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Documentation & Current status
VBS Same-Sign WWH: CMS-PAS-HIG-24-001

 Completely finished by PKU

 PAS has been released and reported on ICHEP 2024

Full combination of VBS VVH: CMS-PAS-HIG-24-003
 UCSD, Notre Dame, Florida, …

 PAS has been released and Reported on EPS 2025

https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://cds.cern.ch/record/2905615?ln=en
https://indico.cern.ch/event/1291157/contributions/5876814/attachments/2900055/5085427/HiggsRareProd_AndreaCardini.pdf
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://cds.cern.ch/record/2937650?ln=en
https://indico.in2p3.fr/event/33627/contributions/154161/attachments/93900/143953/schmieder_EPS_07_07_25.pdf
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Introduction

Higgs self-
coupling

Higgs gauge 
quartic coupling

 In 2022, 𝜿𝜿𝑽𝑽𝑽𝑽 = 𝟎𝟎 is excluded for the first time by HH->4b production in CMS
 6.3𝜎𝜎 deviation when 𝜅𝜅𝑡𝑡 = 𝜅𝜅𝑉𝑉 = 𝜅𝜅𝜆𝜆 = 1

Despite well-constraint results for 𝜿𝜿𝑽𝑽𝑽𝑽, separate constraints for 𝜿𝜿𝑾𝑾𝑾𝑾/𝜿𝜿𝒁𝒁𝒁𝒁 are 
not satisfactory enough
 Observed(expected) results: [−14.0, 15.4] ([-10.2, 11.6]) for 𝜿𝜿𝑾𝑾𝑾𝑾 in CMS VHH analysis

VBS VVH processes serve as an ideal channel to constrain HHVV and separate 
HHWW/HHZZ couplings
 Datasets: Full Run II data with a luminosity of 138 fb−1

 In HIG-24-001: 𝒑𝒑𝒑𝒑 → 𝑾𝑾±𝑾𝑾±𝑯𝑯 + 𝒋𝒋𝒋𝒋, 𝑾𝑾± → ℓ𝝂𝝂(ℓ = 𝒆𝒆,𝝁𝝁, 𝝉𝝉), 𝑯𝑯 → 𝒃𝒃𝒃𝒃

 In HIG-24-003: VBS  WWH, WZH, ZZH

 Orthogonal final states -> can be combined

 Details in the following pages

Main target: 
 Competitive with HH in the 𝜿𝜿𝑽𝑽𝑽𝑽 scan 

 Give similar sensitivity to 𝜿𝜿𝑾𝑾𝑾𝑾 and 𝜿𝜿𝒁𝒁𝒁𝒁

 Studies of 𝜿𝜿𝝀𝝀 are left to future work, realistically with HL-LHC data

Nature 607, 60–68 (2022)
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LHE-level check on the signal processes

Low SM cross-sections
 1.77/fb -> ~244 events in Run2, most of which are in 

hadronic final states

 Hard to achieve high significance for SM measurement

Cross-sections increases rapidly as a function of 𝜅𝜅𝑉𝑉𝑉𝑉
 Quadratic dependence on the coupling for each process

 Similarly as a function of 𝜅𝜅𝑊𝑊𝑊𝑊 and 𝜅𝜅𝑍𝑍𝑍𝑍

The final state bosons receive a significant Lorentz 
boost as the parameter 𝜅𝜅𝑉𝑉𝑉𝑉 deviates from its SM 
value
 For both Higgs and W/Z bosons

 Evidence for performing the analysis based on the boosted-
jets decayed from bosons

 VVH Cross-sections as a function of 𝜿𝜿𝑽𝑽𝑽𝑽 & (𝜿𝜿𝑾𝑾𝑾𝑾,𝜿𝜿𝒁𝒁𝒁𝒁)

𝜿𝜿𝝀𝝀 = 𝟏𝟏

 𝐩𝐩𝐓𝐓,𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 and 𝐩𝐩𝐓𝐓,𝐕𝐕 distributions for different 𝜿𝜿𝑽𝑽𝑽𝑽 values  
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Categorization

6 channels in total

HIG-24-001: same-sign dileptonic channel, based on 𝑊𝑊±𝑊𝑊±𝐻𝐻 process (SS channel)
 Based on lepton flavors: ℓℓ channel, ℓ𝜏𝜏 channel, ℓ = 𝑒𝑒,𝜇𝜇

HIG-24-003: 5 channels with similar strategies
 Hadronic channels:

 Fully boosted channel with 3 AK8 jets (VVH)

 Semi-boosted channel with 2 AK8 jets (VH) + 2 AK4 jets (V)

 Semileptonic channel with 2 AK8 jets (VH) + 1 lepton (W)

 Dilepton channels:

 OS ZV channel with 2 AK8 jets (VH) + 2 leptons from onshell Z

 OS WW channel with 1 AK8 jet (H) + 2 leptons from WW (exclude events with 𝑚𝑚ℓℓ close to Z)

In all final states the Higgs is reconstructed as an AK8 jet

Additional 2 VBS AK4 jets are required
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Pre-selection criteria:

 2 leptons passing tight selections, with overlaps dropped by 𝚫𝚫𝑹𝑹 = 𝟎𝟎.𝟒𝟒

 Events with a third lepton passing veto selections are dropped

 𝒑𝒑𝐓𝐓ℓ > 𝟑𝟑𝟑𝟑 GeV, |𝜼𝜼𝒆𝒆/𝝁𝝁/𝝉𝝉| < 2.5/2.4/2.3

 2 VBS jets passing tight selections & failing b-tagging WPs, with overlaps dropped by 𝚫𝚫𝚫𝚫 = 𝟎𝟎.𝟒𝟒

 𝒑𝒑𝐓𝐓𝐓𝐓 > 𝟑𝟑𝟑𝟑 GeV, |𝜼𝜼𝒋𝒋| < 𝟒𝟒.𝟕𝟕

 1 AK8 fat jet passing tight selection, with overlaps dropped by 𝚫𝚫𝚫𝚫 = 𝟎𝟎.𝟖𝟖

 𝒑𝒑𝐓𝐓𝐓𝐓 > 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑, 𝑴𝑴𝑱𝑱 > 𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓, 𝑴𝑴𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 > 𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒

 Pass ParticleNet ID: 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 𝐗𝐗𝐗𝐗𝐗𝐗
𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 𝐗𝐗𝐗𝐗𝐗𝐗 +𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 𝐐𝐐𝐐𝐐𝐐𝐐

> 0.9

SS channel: Strategies & selections

Leptons

AK4 jets

AK8 jets

Based on the pre-selection criteria:
 Signal region

 𝑚𝑚𝑗𝑗𝑗𝑗 > 500 𝐆𝐆𝐞𝐞𝐕𝐕, |𝛥𝛥𝜂𝜂𝑗𝑗𝑗𝑗| > 3, PNet-Xbb score > 0.9

 Control region
 𝑚𝑚𝑗𝑗𝑗𝑗 > 100 𝐆𝐆𝐞𝐞𝐕𝐕, fail SR 𝑚𝑚𝑗𝑗𝑗𝑗 & |Δ𝜂𝜂𝑗𝑗𝑗𝑗| cut, PNet-Xbb score > 0.3

 Backgrounds from tt_1l, tt_2l, ttW, ttZ are merged together as a floating rate parameter
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SS channel: Events extraction & BDT training

SR SR

 BDT input variables, with 𝒎𝒎𝒋𝒋𝒋𝒋 & |𝚫𝚫𝜼𝜼𝒋𝒋𝒋𝒋| excluded

1 BDT model, with both the SR and the CR distributed into 

the training

 𝒎𝒎𝒋𝒋𝒋𝒋 & |𝚫𝚫𝜼𝜼𝒋𝒋𝒋𝒋| are excluded from BDT input variables

Training weight:

 Backgrounds: 𝒏𝒏𝑳𝑳 = 𝝈𝝈𝑿𝑿𝑳𝑳/𝑵𝑵𝑮𝑮𝑿𝑿 for process 𝑋𝑋, 𝐿𝐿 = Luminosity, 𝑁𝑁𝐺𝐺𝑋𝑋 =

Sum of enerator weight

 Signal: Use reweighting weights with 𝜿𝜿𝑽𝑽𝑽𝑽 = 𝟒𝟒.𝟓𝟓

 ∑𝐬𝐬𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐰𝐰𝐢𝐢 = ∑𝐛𝐛𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐰𝐰𝐢𝐢

Avoid over-training by setting gamma=0.05 in BDT 

parameters

Divide each region into 2 lepton channels (ℓℓ,ℓ𝝉𝝉) with BDT 

score shapes

 SR: [0, 0.1, 0.25, 1];  CR: [0, 1]
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Other channels: Strategies & selections 

A common baseline strategy is applied to all the channels in HIG-24-003
 Lepton selections based on ttH ID -> excludes events with additional veto leptons

 AK8 jet selections based on ParticleNet Xbb & Xqq scores -> for Higgs & W/Z

 Similar selections & tagging for VBS jets

Backgrounds estimation

 DNN models are trained separately for Full Hadronic channels and Semileptonic channel

 BDTs are trained separately for Semileptonic channel and Dileptonic channels

 ABCD method is applied to all the channels to control total backgrounds

 Fully boosted channel: Defined with DNN and |𝚫𝚫𝜼𝜼𝒋𝒋𝒋𝒋| for VBS jets

 Semi boosted channel: Defined with DNN and (𝒎𝒎𝒋𝒋𝒋𝒋, |𝚫𝚫𝜼𝜼𝒋𝒋𝒋𝒋|) for VBS jets

 Semileptonic channel: Defined with DNN and BDT outputs

 Dileptonic OS WW channel: Defined with BDT and (𝒎𝒎𝒋𝒋𝒋𝒋, |𝚫𝚫𝜼𝜼𝒋𝒋𝒋𝒋|) for VBS jets

 Dileptonic OS Z channel Defined with BDT and (𝒎𝒎𝒋𝒋𝒋𝒋, |𝚫𝚫𝜼𝜼𝒋𝒋𝒋𝒋|) 

 Decorrelation cross-checks of all the ABCD arms are performed

More details in backup



9

Results

SR 
ℓℓ

SR 
ℓ𝝉𝝉

SR yields in each region

Sensitivities are mainly dominated by all-hadronic full boosted channel & semileptonic channel
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Split Results for 𝜿𝜿𝑽𝑽𝑽𝑽
𝜿𝜿𝑽𝑽𝑽𝑽 limits for each channel

SS channel

 SS channel shows high sensitivity to 𝜿𝜿𝑾𝑾𝑾𝑾 but low to 

𝜿𝜿𝒁𝒁𝒁𝒁 -> in consistent with intuition 
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Combination Results for 𝜿𝜿𝑽𝑽𝑽𝑽
𝜿𝜿𝑽𝑽𝑽𝑽 expected constrain [0.34,1.66] - observed [0.41,1.59] 

Low sensitivity for HIG-24-001 -> results almost unchanged after the combination
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Results for 𝜿𝜿𝑾𝑾𝑾𝑾 & 𝜿𝜿𝒁𝒁𝒁𝒁
𝜿𝜿𝑾𝑾𝑾𝑾: expected constrain [0.12, 1.89] - observed [0.17, 1.83] 

𝜿𝜿𝒁𝒁𝒁𝒁: expected constrain [-0.53, 2.53] - observed [-0.37, 2.37]

Exclude 𝜿𝜿𝑾𝑾𝑾𝑾 = 𝟎𝟎 at a 95% CL -> First time in CMS!
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Summary & Future Prospects

Constraint on HHVV couplings was measured based on VBS VVH channels

Set limit on 𝜅𝜅𝑉𝑉𝑉𝑉 - approaching current constraints from di-Higgs

 𝜿𝜿𝑽𝑽𝑽𝑽 ∈ [0.41, 1.59] ([0.34, 1.66]) - observed (expected) 

 CMS HH->4b boosted regime: [0.67, 1.38] observed

Produced current tightest limits on 𝜿𝜿𝑾𝑾𝑾𝑾 and 𝜿𝜿𝒁𝒁𝒁𝒁
 𝜿𝜿𝑾𝑾𝑾𝑾 ∈ [0.17, 1.80] ([0.12, 1.89])

 𝜿𝜿𝒁𝒁𝒁𝒁 ∈ [-0.37, 2.37] ([-0.53, 2.53])

 Target Journal: PRL 

Thanks for your attention!
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