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Higgs boson mass
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At discovery in 2012, mass known with accuracy of about ±0.6 GeV in each experiment

Today we are around 0.1 GeV ~factor 5–6 improvement relative to discovery (in line w. ×30 increase in # of Higgses 
BUT as well substantial work to reduce the systematics )

Uncertainties on mass are magnified by ×10 on critical ZZ* branching ratio (0.1% → 1%) 
Mass-shift as a function of the Higgs boson width to be considered | 
ATLAS and CMS combination ?
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Figure 8: Observed likelihood scan as a function of mH, split per final state and combined,
using N -2D

0
VXBS

approach. Statistical and systematic uncertainties have been considered.
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Figure 9: Summary of the observed CMS H boson mass measurements using the four lepton
decay channel. The red vertical line and the grey column represent the best fit value and the
total uncertainty respectively as measured from the Run 1 and Run 2 combination. The yellow
bands stands for the statistical uncertainty; black error bars the total one.

Higgs mass from H→!! &H→ZZ combination

Combination  of H →ZZ and H → ! ! provides:  
       most precise mH measurement at 0.09% 

mH = 125.11 ± 0.11 GeV 

Profits of various performance improvements: 
• ~4x improvements in photon energy calibration!  

• due to  30% improvement in systematics:  EM calorimeter layer 
calibration,  measure of E lost around e/! clusters.  

• Residual electron E scale non-linearities used for first time to 
constrain systematic uncertainties → further x2 improvement 

➡Reduces # → $$ systematics by factor  3: 
          320 MeV → 80 MeV 
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Higgs boson width
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Measurement is statistically limited  

Main uncertainties related to dominant background 
Savvas Kyriacou  Higgs Hun�ng ‘23 10

Higgs width – o9-shell method

NEW!

=

Full Run2 H→4l 

HIG-21-019
(link)

Savvas Kyriacou  Higgs Hun�ng ‘23 10

Higgs width – o8-shell method

NEW!

=

Full Run2 H→4l 

Table 1: The dominant uncertainties in the leading processes in the signal and background regions. Uncertainties may
depend on the value of the observable: if so, a range is given in the table. Detailed descriptions of the uncertainties
are given in the text.

Process Uncertainty Final State Value (%)

ggF Signal Region

@@ ! // QCD Scale 2✓2a 4–40

@@ ! // + 2 9 QCD Scale 4✓ 21–28

@@ ! // + 2 9 QCD Scale 2✓2a 22–37

@@ ! // + 2 9 Parton Shower 2✓2a 1–67

66 ! �
⇤ ! // Parton Shower 4✓ 27

66 ! �
⇤ ! // Parton Shower 2✓2a 8–45

66 ! // Parton Shower 4✓ 38

66 ! // Parton Shower 2✓2a 6–43

,/ + 0 9 QCD Scale 2✓2a 1–54

1-jet Signal Region

66 ! �
⇤ ! // Parton Shower 4✓ 27

66 ! �
⇤ ! // QCD Scale 2✓2a 13–18

66 ! // Parton Shower 4✓ 38

66 ! // QCD Scale 2✓2a 18–20

@@ ! // (EW) QCD Scale 2✓2a 7–18

2-jet Signal Region

@@ ! // + 2 9 QCD Scale 4✓ 18–26

@@ ! // + 2 9 QCD Scale 2✓2a 8–32

66 ! �
⇤ ! // Parton Shower 4✓ 27

66 ! // Parton Shower 4✓ 38

66 ! // QCD Scale 2✓2a 18–20

,/ + 2 9 QCD Scale 2✓2a 20–22

@@ ! // Control Regions

@@ ! // + 2 9 QCD Scale 4✓ 26

Three-lepton Control Regions

,/ + 2 9 QCD Scale 2✓2a 28

from the usual QCD scale variations. For those processes simulated with the P����� shower program, the
uncertainty is assessed by varying the P����� configurations, such as the parameter values of the A14 tune,
the multi-parton models and the final-state radiation models. For ggF production, the PS uncertainties
are correlated between the signal and background processes. The uncertainties are split into shape and
normalization components, with the latter being more significant.
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Combinations 
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Higgs boson c!pling meas"ements (ATLAS)

• Another new (preliminary) result 

• VBF WH production process provides sensitivity to the sign between  and  

• Two main processes interfere constructively (destructively) if  and  have opposite (same) signs 

• Cross section increases by ~6x for opposite sign contributions

κW κZ

κW κZ

12

Couplings:  frameworkκ New!
ATLAS-CONF-2023-057

Higgs boson c!pling meas"ements (ATLAS)

• Another new (preliminary) result 

• VBF WH production process provides sensitivity to the sign between  and  

• Recall that in previous result, all coupling modifiers are assumed to be positive! 

• Opposite sign coupling excluded with significance 

κW κZ

> 8.0σ
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Couplings:  frameworkκ
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Another channel (as tH) to be considered to study the coupling signs 
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