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Overview

• Full simulation study of ILC/ILD
• mH± = 350 GeV   cross section = 9 fb   BR(H±→bt) = 90%

• E+e- -> H+H- -> tb tb -> Wbb Wbb 8 jets (hadronic)

Wbb Wbb 6 jets + lepton
• Major background:
• ttH/ttZ/ttg -> ttbb
• Tt -> bWbW
• HA -> bbbb (SUSY) 
• H/A -> tt at resonance
• Ignoring SUSY background

• Goal: mH± meassurment
• Samples with 340, 346, 348, 350, 352, 354, 360 GeV mass
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• Missing-Energy-Method (MEM)

• Should I Sum pfos or jets? LCFIplus doesn't cluster all particles to 
jets?

• Neutrino-Direction-Method (NDM)
• Using the Direction of Missing-Energy-Method and calculation the 

Enerty by fixing W-Mass
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Neutrino four momentum

p⌫,MEM = (pCMS � pvis)

pCMS = (1000, 0, 0, 1000 · sin(0.014/2))pvis =
NPFOX

i=1

pi

↵ =
~p⌫,MEM · ~pl
|~p⌫,MEM||~pl|

p⌫,NDM = (E⌫,NDM, E⌫,NDM
~p⌫,MEM

|~p⌫,MEM| )

E⌫,NDM =
m2

W

El(1� ↵)
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• Missing Momentum Method (MMM)
• Using momentum form MEM for 

energy estimation

• Missing Tranversal Momentum Method (MTMM)
• Using only the momentum in transversal momentum

has two solutions 

Neutrino four momentum



Neutrino reconstruction
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Event selection
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• Different event selections were used
• Static cuts
• BDT

• Optimizations
• Signal significance
• Significance for correctly paired signal (BDT + separate BDTG)



Mass measurement

• Template method

• Compare mass distribution shape -> calculation Chi^2

• Get uncertainty from Chi^2 parabola 
• Shape method

• Get shape of BG, correctly paired signal and false paired signal

• Calibrate fitted mean to Higgs mass
• Combined method

• Reduce fitting variables to Higgs mass from cor. and false paired 
signal
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Template method

�2 =
NX

i=0

Ti � Sip
Si



Shape method
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• Get signal shape (Static Cuts)



Shape method
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• Get background shape (Static Cuts)



Shape method – mass estimation (BDT – correctly paired)
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Linear regression for wrong paired signal

BDT correctly paired

 0.68 (Corr. pairing)±/GeV = 349.74 c,Hm

 2.59 (Wrong pairing)±/GeV = 350.16 w,Hm

 0.66 (combined)±/GeV = 349.77 a,Hm

 0.46 (reduced)±/GeV = 349.83 r,Hm

: 0.2456c,const∆

: -0.012c,linear∆

: 0.6319c,fit∆

 0.26)± + (352.1 cµ 0.04) ±/GeV = (1.05 c,Hm

 0.5)± + (339.09 wµ 0.08) ±/GeV = (0.54 w,Hm

• Linear regression for signal distribution maximum and generated 
mass

• Test data set (blue)



MC toy with varied cross section (BDT – correctly paired)
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• Result from 10 000 toy MC
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MC toy with varied cross section (BDT – correctly paired)
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• Result from 10 000 toy MC
cross section / fb
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Result
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• 0.5 GeV mass precision 
• Neutrino four momentum reconstruction with Missing Momentum Method 

was used
• Missing Transversal Momentum Method has great potential
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Backup
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Static cuts
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Static cuts



MC toy with varied cross section
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Cross section

18.10.17 Study	of	charged	Higgs	bosons	search	at	the	ILC	for	a	collision	energy	of	1	TeV 20

Source: Charged	Higgs	Boson	production	at	ee colliders	in	the	complex	MSSM:	a	full	one-loop	analysis
Heinemeyer,	S.	and	Schappacher,	C. Eur.	Phys.	J. (2016)

p
s = 1000GeV
p
s = 800GeV

• 𝜎 ≈ 9 fb with P = (-80%,20%) 10.4 fb
• 𝓛 = 1000 1/fb
• N = 9000 H± events
• Assuming BR(H±->tb) = 90%
• BR(t -> bW) = 100%
• BR(W -> 2jets) = 67.6%
• BR(W –> eν) = 10.75
• BR(W –> eν) = 10.57
• Hadronic: 5100 events
• Semileptonic: 3200 events



Analysis Overview

• Isolated Lepton selection
• Reduce beam background by kt-Algorithm
• Jet-clustering and flavor tagging (LCFIplus)
• Calculating neutrino four-momentum (only semi-leptonic)
• Jet-pairing
• Extracting signal and background mass shape
• Added fit to find Higgs-mass
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22

Reconstructed	H+ and	H- mass	with	realistic	
clustering	and	pairing	with	generator	information

mH+ mH�

R:	1.1

R:	1.4

Find R for kt-Algorithm
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Reconstructed	H+ and	H- mass	with	realistic	
clustering	and	pairing	with	generator	information

Find R for kt-Algorithm

mH+ mH�

R:	0.1
R:	0.3
R:	0.6
R:	0.8
R:	1.0
R:	1.1
R:	1.2
R:	1.3
R:	1.4
R:	1.5



Chi2 - Jet Pairing (hadronic) 

24

w/o	
overlay

R:	1.3 with
overlay

B-tag	efficiency 44.6 42.5 38.0 the	4	b-jets	have	highest	b-tag	in	the	event

Clustering	works	well	 50.7 49.4 40.2 For	every	color	singlet	there	are 2	jets	with	a	
major	fraction	from	this	singlet

Pairing	works 27.8 25.0 17.2 Jet	pairing	agrees	with	major	color	singlet	fraction	
in	jet
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Lepton Selection

• Using the 
IsolatedLeptonTaggingProcessor
• From MarilnReco
• Based on MVA

• Open task: reduce false Lepton 
Tag in hadronic Channel 
• With event shape or b-tag
• But actually the pairing efficiency is not 

effected  
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Total	(%) w/o tau	(%)

Lepton	Tag 60.3 90.4

Correct Tag 60.0 90.0

False	Lepton	
Tagged

0.3 0.4

Electron 29.5 89.4	(w/o tau	
and	myon)

Myon 30.3 90.5	(w/o tau	
and	electron)

False	Lepton	Tag	
in	hadronic

2.1



• Method 1: Missing-Energy-Method (MEM)

• Should I Sum pfos or jets? LCFIplus doesn't cluster all particles to 
jets?

• Method 2: Neutrino-Direction-Method (NDM)
• Using the Direction of Missing-Energy-Method and calculation the 

Enerty by fixing W-Mass
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Neutrino Four-vector

p⌫,MEM = (pCMS � pvis)

pCMS = (1000, 0, 0, 1000 · sin(0.014/2))pvis =
NPFOX

i=1

pi

↵ =
~p⌫,MEM · ~pl
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p⌫,NDM = (E⌫,NDM, E⌫,NDM
~p⌫,MEM

|~p⌫,MEM| )

E⌫,NDM =
m2

W

El(1� ↵)



• Chi2 minimization method
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Higgs mass reconstructed with Jet pairing
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• Before optimizing Chi^2 pairing
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Higgs mass reconstructed with Jet pairing

E⌫,NDM =
m2

W

El(1� ↵)E⌫,gen

E⌫,MEM Hadronic	/	8	jets
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Neutrino Four-vector

E⌫,NDM =
m2

W

El(1� ↵)

E⌫,gen E⌫,genE⌫,gen

E⌫,NDM =
m2

W

El(1� ↵)
E⌫,MEM

Neutrino	direction	from	Generator



Boosted Decision Tree
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• For further Background 
reduction

• Here for hadronic
• Trained only on main 

background after static cuts
• About 1.5σ gain
• Its quite difficult to apply result 

of TMVA to cuts



• Toy Monte Calrlo Study

• Add pt Method for neutrino four momentum

• Do fitting for semi-leptonic mode

• Goal:

• mass fit -> mass resolution measurement
• Detection efficiency 

-> cross section times branching ratio
• Bonus: (most probable imposibale)

• Research how to distinguish H+ and H-
• Study of CP-violation measurement
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Plan



mH± = 300GeV

Cross section
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Source: Charged	Higgs	Boson	production	at	ee colliders	in	the	complex	MSSM:	a	full	one-loop	analysis
Heinemeyer,	S.	and	Schappacher,	C. Eur.	Phys.	J. (2016)

mH± = 300GeV• 𝜎(tanβ) 
const. on 
tree-level

• 1 TeV
below 
maximum 
of 𝜎



Cross section
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Source: Charged	Higgs	Boson	production	at	ee colliders	in	the	complex	MSSM:	a	full	one-loop	analysis
Heinemeyer,	S.	and	Schappacher,	C. Eur.	Phys.	J. (2016)



Boosted Decision Tree (Input)
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Analysis Strategy – Beam Background

• In average 2.7 beam background events per bunch crossing

• In these samples old number of 4.1 events per bunch crossing

• Has major influence on jet clustering

• Use kt-algorithm from fastjet package to reduce backgrond

• R: Generalized radius of jets 
• Vary R to optimal mass resolution

• Use Satoru Jetfinder for clustering

𝒆$ 𝒆%

𝜸
𝜸

quark pair

37



Fastjet Finder	– kt Algorithm
(beam	background	removal)

• Calculate	the	distance	between	to	all	tracks

with
pseudo	rapidity,	 azimuth

• Find	smallest	
• If	 merge	tracks,	if	not	remove	Track	(B:	

Beam)	
– Remove	particles	that	are	closer	to	the	beam	than	to	the	closest	

track
• Continue	to	step	one	until	there	are	only	the	requested	

number	of	jets

38

dij = min(p2Ti, p
2
Tj)

�Rij

R

�Rij = (⌘i � ⌘j)
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Choose R for kt algorithm

Durham_8: w/o correction
Durham_8_WoOL: overlay removed 
by generator information
Durham_8_13: R = 1.3
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• For W mass R = 1.0 seems best
• For H mass R = 1.3 seems best
• Maybe b-jets have a wider 

spread
• I will continue with 1.3

Choose R for kt algorithm
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Analysis	Strategy	- Chi2
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• Choose	σ from	pairing	with	generator	
information

• Optimize	for	c	for	maximal	pairing	efficiency

�H = �t = 80 GeV, �W = 48 GeV
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• Choose	σ from	pairing	with	generator	
information

• Optimize	for	c	for	maximal	pairing	efficiency
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• First	test	optimization	for	c_H and	c_cos
• c_H ~	0.2	/	c_cos ~	30	(σ_cos =	1)
• Pairing	efficiency	25	->	27.5	%
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