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Cross section and couplings measurements with 
the ATLAS detector for the 125 GeV Higgs Boson

Hannah Herde (Brandeis University),  
on behalf of the ATLAS Collaboration
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In this talk:

SM predictions for 125 GeV Higgs 

Cross sections and couplings 

•  H→ɣɣ, H→ZZ*→4ℓ, H→WW*→ℓνℓ’ν 

Searches for t tH̅ production and H→bb ̅decay
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Higgs Expectations at √s ̅= 13 TeV
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Production modes
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Observed production modes: ggF, VBF

Run I Run II

ggF (87.4%) VBF (6.8%)

t tH̅ (0.9%)WH (2.5%) ZH (1.6%)

2.3x 2.4x

2.0x 2.1x 3.9x
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Channel ℬ(mH=125 GeV)

H→ZZ*→4ℓ 0.0124%

H→ɣɣ 0.23%

H→WW*→ℓνℓ’ν 1.06%

H→ττ 6%

H→bb ̅ 58%

H→μμ 0.022%
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JHEP (2016) 2016: 45.
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Most results here 
with partial Run II 
dataset (~13 fb-1)

https://arxiv.org/abs/1606.02266
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Anatomy of ATLAS
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H→ɣɣ
Bump in ɣɣ continuum; Rare decay 

ℬ(mH=125 GeV) = 0.23%
8

13.3 fb-1 ATLAS-CONF-2016-067

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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H

, mγγ→H

S/B weighted sum of
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H→ɣɣ analysis strategy
105 < mɣɣ < 160 GeV 

pTɣ1>0.35 mɣɣ & pTɣ2>0.25 mɣɣ 

|η| < 1.37 or 1.52 < |η| < 2.37

Signal extraction from mɣɣ spectrum, 
modeling background with analytic 
function 

Neural network for vertex discrimination 
to improve mass peak resolution
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Bkg %
ɣɣ 79%
ɣj 19%
jj 2.5%

ATLAS-CONF-2016-06713.3 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/


Hannah Herde (Brandeis)  WIN2017: 125 GeV Higgs Cross sections & Couplings at ATLAS

H→ɣɣ fiducial volumes
“Baseline” fiducial volume = fiducial inclusive 
region 

Two more volumes defined to improve VBF, VH 
sensitivity

10

diphoton baseline VBF enhanced single lepton

Photons |⌘| < 1.37 or 1.52 < |⌘| < 2.37
p�1

T > 0.35m�� and p�2

T > 0.25m��

Jets - pT > 30GeV , |y| < 4.4 -

- mjj > 400GeV, |�yjj | > 2.8 -

- |����,jj | > 2.6 -

Leptons - - pT > 15GeV

|⌘| < 2.47

13.3 fb-1 ATLAS-CONF-2016-067

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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Fiducial cross sections
Fiducial volume mimics selection from 
reconstruction to minimize model dependence 

Account for trigger, reconstruction, identification 
efficiencies and resolution effects with bin-by-bin 
unfolding assuming mH = 125.09 GeV 

Signal extracted with unbinned likelihood fit to mɣɣ 
spectrum in bins of observables

11

Fiducial region Measured cross section (fb) SM prediction (fb)
Baseline 43.2± 14.9 (stat.)± 4.9 (syst.) 62.8+3.4

�4.4 [N3LO + XH]
VBF-enhanced 4.0± 1.4 (stat.)± 0.7 (syst.) 2.04± 0.13 [NNLOPS + XH]
single lepton 1.5± 0.8 (stat.)± 0.2 (syst.) 0.56± 0.03 [NNLOPS + XH]

ATLAS-CONF-2016-06713.3 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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ATLAS-CONF-2016-06713.3 fb-1

Observables: pTɣɣ, |yɣɣ|, |cosθ*|, Δφjj, Njets, mjj, pT,J1 

Probing kinematics, spin, parity, production mode
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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2 categories:  
1) ≥1 top decays 

leptonically 
2) Both tops decay 

hadronically

5 categories:  
1) Dilepton: ZH, 

Z➞ℓℓ 
2) One lepton: WH, 

W→ℓν 
3) VH ETmiss: ZH, 

Z→νν, W→ℓν (no 
ℓ found) 

VH → hadrons, split 
with BDT 
4) VH hadronic tight 
5) VH hadronic 

loose

2 categories:  
• ≥2 hadronic jets 
• 2 leading jets 

define VBF system 
• Δηjj > 2 
• |ηɣɣ - 0.5(ηj1+ηj2)|

<5 
• BDT 
1) VBF tight: high 

BDT score 
2) VBF loose

|η|\pTt
< 70 
GeV

> 70
GeV

< 0.95 central 
low-pTt

central 
high-pTt

> 0.95 forward 
low-pTt

forward 
high-pTt

4 categories:  
• Separated 

according to 
expected mɣɣ 
resolution and S/B 

H→ɣɣ event categories for couplings

 13 exclusive categories, split with increasing expected production cross section 

 Then grouped to measure couplings
13

ATLAS-CONF-2016-06713.3 fb-1

VH ggFVBFt tH̅

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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Simplified template cross sections
Assuming mH = 125.09±0.24 GeV 

Restricted to |yH| < 2.5  

σVHlep x ℬ(H→ɣɣ) from leptonic 
decays of vector bosons 

• W→ℓν 

• Z→ℓℓ (ℓ = e, μ) 

• Z→νν 

σVHhad x ℬ(H→ɣɣ) from hadronic 
decays of vector bosons
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With the present dataset, the observed significance of the H ! �� signal is 4.7�, while 5.4� is expected
for a SM Higgs boson.

10.2.1 Simplified template cross sections

The ’stage 0’ simplified template cross sections for gluon fusion, vector boson fusion production, and
production in association with a vector boson or a tt̄ pair for mH = 125.09 ± 0.24 GeV are measured to
be

�ggH ⇥ B(H ! ��) = 63 +30
�29 fb

�VBF ⇥ B(H ! ��) = 17.8 +6.3
�5.7 fb

�VHlep ⇥ B(H ! ��) = 1.0 +2.5
�1.9 fb

�VHhad ⇥ B(H ! ��) = �2.3 +6.8
�5.8 fb

�tt̄H ⇥ B(H ! ��) = �0.3 +1.4
�1.1 fb

They avoid the extrapolation to the full phase space by restricting the measurement to |yH | < 2.5. The
�VHlep ⇥ B(H ! ��) is only based on leptonic decays of the vector bosons, W ! `⌫, Z ! ``, and
Z ! ⌫⌫ (` = e, µ), and �VHhad ⇥ B(H ! ��) is only based on hadronic decays of the vector bosons,
following [12]. The VH production cross sections are determined under the assumption that the ratio of
the WH and ZH production cross sections is as predicted by the SM, and includes both production from
quark and gluon initial states (see Section 4).

10.2.2 Total production process cross sections and signal strengths

The production mode cross sections for mH = 125.09 ± 0.24 GeV are measured to be

�ggH ⇥ B(H ! ��) = 65 +32
�31 fb

�VBF ⇥ B(H ! ��) = 19.2 +6.8
�6.1 fb

�VH ⇥ B(H ! ��) = 1.2 +6.5
�5.4 fb

�tt̄H ⇥ B(H ! ��) = �0.3 +1.4
�1.1 fb

The VH production cross sections are determined under the assumption that the ratio of the WH and
ZH production cross sections is as predicted by the SM, and includes both production from quark and
gluon initial states (see Section 4). The corresponding signal strengths measured for the di↵erent pro-
duction processes, and globally (i.e. assuming one common signal strength parameter for all production
processes), are summarised in Figure 14, which also shows the global signal strength measured in Run-I.
The µRun�1 is taken from Ref. [13], and is derived assuming the Higgs production cross section based on
Ref. [19, 87]. In the more recent theoretical predictions used in this analysis [24, 28], the gluon fusion
production cross section is larger by approximately 10%.

As for the signal strength measurements previously published using the
p

s = 7 and 8 TeV data [13],
the measurements presented above are dominated by the statistical uncertainties. The measurements
agree with the SM expectations within 1 to 2�. The tendencies for the gluon fusion cross section to be
slightly smaller than the SM expectation, and the VBF cross section to be slightly larger than the SM
expectation, are compatible with the di↵erential measurements shown in Section 10.1. In Figure 10, the
data slightly undershoot the theoretical prediction at low diphoton transverse momentum and low rapidity,

30

ATLAS-CONF-2016-06713.3 fb-1

More on simplified template XS 
in LHCXSWG YR4 Ch III.2

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
https://arxiv.org/pdf/1610.07922v1.pdf
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Coupling measurements
ATLAS-CONF-2016-06713.3 fb-1

VHggF VBF t tH̅

With the present dataset, the observed significance of the H ! �� signal is 4.7�, while 5.4� is expected
for a SM Higgs boson.

10.2.1 Simplified template cross sections

The ’stage 0’ simplified template cross sections for gluon fusion, vector boson fusion production, and
production in association with a vector boson or a tt̄ pair for mH = 125.09 ± 0.24 GeV are measured to
be

�ggH ⇥ B(H ! ��) = 63 +30
�29 fb

�VBF ⇥ B(H ! ��) = 17.8 +6.3
�5.7 fb

�VHlep ⇥ B(H ! ��) = 1.0 +2.5
�1.9 fb

�VHhad ⇥ B(H ! ��) = �2.3 +6.8
�5.8 fb

�tt̄H ⇥ B(H ! ��) = �0.3 +1.4
�1.1 fb

They avoid the extrapolation to the full phase space by restricting the measurement to |yH | < 2.5. The
�VHlep ⇥ B(H ! ��) is only based on leptonic decays of the vector bosons, W ! `⌫, Z ! ``, and
Z ! ⌫⌫ (` = e, µ), and �VHhad ⇥ B(H ! ��) is only based on hadronic decays of the vector bosons,
following [12]. The VH production cross sections are determined under the assumption that the ratio of
the WH and ZH production cross sections is as predicted by the SM, and includes both production from
quark and gluon initial states (see Section 4).

10.2.2 Total production process cross sections and signal strengths

The production mode cross sections for mH = 125.09 ± 0.24 GeV are measured to be

�ggH ⇥ B(H ! ��) = 65 +32
�31 fb

�VBF ⇥ B(H ! ��) = 19.2 +6.8
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�VH ⇥ B(H ! ��) = 1.2 +6.5
�5.4 fb

�tt̄H ⇥ B(H ! ��) = �0.3 +1.4
�1.1 fb

The VH production cross sections are determined under the assumption that the ratio of the WH and
ZH production cross sections is as predicted by the SM, and includes both production from quark and
gluon initial states (see Section 4). The corresponding signal strengths measured for the di↵erent pro-
duction processes, and globally (i.e. assuming one common signal strength parameter for all production
processes), are summarised in Figure 14, which also shows the global signal strength measured in Run-I.
The µRun�1 is taken from Ref. [13], and is derived assuming the Higgs production cross section based on
Ref. [19, 87]. In the more recent theoretical predictions used in this analysis [24, 28], the gluon fusion
production cross section is larger by approximately 10%.

As for the signal strength measurements previously published using the
p

s = 7 and 8 TeV data [13],
the measurements presented above are dominated by the statistical uncertainties. The measurements
agree with the SM expectations within 1 to 2�. The tendencies for the gluon fusion cross section to be
slightly smaller than the SM expectation, and the VBF cross section to be slightly larger than the SM
expectation, are compatible with the di↵erential measurements shown in Section 10.1. In Figure 10, the
data slightly undershoot the theoretical prediction at low diphoton transverse momentum and low rapidity,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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H→ZZ*→4ℓ
Narrow peak on smooth background; Small statistics 

S/B ~ 2, ℬ(mH=125 GeV) = 0.0124%
16

ATLAS-CONF-2017-032, ATLAS-CONF-2016-07936.1/14.8 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
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 4l→ ZZ* →H 
-113 TeV, 36.1 fb

H→ZZ*→4ℓ analysis strategy
Loose lepton ID to 
maximize efficiency and 
acceptance 

115 < m4ℓ < 130 GeV 

pTμ > 5 GeV, |η| < 2.7 

pTe > 7 GeV, |η| < 2.47 

Selection acceptance 
~50% total phase space

17

36.1/14.8 fb-1

Bkg Estimate approach
SM ZZ* simulation

Zj, t t,̅ triboson from data

ATLAS-CONF-2017-032, ATLAS-CONF-2016-079

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
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H→4ℓ fiducial volume

18

Leptons and jets

Muons: pT > 5 GeV, |⌘| < 2.7
Electrons: pT > 7 GeV, |⌘| < 2.47
Jets: pT > 30 GeV, |y| < 4.4
Jet-lepton overlap removal: �R(jet, `) > 0.1 (0.2) for muons (electrons)

Lepton selection and pairing

Lepton kinematics: pT > 20, 15, 10 GeV
Leading pair (m12): SFOS lepton pair with smallest |mZ �m``|
Subleading pair (m34): remaining SFOS lepton pair with smallest |mZ �m``|

Event selection (at most one quadruplet per channel)

Mass requirements: 50 < m12 < 106 GeV and 12 < m34 < 115 GeV
Lepton separation: �R(`i, `j) > 0.1 (0.2) for same- (di↵erent-) flavour leptons
J/ veto: m(`i, `j) > 5 GeV for all SFOS lepton pairs
Mass window: 115 GeV < m4` < 130 GeV

Acceptance ~ 50%

36.1 fb-1 ATLAS-CONF-2017-032

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
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Corrected for detector resolution 
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cross sections extracted to probe 
sensitivity to interference between 
all same-flavor leptons in final 
state (SM: ~10% effect)

19

36.1 fb-1 ATLAS-CONF-2017-032

Acceptance x Efficiency = 16% (4e) - 31% (4μ) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
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Probe perturbative QCD for different production 
modes
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m4l [118-129] GeV!

0jet! 1jet!

2 or more jets!

pT, j > 30 GeV!

Discriminant!
BDT-ZZ!

mjj<120 GeV! mjj>120 GeV!
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BDT-2jVH!
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>=1 leptons 
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Just counting !
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•  pT4l   
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14.8 fb-1 ATLAS-CONF-2016-079
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Coupling measurements
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14.8 fb-1 ATLAS-CONF-2016-079

VH

ggF + t tH̅ 
+ bbH̅ VBF

the �ggF+bb̄H+tt̄H · B(H ! ZZ⇤) versus �VBF+VH · B(H ! ZZ⇤). The measured values for �ggF+tt̄H+bb̄H ·
B(H ! ZZ⇤), �VBF · B(H ! ZZ⇤) and �VH · B(H ! ZZ⇤) with their SM expectations (on the right) are
respectively:

�ggF+bb̄H+tt̄H · B(H ! ZZ⇤) = 1.80+0.49
�0.44 pb �SM,ggF+bb̄H+tt̄H · B(H ! ZZ⇤) = 1.31 ± 0.07 pb

�VBF · B(H ! ZZ⇤) = 0.37+0.28
�0.21 pb �SM,VBF · B(H ! ZZ⇤) = 0.100 ± 0.003 pb

�VH · B(H ! ZZ⇤) = 0+0.15 pb �SM,VH · B(H ! ZZ⇤) = 0.059 ± 0.002 pb
(8)

The compatibility between the measured �ggF+bb̄H+tt̄H ·B(H ! ZZ⇤) and the SM prediction is at the level
of 1.1 standard deviations, while for the �VBF · B(H ! ZZ⇤) the compatibility with the SM prediction is
at the level of 1.4 standard deviations.

The cross section results by production mode from the event categorisation can also be interpreted in the
LO framework [40, 96] ( framework) in which coupling modifiers, i are introduced to parameterise
possible deviations from the SM predictions of the Higgs boson couplings to SM bosons and fermions.
One interesting benchmark allows for two di↵erent Higgs boson coupling strength modifiers to fermions
and bosons, reflecting the di↵erent structure of the interactions of the SM Higgs sector with gauge bosons
and fermions. The universal coupling-strength scale factors F for all fermions and V for all vector
bosons are defined as V = W = Z and F = t = b = ⌧ = g = µ. The likelihood contours at 68%
CL (solid line) and 95% CL (dashed line) in the V � F plane are shown in Figure 7 (only the quadrant
F > 0 and V > 0 is shown since this channel is not sensitive to the relative sign of the two coupling
modifiers). The Higgs boson mass is assumed to be mH = 125.09 GeV and no undetected or invisible
Higgs boson decays is assumed to exist.
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Expected

Observed

the �ggF+bb̄H+tt̄H · B(H ! ZZ⇤) versus �VBF+VH · B(H ! ZZ⇤). The measured values for �ggF+tt̄H+bb̄H ·
B(H ! ZZ⇤), �VBF · B(H ! ZZ⇤) and �VH · B(H ! ZZ⇤) with their SM expectations (on the right) are
respectively:

�ggF+bb̄H+tt̄H · B(H ! ZZ⇤) = 1.80+0.49
�0.44 pb �SM,ggF+bb̄H+tt̄H · B(H ! ZZ⇤) = 1.31 ± 0.07 pb

�VBF · B(H ! ZZ⇤) = 0.37+0.28
�0.21 pb �SM,VBF · B(H ! ZZ⇤) = 0.100 ± 0.003 pb

�VH · B(H ! ZZ⇤) = 0+0.15 pb �SM,VH · B(H ! ZZ⇤) = 0.059 ± 0.002 pb
(8)

The compatibility between the measured �ggF+bb̄H+tt̄H ·B(H ! ZZ⇤) and the SM prediction is at the level
of 1.1 standard deviations, while for the �VBF · B(H ! ZZ⇤) the compatibility with the SM prediction is
at the level of 1.4 standard deviations.

The cross section results by production mode from the event categorisation can also be interpreted in the
LO framework [40, 96] ( framework) in which coupling modifiers, i are introduced to parameterise
possible deviations from the SM predictions of the Higgs boson couplings to SM bosons and fermions.
One interesting benchmark allows for two di↵erent Higgs boson coupling strength modifiers to fermions
and bosons, reflecting the di↵erent structure of the interactions of the SM Higgs sector with gauge bosons
and fermions. The universal coupling-strength scale factors F for all fermions and V for all vector
bosons are defined as V = W = Z and F = t = b = ⌧ = g = µ. The likelihood contours at 68%
CL (solid line) and 95% CL (dashed line) in the V � F plane are shown in Figure 7 (only the quadrant
F > 0 and V > 0 is shown since this channel is not sensitive to the relative sign of the two coupling
modifiers). The Higgs boson mass is assumed to be mH = 125.09 GeV and no undetected or invisible
Higgs boson decays is assumed to exist.
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ɣɣ/4ℓ combination
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13.3 (ɣɣ) + 14.8 (4 ) fb-1 ATLAS-CONF-2016-081

σtot vs √s ̅trends with SM

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-081/
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H→WW*→ℓνℓ’ν
Abundant decay…and abundant backgrounds 

ℬ(mH=125 GeV) = 1.06%
25

ATLAS-CONF-2016-1125.8 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-112/
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Concentrate on VBF, WH production → 

event topology distinguishes signal

from backgrounds 

H→WW*→ℓνℓ’ν analysis strategy

Selection designed to suppress 
backgrounds (Top, Vj, WW, Z→ττ, ggF, VV) 

• ggF not considered → high QCD multi-
jet backgrounds ∴ treated as 
background 

• Top, Z→ττ estimated from data (rest 
from simulation) 

Multivariate discriminant (BDT) in VBF 
channel 
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ATLAS-CONF-2016-1125.8 fb-1
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Observed signal strength and significance
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ATLAS-CONF-2016-1125.8 fb-1

VBF WH

Observed significance < 2σ 
→ upper limits at 95% CL 

• lim(σVBFxℬ) = 3.0 pb & 
lim(σWHxℬ) = 3.3 pb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-112/
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Search for t tH̅ production
Direct probe of top-Higgs Yukawa coupling 

SM predicts 3.9x more common at 13 TeV compared to 8 TeV
28

t tH̅ (0.9%) 
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Combined search: t tH̅ production 
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ATLAS-CONF-2016-06813.2-13.3 fb-1
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Search for H→bb ̅decays
Common decay pathway plagued by tremendous backgrounds 

ℬ(mH=125 GeV) = 58%

30

ATLAS-CONF-2016-091, ATLAS-CONF-2016-06313.2/12.6 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-091/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-063/
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Search for VH→bb ̅
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ATLAS-CONF-2016-09113.2 fb-1
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Search for VH→bb:̅ Results
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Search for VBF H→bb ̅
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ATLAS-CONF-2016-063
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Figure 2: Representative leading-order Feynman diagrams for non-resonant bb̄ production in association with a
photon and jets.

A search for VBF Higgs boson production in the bb̄� j j final state is presented in this note, along with
a benchmark measurement of Z� j j production in the same signature. A brief overview of the ATLAS
detector in Section 2 is followed by a description of the simulated samples in Section 3. Details on the
event selection and the background estimates are given in Sections 4 and 5, respectively. The evaluation
of systematic uncertainties is summarized in Section 6, and the statistical interpretation and results are
discussed in Section 7.

2 ATLAS detector

ATLAS [7] is a multi-purpose particle detector with a forward-backward symmetric cylindrical geometry
and nearly 4⇡ coverage in solid angle.1 The interaction point is surrounded by inner tracking devices, a
calorimeter system, and a muon spectrometer.

The inner detector provides precision tracking of charged particles for pseudorapidities |⌘ | < 2.5 and is
surrounded by a superconducting solenoid providing a 2 T magnetic field. The inner detector consists of
silicon pixel and microstrip detectors and a transition radiation tracker. One significant upgrade for thep

s = 13 TeV run is the Insertable B-Layer [8], an additional pixel layer close to the interaction point. It
provides high-resolution hits at small radius to improve tracking performance.

In the pseudorapidity region |⌘ | < 3.2, high-granularity lead/liquid-argon (LAr) electromagnetic (EM)
sampling calorimeters are used to measure EM showers from photons and electrons. An iron/scintillator
tile calorimeter measures hadron energies for |⌘ | < 1.7. The endcap and forward regions, spanning
1.5 < |⌘ | < 4.9, are also instrumented with LAr calorimeters for both EM and hadronic measurements.

The muon spectrometer consists of three large superconducting toroids with eight coils each, a system of
trigger chambers, and precision tracking chambers, which provide triggering and tracking capabilities for
muons in the ranges |⌘ | < 2.4 and |⌘ | < 2.7, respectively.
1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector

and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points
upward. Cylindrical coordinates (r , �) are used in the transverse plane, � being the azimuthal angle around the beam pipe.
The pseudorapidity is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2).

3

12.6 fb-1

Signal

1 Introduction

Although the Standard Model Higgs boson decays predominantly to a bb̄ quark pair, the measurement
of Higgs boson production and decay in this signature has proven to be challenging. The CDF and D0
collaborations reported a combined 3.3� signal significance for H ! bb̄ in pp̄ collisions at the Fermilab
Tevatron [1]. The current combined ATLAS+CMS results quote a 2.6� signal significance for H ! bb̄
in pp collisions, with a signal strength µ = 0.70+0.29

�0.27 times the Standard Model signal prediction [2].

The large datasets expected during Run 2 at
p

s = 13 TeV invite new approaches in measuring this dominant
Higgs boson decay for signs of new physics. One interesting possibility is Higgs boson production through
vector (weak) boson fusion (VBF) [3], which has been measured by ATLAS and CMS in a variety of
decay modes, including the H ! bb̄ decay produced in association with two jets. CMS measured a Higgs
boson signal strength, defined as the ratio of the measured signal rate to the Standard Model prediction,
of µ = 2.8+1.6

�1.4 for VBF production of H ! bb̄ at
p

s = 8 and 13 TeV, using multivariate techniques for
forward-jet identification and quark-gluon separation [4]. ATLAS measured µ = �0.8 ± 2.3, also with
multivariate techniques, in

p
s = 8 TeV data alone. The sensitivities of these analyses are limited by very

large contributions from non-resonant bb̄ j j production and by di�culties in triggering on low-transverse-
momentum (pT) b-jets [5].

Recent studies have shown that requiring a high-pT photon in the final state can dramatically enhance the
signal-to-background ratio in the VBF production mode [6]. The photon may be radiated from an internal
W± boson or from an incoming or outgoing quark, as shown in Figure 1.

q q

q q

H b

b̄

�

W/Z

W/Z

q q

q q

W

W

H b

b̄

�

Figure 1: Representative leading-order Feynman diagrams for Higgs boson production via vector boson fusion in
association with a photon.

There are several advantages in considering this production mechanism, pp ! H� j j ! bb̄� j j, even
though the signal rate is reduced compared to inclusive VBF production. Firstly, the high-pT photon
provides a clean signature for e�cient triggering in the ATLAS first-level trigger. Secondly, the gluon-
induced component of the dominant non-resonant bb̄� j j background is naturally suppressed because the
gluons are not charged and do not radiate photons. Finally, destructive interference further suppresses
central photon emission in the background processes [6]. The interference is between diagrams with
hard central photons emitted from the initial-state quark and the final-state quark, as shown in Figure 2.
Overall, the non-resonant bb̄� j j background is reduced by more than an order of magnitude below the
simple O(↵EW) rescaling expected from the addition of the photon, where ↵EW is the electromagnetic
fine stucture constant.

2

Signature: 2 b-jets, 2 high-energy forward jets (VBF), high-pT ɣ 

• trigger on ɣ 

• gluon-induced component of bbɣ̅jj bkg naturally suppressed 

• Destructive interference suppresses central ɣ emission by bkg processes 

• Selected events passed to BDT to further separate signal and non-
resonant multi-jet background 

non-resonant QCD = dominant bkg

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-063/
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Search for VBF H→bb:̅ Results
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ATLAS-CONF-2016-06312.6 fb-1
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7 Results

A test statistic based on the profile likelihood function in Equation 3 is used to quantify the compatibility
of the dataset with the signal hypothesis of Higgs boson or Z boson production. Distributions of the test
statistic under the signal and null hypotheses are estimated using asymptotic approximations [40]. In the
absence of an observation in this dataset, a 95% CL upper limit is defined and presented using the CLs

technique [41].

Two di�erent fit configurations are used to perform independent searches for H ! bb̄ + � and Z ! bb̄ +
� production. When H + � is the signal of interest, the electroweak Z� j j contribution, the strong Z� j j
contribution, and the non-resonant bb� j j contribution are all treated as background. In the search for
Z+�, both the electroweak and strong production comprise the signal of interest, while the H� j j and non-
resonant production are treated as background. In this case, the Higgs boson signal-strength parameter
µ is set to the SM prediction with a 50% uncertainty on the normalisation. The relative contributions
of signal and background are controlled in the fit by the signal strength parameter, µ, which multiplies
the signal sample yield in each analysis bin. The results for the signal significance and production cross
section limit use bins defined in two dimensions:

• BDT discriminant output: three bins between �1.0 and 1.0 with boundaries at �0.1 and 0.1,

• mbb : bins 10 GeV wide in di�erent ranges for each BDT region: 50 to 450 GeV (low), 50 to
350 GeV (medium), 50 to 250 GeV (high).

Invariant mass distributions from the three BDT bins are shown in Figure 8.

Results from the likelihood fit to the mbb distributions are shown in Table 2. Fewer events than expected
are observed near 125 GeV in the high-BDT signal region, while the numbers of events in the other BDT
regions are consistent with expectations. This observation leads to a negative value of µ̂ and an observed
limit stronger than the expected limit. A similar e�ect is observed in the Z + � fit. The results are
consistent whether the fit is performed independently for the H + � and Z + � signal strengths or the fit is
performed for both signals simultaneously.

Result H (! bb̄) + � j j Z (! bb̄) + � j j

Expected significance 0.4 1.3
Expected p-value 0.4 0.1
Observed p-value 0.9 0.4
Expected limit 6.0 +2.3

�1.7 1.8 +0.7
�0.5

Observed limit 4.0 2.0
Observed signal strength µ ≠3.9 +2.8

�2.7 0.3 ±0.8

Table 2: Results from the statistical interpretation of search results, combining the three BDT bins.

14

Signal strength μ extracted 
with profile likelihood fit to mbb ̅
spectrum  

Largest systematics from 
background analysis with BDT
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Inclusive

H→ɣɣ μ=0.59 μ=2.24 μ=0.23 μ=-0.25 μ=0.85

H→ZZ*→4 σggF+bbH̅+t tH̅•ℬ  
=1.80       pb

σVBF•ℬ  
=0.37       pb

σVH•ℬ  
=0       pb — σfid4ℓ 

=3.62       fb

H→WW*→ ν ν — lim(σ•ℬ), 95% 
C.L. = 3.0 pb

lim(σ•ℬ),95% 
C.L. = 3.3 pb — —

Search: ttH̅ — — — Observed signif. 
= 2.8σ —

Search: 
VH→bb ̅ — — Observed signif. 

= 0.42σ — —

Search VBF 
H→bb ̅ —

lim(σ•ℬ), 95% 
C.L. = 4x SM 
expectation

— — —

Summary
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VHggF VBF t tH̅

Prod.
Decay

+0.29
-0.28

+0.80
-0.71

+1.27
-1.05

+1.26
-0.99

+0.22
-0.20

+0.49
-0.44

+0.28
-0.21

+0.15 +0.59
-0.54

WH
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Summary
2015-2016 LHC season already 
exceed Run I sensitivity to Higgs 
processes 

13 TeV fiducial, differential cross 
sections and coupling 
measurements support SM 
across multiple channels 

2017 LHC season just started! 
Stay tuned!
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Backup
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New for Run II

39

Additional chambers 
boost muon 

spectrometer coverage

New pixel layer 3.3 cm

from beamline

More scintillators boost 
calorimeter coverage
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H→ɣɣ Event Selection

40

diphoton baseline VBF enhanced single lepton

Photons |⌘| < 1.37 or 1.52 < |⌘| < 2.37
p�1

T > 0.35m�� and p�2

T > 0.25m��

Jets - pT > 30GeV , |y| < 4.4 -

- mjj > 400GeV, |�yjj | > 2.8 -

- |����,jj | > 2.6 -

Leptons - - pT > 15GeV

|⌘| < 2.47

13.3 fb-1 ATLAS-CONF-2016-067

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
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13.3 fb-1 ATLAS-CONF-2016-067
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H→ɣɣ: Differential cross sections
ATLAS-CONF-2016-06713.3 fb-1
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H→ɣɣ: Differential cross sections
ATLAS-CONF-2016-06713.3 fb-1
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Fraction of each signal process per category

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Tt

ggH central low-p

Tt
ggH central high-p

Tt
ggH fwd low-p

Tt
ggH fwd high-p

VBF loose

VBF tight

VH hadronic loose

VH hadronic tight

VH MET

VH leptonic

VH dileptons

ttH hadronic

ttH leptonic

ATLAS Simulation Preliminary γγ→H =13 TeVs

ggH VBF WH ZH ttH bbH tHjb tWH

H→ɣɣ event categories

13 categories 

• enriched in production mode 

• based on S/B and resolution 

 Measure simplified template cross sections, total production mode cross sections, corresponding 
signal strength
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ATLAS-CONF-2016-06713.3 fb-1
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H→ɣɣ: Inclusive signal strength
ATLAS-CONF-2016-06713.3 fb-1
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H→4ℓ Event Selection

46

ATLAS-CONF-2017-032, ATLAS-CONF-2016-07936.1/14.8 fb-1
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H→4ℓ: Differential cross sections
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H→4ℓ: Double differential cross sections
36.1 fb-1 ATLAS-CONF-2017-032
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H→WW*→ℓνℓν Selection
Concentrate on VBF, WH production modes → event topology distinguishes 
from background 

Selection designed to suppress backgrounds (Top, Vj, WW, Z→ττ, ggF, VV) 

• Opposite flavour leptons to reject Drell-Yan continuum production 

• Tight lepton ID and isolation 

• b-jet veto to reject top quark processes

50

ATLAS-CONF-2016-1125.8 fb-1

VBF Criteria WH Critera
Exactly 1 e and 1 μ, Opposite charge pair 3 isolated leptons with ETmiss>50 GeV 

 Explicit Z→ττ veto Total charge ±e
Njets≥2 Njets≤1
No b-jets Z veto

BDTVBF WH

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-112/
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H→WW*→ℓνℓν Selection

51

ATLAS-CONF-2016-1125.8 fb-1

VBF

WH

Signal region Z ! ⌧⌧ CR Top-quark CR

Preselection
Two isolated leptons (`= e, µ) with opposite charge

plead
T

> 25GeV (plead
T

> 22GeV for muons in 2015), psublead
T

> 15GeV
m`` > 10GeV , N

jet

� 2
Nb-jet =0 Nb-jet =0 Nb-jet =1

A BDT is trained at this level.

Eight discriminant variables are used: ��``, m``, mT

, �yjj , mjj , ptot
T

,
P

`,j m`j , and ⌘centrality`

Selection m⌧⌧ < 66.2GeV |m⌧⌧ �mZ |< 25GeV –
– m`` < 80GeV –

OLV applied, CJV applied, BDT > �0.8
SR1: �0.8 < BDT  0.7 – –
SR2: 0.7 < BDT  1 – –

Category Z-dominated SR Z-depleted SR
� 1 SFOS pair no SFOS pair

Preselection
Three isolated leptons (p

T

>15 GeV)
total charge = ±1

� 1 lepton matches to the trigger

Background Rejection N
jet

 1, Nb-jet =0
Emiss

T

> 50 GeV –
|m`+`� �mZ | > 25 GeV Z/�⇤ ! ee veto

mmax

`+`� < 200 GeV
mmin

`+`� > 12 GeV mmin

`+`� > 6 GeV

H!WW ⇤! `⌫`⌫ topology �R`0`1 < 2.0
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H→WW*→ℓνℓν: Observed signal strength and 
significance
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ATLAS-CONF-2016-1125.8 fb-1

VBF WH

Observed significance < 2σ 
→ upper limits at 95% CL 

• lim(σVBFxℬ) = 3.0 pb & 
lim(σWHxℬ) = 3.3 pb 

Agrees with SM 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-112/
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Combined search: t tH̅ production 

53

ATLAS-CONF-2016-06813.2-13.3 fb-1

H ! �� H ! (WW, ⌧⌧, ZZ) H ! bb̄

Analysis Narrow signal peak: Small signal and background: Moderate signal in large background:

strategy fit to diphoton mass counting experiment multivariate techniques

spectrum (m��)

Channels leptonic hadronic 2`SS 3` 2`SS+1⌧had 4` single lepton dilepton

Control - - (4j,2bj) (5j,2bj) (3j,2bj)

regions (4j,3bj) (4j,4bj) (4j,2bj)

(� 6j,2bj) (5j,3bj)

Signal m�� (ee) (eµ) (µµ) (3j,� 2bj (� 4j,� 1bj) (� 2j,� 1bj) (5j,� 4bj) (3j,3bj)

regions AND OR (� 6j,3bj) (� 4j,3bj)

(� 5j,� 1bj) � 4j,� 1bj) (� 6j,� 4bj) (� 4j,� 4bj)
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Htt

µbest fit 
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H combinationtt

H combinationtt

)bb→H(Htt

/ZZ)ττWW/→H(Htt

)γγ→H(Htt

0.8−
+0.81.7    , 0.5−

+0.5                             0.6−
+0.7                                         (                 )         

0.7−
+0.71.8    , 0.4−

+0.4                             0.5−
+0.6                                         (                 )         

0.9−
+1.02.1    , 0.5−

+0.5                             0.7−
+0.9                                         (                 )         

1.1−
+1.32.5    , 0.7−

+0.7                             0.9−
+1.1                                         (                 )         

1.0−
+1.2-0.3    , 1.0−

+1.2                             0.2−
+0.2                                         (                 )         

 ( tot. ) ( stat. , syst. )total stat.

 )-1(13 TeV 13.3 fb

 )-1(13 TeV 13.2 fb

 )-1(13 TeV 13.2 fb

(13 TeV)

 )-1( 7-8TeV, 4.5-20.3 fb

ATLAS Preliminary -1=13 TeV, 13.2-13.3 fbs

Combined search: t tH̅ production 
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ATLAS-CONF-2016-06813.2-13.3 fb-1

Diphoton

Multilepton

ttH̅(H→bb̅)

Combo

Expected Significance
Run I 1.5σ
Run II 1.8σ

Run II observed 
significance = 2.8σ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-068/
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Very small predicted production 
cross section 
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generation fermions 

Clean signal expected, some 
backgrounds (Drell-Yan)
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Upper limit, given mH 
= 125 GeV, 95% C.L

. 

Observed 
(x σSM )

Expected 
(x σSM )

σ•ℬ  @ 13 TeV 3.0 3.1

σ•ℬ  combined 
with 7-8 TeV

2.8 2.9


