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https://indico.in2p3.fr/event/39055/timetable/?view=standard#108-improved-results-on-higgs


Search for 𝐻𝐻 → 4𝑏
Broad program at CMS to measure and understand the Higgs potential

Main HH production mechanisms:
◦ Gluon-fusion (ggHH)
◦ Vector-boson-fusion (qqHH)

Different HH final-states: 
𝒃𝒃𝒃𝒃 (largest branching ratio), 𝑏𝑏𝜏𝜏, 𝑏𝑏𝛾𝛾, 𝑏𝑏𝑉𝑉, etc. 

𝐻𝐻 → 4𝑏 results presented from CMS-PAS-HIG-24-010:
◦ Re-analysis with Run 2 (138 fb−1) 

◦ Two approaches with partial Run 3 62 fb−1

◦ Search in 2 distinct topologies: resolved and boosted 

Run 3 improvements coming from:
◦ High level trigger (HLT)
◦ Object tagging – b-tagging and bb-tagging 
◦ ML techniques for modeling large QCD multi-jet with data 
◦ ML techniques for Signal vs background (SvsB) discrimination 
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Improved Tools: Online/Offline Flavor Tagging 
Higher signal efficiency for same background rejection

Online:

Incorporates a graph neural network for flavor tagging

AK4 b-tagging – ParticleNet
◦ Resolved trigger requires 2 b-tags

AK8 bb-tagging – ParticleNet
◦ Boosted trigger requires 1 bb-tag

Offline:

AK4 b-tagging – ParticleNet

AK8 bb-tagging – New transformer-based GloParT
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Online AK4 b-tagging – resolved 

https://cds.cern.ch/record/2926357
https://cds.cern.ch/record/2926357
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019
https://arxiv.org/abs/2202.03772


With the improvement in flavor tagging, we can reduce 
online 𝑝𝑇 thresholds
◦ Resolved – requires AK4 jets as low as 30 GeV (40 in  Run 2)
◦ Boosted – requires AK8 jets as low as 230 GeV (330 in Run 2)

Significant gain in signal efficiency at HLT

Implemented the parking strategy in 2023 for the resolved 
trigger
◦ allows a larger rate allocation

Improved Tools: High Level Trigger
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Resolved Trigger 2018 2022 2023

Rate 15 Hz 60 Hz 150 Hz

Online AK8 trigger – boosted



Run 2 Resolved Re-analysis
Signal (SR) and control (CR) regions defined in 𝑀𝐻  plane

4 b-tagged QCD Multi-jet modeled from 3 b-tagged data 
using NN reweighting in CR

SvsB discriminant used to extract results

Inclusion of ZZ/ZH enriched regions for validation

Largest systematics coming from statistics and 
background systematics
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Observed (Expected) 
Upper Limit at 95% CL

𝜇gg𝐻𝐻

Re-analysis 10 5.9

Compared to the previous Run 2 result:  3.9 7.8
𝟐𝟓% improvement

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802


First Approach
Focus on HH

Second Approach
Includes ZZ/ZH

Similar approach to Run 2 re-analysis

More robust NN architecture for NN 
reweighting and SvsB

Looser triggers allow the 4 b-tagged 
background to be modeled by 2 b-tagged 
data

Largest systematics coming from statistics 
and background systematics

Run 3 Resolved Analysis

3/21/2026 EVAN KOENIG | MORIOND EWK 2026 6

Observed (Expected) 
Upper Limit at 95% CL 𝜇𝐻𝐻

First Approach 6.3 (5.3)

Second Approach 5.0 (6.1)

Scaling 5.3 to 138 fb−1 → 3.5
Compared to the Run 2 re-analysis: 3.9 7.8  

𝟒𝟎% improvement



Observed (Expected) 
Upper Limit at 95% CL 𝜇𝐻𝐻

First Approach 5.3 7.1

Second Approach 11 (8.1)

Run 3 Boosted Analysis
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Scaling 7.1 to 138 fb−1 → 4.4 
Compared to the previous Run 2 result: 9.9 (5.1)

𝟏𝟑% improvement

SRs and CRs defined with 𝑀𝐻1 and bb-tag 
score

QCD Multi-jet modeled in two ways:
1. NN reweighting like in the resolved 
2. Parametric alphabet method

SvsB used to reduce background

Largest systematics coming from statistics

First Approach
NN QCD

Second Approach
Parametric QCD

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041803


Considerable improvements have been made in both resolved and boosted topologies 

Two different approaches provide panorama of the different analysis components 

For equivalent luminosity, Run 3 shows improvements of 13 − 40% when compared to Run 2

Combination of the most sensitive 𝐻𝐻 → 4𝑏 results from both resolved and boosted

Combined Run 3 Results
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Expected 95% CL constraints
𝜅𝜆 ∈ [−3.4, 10.0]

Expected 95% CL constraints
𝜅2𝑉 ∈ [−0.54, 1.51]

Observed (Expected) 
Upper Limit at 95% CL 𝜇𝐻𝐻

Run 3 Combination 4.4 (4.4)

Scaling 4.4 to 138 fb−1 → 2.9 
Compared to the previous Run 2 result: 7.0 (4.3)

𝟑𝟎% improvement

https://cds.cern.ch/record/2955492
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Presented early results in the 𝐻𝐻 → 4𝑏 channel

Run 3 proving to be one of the most sensitive datasets

Projections for full Run 3 (~350 fb−1):

Run 3 is seeing improvements in all channels 

SM sensitivity may be reached in Run 3!

Expected
Upper Limit at 95% CL 𝟔𝟐 𝐟𝐛−𝟏 𝟏𝟑𝟖 𝐟𝐛−𝟏 𝟑𝟓𝟎 𝐟𝐛−𝟏

𝜇𝐻𝐻 4.4 2.9 1.8

HH



Backup
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Run 3 Improvements in Trigger and Tagging
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NN Reweighting
Background is estimated using a NN classifier to reweight 2b 
data 

The classifier is trained in the CR to classify 𝐶𝑅2𝑏  data from 
𝐶𝑅4𝑏  data 

Event weights are derived using the likelihood ratio:

𝑤4𝑏( Ԧ𝑥) =
P( Ԧ𝑥|CR4𝑏)

𝑃( Ԧ𝑥|𝐶𝑅2𝑏)

These weights are used to reweight the 𝑆𝑅2𝑏 data to model the 
background in the 𝑆𝑅4𝑏  region

A second training is performed between the 2b and 3b data as 
validation 

The closure in the 3b data is used to derive systematics 
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NN Reweighting

Training Application
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CR4b SR4b

CR3b SR3b

CR2b SR2b

Function of 𝑀𝐻1 and 𝑀𝐻2



Synthetic Dataset
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Systematic Uncertainties
Systematic uncertainties on the background model arise from:
◦ Variance: due to limited statistics in the CRs

◦ Bias: due to extrapolations from the CRs to the SRs

Variance is estimated using k-fold cross validation.
◦ Differences are parameterized with Fourier basis functions
◦  Fit each of the k-fold models with linear combination of basis functions
◦ Take RMS of the fit coefficients → Uncorrelated shape uncertainties 
◦ Residual non-closure is added as additional bin-by-bin uncertainty 

Bias is estimated by fitting 3 b-tagged data with background model
◦ Bias quantified with the pull of each Fourier coefficient 
◦ Include a duplicate of each Fourier component scaled by the bias term
◦ Treated uncorrelated from Variance uncertainties 
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Parametric Alphabet Method
Data-driven background estimation for QCD using the parametric 
alphabet method.

Define a transfer factor Rp/f between the SR and 𝐂𝐑𝐐𝐂𝐃 as a 
function of 𝑀𝐻2

𝑁𝑆𝑅
𝑄𝐶𝐷

𝑀𝐻2 = 𝜖𝑄𝐶𝐷Rp/f 𝑀𝐻2 𝑁𝐶𝑅
𝑄𝐶𝐷

(𝑀𝐻2)

Rp/f is parameterized as a Bernstein polynomial and fit to data in the 
CRQCD

Rp/f 𝑀𝐻2 = σ𝑘=0
𝑛 𝑎𝑘𝑏𝑘,𝑛(𝑀𝐻2) 

𝑏𝑘,𝑛 𝑥 = 𝑛
𝑘

𝑥𝑘 1 − 𝑥 𝑛−𝑘
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