

b̄

W−

H+

b

t̄

t

b̄

W−

H+

b

b̄

W−

H+

b

t̄

(a) LO at Low Mass (b) LO at Intermediate mass

(c) LO at high mass

LO diagrams dominating in
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Systematics Pt.1
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Systematics Pt.2
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Systematics Pt.3
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