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Introduction 

• Higgs boson couplings to fermions and vector bosons compatible with SM 
• Self-coupling (𝛌) is a crucial missing element

Nature 607, 60-68 (2022) 

o a probe of the Higgs field potential 𝑽(𝒉)
o a fundamental test of SM

• Significant efforts to better constrain the trilinear coupling 𝝀𝟑
• Deviation of 𝝀𝟑 from SM is characterized by 𝜿𝝀 = 𝝀𝟑/𝝀𝑺𝑴

Self-coupling arises from Higgs field 
potential expansion around its v.e.v.

Higgs trilinear coupling in SM: 𝜆!" = 𝑚!
"/2𝜈"

with 𝜈 = Higgs boson v.e.v.
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1
2
𝑚%
&ℎ& + 𝜆!𝜈ℎ' +
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We focus on the trilinear coupling !
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https://www.nature.com/articles/s41586-022-04892-x
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• HH: 𝜆# can be directly accessed through the production of Higgs boson pair (HH)
• Single-H: Additional contributions also come from single Higgs (H) production via NLO EW corrections

ggF production (ggHH) diagrams at LO

VBF production (qqHH) diagrams at LO

VHH production diagrams at LO

31 fb @13TeV @ NNLO

1.72 fb @13TeV @ N3LO

0.86 fb @13TeV @ NNLO

Examples of 𝜅!-dependent diagrams 
for single-H prod. mechanisms O(𝜅!)

Example of 𝜅!-dependent 
diagrams for Higgs decay O(𝜅!) 

Higgs boson self-energy  O(𝜅!") 

How to probe the Higgs boson self-coupling (𝜆)? 
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• The SM HH production is extremely rare, with only ∼4000 events expected at Run 2 
• Modification of Higgs coupling affect both total and differential cross section (XS)

Trilinear self-coupling in Higgs boson pair (HH) production 

o Total XS changes significantly with non-SM 𝜅!
o The 𝑚"" spectrum also depends on 𝜅!

ggF production (ggHH) diagrams at LO

VBF production (qqHH) diagrams at LO

VHH production diagrams at LO

J. High Energ. Phys. (2019) 66

Differential ggHH XS in 𝑚## for 
several values of 𝜅!

Phys.Lett. B732 (2014) 142-149

https://link.springer.com/article/10.1007/JHEP06(2019)066
https://arxiv.org/abs/1401.7340
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Trilinear self-coupling in single Higgs (H) production 

Modification of Higgs BR vs 𝜅!

J. High Energ. Phys. 12(2016)080

• At NLO EW correction, the single-H production includes processes sensitive to 𝜅#
• Both Higgs production and decay are dependent on 𝜅#

Examples of 𝜅!-dependent diagrams 
for single-H prod. mechanisms O(𝜅!)

Example of 𝜅!-dependent 
diagrams for Higgs decay O(𝜅!) 

Higgs boson self-energy  O(𝜅!") 

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP12%25282016%2529080&v=74f4257f
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Modification of differential XS for 𝑡𝑡𝐻

Eur. Phys. J. C (2017) 77: 887

Modification of differential XS for WH

Trilinear self-coupling in single Higgs (H) production 

• Additional sensitivity from kinematic dependence on 𝜅#, 𝑉𝐻 and 𝑡𝑡𝐻 have the largest effect!
• For analyses with Simplified Template Cross Section (STXS) binning , the dependency on 𝜅# is 

taken differentially 

LHCHWG-2022-002

Modification of total XS vs 𝜅!

Phys. Rev. D 98, 114016 (2018)
arXiv:2003.01700

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5410-8
https://cds.cern.ch/record/2803606
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.98.114016&v=eb737363
https://arxiv.org/abs/2003.01700
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• Ultimate precision on 𝜅# with the Run 2 data
• Simultaneous fit of 𝜅# and Higgs couplings to fermions and vector bosons

𝜅"$ = 0 is excluded with 
other couplings fixed @SM

𝜅"$ = 0 excluded at 6.6 s.d. in the HH combination (Nature 607, 60-68 (2022)) with the assumption that 
other couplings are SM value → this HH+H combination allows more general statements!
BSM phenomena affecting 𝜅% should reasonably introduce deviations in other H couplings

Overlaps removed
Uncertainties across channels 
are correlated when relevant

To combine HH and single-H :

Why HH+H combination ?

Nature 607, 60-68 (2022) 

https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
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• Cover main single-H production channels and decay modes
• Analyses for HH production targeting ggF, VBF and VHH
• Comparing to combination in Nature 607, 60-68 (2022)

Combination input analyses

Update to STXS: 𝐻 → 𝑊𝑊
Newcomers: 𝑉𝐻𝐻 4𝑏 ,𝐻𝐻 → 𝑏1𝑏𝑊𝑊
Not included: 𝐻 → 𝑍𝛾,𝐻 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒 (weak constraint on 𝜅% ) and 
𝐻𝐻 → 𝑏1𝑏𝑍𝑍(4𝑙) (large overlaps with 𝐻 → 𝑍𝑍(4𝑙))

• Thorough study about the possible overlaps between single-H and 
HH analyses

Table 4:
Analysis Int. luminosity (fb�1) Targeted production modes References
HH ! bb̄�� 138 ggHH and qqHH JHEP 03 (2021) 257
HH ! bb̄⌧⌧ 138 ggHH and qqHH Phys. Lett. B 842 (2023) 137531
HH ! bb̄bb̄ (resolved) 138 ggHH and qqHH Phys. Rev. Lett. 129 081802
HH ! bb̄bb̄ (boosted) 138 ggHH and qqHH Phys. Rev. Lett. 131 041803
HH(leptons) 138 ggHH JHEP 2307 (2023) 095
HH ! bb̄WW 138 ggHH and qqHH CMS-PAS-HIG-21-005
V HH ! bb̄bb̄ 138 VHH CMS-PAS-HIG-22-006

Table 5:
single-H / HH analysis HH ! ��bb̄ HH ! ⌧⌧bb̄ HH ! 4b V H ! bb̄bb̄ HH(leptons) HH ! WWbb̄

H ! �� X X X X X X
H ! WW X X X X X X
tt̄H multilepton X X X X X X
H ! µµ X X X X X X
H ! ZZ ! 4l X X X X X X
H ! bb̄(ggH, V H, tt̄H) X X X X X X
H ! ⌧⌧ X X X X X X
V HH ! bb̄bb̄ X X X X X X

channels. Only for dijet function, all the channels have the same best order of
2. The best order of vvdijet and expow varies over channels.

3

Table 2:
Analysis Int. luminosity (fb�1) Max. granularity References
H ! ZZ ! 4l 138 STXS 1.2 Eur. Phys. J. C 81 (2021) 488
ggH(bb̄) 138 Inclusive JHEP 12 (2020) 085
V H ! bb̄ 77 Inclusive Phys. Rev. Lett. 121 121801
tt̄H(bb̄) 36 Inclusive JHEP 03 (2019) 026
tt̄H multilepton 138 Inclusive Eur. Phys. J. C 81 (2021) 378
H ! µµ 138 Inclusive JHEP 01 (2021) 148
H ! �� 138 STXS 1.2 JHEP 07 (2021) 027

JHEP 03 (2021) 257
H ! ⌧⌧ 138 STXS 1.2 Eur. Phys. J. C 83 (2023) 562
H ! WW 138 STXS 1.2 Eur. Phys. J. C 83 (2023) 667

Table 3:
Analysis Int. luminosity (fb�1) Targeted production modes References
HH ! ��bb̄ 138 ggHH and qqHH [JHEP 03 (2021) 257]
HH ! ⌧⌧bb̄ 138 ggHH and qqHH [Phys. Lett. B 842 (2023) 137531]
HH ! 4b 138 ggHH and qqHH [Phys. Rev. Lett. 129 081802]

[ Phys. Rev. Lett. 131 041803]
HH(leptons) 138 ggHH [JHEP 2307 (2023) 095]
HH ! WWbb̄ 138 ggHH and qqHH [CMS-PAS-HIG-21-005]
V HH ! bb̄bb̄ 138 VHH [CMS-PAS-HIG-22-006]

�B(X ! W�)

Day Min Temp Max Temp Summary
Monday 11C 22C A clear day with lots of sunshine. However, the strong breeze will bring down the temperatures.
Tuesday 9C 19C Cloudy with rain, across many northern regions. Clear spells across most of Scotland and Northern Ireland, but rain reaching the far northwest.
Wednesday 10C 21C Rain will still linger for the morning. Conditions will improve by early afternoon and continue throughout the evening.

Day Min Temp Max Temp Summary
Monday 11C 22C A clear day with lots of sunshine.

However, the strong breeze will
bring down the temperatures.

Tuesday 9C 19C Cloudy with rain, across many
northern regions. Clear spells
across most of Scotland and
Northern Ireland, but rain reach-
ing the far northwest.

Wednesday 10C 21C Rain will still linger for the morn-
ing. Conditions will improve
by early afternoon and continue
throughout the evening.

2

Eur. Phys. J. C 81 (2021) 488 
JHEP 12 (2020) 085 

Phys. Rev. Lett. 121 121801 
JHEP 03 (2019) 026

Eur. Phys. J. C 81 (2021) 378 
JHEP 01 (2021) 148 
JHEP 07 (2021) 027 
JHEP 03 (2021) 257

Eur. Phys. J. C 83 (2023) 562 
Eur. Phys. J. C 83 (2023) 667 

JHEP 03 (2021) 257
Phys. Lett. B 842 (2023) 137531 

Phys. Rev. Lett. 129 081802 
Phys. Rev. Lett. 131 041803 

JHEP 2307 (2023) 095 
CMS-PAS-HIG-21-005 
CMS-PAS-HIG-22-006

Single-H analyses
HH analyses

https://www.nature.com/articles/s41586-022-04892-x
https://link.springer.com/article/10.1140/epjc/s10052-021-09200-x
https://link.springer.com/article/10.1007/JHEP12(2020)085
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.121801
https://link.springer.com/article/10.1007/JHEP03(2019)026
https://link.springer.com/article/10.1140/epjc/s10052-021-09014-x
https://link.springer.com/article/10.1007/JHEP01(2021)148
https://link.springer.com/article/10.1007/JHEP07(2021)027
https://link.springer.com/article/10.1007/JHEP03(2021)257
https://epjc.epj.org/articles/epjc/abs/2023/07/10052_2023_Article_11452/10052_2023_Article_11452.html
https://epjc.epj.org/articles/epjc/abs/2023/07/10052_2023_Article_11632/10052_2023_Article_11632.html
https://link.springer.com/article/10.1007/JHEP03(2021)257
https://www.sciencedirect.com/science/article/pii/S0370269322006657?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041803
https://link.springer.com/article/10.1007/JHEP07(2023)095
https://cds.cern.ch/record/2853597
https://cds.cern.ch/record/2853338
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• Possible overlaps between single-H and HH analyses. Some overlaps excluded by orthogonal requirements on 
multiplicity of leptons, photons, jets, b-jets, ….

Overlap(A, B) = events in (A & B) / max(events in A, events in B) → negligible if < 1%

Overlap removal 
• The single-H analyses orthogonal from each other based on the definition of signal regions 
• Overlap study performed in Nature 607, 60-68 (2022) for the HH analyses 

Exceptions: 𝑉𝐻𝐻 4𝑏 ,𝐻𝐻 → 𝑏1𝑏𝑊𝑊

If that is not sufficient, comparisons are done event-by-event

• Optimized to maximize the expected sensitivity on 𝜅%, 𝜅& and 𝜅$!

https://www.nature.com/articles/s41586-022-04892-x
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Overlap removal – highlights by H decays

• A dedicated 𝑡 ̅𝑡𝐻(𝛾𝛾) enriched region in 𝐻𝐻 → 𝑏1𝑏𝛾𝛾, so the 𝑡 ̅𝑡𝐻 category in 𝐻 → 𝛾𝛾 is removed
Orthogonal selections by construction 

• Some sub-leading STXS categories are removed from 𝐻 → 𝛾𝛾 (high 𝑝' gg𝐻 and V𝐻 hadronic events) 

𝐻 → 𝛾𝛾
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• A dedicated 𝑡 ̅𝑡𝐻(𝛾𝛾) enriched region in 𝐻𝐻 → 𝑏1𝑏𝛾𝛾, so the 𝑡 ̅𝑡𝐻 category in 𝐻 → 𝛾𝛾 is removed

• Some sub-leading STXS categories are removed from 𝐻 → 𝛾𝛾 (high 𝑝' gg𝐻 and V𝐻 hadronic events) 

𝐻 → 𝛾𝛾

• Lepton veto used in 𝐻𝐻 → 4𝑏, only potential overlap with 𝑡 ̅𝑡𝐻(𝑏1𝑏) and 𝑉𝐻𝐻(4𝑏) fully hadronic categories. 
These fully hadronic categories are removed 

• The t ̅𝑡 CR (1 lepton) in 𝐻𝐻 → 𝑏1𝑏𝑊𝑊 and 𝑉𝐻(𝑏1𝑏) cover similar phase space, the one from 𝑉𝐻(𝑏1𝑏) is removed 

𝐻 → 𝑏%𝑏

Overlap removal – highlights by H decays

Orthogonal selections by construction 
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Overlap removal – highlights by H decays
𝐻 → 𝜏𝜏
• Both 𝑡 ̅𝑡𝐻 multi-leptons and 𝐻𝐻 → 𝑏1𝑏𝜏𝜏 have 2 leptons categories: 1𝑙 + 1𝜏! and 0𝑙 + 2𝜏!. The one from 𝑡 ̅𝑡𝐻

multi-leptons is removed 
• Sub-leading STXS bins targeting gg𝐻/𝑉𝐻 events with >2 additional jets are also removed from 𝐻 → 𝜏𝜏
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• Both 𝑡 ̅𝑡𝐻 multi-leptons and 𝐻𝐻 → 𝑏1𝑏𝜏𝜏 have 2 leptons categories: 1𝑙 + 1𝜏! and 0𝑙 + 2𝜏!. The one from 𝑡 ̅𝑡𝐻
multi-leptons is removed 

• Sub-leading STXS bins targeting gg𝐻/𝑉𝐻 events with >2 additional jets are also removed from 𝐻 → 𝜏𝜏

𝐻 → 𝜏𝜏

𝐻 → 𝑊𝑊
• Both 𝑉𝐻 channel of 𝐻 → 𝑊𝑊 and 𝐻𝐻 multi-leptons have 2 leptons and 3 leptons categories

The 2𝑙 category of 𝐻𝐻 multi-leptons and 3𝑙 category of 𝐻 → 𝑊𝑊 are removed
• Categories with 2 opposite-sign leptons + 1𝜏! from 𝑡 ̅𝑡𝐻 multi-leptons are removed due to overlaps with 2𝑙

category of 𝐻𝐻 → 𝑏1𝑏𝑊𝑊

Overlap removal – highlights by H decays
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• Assuming BSM only affect 𝜅# and all the other Higgs couplings are set to be SM values
• Sensitivity on 𝜅# is driven by HH categories
• The single-H expected to improve sensitivity around 𝜅# = 5
• Individual results consistent with previous combination Nature 607, 60-68 (2022) 

Combination results: 𝜅! constraint

Observed 95% C.L. : −1.2 < 𝜅% < 7.5 Expected 95% C.L. : −2.0 < 𝜿𝝀 < 7.7

• The observed 𝜅$ from HH 
comb. is very close to 1

• The observed 𝜅$ from single-
H comb. > 1 

• HH+H combined likelihood is 
flat around minima

CMS-PAS-HIG-23-006

https://www.nature.com/articles/s41586-022-04892-x
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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• Alternatively, other Higgs coupling modifiers can be floating
• The constraint on 𝜅# is still strong
• Very consistent constraint compared to ATLAS combination results 

Combination results: 𝜅! generic constraint

CMS constraint on 𝜿𝝀

ATLAS constraint on 𝜿𝝀

Phys. Lett. B 843 (2023) 137745

Observed 95% C.L. : −1.4 < 𝜅$ < 7.8
Only 𝜅! floating 

Only 𝜅! floating 

𝜅!, 𝜅!,𝜅",𝜅#,𝜅$ floating 

𝜅!, 𝜅!,𝜅",𝜅#,𝜅$ floating 

CMS-PAS-HIG-23-006

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via%3Dihub
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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• Large degeneracy of the ggHH XS with respect to 𝜅#, 𝜅$ → weak constraint on 𝜅$
• Excellent constraint on 𝜅$ from Single-H combination (e.g. ggH)
• Complementarity of HH and single-H fully exploited 

2D likelihood scan (𝜅!, 𝜅" )
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CMS-PAS-HIG-23-006

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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• Constraint on 𝜅%& is driven by the qqHH production
• No sensitivity to 𝜅%& from single-H, but strong constraint on 𝜅&

2D likelihood scan (𝜅# , 𝜅$#)

qqHH production diagrams

Nature 607, 60-68 (2022) CMS-PAS-HIG-23-006

https://www.nature.com/articles/s41586-022-04892-x
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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• Constraint on 𝜅%& is driven by the qqHH production
• No sensitivity to 𝜅%& from single-H, but strong constraint on 𝜅&
• First exclusion of 𝜿𝟐𝑽 = 𝟎 for any value of 𝜿𝑽 at 𝟓𝝈 !

2D likelihood scan (𝜅# , 𝜅$#)

qqHH production diagrams
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CMS-PAS-HIG-23-006

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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• First combination of HH and single-H production at CMS with full Run 2 dataset ! 
•Most stringent constraint on the 𝜅# exclusion with general assumptions from the CMS experiment

Exclusion of 𝜅%& = 0 for any value of 𝜅& at 5𝜎 for the first time!
Constraints on 𝜅#:

κ*-only:  −1.2 < κ* < 7.5 (Observed 95% C.L. )

• Run 3 is underway and significant opportunity for further improvements. Stay 
tuned for more exciting developments!

Summary

κ*-generic (κ+, κ&+, κ,, κ-, κ., κ/ floating):  −1.4 < κ* < 7.8 (Observed 95% C.L. )
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Thank you 
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• The Simplified Template Cross Section (STXS) framework 

Backup
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Phys. Lett. B 843 (2023) 137745

• ATLAS (𝜅%, 𝜅) ) 2D likelihood scan • CMS (𝜅%, 𝜅) ) 2D likelihood scan

(𝜅!, 𝜅" ) likelihood scan comparison

CMS-PAS-HIG-23-006

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via%3Dihub
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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Phys. Lett. B 843 (2023) 137745

Compare to ATLAS

5− 0 5 10 15
λκ

0

1

2

3

4

5

6

 lo
g(

L)
∆

-2
 

)σ68% CL (1

)σ95% CL (2

           
-4.2
+3.5single-H comb., 5.8

                  -1.5
+3.9HH comb., 1.0

-3.0
+-3.0single-H and HH comb., 3.1

CMS Preliminary

 = 12Vκ = Vκ = Fκ
Observed

 (13 TeV)-1138 fb

CMS HH+H comb. ATLAS HH+H comb.

Observed 95% C.L. : −1.2 < 𝜅$ < 7.5 Observed 95% C.L. : −0.4 < 𝜅$ < 6.3

CMS-PAS-HIG-23-006

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via%3Dihub
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
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Previous CMS combination  

Nature 607, 60-68 (2022) 

−1.24 < 𝜅% < 6.49 (Observed 95% C.L. )

0.67 < 𝜅"$ < 1.38 (Observed 95% C.L. )

• Caveat: constraint based on upper limit scan, not directly comparable to constraint from likelihood scan

https://www.nature.com/articles/s41586-022-04892-x
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• 𝐻𝐻 → 𝑏(𝑏𝛾𝛾

Backup

Additional orthogonal categories targeting the 𝑡 ̅𝑡𝐻(𝛾𝛾) process are included in the analysis: 𝑡 ̅𝑡𝐻 leptonic 
and 𝑡 ̅𝑡𝐻 hadronic 
𝑡 ̅𝑡𝐻 leptonic: at least one isolated electron (muon) with |η| < 2.4 and pT > 10 (5) GeV, and at least one jet 
with pT > 25 GeV are required 
𝑡 ̅𝑡𝐻 hadronic: at least three jets are required, one of which must be b tagged, and a lepton veto is imposed

JHEP 03 (2021) 257

100 < 𝑚**< 180 GeV
𝑝'
*+/𝑚** > 1/3 and 𝑝'

*"/𝑚** > 1/4 
70 < 𝑚,,< 190 GeV
Jet pT > 25 GeV

https://link.springer.com/content/pdf/10.1007/JHEP03(2021)257.pdf
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Backup

• 𝐻𝐻 → 𝑏(𝑏𝑏(𝑏 resolved 
Phys. Rev. Lett. 129, 081802

At least 4 Jets are required and the four Jets with the largest DEEPJET output are selected 
At least 3 of the selected jets are required to satisfy the medium WP of the DEEPJET discriminant  
Events are rejected if they contain an electron or a muon with pT > 15 and 10 GeV
Lepton veto! Only possible overlaps with 𝑡 ̅𝑡𝐻 𝑏1𝑏 and 𝑉𝐻𝐻 4𝑏 fully hadronic channels 

• 𝐻𝐻 → 𝑏(𝑏𝑊𝑊
CMS-PAS-HIG-21-005

Single lepton channel: only a lepton satisfying tight 
selection criteria and have pT > 32 GeV. Either ≥ 3 small-
radius jets or ≥ 1 large-radius jet + ≥ 1 small-radius which 
is separated from the large-radius jet by ∆R > 1.2.  
Dilepton channel: two leptons that pass the tight 
selection criteria and have opposite charges. Either ≥ 1 
large-radius jet or ≥ 1 small-radius jet, that is b-tagged.

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://cds.cern.ch/record/2853597
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Backup

• 𝑉𝐻(𝑏(𝑏)
Physics Letters B 780 (2018) 501–532
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Backup

•t ̅𝑡𝐻 multi-leptons
Eur. Phys. J. C 81 (2021) 378

Borrow from Valeria’s slides

• 𝐻𝐻 → 𝑏(𝑏𝜏𝜏

Some overlaps are found between the 𝐻𝐻 → 𝑏1𝑏𝜏𝜏 analysis and two sub-dominant categories of t ̅𝑡𝐻 multi-
leptons analysis targeting final states with 1𝑙 + 1𝜏! or 0𝑙 + 2𝜏!. These two categories are removed from t ̅𝑡𝐻
multi-leptons without any significant impact on the combination. 

https://link.springer.com/article/10.1140/epjc/s10052-021-09014-x
https://indico.ijclab.in2p3.fr/event/7779/contributions/25205/attachments/19491/26464/HiggsHunting.pdf
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Backup

• 𝐻 → WW• 𝐻𝐻 multi-leptons
JHEP 07 (2023) 095

7 channels according to lepton multiplicity: 
4𝜏!, 1𝑙 + 3𝜏!, 2𝑙 + 2𝜏!, 3𝑙 + 1𝜏!, 𝟑𝒍, 𝟐𝒍𝒔𝒔, 4𝑙

Eur. Phys. J. C 83 (2023) 667

The 𝟑𝒍 category, is the dominant category of the 𝐻𝐻 multi-leptons analysis and hence is 
Similarly, the 𝟐𝒍𝒔𝒔 category plays a sub-dominant role in 𝐻𝐻 multi-leptons and is dropped in favor of the 
corresponding categories in 𝐻 → WW. The removal of these categories does not impact significantly the 
sensitivity of this combination

https://link.springer.com/article/10.1007/JHEP07(2023)095
https://link.springer.com/article/10.1140/epjc/s10052-023-11632-6
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• A profiled likelihood ratio q is used as test statistics to estimate the parameters of interest (POIs) �⃗� of the 
model and their associated confidence interval, taking into account the systematic uncertainties as 
individual nuisance parameters �⃗� : 

• L is the likelihood function, which is built as the product of the likelihoods of the respective input analyses, 
multiplied by constraint terms on the nuisance parameters

• The POIs and nuisance parameter values maximizing the likelihood function are given by ( M⃗𝛼, N⃗𝜃) , while 
NN⃗𝜃(�⃗�) is 

the set of nuisance parameter values which maximize the likelihood function for a given set of POI values
• The M⃗𝛼 are taken as the best-fit values of the considered POIs. For the one-dimensional measurements, the 

intervals at 1σ and 2σ confidence levels are identified as the intervals of POI values for which q < 1 and q < 4, 
respectively. Instead, for two-dimensional measurements the 1σ and 2σ surfaces correspond to the regions of 
POI values which give q < 2.30 and q < 6.18, respectively

Statistical procedure 
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• Combine model describe HH and single H XS’s w.r.t 𝜅% and Higgs coupling to fermions and vector bosons
• HH modeled at differential level w.r.t 𝜅%, 𝜅) , 𝜅$ , 𝜅"$

Physics model

Borrow from Marcel Rieger’s slides: Searches for non-resonant Higgs Boson Pair Production with CMS

https://indico.ijclab.in2p3.fr/event/7779/timetable/


32Yihui Lai (UMD) Latest combined Higgs boson measurements from CMS

• Combine model describe HH and single H XS’s w.r.t 𝜅% and Higgs coupling to fermions and vector bosons
• HH modeled at differential level w.r.t 𝜅%, 𝜅) , 𝜅$ , 𝜅"$
• SH modeled following the theory prescriptions

Single H cross sections 

JHEP12(2016)080
Eur. Phys. J. C (2017) 77: 887 

Higgs branching ratios 

Differential effects of 𝜅% up to STXS 1.2 granularity 
H coupling effect on SH and HH BR also considered 

Physics model

Wavefunction renormalization 

𝜅$ effect on single-H XS

κ&, κ' Scaling	from	
k-framework

k-factor for NLO EW 
corrections not factorizing 
with 𝜅$ effects 


