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Higgs boson measurements in Run 2
• So far, Higgs boson properties in agreement with the SM expectation 

• Bosonic (Run 1) and 3d generation fermionic couplings (Run 2) observed - 
current precision on couplings ~10-30% (single-experiment) 

• 2nd generation fermion couplings still to be 
        established 

• Goal for the future: improve precision
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Analysis procedures
Analysis of simulated samples with HL-LHC conditions and detectors 
• Generally for new, or significantly improved, analyses 

Extrapolations from Run 2 data to 3 ab-1 
• Analyses that were already performed in Run 2 
• Efficiencies, resolutions, fake rates assumed unchanged from the Run 2 values 
• Main scenario YR18 systematic uncertainties (S2):  

• Most theoretical uncertainties scaled down by a factor 1/2, 
experimental uncertainties scaled down by √L until they reach a 
defined lower limit. 

• Scenario for comparison: using Run 2 systematic uncertainties (S1) 
• In all cases uncertainties due to the finite number of simulated events are 

neglected

All results presented in this talk included in the report from HE/HL-LHC WG 2:  
arXiv:1902.00134
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Combined Higgs coupling measurements

• Projection of combined measurements of Higgs boson couplings using data 
collected in 2015-2017 (ATLAS) and 2016 (CMS) 

• Covers all main production (gluon fusion, VBF, VH, ttH) and decay modes (γγ, 
ZZ, WW, bb, ττ, µµ, Zγ)
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Combined Higgs coupling measurements
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Production cross sections Branching ratios 

Bµµ and BZγ statistically limited.  
Other branching ratios and cross sections dominated by theoretical uncertainties.

S2 S2
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Combined Higgs coupling measurements
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Uncertainties on the ratios of k's 1.5-4%,  
With λγΖ and λWZ most precisely measured 
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Differential cross sections
Projection of H➔γγ and H➔ZZ➔4l differential cross sections   

10

 [p
b]

Je
t

dN
)

Je
t

(N
σd

HL-LHC No Sys
HL-LHC Sys. + Stat.
HL-LHC Scaled Sys. + Stat.

ATLAS Preliminary
Projection from Run 2 data

-1=14 TeV, 3000 fbs
 4l→ ZZ → + H γ γ →H 

0 1 2  3≥
JetN

0.8
1

1.2

R
at

io
Observable

 (p
b/

G
eV

)
H Tp

Δ/
σ

Δ

5−10

4−10

3−10

2−10

1−10

1

10

 > 600) / 250H
T

(pσΔ

 > 200) / 120H
T

(pσΔ

 > 600) / 250H
T

(pσΔ

Combination

 bb→H 

γγ →H 

 ZZ→H 

aMC@NLO, NNLOPS

Projection CMS  (13 TeV)-13000 fb

 from CYRM-2017-002SMσ

w/ YR18 syst. uncert. (S2)

 (GeV)H
T

p

R
at

io
 to

 p
re

di
ct

io
n

0.5

1

1.5

0 15 30 45 80 120 200 350 600 ∞

Precision 
~10% for H 
pT> 350 GeV, 
Statistically 
limited

Precision 5-15%  
depending on  
Njet bin

(S2)
(S1)



A. de Wit !9

Differential cross sections: probing Higgs-self coupling
• At NLO Higgs boson production modes 

include contributions involving the trilinear 
Higgs coupling ➔ ttH most sensitive 

• Focus on ttH, H➔γγ using Delphes simulation 
• At 95% CL: -4.1<κλ<14.1 ➔ complementary to 

the stronger constraints from direct di-Higgs 
production (see talk later today!)
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Width
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• Comparison of on- and off-shell rates in H➔ZZ➔4l can constrain the Higgs boson width. 
Current constraint: Γ<14.4 MeV (ATLAS), Γ<9.2 MeV (CMS) 

• CMS projection: 4.1       MeV, ATLAS projection: 4.1       MeV 
• ATLAS projection of Run 1 analysis, larger theoretical uncertainties than in CMS projection 

• Assuming same sensitivity for ATLAS & CMS analyses, combined constraint 4.1       MeV
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Invisible decays
• Current observed (expected) limits on 

Binv at 95% CL: 
• ATLAS: < 26% (17%) 
• CMS: < 22% (17%) 

• VBF production mode dominates 
sensitivity ➔ HL-LHC sensitivity studied 
using Delphes simulation 

• With optimised selection: Binv<3.8% at 
95% CL with 3 ab-1 at HL-LHC 

• Degradation of ETmiss resolution does not 
impact the sensitivity significantly 

• Combining with previous ATLAS 
projection of VH channel, and assuming 
both experiments would perform equally 
well in both channels: Binv<2.5% at 95% 
CL
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Summary & HE-LHC prospects
• Physics reach in the Higgs sector will be 

expanded at HL-LHC 
• Per-cent level precision on most 

Higgs couplings 
• Binv < 2.5% @ 95% CL 
• Width measurable to within 1 MeV  

• Many inclusive measurements limited by 
systematic uncertainties ➔ work needed 
from theoretical and experimental side to 
reduce these 

• Looking further ahead: HE-LHC 
• 15ab-1 at  
• κµ precision expected to reach 2% 
• ttH/ttZ ratio ~ per cent level precision 
• Reduction of statistical uncertainty in 

other Higgs coupling measurements
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Coupling measurements in Run 2
Production and decay

Production process Best fit value Uncertainty

stat. syst.

ggH 1.22
+0.14

�0.12

+0.08

�0.08

+0.12

�0.10

(+0.11

�0.11
) (+0.07

�0.07
) (+0.09

�0.08
)

VBF 0.73
+0.30

�0.27

+0.24

�0.23

+0.17

�0.15

(+0.29

�0.27
) (+0.24

�0.23
) (+0.16

�0.15
)

WH 2.18
+0.58

�0.55

+0.46

�0.45

+0.34

�0.32

(+0.53

�0.51
) (+0.43

�0.42
) (+0.30

�0.29
)

ZH 0.87
+0.44

�0.42

+0.39

�0.38

+0.20

�0.18

(+0.43

�0.41
) (+0.38

�0.37
) (+0.19

�0.17
)

ttH 1.18
+0.30

�0.27

+0.16

�0.16

+0.26

�0.21

(+0.28

�0.25
) (+0.16

�0.15
) (+0.23

�0.20
)

Decay mode Best fit value Uncertainty

stat. syst.

H ! bb 1.12
+0.29

�0.29

+0.19

�0.18

+0.22

�0.22

(+0.28

�0.27
) (+0.18

�0.18
) (+0.21

�0.20
)

H ! tt 1.02
+0.26

�0.24

+0.15

�0.15

+0.21

�0.19

(+0.24

�0.22
) (+0.15

�0.14
) (+0.19

�0.17
)

H ! WW 1.28
+0.17

�0.16

+0.09

�0.09

+0.14

�0.13

(+0.14

�0.13
) (+0.09

�0.09
) (+0.11

�0.10
)

H ! ZZ 1.06
+0.19

�0.17

+0.16

�0.15

+0.11

�0.08

(+0.18

�0.16
) (+0.15

�0.14
) (+0.10

�0.08
)

H ! gg 1.20
+0.18

�0.14

+0.13

�0.11

+0.12

�0.09

(+0.14

�0.12
) (+0.10

�0.10
) (+0.09

�0.07
)

H ! µµ 0.68
+1.25

�1.24

+1.24

�1.24

+0.13

�0.11

(+1.20

�1.17
) (+1.18

�1.17
) (+0.19

�0.03
)

arXiv:1809.10733
ATLAS-CONF-2018-031

ATLAS
CMS
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Coupling measurements in Run 2
Coupling modifiers

BBSM = 0 BBSM > 0, |kV| < 1
Uncertainty Uncertainty

Parameter Best fit stat syst Parameter Best fit stat syst

kZ
1.00 +0.11

�0.11
+0.09
�0.09

+0.06
�0.07 kZ

�0.87 +0.08
�0.08

+0.07
�0.06

+0.04
�0.04

(+0.11
�0.11) (+0.09

�0.09) (+0.06
�0.06) (+0.00

�0.12) (+0.00
�0.10) (+0.00

�0.06)

kW
�1.13 +0.16

�0.13
+0.15
�0.10

+0.06
�0.08 kW

�1.00 +0.09
�0.00

+0.07
�0.00

+0.05
�0.00

(+0.12
�0.12) (+0.09

�0.09) (+0.07
�0.07) (+0.00

�0.12) (+0.00
�0.09) (+0.00

�0.07)

kt
0.98 +0.14

�0.14
+0.08
�0.08

+0.12
�0.11 kt

1.02 +0.19
�0.15

+0.13
�0.09

+0.13
�0.13

(+0.14
�0.15) (+0.08

�0.09) (+0.12
�0.12) (+0.18

�0.15) (+0.13
�0.09) (+0.13

�0.12)

kt
1.02 +0.17

�0.17
+0.11
�0.13

+0.12
�0.10 kt

0.93 +0.13
�0.13

+0.08
�0.09

+0.11
�0.10

(+0.16
�0.15) (+0.11

�0.11) (+0.12
�0.11) (+0.14

�0.15) (+0.09
�0.10) (+0.11

�0.11)

kb
1.17 +0.27

�0.31
+0.18
�0.29

+0.20
�0.10 kb

0.91 +0.17
�0.16

+0.11
�0.12

+0.13
�0.11

(+0.25
�0.23) (+0.18

�0.17) (+0.17
�0.16) (+0.19

�0.22) (+0.14
�0.16) (+0.13

�0.15)

kg
1.18 +0.16

�0.14
+0.10
�0.09

+0.12
�0.10 kg

1.16 +0.18
�0.13

+0.14
�0.09

+0.12
�0.10

(+0.14
�0.12) (+0.10

�0.09) (+0.10
�0.09) (+0.17

�0.12) (+0.13
�0.09) (+0.11

�0.09)

kg
1.07 +0.14

�0.15
+0.10
�0.14

+0.09
�0.05 kg

0.96 +0.09
�0.09

+0.06
�0.08

+0.06
�0.06

(+0.12
�0.12) (+0.10

�0.09) (+0.07
�0.07) (+0.09

�0.11) (+0.07
�0.09) (+0.05

�0.07)

kµ
0.80 +0.59

�0.80
+0.56
�0.81

+0.17
�0.00 kµ

0.72 +0.50
�0.72

+0.50
�0.71

+0.00
�0.07

(+0.51
�1.01) (+0.50

�1.01) (+0.09
�0.09) (+0.49

�1.01) (+0.48
�1.00) (+0.06

�0.08)

Binv
0.07 +0.08

�0.07
+0.03
�0.03

+0.07
�0.06

(+0.09
+0.00) (+0.04

�0.00) (+0.08
�0.00)

Bundet
0.00 +0.17

+0.00
+0.14
�0.00

+0.09
�0.00

(+0.20
+0.00) (+0.17

�0.00) (+0.11
�0.00)

arXiv:1809.10733ATLAS-CONF-2018-031

ATLAS CMS
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Important systematic uncertainties @ 3ab-1
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ttH, H➔ll 
(with τ) 

Important systematic uncertainties related 
to background modelling, tau ID
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Combined Higgs coupling measurements

Expected relative uncertainty
0 0.02 0.04 0.06 0.08 0.1 0.12

γZκ
µκ
τκ
bκ
tκ
gκ
Zκ

Wκ
γκ

CMS and ATLAS
HL-LHC Projection

-13000 fb

Stat. + Exp.

+ Theory

ATLAS CMS

Expected relative uncertainty
0 0.02 0.04 0.06 0.08 0.1 0.12

)Zγ(Zλ
Zµλ

bZλ
Zτλ
Zγλ

WZλ
tgλ

Zgλ
gZκ

CMS and ATLAS
HL-LHC Projection

-13000 fb

Stat. + Exp.

+ Theory

ATLAS CMS

Coupling modifiers

Ratio of coupling 
modifiers

S2S2

Comparison of individual ATLAS and CMS contributions to measurement of  
coupling modifiers and ratios of coupling modifiers 
Projected sensitivities similar for both experiments! 
Small differences due to slightly different systematic uncertainty treatment
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Higgs couplings at HE-LHC

Expected uncertainty on coupling modifiers 
at HE-LHC, 15 ab-1 @ 

S2’ theoretical and modelling systematic 
uncertainties halved with respect to S2. 

s = 27 TeV
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Anomalous HVV interactions
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Only on-shell
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CMS Projection

w/ Run 2 syst. uncert.
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3 ATLAS Simulation Preliminary -1 L = 3000 fb∫

Standard Model
Modulus sensitive

 sensitive
1

)/g
4

(gℜ
 sensitive

1
)/g
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(gℑ

68% CL
95% CL
95% CL-superimposed

g1,2,3 interactions with gauge bosons, g4 interaction with Higgs boson 
Can also characterise with a2, a3, Λ1 and ΛQ.  
a2 <> g2; a3 <> g4 ➔ in the SM a3/g4 are 0


