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Motivation

❖ Gauge invariance as guiding principle of 
gauge sector in Standard Model (SM)

❖ No guiding principle in Higgs sector
‣ especially true for
Yukawa coupling
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Direct experimental confirmation
is essential



Dataset & Search channels
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Higgs Production and Decay (SM)
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3.1.2 Higgs production at hadron machines

In the Standard Model, the main production mechanisms for Higgs particles at hadron

colliders make use of the fact that the Higgs boson couples preferentially to the heavy

particles, that is the massive W and Z vector bosons, the top quark and, to a lesser extent,

the bottom quark. The four main production processes, the Feynman diagrams of which are

displayed in Fig. 3.1, are thus: the associated production with W/Z bosons [241, 242], the

weak vector boson fusion processes [112, 243–246], the gluon–gluon fusion mechanism [185]

and the associated Higgs production with heavy top [247, 248] or bottom [249,250] quarks:

associated production with W/Z : qq̄ −→ V + H (3.1)

vector boson fusion : qq −→ V ∗V ∗ −→ qq + H (3.2)

gluon − gluon fusion : gg −→ H (3.3)

associated production with heavy quarks : gg, qq̄ −→ QQ̄ + H (3.4)
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Figure 3.1: The dominant SM Higgs boson production mechanisms in hadronic collisions.

There are also several mechanisms for the pair production of the Higgs particles

Higgs pair production : pp −→ HH + X (3.5)

and the relevant sub–processes are the gg → HH mechanism, which proceeds through heavy

top and bottom quark loops [251,252], the associated double production with massive gauge

bosons [253, 254], qq̄ → HHV , and the vector boson fusion mechanisms qq → V ∗V ∗ →
HHqq [255, 256]; see also Ref. [254]. However, because of the suppression by the additional

electroweak couplings, they have much smaller production cross sections than the single

Higgs production mechanisms listed above.
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H→ττ



H→ττ sub-channels & τID
❖ τdecay split into 3 channels
‣ lνν + lνν (lep - lep)
‣ lνν + hadν (lep -τhad)
‣ hadν+ hadν(τhad -τhad)
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Classification
❖ VBF
‣ 2 forward jets w/ large rapidity gap

❖ Boosted
‣ [not VBF] high pT ττ system

❖ W/Z+H 2jet
‣ [not VBF nor boosted] hadronic W/Z

❖ 1jet
‣ [not VBF, boosted, nor W/Z+H] 1 jet

❖ 0jet
‣ [not VBF, boosted, nor W/Z+H] 0 jet
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Mass reconstruction & Background

❖ Missing Mass Calculator
‣ probabilistic approach to solve 

for missing momentum and mass
❖ Z→ττ the major background (BG)

evaluated by data
‣ μ in Z→μμ real data replaced by 

MC τ
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H→ττ channel by channel
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lep-had VBF boosted 1jet 0jet
gF:VBF:VH 17:83:0 72:19:9 78:15:7 98:1:1

signal ~3 ~28 ~107 ~61
BG ~29 ~2530 ~22400 ~13960

Observed 29 2602 21782 13312

Table is 
only for 
8 TeV



H→ττ Combined Result

❖ No significant excess over SM BG observed
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H→bb



W/Z+H(→bb)

❖ 2 b-tagged jets ⇐ b-tag key ingredient
‣ pT > 45, and 20 GeV

❖ Look for mbb peak
⇐ dijet mass crucial

❖ Classification for better sensitivity
‣ bins of pTW/Z & #jets (2 or 3)
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 decay mode: Motivation 
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Highest branching ratio at low masses 

Direct production: 
 fusion and VBF: By far the highest 

cross-sections 
Suffers from a huge QCD multi-jets 
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Associated production: 
 and : smaller cross-section but 

cleaner signal 
more complex final sate. Not treated in 
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PDF method (total error)
PDF method (stat. error)

ATLAS Preliminary  = 8 TeVs     -1 L dt = 20.3 fb

 = 70%bMV1, 

0 lepton
- ETmiss > 120 GeV
- pTmiss > 30 GeV

1 lepton
- ETmiss > 25 GeV
- mTW > 40 GeV

2 lepton
- ETmiss < 60 GeV
- 83 < mll < 99 GeV

b-tag efficiency data/MC

εb~70%, εc~20%, 
εl~0.6%

pTW/Z (GeV) 0-90 90-120 120-160 160-200 >200
0 lepton × × ◯ ◯ ◯

1or2 lepton ◯ ◯ ◯ ◯ ◯



Background & Fitting
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0 lepton major BG
- Z+jet
- t-tbar
- diboson
- W+jet

1 lepton major BG
- t-tbar
- W+jet
- QCD multijet
- diboson

2 lepton major BG
- Z+jet
- t-tbar
- diboson

Reliable estimate of BG crucial
❖ Fitting Mbb distribution in 26 signal and 31 control 

regions to get the yield
‣ shape template from MC
๏ shape also adjusted within systematics

‣ normalization of t-tbar, W/Z+b/c are floated
‣ single top, diboson, W/Z+light constrained by 

theory within systematics
❖ QCD multijet estimated separately from data



Fitting
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2jet, 2tag 3jet, 2tag 2jet, 1tag 3jet, 1tag eμ，2tag
0 lepton (x3 pTW/Z) signal signal control control ×
1 lepton (x5 pTW/Z) signal signal control control ×
2 lepton (x5 pTW/Z) signal signal control control control

2jet, 2tag, 
pTW/Z >200GeV

1 lepton0 lepton

2 lepton

W+jet
control region

t-tbar
control region



After fitting

❖ No significant excess of H→bb
❖ Clear peak of W/Z + Z(→bb)
‣ mass resolution under control
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higgs yield fixed 
to SM w/ large 
uncertainty
(diboson fitting)

higgs yield 
free in fitting



W/Z+Z(→bb) Result

❖ 4.8σ significance 
(5.1σ expected)

❖ Demonstration of 
validation of analysis 
and potential to 
observe H→bb
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W/Z+H(→bb) Result
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−0.6
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ttH(→bb)
❖ Important window to access Yt
❖ W→lν + W→qq’ is considered
‣ One lepton, ≥4jets, 

ETmiss > 20-30 GeV
❖ Nine categories used
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Conclusions

❖ Exciting time is coming to fully examine 
the Higgs sector by experiment
‣ Direct verification of existence of 
Yukawa coupling is important
๏                      in H→ττ
๏                      in W/Z+H(→bb)
๏  ttH(→bb) search is also ongoing
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µ = 0.7± 0.7
µ = 0.2+0.7

−0.6


