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Introduction

• Higgs width ��: a fundamental parameter that quantifies the 
intrinsic instability of the Higgs boson.

• SM prediction: ��,푆� = 4.1 MeV (± 1%);
– Higgs boson mass ~ 125 GeV;
– Including all the known decay processes. 

• Why measure ��? 
– SM consistency: one of the most stringent tests of the theoretical 

consistency of the Standard Model.
– New physics window: any deviation from the SM prediction could reveal 

new BSM decays or new interactions modifying Higgs couplings.
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Introduction

• Challenge: detector resolution > 1 GeV >> ��,푆� → an incredibly 
narrow width.

• Solution: indirect measurement strategy.
– On-shell Higgs: �표�−�ℎ푒�� = �푝푟표���푒���/(��/��,푆�);

– Off-shell Higgs: �표��−�ℎ푒�� = �’푝푟표��’�푒���;

– Assumption: �표�−�ℎ푒�� = �’표��−�ℎ푒��;

⇒  �표�−�ℎ푒��

�표��−�ℎ푒��
= ��,푆�

��
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Off-shell process: gg→ZZ

• �푔푔→(�∗→)푍푍
푆� = �푔푔→�∗→푍푍

푆� + �푔푔,푖�푡푒푟�푒푟푒��푒
푆� + �푔푔→푍푍

푆�

• �푔푔→(�∗→)푍푍
표���ℎ푒�� = �표���ℎ푒�� ∙ �푔푔→�∗→푍푍

푆� + �표���ℎ푒�� ∙ �푔푔,푖�푡푒푟�푒푟푒��푒
푆� + �푔푔→푍푍

푆�

– Rewrite �푔푔,푖�푡푒푟�푒푟푒��푒
푆� = �푔푔→(�∗→)푍푍

푆� − �푔푔→�∗→푍푍
푆� − �푔푔→푍푍

푆�

• �푔푔→(�∗→)푍푍
표���ℎ푒�� = (�표���ℎ푒�� − �표���ℎ푒��) ∙ �푔푔→�∗→푍푍

푆�

                                   + �표���ℎ푒�� ∙ �푔푔→(�∗→)푍푍
푆�

                                   + (1 − �표���ℎ푒��) ∙ �푔푔→푍푍
푆�

2026-8-20Measurements of the Higgs boson width with the ATLAS 4

22

Difficult to generate MC 
samples



Bing Li, Shanjia Liu

Off-shell process: EW

• Signal: VBF + VH.
• Background: qqZZ (major), WW/WZ, ttbar, single top, Z+jets.
• EW interference: parameterized by signal strength.

– �퐸�
표���ℎ푒�� = �표���ℎ푒�� ∙ �푝푝�푍푍2�

푆� + �표���ℎ푒�� ∙ �퐸�,푖�푡푒푟�푒푟푒��푒
푆� + �푝푝푍푍2�

푆�

⇒  
 

 

    

�퐸�
표���ℎ푒��(�표���ℎ푒�� = 1)

�퐸�
표���ℎ푒��(�표���ℎ푒�� = 10)

�퐸�
표���ℎ푒��(�표���ℎ푒�� = 0)

 

 

    =  
 
  

1 1 1
10 10 1
0 0 1

 
 
  
 

 

     

�푝푝�푍푍2�
푆�

�퐸�,푖�푡푒푟�푒푟푒��푒
푆�

�푝푝푍푍2�
푆�

 

 

     

– To overcome the difficulty of separating u-channel VBF off-shell 
production from the VBS background. 
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Method of histogram
(binned likelihood)

arxiv:2304.01532v3
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Analysis Strategy Overview
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ZZ→4l Object and Event 
Pre-selection

ggF region

Mixed region

EW region

�푔푔�
푁푁

��푖�푒�
푁푁

�퐸�
푁푁

NN 
ggF

NN 
EW

Fit

ZZ→2l2ν Object and Event 
Pre-selection

ggF region

Mixed region

EW region

��
푍푍

��
푍푍

��
푍푍

Fit

Systematics ��
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ZZ→4l

• Signal region (SR): 220 < �4� < 2000 GeV;
– ggF region: 0 jet or (1 jet and |����| < 2.2) or (≥ 2 jets and |����| < 4);

– Mixed region: 1 jet and |����| > 2.2;

– EW region: ≥ 2 jets and |����| > 4.

• Control region (CR): 180 < �4� < 220 GeV;
• CR-I: 0 jet;
• CR-II: 1 jet;
• CR-III: ≥ 2 jets.
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ZZ→4l: NN Training

• NN ggF
– Trained in 0-jet SR; applied to both ggF and mixed 

region. 
– 3 classes and outputs: �푔푔�푍푍, �푔푔푍푍, ���.

– Observable: �푔푔�(�푖�푒�)
푁푁 = log10

�푔푔�푍푍

�푔푔푍푍+���
.

• NN EW
– Trained in ≥ 2 jets SR; applied only to EW region.
– 3 classes and outputs: �푉퐵��, ���퐸�, ���푄��.

– Observable: �퐸�
푁푁 = log10

�푉퐵��

���퐸�+���푄��
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ZZ→2l2ν
• Signal region (SR)

• Control region (CR)
– WZ CR 0 jet / 1 jet / ≥ 2 jets;
– Non-resonant-dilepton CR;
– Z+jets CR.

• Observable: transverse mass of ZZ.
 ��

푍푍 2
=  �푍

2 +  푝�
�� 2 + �푍

2 +  퐸�
�푖�� 

2
 

2

−  푝�
�� + 퐸�

�푖�� 
2
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Signal Region Selection Criteria

ggF Common selection + excluding events assigned to the EW and Mixed SRs

Mixed Common selection + 1 jet + |����| > 2.2

EW Common selection + ≥ 2 jets + |����| > 4
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Systematic uncertainties
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Parton Shower and QCD Scale 
dominant the systematic uncertainties!
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Results

• Fitting: �표��−�ℎ푒�� = 1.1−0.6
+0.7, uppler limit = 2.4 at 

95% CL;

• Observed significance: 3.3�;

• Combined with on-shell results �표�−�ℎ푒�� = 1.01 ±
0.11, the width ratio is

��/��,푆� = 1.1−0.5
+0.7 ⇒  �� = 4.4−2.2

+3.0 MeV. 
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Method of NSBI
(unbinned likelihood)

arxiv:22.01548v2
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Neural Simulation-Based Inference (NSBI) 

• Traditional ML outputs, e.g. �푔푔�
푁푁 , compresses the info from multi-

dimenssions to 1 dimenssion.
• NSBI aims to learn the per-event density ratio directly. 

– Using nerual network with binary cross entropy, 

푟�(�) =
푝�(�)

푝푟푒�(�)
=

��(�)
1 − ��(�)

– Density ratio estimator.
– Perform an unbinned fit.

2026-8-20Measurements of the Higgs boson width with the ATLAS 14



Bing Li, Shanjia Liu

NSBI in �� measurement
• Focus on 4-lepton final state, i.e., ZZ→4l.
• SR/CR are given by a 5-class NN obserable.

– 14 input variables; 5 hidden layers; 1000 neurons per layer.  
– 1 SR for ggF and EW, 3 CRs for backgrounds. 

• In SR, train NN for each process with different reference.
– Provide density ratio.

• Construct likelihood function.
• Fit & results.  
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Results

• Fitting (combined with ZZ→2l2ν): 
– �표��−�ℎ푒�� = 1.06−0.45

+0.62, 

– upper limit = 2.24 at 95% CL;

• Observed significance: 3.7�;

 �� = 4.3−1.9
+2.7 MeV.
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Method of histogram: �� = 4.4−2.2
+3.0 MeV.
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Summary
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Summary

• Higgs width is too small to measure directly using the ATLAS 
detector. 

• Measurement is done indirectly by using off-shell processes.
• Two methods are performed:

– Both methods show evidence of off-shell Higgs decay to ZZ process;
– Histogram: Higgs width = 4.4 (+3.0-2.2) MeV;
– NSBI: Higgs width = 4.3 (+2.7-1.9) MeV.

• NSBI has a better accuracy, but needs more computing resources. 
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Future Plan

• Run 3 Higgs width measurement is on-going.
– NSBI: MPI, U. Mass Amherst, U. Michigan.
– Histogram: MPI, SDU, USTC.
– MPI had progress in reproducing the Run 2 results.

• SDU’s plan:
– Push the histogram based result to match the project timeline;
– Open to contribute to the NSBI studies.
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Thank you! 

2026-8-20Measurements of the Higgs boson width with the ATLAS 20



Bing Li, Shanjia Liu

Backup
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Object selection

2026-8-20Measurements of the Higgs boson width with the ATLAS 22



Bing Li, Shanjia Liu

Event Pre-selection
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ZZ4l NN Input Variables: ggF
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ZZ4l NN Input Variables: EW
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NSBI likelihood

• For process X, ��(�) = ��(�)����(�),

⇒ �(�|�) =  ���(�)��(�)�(�) .

Therefore, for two processes, �1 and �0, the ���� is canceled out 
in the likelihood ratio, �(�|�1)/�(�|�0).
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https://indico.cern.ch/event/1653701/contributions/7174041/attachments/3307187/5917472/26_06_29_RML_H4lPlan_HIGP.pdf


