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Introduction

2

• Higgs couplings and mass are important SM parameters

• The mass was the last missing ingredient to the EWK fit

• Both ATLAS and CMS released updated results with the full 
run1 statistics

• The LHC-HCG is taking care of combining the results of the 
2 experiments

• The combined results for the mass are ready ✓

• Couplings combination is to be released soon (it also depends on 
the mass!)

• The full SM Higgs picture will be completed by the results on 
spin/parity (K. Liu) and width (M. Calandri)
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Higgs mass measurement
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Precise mass determination 
possible in 2 channels:

• 4l and γγ
• All other channels have ν or 

hadrons in final state

Comparable results among the 2 
experiments

Lot of work to properly assess/
correlate/quantify all the 
systematics in the 2 experiments 
in order to combine properly 
the likelihoods.

Individual results:

• ATLAS: Phys. Rev. D. 90, 
052004 (2014)

• CMS: arXiv: 1412.8662

Higgs!Boson!Mass!@!LHC!
Precise!mass!
determina6ons!in!
two!channels:!
!

!H→ZZ→l+l−l+l−'
!!!!!!(l!=!e!or!μ)!
!
!
!
!
!

!!!!!!!!!!!!H→ϒϒ'

All!other!channels!
have!ν!and/or!
hadrons!in!final!state!

29!

Combination results available at arXiv:1503.07589
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Results from the experiments

4

 [GeV]Hm
124 124.5 125 125.5 126 126.5 127

)
µ

Si
gn

al
 s

tre
ng

th
 (

0.5

1

1.5

2

2.5

3
 preliminaryCMS and ATLAS

 Run 1LHC
γγ→H ATLAS

l4→ZZ→H ATLAS
γγ→H CMS

l4→ZZ→H CMS
All combined

Best fit
68% CL

Figure 4: Summary of likelihood scans in the 2D plane of signal strength µ versus Higgs
boson mass mH for the ATLAS and CMS experiments. The 68% CL confidence regions
of the individual measurements are shown by the dashed curves and of the overall com-
bination by the solid curve. The markers indicate the respective best-fit values.

The correlation between the signal strength and the measured mass is explored with277

2D likelihood scans as functions of µ and mH . The three signal strengths are assumed to278

be the same: µ��
ggF+t¯tH = µ��

VBF+V H = µ4` ⌘ µ, and thus the ratios of the production cross279

sections times branching fractions are constrained to the SM predictions. Assuming that280

the negative log-likelihood ratio �2 ln⇤(µ,mH) is distributed as a �2 variable with two281

degrees of freedom, the 68% confidence level (CL) confidence regions are shown in Fig. 4282

for each individual measurement, as well as for the combined result.283

In summary, a combined measurement of the Higgs boson mass is performed in the284

H ! �� and H ! ZZ ! 4` channels using the LHC Run 1 data sets of the ATLAS285

and CMS experiments, with minimal reliance on the assumption that the Higgs boson286

behaves as predicted by the SM.287

The result is288

mH = 125.09± 0.24 GeV

= 125.09± 0.21 (stat.)± 0.11 (syst.) GeV,
(9)

where the total uncertainty is dominated by the statistical term, with the systematic un-289

certainty dominated by e↵ects related to the photon, electron, and muon energy or mo-290

mentum scales and resolutions. Compatibility tests are performed to ascertain whether291

the measurements are consistent with each other, both between the di↵erent decay chan-292

11

11
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Figure 1: Scans of twice the negative log-likelihood ratio �2 ln⇤(mH) as functions of
the Higgs boson mass mH for the ATLAS and CMS combination of the H ! �� (red),
H ! ZZ ! 4` (blue), and combined (black) channels. The dashed curves show the results
accounting for statistical uncertainties only, with all nuisance parameters associated with
systematic uncertainties fixed to their best-fit values. The 1 and 2 standard deviation
limits are indicated by the intersections of the horizontal lines at 1 and 4, respectively,
with the log-likelihood scan curves.

The corresponding likelihood ratio scans are shown in Fig. 1.138

A summary of the results from the individual analyses and their combination is pre-139

sented in Fig. 2.140

The observed uncertainties in the combined measurement can be compared with ex-141

pectations. The latter are evaluated by generating two Asimov data sets [26], where an142

Asimov data set is a representative event sample that provides both the median expec-143

tation for an experimental result and its expected statistical variation, in the asymptotic144

approximation, without the need for an extensive MC-based calculation. The first Asimov145

data set is a “prefit” sample, generated using mH = 125.0 GeV and the SM predictions146

for the couplings, with all nuisance parameters fixed to their nominal values. The second147

Asimov data set is a “postfit” sample, in which mH , the three signal strengths µ��
ggF+t¯tH ,148

µ��
VBF+V H , and µ4`, and all nuisance parameters are fixed to their best-fit estimates from149

the data. The expected uncertainties for the combined mass are150

�mH
prefit

= ±0.24 GeV = ±0.22 (stat.)± 0.10 (syst.) GeV (6)

5

5

• Good agreement between the 
combined γγ and 4l results

• CMS γγ weight ~40%, CMS 4l 
~23%, ATLAS γγ and 4l ~18-19%

• To avoid assumptions, three signal 
strengths are introduced in the fit as 
free parameters when combining

•  μggF+ttH, μVBF+VH for γγ and μ4l for 4l   

(the same in ATLAS and CMS)

• Interference is neglected        
(expect a few MeV mass shift)

mγγ=125.07±0.25(stat)±0.14(syst) m4l=125.15±0.37(stat)±0.15(syst)
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Compatibility checks

5

• mγγ and m4l almost on top of each other

• Small difference between the experiments, well below 1σ
• ATLAS: 125.36±0.37(stat)±0.18(syst) CMS: 125.02±0.27(stat)±0.15(syst)

• All the signal strength 
factors are compatible 
with 1

• μggF+ttH = 1.15+0.28-0.25

• μVBF+VH=1.17+0.58-0.53

• μ4l= 1.40+0.30-0.25 

• μ = 1.24+0.18-0.16 
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Global!Electroweak!Fit!
•  Correc6ons!calculated!to!2oloop!

EW!precision!

•  Mixed!EWoQCD!terms!only!at!
order!ααs!

•  Include!Δmt!=!0.5!GeV!theore6cal!
uncertainty!

37!

•  Improving!direct!ΔMW!a!high!priority!
–  ΔMW!=!15!MeV!(direct),!c.f.!!8!MeV!(fit)! •  Consistent!fit!to!all!the!data!

–  Χ2!=!17.8!for!14!d.o.f.!

Combined results

6

• mH=125.09±0.21(stat)±0.11(syst) GeV 

• 0.19% precision! 

• Among the most precise parameters of the EWK fit

• Mostly statical uncertainties

• Tensions mostly within experiments, no indications of 
channel dependencies

 [GeV]Hm
123 124 125 126 127 128 1290.5−

9
Total Stat. Syst. preliminaryCMS and ATLAS

 Run 1LHC       Total      Stat.    Syst.

l+4γγ CMS+ATLAS  0.11) GeV± 0.21 ± 0.24 ( ±125.09 

l 4CMS+ATLAS  0.15) GeV± 0.37 ± 0.40 ( ±125.15 

γγ CMS+ATLAS  0.14) GeV± 0.25 ± 0.29 ( ±125.07 

l4→ZZ→H CMS  0.17) GeV± 0.42 ± 0.45 ( ±125.59 

l4→ZZ→H ATLAS  0.04) GeV± 0.52 ± 0.52 ( ±124.51 

γγ→H CMS  0.15) GeV± 0.31 ± 0.34 ( ±124.70 

γγ→H ATLAS  0.27) GeV± 0.43 ± 0.51 ( ±126.02 

Figure 2: Summary of Higgs boson mass measurements from the individual analyses
of ATLAS and CMS and from the combined analysis presented here. The systematic
(narrower, magenta-shaded bands), statistical (wider, yellow-shaded bands), and total
(black error bars) uncertainties are indicated. The (red) vertical line and corresponding
(gray) shaded column indicate the central value and the total uncertainty of the combined
measurement, respectively.

for the prefit case and151

�mH
postfit

= ±0.22 GeV = ±0.19 (stat.) ± 0.10(syst.) GeV (7)

for the postfit case, which are both very similar to the observed uncertainties reported in152

Eq. (3).153

Constraining all signal yields to their SM predictions results in an mH value that is154

about 70 MeV larger than the nominal result with a comparable uncertainty. The increase155

in the central value reflects the combined e↵ect of the higher-than-expected H ! ZZ !156

4` measured signal strength and the increase of the H ! ZZ branching fraction with157

mH . Thus, the fit assuming SM couplings forces the mass to a higher value in order to158

accommodate the value µ = 1 expected in the SM.159

Since the discovery, both experiments have improved their understanding of the elec-160

tron, photon, and muon measurements [16, 30–34], leading to a significant reduction of161

the systematic uncertainties in the mass measurement. Nevertheless, the treatment and162

understanding of systematic uncertainties is an important aspect of the individual mea-163

surements and their combination. The combined analysis incorporates approximately 300164

nuisance parameters. Among these, approximately 100 are fitted parameters describing165

the shapes and normalizations of the background models in the H ! �� channel, includ-166

ing a number of discrete parameters that allow the functional form in each of the CMS167

H ! �� analysis categories to be changed [35]. Of the remaining almost 200 nuisance168

parameters, most correspond to experimental or theoretical systematic uncertainties.169

Based on the results from the individual experiments, the dominant systematic uncer-170

tainties for the combined mH result are expected to be those associated with the energy171

or momentum scale and its resolution: for the photons in the H ! �� channel and for172

6

6
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Systematic uncertainties

7

• Measurement dominated by statistical uncertainties

• Systematics dominated by energy/momentum scale corrections 
(dominated by the available statistics)

0 0.05 0.1

ATLAS
Observed
Expected

combined result
Uncertainty in ATLAS

0 0.05 0.1
 [GeV]Hmδ

CMS
Observed
Expected

combined result
Uncertainty in CMS

0 0.02 0.04 0.06

Combined
Observed
Expected

combined result
Uncertainty in LHC

Theory uncertainties

Additional experimental
systematic uncertainties

Integrated luminosity

 background modelingγγ →H ATLAS 

Muon momentum scale & resolution

CMS electron energy scale & resolution

 calibration ee→Z 

 vertex & conversionγγ →H ATLAS 
reconstruction

Photon energy resolution

ECAL lateral shower shape

ECAL longitudinal response

Material in front of ECAL

ATLAS ECAL non-linearity /
  photon non-linearityCMS 

CMS and ATLAS
preliminary

 Run 1LHC

Figure 3: The impacts �mH (see text) of the nuisance parameter groups in Table 1 on the
ATLAS (left), CMS (center), and combined (right) mass measurement uncertainty. The
observed (expected) results are shown by the solid (empty) bars.

The compatibility of the combined ATLAS and CMS mass measurement in the H !258

�� channel with the combined measurement in the H ! ZZ ! 4` channel is evaluated259

using the variable �m�Z ⌘ m��
H � m4`

H as the parameter of interest, with all other pa-260

rameters, including mH , profiled. Similarly, the compatibility of the ATLAS combined261

mass measurement in the two channels with the CMS combined measurement in the262

two channels is evaluated using the variable �mexpt ⌘ mATLAS

H � mCMS

H . The observed263

results, �m�Z = �0.1 ± 0.5 GeV and �mexpt = 0.4 ± 0.5 GeV, are both consistent264

with zero within 1�. The di↵erence between the mass values in the two experiments is265

�mexpt

�� = 1.3 ± 0.6 GeV (2.1 �) for the H ! �� channel and �mexpt

4` = �0.9 ± 0.7 GeV266

(1.3 �) for the H ! ZZ ! 4` channel. The combined results exhibit a greater degree267

of compatibility than the results from the individual decay channels because the �mexpt

268

value has opposite signs in the two channels.269

The compatibility of the signal strengths from ATLAS and CMS is evaluated through270

the ratios �expt = µATLAS/µCMS, �expt

F = µ�� ATLAS

ggF+t¯tH /µ�� CMS

ggF+t¯tH , and �expt

4` = µ4` ATLAS/µ4` CMS.271

For this purpose, each ratio is individually taken to be the parameter of interest, with all272

other nuisance parameters profiled, including the remaining two ratios for the first two273

tests. We find �expt = 1.21+0.30
�0.24, �

expt

F = 1.3+0.8
�0.5, and �expt

4` = 1.3+0.5
�0.4, all of which are consis-274

tent with unity within 1 �. The ratio �expt

V = µ�� ATLAS

VBF+V H /µ�� CMS

VBF+V H is omitted because the275

ATLAS mass measurement in the H ! �� channel is not sensitive to µ��
VBF+V H/µ

��
ggF+t¯tH .276

10

10

mH=125.09±0.21(stat)±0.11(scale)±0.02(other)±0.01(th) GeV
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Measure of the signal strength

8

• Measure of the ratio μ between the observed/predicted 
event rate

• SM kinematics for production and decay

• Disentangle for production mechanism and decay mode in 
different channels

H→γγ H→ZZ H→WW H→ττ H→bb H→Zγ H→μμ

ggH ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

VBF ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

VH ATLAS
CMS

ATLAS
CMS

ATLAS
CMS CMS ATLAS

CMS
ATLAS
CMS CMS

ttH ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS

ATLAS
CMS
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Signal strength by decay channel

9

• No deviations from the SM

6.3 Fermion- and boson-mediated production processes and their ratio 19

SMσ/σBest fit 
0 1 2 3 4

 0.99± = 2.75 µ       
ttH tagged

 0.35± = 0.83 µ       
VH tagged

 0.27± = 1.15 µ       
VBF tagged

 0.16± = 0.87 µ       
Untagged

 0.14± = 1.00 µ       
Combined CMS

 (7 TeV)-1 (8 TeV) +  5.1 fb-119.7 fb
 = 125 GeVH m

 = 0.24
SM

p

SMσ/σBest fit 
0 0.5 1 1.5 2

 0.44± = 0.84 µ       
 bb tagged→H 

 0.28± = 0.91 µ       
 taggedττ →H 

 0.21± = 0.83 µ       
 WW tagged→H 

 0.29± = 1.00 µ       
 ZZ tagged→H 

 0.24± = 1.12 µ       
 taggedγγ →H 

 0.14± = 1.00 µ       
Combined CMS

 (7 TeV)-1 (8 TeV) +  5.1 fb-119.7 fb
 = 125 GeVH m

 = 0.96
SM

p

SMσ/σBest fit 
-4 -2 0 2 4 6

 bb (ttH tag)→H 
 bb (VH tag)→H 

 (ttH tag)ττ →H 
 (VH tag)ττ →H 

 (VBF tag)ττ →H 
 (0/1-jet)ττ →H 

 WW (ttH tag)→H 
 WW (VH tag)→H 

 WW (VBF tag)→H 
 WW (0/1-jet)→H 

 ZZ (2-jet)→H 
 ZZ (0/1-jet)→H 

 (ttH tag)γγ →H 
 (VH tag)γγ →H 

 (VBF tag)γγ →H 
 (untagged)γγ →H 

 0.14± = 1.00 µ       
Combined

CMS
 (7 TeV)-1 (8 TeV) +  5.1 fb-119.7 fb

 = 125 GeVH m

 = 0.84
SM

p

Figure 4: Values of the best-fit s/sSM for the overall combined analysis (solid vertical line) and
separate combinations grouped by production mode tag, predominant decay mode, or both.
The s/sSM ratio denotes the production cross section times the relevant branching fractions,
relative to the SM expectation. The vertical band shows the overall s/sSM uncertainty. The
horizontal bars indicate the ±1 standard deviation uncertainties in the best-fit s/sSM values
for the individual combinations; these bars include both statistical and systematic uncertainties.
(Top left) Combinations grouped by analysis tags targeting individual production mechanisms;
the excess in the ttH-tagged combination is largely driven by the ttH-tagged H ! gg and
H ! WW channels as can be seen in the bottom panel. (Top right) Combinations grouped by
predominant decay mode. (Bottom) Combinations grouped by predominant decay mode and
additional tags targeting a particular production mechanism.

) µSignal strength (
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Total uncertainty
µ on σ 1±

(stat.)σ
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sys inc.(σ

(theory)σ

ATLAS-CONF-2015-007 arXiv: 1412.8662
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Signal strength by production

10

• Assume SM values for ratios between different branching fractions

• Small 1-2σ excess in ttH, consistent among the 2 experiments

• Compatible with SM

22 6 Compatibility of the observed yields with the SM Higgs boson hypothesis

Table 6: Parameterization used to scale the expected SM Higgs boson yields of the different
production and decay modes when obtaining the results presented in Fig. 6.

Parameters of interest: µggH, µVBF, µVH, and µttH.
Signal
model H ! gg H ! ZZ H ! WW H ! tt H ! bb

ggH µggH µggH µggH µggH µggH
VBF µVBF µVBF µVBF µVBF µVBF
VH µVH µVH µVH µVH µVH
ttH µttH µttH µttH µttH µttH

values of the branching fractions are those expected for the SM Higgs boson. This assumption681

is relaxed, in different ways, in Sections 6.5 and 6.6.682

Figure 6 summarizes the results of likelihood scans for the four parameters of interest described683

in Table 6 in terms of the 68% CL (inner) and 95% CL (outer) confidence intervals. When684

scanning the likelihood of the data as a function of one parameter, the other parameters are685

profiled.686

Parameter value
0 1 2 3 4 5 6

- 0.94
+1.08 = 2.90

ttH
µ

- 0.36
+0.38 = 0.92

VH
µ

- 0.34
+0.37 = 1.16

VBF
µ

- 0.16
+0.19 = 0.85

ggH
µ

68% CL
95% CL

CMS
 (7 TeV)-1 (8 TeV) +  5.1 fb-119.7 fb

68% CL
95% CL

Figure 6: Likelihood scan results for µggH, µVBF, µVH, and µttH. The inner bars represent the
68% CL confidence intervals while the outer bars represent the 95% CL confidence intervals.
When scanning each individual parameter, the three other parameters are profiled. The SM
values of the relative branching fractions are assumed for the different decay modes.

Table 7 shows the best-fit results for the 7 TeV and 8 TeV data sets separately, as well as for the687

full combined analysis. Based on the combined likelihood ratio values for each parameter, Ta-688

ble 7 also shows the observed significance, the expected significance, and the pull of the results689

with respect to the SM hypothesis. The observed significance is derived from the observed690

likelihood ratio for the background-only hypothesis, µi = 0, in data. The expected significance691

is derived from the likelihood ratio for µi = 0 obtained using the median expected result for692

the SM Higgs boson. The pull with respect to the SM hypothesis is derived from the observed693

likelihood ratio for µi = 1; by definition, the expected pull with respect to the SM hypothesis is694

zero.695

The µggH best-fit value is found to be 0.85+0.19
�0.16. After calculating the component of the uncer-696

tainty that is statistical in nature (stat) and the component related to the theory inputs (theo),697

0.5− 0 0.5 1 1.5 2 2.5 3

μ
ttH

= 1.81 ± 0.80

μ
VH

= 0.80 ± 0.36

μ
VBF

= 1.23 ± 0.32

μ
ggF

= 1.23
+0.23

−0.20

Parameter value

ATLAS Preliminary
√s = 7 TeV, 4.5 − 4.7 fb

−1 √s = 8 TeV, 20 .3 fb
−1

m
H

= 125 .36 GeV

68% CL:

95% CL:



Giacomo Ortona                                                                                                                                                                                      GDR Terascale - Saclay - 30/03/2015

ggF+ttH
fµ
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-1 = 8 TeV, 20.3 fbs

 = 125.36 GeVHm
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γγ →H 
ττ →H 

Standard Model
Best fit
68% CL
95% CL

Comparison between ggH and VBF

11

• Remove assumptions 
on decay BR

• Separate ggH(+ttH) 
from VBF (+VH) 
production

• BR(H→ff) cancels in the 
ratio

1− 0.5− 0 0.5 1 1.5 2 2.5 3 3.5

R
Combined

= 0.96
+0.43

−0.31

R
bb

= 0.33
+1.03

−0.25

Rττ = 0.81
+2.19

−0.49

R
WW

∗ = 1.47
+0.80

−0.54

R
ZZ

∗ = 0.18
+1.20

−0.52

Rγγ = 0.56
+0.66

−0.45

[σ
VBF+VH 

/σ
ggF+ttH

]
SM

σ
VBF+VH 

/σ
ggF+ttH

ATLAS Preliminary
√ = 7 TeV, 4.5 − 4.7 fb

− 1 √ = 8 TeV, 20.3 fb
−1

mH = 125.36 GeV

68% CL:

95% CL:

ggH,ttH
µ/

VBF,VH
µ

0 0.5 1 1.5 2 2.5 3 3.5 4

 ln
 L

∆
- 2
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 taggedγγ →H 
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Couplings to fermions and gauge

12

• For each coupling, introduce a 
scale factor k that accounts for 
deviations from SM (by definition 
ki=1 is SM)

• Explore differences between 
Yukawa and gauge couplings by 
introducing 2 k factors kf and kV

• Assume SM H width and no 
additional effects in the loops

• Sign ambiguity resolved by 
interference in γγ,tH decays

• Good agreement with the SM

Vκ

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

F
κ

4−

3−

2−

1−

0

1

2

3

4
ATLAS Prelim.
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ττ →H 
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  Vκ
0 0.5 1 1.5

   fκ

-2
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0

1

2

95% C.L.

bb→H

ττ→H

ZZ→H

WW→H γγ
→H

 CMS  (7 TeV)-1 (8 TeV) + 5.1 fb-119.7 fb

Observed
SM Higgs
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• Assume only SM 
particles in loops, no 
invisible decays

• All results 
compatible with the 
SM

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

(95%CL) |κμ | < 2.28

κτ ∈ [−1.22, −0.80]

∪[0.80, 1.22]

κ
b

∈ [−0.90, −0.33]

∪[0.28, 0.96]

κ = 0.94 ± 0.21

κ
Z

∈ [−1.06, −0.82]

∪[0.84, 1.12]

κ
W

= 0.91 ± 0.14

Parameter value

ATLAS Preliminary
√s = 7 TeV, 4.5 − 4.7 fb

−1 √s = 8 TeV, 20.3 fb
−1

m
H

= 125.36 G eV

68% CL:

95% CL:

BRi.,u. = 0

Absolute couplings

13

Particle mass (GeV)
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95% CL
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 (7 TeV)-1 (8 TeV) +  5.1 fb-119.7 fb

68% CL
95% CL
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Parameter value
0 0.5 1 1.5 2 2.5 3 3.5

- 0.46
+0.54 = 2.18tgλ

- 0.17
+0.19 = 0.79Zτλ

- 0.14
+0.17 = 0.93Zγλ

- 0.23
+0.22 = 0.59bZλ

- 0.28
+0.36 = 1.39Zgλ

- 0.13
+0.15 = 0.87WZλ

- 0.13
+0.14 = 0.98gZκ

68% CL
95% CL

CMS
 (7 TeV)-1 (8 TeV) +  5.1 fb-119.7 fb

68% CL
95% CL

Higgs coupling ratios

14

Fit ratio of couplings λij=ki/kj in order to 
avoid assumptions on ratios of production 
mechanisms and branching fractions

2− 1− 0 1 2 3

(95%CL) λ (Zγ )Z < 3.2

λγZ = 0.90 ± 0.15

(95%CL) λμZ < 2.3

λτZ = 0.99
+ 0.23

− 0.19

λbZ = 0.60 ± 0.27

λ ∈ [−1.70, −1.07]

∪[1.03, 1.73]

λ
WZ

∈ [−1.04, −0.81]

∪[0.80, 1.06]

λZ = 1.09
+0.26

−0.22

κ Z = 1.18 ± 0.16

Parameter va lue

ATLAS Preliminary
√s = 7 TeV, 4.5 − 4.7 fb

−1 √s = 8 TeV, 20.3 fb
−1

m
H

= 125.36 GeV

68% CL:

95% CL:

• Most general measurement possible within 
the k framework

• We will do better in run2

• No assumptions on particle content in loops

• No assumptions on BSM decay modes or ΓH
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Custodial symmetry

15

• In the SM custodial symmetry 
prevents deviations from λWZ=1

• No assumptions on other 
couplings

WZλ
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∆
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Z
λ(

Λ
-2

 ln
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2.5− 2− 1.5− 1− 0.5− 0 0.5 1 1.5 2 2.5

ATLAS Preliminary
SM expected
Observed

-1 = 7 TeV, 4.5-4.7 fbs
-1 = 8 TeV, 20.3 fbs

])Zγ(Zλ,Zgλ,WZλ,Zτλ,Zµλ,Zγλ,bZλ,tgλ,gZκ[

• CMS:  λWZ=0.94+0.22-0.18 
ATLAS: λWZ=0.92+0.14-0.12

• Negative solutions sligthly 
disfavoured  thanks to tH and 
ZH productions
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Conclusions

16

• ATLAS and CMS combined results produced an amazingly 
precise Higgs mass measurement mH=125.09±0.24 GeV

• Result dominated by statistical uncertainties, will improve in run2

• Measurement of the Higgs boson coupling to the SM particles 
show very good agreement with SM expectations within the 
current uncertainties

• Only deviation observed so far in ttH production, between 1 and 2σ

• Combination of couplings (ongoing) will provide a better picture

• No more room for large deviations from the SM. The study of the 
couplings in “rare” production/decays channel is a priority for run2



BACKUP
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Absolute couplings

18

• Relaxing the asssumptions, 
e.g. allowing for the BR to 
invisible to float and for the 
presence of non-SM particles 
in loops or only keeping the 
total Higgs width unmodified 
does not have a huge impact 
on the measured couplings

• Couplings values are quite 
stable (within these 
uncertainties)

2− 1− 0 1 2 3

Γ
SM

H

Γ
H

BR
i.,u.

κ
Zγ

κ

κγ

κμ

κτ

κ
b

κ

κ
Z

κ
W

Parameter value

ATLAS Preliminary
√s = 7 TeV,4.5 − 4.7 fb

−1 √s = 8 TeV,20.3 fb
−1

m
H

= 125.36 GeV

68% CL:

95% CL:

κV < 1 BRi. ,u.
= 0κon = κof f


