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Introduction

 Higgs boson measurements with diboson channels
 Hgg, HZZ*llll, HWW*lnln

─ Small but accessible branching fractions

─ Final states relatively clean, good signal-over-background ratio

─ Kinematic information (mostly) reconstructable
─ 4l, gg fully reconstructable, lnln with missing neutrinos but have larger Br.
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From LHC Higgs WG
Expected total production s at 13 TeV 
(from YR4) with mH=125.09 GeV:
𝜎𝐻→𝑊𝑊→𝑙𝑣𝑙𝑣 = 591 fb, 𝜎𝐻→𝛾𝛾 = 126 fb, 

𝜎𝐻→𝑍𝑍→𝑙𝑙𝑙𝑙 = 7 fb

Contribution from different production 
modes: ggF (~87%), VBF (~7%), VH, ttH, … 
(~6%)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV


Outline

Observation of the Higgs boson at 13 TeV

Measurements of total and fiducial cross-sections

Measurements of different production modes 

Determination of Higgs couplings

Determination of Higgs spin / CP, mass, width
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“Observation” of the Higgs boson with 13 TeV data
 An important milestone towards future precision measurement

Measurements of HZZ*llll (14.8 fb-1 at 13 TeV)1

Measurements of Hgg (13.3 fb-1 at 13 TeV)2

+ other recent updates in diboson channels

Search for ttH production with multilepton and gg final states (13.3fb-1 at 13 TeV)3

Differential cross-section measurement of HWW*enmn (20.3fb-1 at 8 TeV)4

1. ATLAS-CONF-2016-079; 2. ATLAS-CONF-2016-067
3. ATLAS-CONF-2016-058; 13 TeV ttH combination covered in E.Shabalina’s talk in the afternoon
4. arXiv:1604.02997v1, submitted to JHEP 

Thanks for machine and 
detector teams to smoothly 
deliver impressive amount 
of 13 TeV data!



HZZ*llll 13 TeV
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Selecting four charged leptons

ATLAS-CONF-2016-079

Fiducial phase space

Fiducial and total cross-sections for ppH with mH=125.09 GeV

1) total s from YR4 x MC acceptance

- Measured s higher than SM prediction

- Total uncertainty O(20%), dominated 
by the data statistical unc.

Clear signal 
above 
background

1)
Measured Predicted



HZZ*llll 13 TeV

 Event categorization to explore different production modes
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Events passing 4l selection

Sensitive to:

VH ggF ggF/VBF VH VBF

BDT in 0j: 
Higgs v.s. ZZ

BDT in VBF:
VBF v.s. ggF

ATLAS-CONF-2016-079



HZZ*llll 13 TeV

 Cross-section measurement for each production mode
 A likelihood fit in each region to the BDT distributions, to extract the cross-

section at total phase space
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Measured Predicted

ATLAS-CONF-2016-079
 Good significance 
in ggF, sensitivity to 
VBF, VH, … limited by 
data statistics



HZZ*llll 13 TeV

 Coupling measurements
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ATLAS-CONF-2016-079

In terms of LO coupling modifiers:

In terms of EFT couplings defined in 
Higgs characterization model:

ATLAS-CONF-2016-079

Non-zero 
minimum driven 
by data excess 
seen both in 
overall region and 
in VBF regions

No obvious excess from the SM
Constrains similar (or slightly 
better) to Run I

a is the mixing angle 
between 0+ and 0-



Hgg 13 TeV
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Fiducial cross-section measurements in three regions + 105< m(gg) < 160 GeV

Fiducial s measured through a likelihood fit to observed 
m(gg) spectrum in each region
- Signal parametrized via double-sided Crystal Ball 
- Background modelled by exp. and polynomial functions

Diphoton baseline region

VBF enhanced region

ATLAS-CONF-2016-067

- Dominated by statistical uncertainty
- Main systematics: photon reconstruction and calibration, 
fit modelling, jet



Hgg 13 TeV

 Differential measurement (Njet , 𝑝𝑇
𝛾𝛾)
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Measured for diphoton baseline region*
Slight discrepancy in 0-jet or low pT region; large data statistical error

ATLAS-CONF-2016-067 ATLAS-CONF-2016-067

* In addition to criteria listed on previous page, photon isolation pTcone20/pT<0.05 



Hgg 13 TeV
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Events passing diphoton baseline selection

Event categorization and production mode contributions to each category

≥ 1lepton, ≥ 2jets, b-tagging

= 0lepton, ≥ 5jets, b-tagging

≥ 2lepton, 70<m(ll)<110 GeV

= 1lepton, cut MET
Harsh cut on MET

50<m(jj)<150 GeV, tight BDT cut

50<m(jj)<150 GeV, loose BDT cut

≥ 2jets, tight VBF-BDT cut

≥ 2jets, loose VBF-BDT cut

≥ 1g with |h|>0.95, pT(gg)>70 GeV

≥ 1g with |h|>0.95, pT(gg)<70 GeV

= 2g with |h|<0.95, pT(gg)>70 GeV
= 2g with |h|<0.95, pT(gg)<70 GeV



Hgg 13 TeV
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Total observed (expected) detection 
significance of H->gg is about 4.7 (5.4) s
Comparable to Run I significance*: 5.0 (4.6) s

ATLAS-CONF-2016-067

ATLAS-CONF-2016-067

Main sensitivity from high-pT ggF 
and VBF categories

* JHEP 08 (2016) 045



Hgg + HZZ*llll Combination at 13 TeV
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ATLAS-CONF-2016-081

Observed local 
significance for total 
Higgs production: 10s, 
for VBF-only: 4s 

Individual 
s x B

Combined Fit s
assume SM Br

Combined cross-section agrees 
better with prediction

Total unc. ~ 18%
Similar to the precision at 8 TeV



ttH with multilepton final state 13 TeV

 Search for ttH production in multilepton final states
 Relatively less background

Mainly sensitive to ttH with HWW* or Htt

 Four sub-channels defined depending on number of e or m & hadronic t decays

 2 leptons (e or m) with same charge and no hadronic t (2ℓ0𝜏ℎ𝑎𝑑)

 2 leptons (e or m) with same charge and 1 hadronic t (2ℓ1𝜏ℎ𝑎𝑑)

 3 leptons (3ℓ), 4 leptons (4ℓ)

 in each channel, two or more jets (or b-jets) are required
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ATLAS-CONF-2016-058

Backgrounds:

Prompt Lepton – ttV, WZ, …

MC simulation, checked in validation regions

Non-prompt Lepton – jet faking leptons or 𝜏ℎ𝑎𝑑

Charge Mis-ID – mainly in electron channels

Data-driven



ttH with multilepton final state 13 TeV
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Best-fit mttH

- Main systematic uncertainty: fake backgrounds, jets, pile-up
- Observed (expected) significance to non-ttH hypothesis is 2.2 (1.3) s

comparable to Run 1 significance in the same final state: 1.8 (0.9) s
Phys. Lett. B 749 (2015) 519

Observed (expected) Upper limit on mttH (95% CL)  is 4.9 (2.3)

Post-Fit

ATLAS-CONF-2016-058



Differential HWWenmn measurement 8 TeV
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- em channel only (avoids DY 
background)

- “unfold” 𝑁𝑗𝑒𝑡, 𝑝𝑇
𝑗1
, 𝑝𝑇

𝐻, |𝑦𝑙𝑙|: 

sensitive to high-order QCD 
correction, resummation, PDF

- Only ggF HWW considered as 
signal

arXiv:1604.02997v1

Fiducial



Differential enmn measurement 8 TeV

31/08/2016 Y. Wu 16

Dominant uncertainty:
Data statistics, Background 
modelling

Measurement compared to 
different predictions with 
kinematics models ranging 
from NLO+PS to NNLO+PS or 
even parton-level NNLO+NNLL 
calculations (BLPTW, STWZ)

Slight difference in first bin of 
Njet and Rapidity(ll), however 
measurement suffer from 
larger error

arXiv:1604.02997v1



Summary

 Reported recent Higgs “re-discovery” in HZZ*4l and Hgg
channels with 13 TeV data at ATLAS, significant signal has been 
established (>10s local significance)

 Reported recent search to detect ttH signature in multilepton and 
diphoton final state (about 2.2s from multilepton channel)

 Reported (differential) cross-section measurements in diboson 
channels (13 TeV HZZ*4l and Hgg, 8 TeV HWW*enmn); 
13 TeV precision already comparable to Run I

 Stay tuned for more (precision) results with full 2016 data and 
beyond!

31/08/2016 Y. Wu 17



Backup
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ATLAS Detector
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Inner tracking 𝜂 <2.5, EM calo 𝜂 <3.2, 

Hadronic calo 𝜂 <4.9, Muon system 𝜂 <2.7



H->ZZ*->4l Event Selection
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H->ZZ*->4l Yield Table
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H->gg Systematic Table
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H->gg Category m(gg) Plots and Contributions
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ttH Systematic Table
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ttH Yield Table & Upper Limits
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H->WW Yield Table & MC Precision
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H->WW Systematic Table
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