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Measured so far

SM

BSM!

• Can characterize the Higgs potential
• Access Higgs self- and vector-boson-couplings

• Small SM cross sections: ~5000 total in Run 2

ggF

Gluon-gluon fusion (ggF): 
31.05fb  

Vector-boson fusion (VBF): 1.73fb  

• Top 2 BRs are hadronic (bbbb, bbVV bb4q)
• Challenging QCD BG
• Idea: BOOST 

• Lower background
• Can exploit ML 

techniques for jets

→

VBF

Boosted

Boosted

Enhanced for 
!κ2V ≠ 1

ggF

• HH kinematics:

• QCD exponentially falling for high H pT ⇔ mHH

•bbVV bb4q channel

•2nd highest BR: 13.4%

•Can take advantage of boosted 4b techniques

•Expect next-best sensitivity to 

→

κ2V

• ParticleNet AK8 bb tagging at HLT in Run 3

• 70% efficiency for  
300-400GeV  jets 

• 2-10x improvement 
over Run 2

pT

• 4b expected to play 
major part in bringing 
HH limit <1 at HL-LHC

• Overall, exciting times 
ahead for boosted HH!
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Merged ‘boosted’ wide-radius jets

• Select for high  jets (  300 GeV)pT ≳

• Anti-  clustering with typical  (AK8)kT R = 0.8

• Missing dedicated triggers in Run 2

• “Soup” of AK8 jet triggers

• , mass, single-b tagging…

• Jet  turn-on around 400-500 GeV

pT

pT

particles

• …and predict jet mass

• Graph neural networks to identify Higgs jets…

ParticleNet GNN 
achieves >50% sig 
eff. for 99.9% BG 

rejection 

“Mass-decorrelated” 
(MD): does not use 

jet mass!

ParticleNet GNN 
also regressing to 

generator-level pole 
or jet masses

Improves resolution and 
aggressive grooming 

over softdrop!
No significant BG 

“sculpting”

• Data-driven QCD/multi-jet BG estimates

Constant transfer factor  for VBF 
HH4b (ABCD method)

NB/NA Parametric transfer factor in  for ggF HH4b 
(Alphabet method)

mreg

Mass-decorrelated tagger is key:
Can use jet mass and tagger score ( ) as orthogonal axes for ABCD methodDbb

• Top quark, vector boson BGs from MC (+ corrections)

• ggF and VBF categories combined: 
• 1.4  excess…
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Theory
σ HH) / →(pp σ95% CL limit on 

Observed: 88
Expected: 114
VBF cat.

Observed: 34
Expected: 35
ggF cat. 3

Observed: 32
Expected: 13
ggF cat. 2

Observed: 8.1
Expected: 5.5
ggF cat. 1

Observed: 9.9
Expected: 5.1
Combined

                    Observed      
                    σ 1±Expected 
                    σ 2±Expected 

CMS Supplementary
 = 1Vκ = 2Vκ = tκ = λκ

 (13 TeV)-1138 fb
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Theory
σ VBF HH) / →(pp σ95% CL limit on 

Observed: 0.12
Expected: 0.17
VBF cat.

Observed: 3.9
Expected: 4.0
ggF cat. 3

Observed: 3.1
Expected: 1.3
ggF cat. 2

Observed: 0.61
Expected: 0.52
ggF cat. 1

Observed: 0.13
Expected: 0.15
Combined

                    Observed      
                    σ 1±Expected 
                    σ 2±Expected 

CMS Supplementary
 = 1Vκ = tκ = λκ

 = 02Vκ

 (13 TeV)-1138 fb

ggF sensitive to 
inclusive SM signal

VBF sensitive to 
 deviationsκ2V

Possible 
VBF HH4b!

Possible 
ggF HH4b

• Excludes  for the first time (at 6.3 )κ2V = 0 σ
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Observed              σ 1±Expected 
Theory prediction    σ 2±Expected 
                                              

CMS Preliminary
 = 1Vκ = tκ = λκ

 (13 TeV)-1138 fb
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Observed         
SM Higgs boson

σ1
σ2
σ3
σ5

CMS 
 = 1Vκ = tκ

 (13 TeV)-1138 fb

 @ 95% CLκ2V ∈ [0.62,1.41]

 @ 95% CLκλ ∈ [−9.9,16.9]

• Most sensitive in CMS to inclusive HH signal 
strength and κ2V
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Theory
σ HH) / →(pp σ95% CL limit on 

Observed: 32
Expected: 40
bb ZZ

CMS-PAS-HIG-20-004

Observed: 21
Expected: 19
Multilepton

CMS-PAS-HIG-21-002

Observed: 3.9
Expected: 7.8

resolvedbb bb, 
Sub. to PRL (2202.09617)

Observed: 8.4
Expected: 5.5

γγbb 
JHEP 03 (2021) 257

Observed: 3.3
Expected: 5.2

ττbb 
CMS-PAS-HIG-20-010

Observed: 9.9
Expected: 5.1

merged jetbb bb, 
Sub. to PRL (2205.06667)

Observed         Median expected
                      68% expected   
                      95% expected   

CMS Preliminary

 = 1tκ = λκ
 = 12Vκ = Vκ

 (13 TeV)-1138 fb
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JHEP 03 (2021) 257
-2.8
+0.8 = 2.12Vκ

γγbb 

CMS-PAS-HIG-20-010
-0.8
+0.8 = 1.12Vκ

ττbb 

Sub. to PRL (2202.09617)
-0.6
+0.6 = 1.12Vκ

resolvedbb bb, 

Sub. to PRL (2205.06667)
-0.2
+0.2 = 1.02Vκ

merged jetbb bb, 

Excluded at 95% CL
Observed          Best fit value      
Expected           Theory prediction

CMS Preliminary

 = 1Vκ = tκ

 (13 TeV)-1138 fb
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Heterogeneous 
point cloud

• Multi-class particle transformer (ParT)
Improves over 

ParticleNet

JetClass dataset

Many more classes, 
incl. top, V, and 4q

https://indico.fnal.gov/event/55499/
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https://indico.cern.ch/event/1232581/contributions/5442567/attachments/2684233/4656849/20230714_HH_overview_HHH_WS.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-22-003/index.html
https://arxiv.org/abs/2207.00043
https://inspirehep.net/literature/2029602
https://cds.cern.ch/record/2857440/files/DP2023_021.pdf

