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• 2012 ATLAS CMS
•
•

–

• Two Higgs Doublet Model (THDM)
–
– h0 H0 A0 H
–

Type

• Minimum Super-symmetric Standard Model (MSSM)
– THDM Type-II
– SUSY
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•
– tanβ
–
– SUSY 

• mH+

– mH+ > mt H+ → t

• g → ̅H+ → W- t
→ … → bl+ q’

•
– mH+ < mt t → H+b
– mH+  > mt g → ̅H+

mH+
mt

200~600 GeV

q

b

b b

• 4 b-tag
2

– : Pt > 25 GeV, |η| < 2.47 (1.37 < |η| < 1.52 )
– : Pt > 25 GeV, |η| < 2.5
– : Pt > 25 GeV, |η|<2.5

• 70 
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• ATLAS Run1 -
– 8 TeV 20.3 fb-1

•

–
–

•
Boosted Decision Tree (BDT) 
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•
–
–

2b-tags ≥ 3b-tags

4jets

5jets

>= 6jets

• MC

– ttbar+jets ttbar+V ttbar+H single top W/Z+jets diboson
– Charged Higgs boson 200 600 GeV 11

b-tag 2

Fake lepton Data
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• ttbar+Light Flavor jets ttbar+Heavy Flavor jets
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• BDT

– PT

–
– PT

– b-
– b-

• Data MC 6jets, 2b-taggs region
BDT

BDT
• BDT

–
• BDT

– -1 background-like +1 signal-like
→

– 300 GeV 500 GeV

8/11 

Data normalize
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•

• Hadronic Ht BDT

• BDT

10/11 

•
– Observed Limit : 
– Expected Limit : MC

• MSSM mh
mod

– 0.5 ≤ tanβ ≤ 0.6, 200 < mH+ < 300 GeV
– tanβ ⋍ 0.5, 350 < mH+ < 400 GeV

• mH+=300 GeV
1.65  pb

expected limit

• excess

–

– 2σ
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• ATLAS 8 TeV
-

– g → ̅H+ 

– H+ → t
– bl+ q’

•
• Observed limit

– 200 GeV 6.28 pb
– 600 GeV 0.24 pb

• MSSM mh
mod

– 0.5 ≤ tanβ ≤ 0.6 200 < mH+ < 300 GeV
– tanβ ⋍ 0.5 350 < mH+ < 400 GeV

12
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•
– ρ 1
– Flavor Changing Neutral Current (FCNC) Tree Level

• ρ
i
Yi

Ii

• Two Higgs Doublet Model (THDM)
–
– h0 H0 A0 H
–

• α
• tan v2/v1
• mA CP-odd

– FCNC
→ Type

THDM
•

14

•

• THDM



THDM 15/

• FCNC
– TypeI
– TypeII up-type down-type
– TypeIII down-type
– TypeIV down-type up-type down-type

MSSM 16/41

↓Stop

• At: trilinear Higgs-stop coupling
• μ: Higgsino mass parameter

• Minimum Super-symmetric Standard Model (MSSM)
– THDM-TypeII
– Tree Level h0 Z

• MSSM SUSY
– Stop SUSY

• SUSY

– mhmax, mhmod+, mhmod-



MSSM Scenario
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4 Flavour Scheme and 5 Flavour Scheme
• 4FS: 

b-quark
• 5FS PDF b-quark

18

5FS4FS

• Santander matching 4FS 5FS cross section
ln(mH+/mb)→ ln(mH+/mb)→∞



19

• 4FS 5FS
• top-quark bottom-quark

20

+



Chargino neutralino

• tanβ chargino neutralino

21

• Chargino

• Neutralino

LEP result e+e- → H+H-, +

22



CDF result (t → H+b, cs̅)
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ATLAS result +

24

• -tanβ



CMS result (combine)

25

• -tanβ

Large Hadron Collider (LHC) 26/41 

• LHC
– 27 km
– -
–

14 TeV
–
1034 cm-2s-1

– Bunch 2808/beam
– Proton 1.1 1011/bunch

•
– Proton → Linac 50 MeV → Proton Synchrotron 

booster 1.4 GeV → Proton Synchrotron 25 GeV → Super Proton 
Synchrotron 450 GeV → LHC 7TeV
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•
– 7000 
– 25 m
– 44 m

•
–

→
–

→

•
–

• barrel end-cap

•
– L1

• η-Φ

•

– High Level
• L1

28 /41

•
– L1

•

– High Level
• L1



(Particle ID) 29 /41

•
–
–
–

• b
– Missing transverse energy

30 /41

• |η| < 2.47 1.37 < |η| <1.52
• ET > 25 GeV
• Single lepton trigger (2 )

– ET 60 GeV
– ET 24 GeV

• Tight selection
–
–
–
–

• |Z0| < 2 mm Z0=Z primary vertex
–

• Isolation cut
–

• ΔR=0.3 PT 6 GeV ΔR=0.2 ET 6 GeV



31 /41

• |η| < 2.5
• PT > 25 GeV
• Single lepton trigger (2 )

– PT 36 GeV
– PT 24 GeV

• Combined and Tight selection
–

–
• |Z0| < 2 mm
• Isolation cut 

–
• ΔR= 10 GeV/PT PT 5 %

32 /41

•
– |η| < 2.5
– PT > 25 GeV
– Jet Vertex Fraction

•
• PT<50 GeV |η|<2.4 |JVF|>0.5

•
• jeti jet
• PVj
• k jeti PVj
• n
• l jeti PVn
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• b
– MV1: b

•
• 2
• c b

– 70 %

• b
– dilepton MC

efficiency PT

• b
–

– b

B-tag algorithm

34

• B-tag
• B-jet light-jet

• IPD3 impact parameter

• Signed transverse impact parameter significance (d0/σd0)
• Longitudinal impact parameter significance (z0/σz0)

• SV1: secondary vertex

• Decay length significance (L3D/σL3D)
• invariant mass of all tracks associated 

to the vertex
• the ratio of the sum of the energies of the tracks in in the 

vertex to the sum of the energies of all tracks in the jet 
• JetFitter b-hadron c-hadron

• SV1
• the flight length significances of the vertices



MV1 performance

35

• MV1 neural net work based algorithm is based on multivariate techniques 
which utilize the output weights of IP3D, SV1 and JetFitterCombNN algorithm

• 70 % efficiency ttbar Pt >20 GeV η< 
2.5 b-jet 70 % tag
• Ttbar single-lepton dilepton

• b-tag effigiency rejection jet PT 15 GeV
– Light-jet Mis-tag 1%
– C-jet mis-tag 20%

36

b-tag efficiency result

• efficiency jet Pt bin

• scale factor (efficiencydata/efficiencyMC)



Missing Transverse Energy (MET) 37 /41

x-y

• MET

• MET

•

q

b

b b
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•
– 1 5 3 b MET
–

• Single lepton trigger
• primary vertex track
• pT>25 GeV ET>25 GeV

• pT>25 GeV
•

b-tag

•
–
–
–



Monte Carlo 39 /41

•
–

•
–

• Parton Distribution Function
–

• -
–
–

–

–
–

Renormalization scale Factorization scale
• Renormalization scale (μR)

– QCD

• Factorization scale (μF)
– hard interaction soft interaction μF

tree level

40

• Parton cross section

• αs

–

– αs(MZ) = 0.1181 ±0.0011



PDF

• Fixed target collider
– Electroproduction: electron, muon and neutrino deep-inelastic scattering data
– Hadroproduction: Drell-Yan jet production 

41

•

– MSTW: three lightest quark 
flavours and anti-flavours and 
28 free parameters of gluon

– CTEQ and CT10: the two 
lightest flavours and anti-
flavours, the total strangeness, 
and the gluon. The number of 
the free parameter in CT10 is 
26, and the number in CTEQ is 
22.

MC 42 /41

• MC

– ttbar+jets Powheg+Pythia
•
• ttbar+b-jets ttbar+c-jets ttbar+light-jets

– ttbar+V Madgraph+Pythia
– ttbar+H Powhel+Pythia
– Single top Powheg+Pythia
– W/Z+jets Alpgen+Pythia
– Diboson Alpgen+Herwig
– Charged Higgs Powheg+Pythia

• 200 600 GeV 11

• Normalization
–

• ttbar+b-jets, ttbar+c-jets, ttbar+light-jets, W/Z+jets

•



ttbar + jets process reweighting

• Particle jet
matching (ΔR<0.4)
– Top quark b-quark ttbar+b-jets
– c-quark ttbar+c-jets
– Light-quarks ttbar+light jets

• ttbar sequential Pt reweighting
– Ttbar+c-jets ttbar+Light-jets

• Reweighting 7 TeV ttbar differential cross 
section measurement

– Top Pt reweighting: MC jet kinematics
– Ttbar Pt reweighting: MC jet b-tagged jet
– Ttbar Pt reweighting top Pt 

reweighting jet kinematics

43

ttbar differential cross section measurement at 7 TeV

44



ttbar+bb reweighting
•

– powheg+pythia additional jet

• b-quark collinear

– NLO SHERPA with OPENLOOP Matrix-element level

• collinear 1 particle jet 2 b-quark

– Reweighting
• top-quark Pt
• ttbar system Pt
• top-quark Pt
• top-quark 2 ΔRjj

45

SHERPA OPENLOOPS Kinematics

46



• W/Z+jets Pt reweighting
– LO generator QCD EW

– W/Z boson Pt reweighting
• 7 TeV

47

Z/W+jets

• Heavy Flavour overlap removal
– Parton shower Heavy Flavour parton

generator level Heavy Flavour parton
– Heavy Flavour parton ΔR 0.4

W/Z+Heavy Flavour jets 0.4 W/Z+Light Flavour
jets

Z+jets production cross section measurement at 7 TeV

48

>= 1jet = 1jet



Fake Lepton (matrix method)
• Matrix method

49

• Efficiency b-jet
efficiency

x: discrete variables y: continuous variables

Fake lepton (event selection)

50

• Sample
– fake real efficiency

• Single lepton channel dilepton channel
– validation systematics Top-quark

• Single lepton channel dilepton channel

• Control region (dilepton channel): real efficiency
– Tag-and-probe method

• Control region (single lepton channel): fake efficiency
– Only one loose lepton and at least one jet
– e channel: MTW < 20 GeV, MET+MTW < 60 GeV
– mu channel: |d0sig|>5 



Fake lepton (efficiency for e+jets)
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•

4

• ttbar+Heavy
Flavour jets
ttbar+Light
Flavour Jets



(Boosted Decision Trees) 53 /41

•
–
–

• BDT
–

–

• Decision Tree 
–

– background-like signal-like

• Boosting
– Decision Tree

Decision Tree

• Training
– MC

Fox-Wolfram moment
54



Control plot (pre-fit 1) 
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• Average ΔR between all pairs of b-tagged jets (4j2b, 4j3b, 5j2b, 6j2b)

• Hadronic Ht (4j2b, 4j3b, 5j2b, 6j2b)

Control plot (pre-fit 2)
• Invariant mass of the two b-tagged jets with minimum ΔR (4j2b, 4j3b, 5j2b, 6j2b)

• Second Fox-Wolfram momentum (4j2b, 4j3b, 5j2b, 6j2b)



Control plot (pre-fit 3)

• Leading jet pt (4j2b, 4j3b, 5j2b, 6j2b)

BDT input variable (prefit signal region)

58
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•
–
–

• 100
–
–

•
• μ

– ttbar+jets

1
• Luminosity measurement

– μvis σvis

• Beam condition
• Aftergrow( )
• Hard radiation

60

• Lepton object
– Trigger ID efficiency

isolation

• Jet object
– Jet Energy Scale b-jet energy scale Jet Energy Resolution JVF cut

Jet reconstruction efficiency

• Flavour tagging
– b-tag efficiency c-flavour jet light flavour jet mistag

High jet pt efficiency



• Ttbar+V
– modeling(initial state radiation )

• ±30 %
• Single top

– NLO level ttbar Wt
• +5/-4 %

• V+jets
– reweighting 

• Jet 24 % LO
merge αs

• Diboson
– LO generator parton shower merge

αs

• ttH
– +8.9/-12 %

• Charged Higgs 
– Generator PDF signal acceptance modeling
– PDF PDF4LHC Charged Higgs mass

5 10 %
61

ttbar
• Cross section: +6.5/-6 %(inclusive)

– Ttbar+b-jets, ttbar+c-jets: ±50 %
• ttbar sequential Pt reweighting: 9

– ISRFSR, Fragmentation, MCgenerator, JER, bJES, jet eta calibration,  closebyjet, 
JES calibration, b-tag efficiency

• ttbar+b-jet sharp: 8 (7+1)
– Reweighting CSS_KIN(shower recoil model), MSTW, NNPDF, 

Q_CMMPS(resummation scale), R_Mbb(Factrisation scale unc), default05(scale 
unc), default2(scale unc),

– Multiple Parton Interaction and Final State Radiation (by using Madgraph)
• Generator

– Madgraph (renormalization scale, paton jet matching model, c-quark mass)
• Parton shower

– HERWIG 
– PDF: PDF4LHC

• NLO level PDF set(MSTW, CT10, NNPDF)
• αS MSTW 68 % CL

62
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ttbar+b-jets

• SHERPA NLO

• Renormalization scale (μR):QCD

scale
• Resummation scale (μQ): 

generator parton shower
shower simulator

scale

• SHERPA NLO
MADGRAPH
• tbar+jets event with bb arising 

from Multi Parton Interaction
• gluon → bb radiated from top 

decay products

Fake lepton

• Fake lepton 50 % uncertainty
– Charged Higgs b-tag

• Real efficiency fake efficiency
– Efficiency MC
– validation signal region
– Efficiency

•
fake efficiency

– Muon channel MTW < 20 GeV MTW+MET < 60 GeV

• signal region real efficiency

– MTW > 100 GeV ttbar dilepton

64
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• Scale variation: renormalisation factorisation
• Generator variation POWHEG MADGRAPH5 AMCatNLO
• PDF uncertainty NLO PDF

– MSTW2008 68% CL NLO, CT10 NLO, NNPDF2.3 NLO 

• scale variation
2

• PDF uncertainty

• 4FS 5FS
CMS Run 1
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• μ
μ

• Hadronic Ht BDT

•

L(μ,θ) μ L θ

L(μ,θ) L μ θ

k: control regions

1 ≥ λ(μ) ≥ 0



p-value

•

• μ test statistics value tμ

67

• p-value tμobs
tμ

• μ tμ → 0
• μ tμ → ∞

• p-value CL α

• α 100-CL /100 
• pμ<α μ

68 /41

•
• mH+=300 GeV mH+=500 GeV

– μ
– Δθ

• θ0 =pre-fit =post-fit
• Pre-fit Δθ
• post-fit

• ±1.5
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Post-fit plot (Control region, Hadronic Ht)
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Post-fit plot (Control region, BDT output, mH+=300 GeV)
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Post-fit plot (Signal region, Hadronic Ht)



Local p-value
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CLs method
•

– <

• CLs method p-value
– CLs = ps+b / (1 - pb)

74

q Ls+b Lb
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• H+→τν H+→tb
• H+→tb

– 180 GeV τν
– 180 GeV tb

ATLAS CMS
tb Run 1 result

• ATLAS
– Single lepton
– ttbar+jets

• ttbar+b-jets, ttbar+c-jets, ttbar+light-flavour-jets
– reweighting

• CMS
– Single lepton di-lepton τ μτhad

• μτhad top-quark W→μν
W→τhadν

– ttbar+jets reweighting

76



CMS result
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ATLAS CMS 78

• Expected Limit

• Observed Limit 200 GeV 600 GeV
– ATLAS

• mH+=200 GeV 6.28 pb mH+=600 GeV 0.24 pb

– CMS
• mH+=200 GeV 2.2 pb mH+=600 GeV 0.15 pb
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