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The Higgs boson exists and then...

The Higgs boson exists
and it’s discovered in 2012
→ scrutinize its properties
and the Higgs sector
nature.
Recent search set a 95% CL
upper limit of 21% on the
branching ratio for H boson
decays via undetected modes.

arXiv:1909.02845

⇒ Exotic decays of the
Higgs boson remain a
high priority.

Even with its excellent successes in providing experimental
predictions, the SM leaves some phenomena unexplained.

hierarchy problem, baryon asymmetry, Dark Matter/energy etc...

Many Beyond Standard Model (BSM) theories predict
the Higgs as mediator between SM particles and dark
matter PhysRevD.82.055026 , doi.org/10.1016/ , Phys. Rev. Lett. 112, 201802
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.055026
https://doi.org/10.1016/j.physletb.2012.01.062
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.201802


Higgs to invisible search at the LHC

Invisible Higgs carries off momentum, characterised by
large missing transverse momentum in the events

Four different channels for the
Higgs to invisible search

Very unlikely process in
Standard Model; branching ratio
BH→inv ∼ 1.05× 10−3 from
H → ZZ∗ → 4ν

Can be significantly enhanced in
various BSM scenarios, including
Higgs coupling to dark matter
(”Higgs portal”).
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Vector Boson Fusion: VBF

Strong background
rejection due to its
distinct event
topology.

The most sensitive
mode for invisible
decays of a Higgs
boson at hadron
colliders

Three mains
backgrounds: Z
strong, Z
electroweak and
di-boson production.

Run: 279984 
Event: 237776402 
2015-09-21 20:21:50 CEST

mjj = 2.5 TeV 
Δηjj = 4.0 
Δɸjj = 1.6 Jet 1: pT = 408 GeV

Jet 2: pT = 301 GeV

 = 504 GeV
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arXiv:2202.07953
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https://arxiv.org/pdf/2202.07953.pdf


Previous Higgs to invisible search in ATLAS and CMS

Phys. Rev. Lett. 122, 231801
Phys.Lett.B 793 (2019) 520-551

Channel ATLAS (Run 2) CMS
Observed Expected Observed Expected

VBF 0.37 0.28 0.33 0.25
ZH 0.67 0.39 0.40 0.42
VH 0.83 0.58 0.32 0.38

Combined 0.38 0.21 0.26 0.20

The most recent search on Higgs to invisible will be discussed in
the rest of the talk.
By focusing on the more sensitive channel: VBF.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231801
https://doi.org/10.1016/j.physletb.2019.04.025


VBF search in ATLAS: Analysis strategy arXiv:2202.07953

Event selection

Two jets with
pT (j1/j2) > 80/50 GeV.

Small add. jet activity:
pT (j3) < 25 GeV.

Jets in opposite
hemispheres.
∆ηjj > 3.8.

mjj > 0.8 TeV

Veto on e and µ

A 3D mjj ,∆φjj and
Njets binning used.

Bkg estimates

The V+jets ( 95%
bkgs) estimates by
data-driven technique.

Δϕjj

1.0

2.0

mjj [TeV]0.8 1 1.5 2 3.5

SR1 
7.4%

SR2 
15%

SR3 
10%

SR4 
10%

SR6 
2.4%

SR7 
8.7%

SR8 
5.9%

SR9 
6.5%

SR5 
1.8%

SR10 
1.2%

0.0

ATLAS, 139 fb-1 
Signal region bins for the search of VBF invisible Higgs boson decays

Δϕjj

2.0

mjj [TeV]1.5 2 3.5

SR11 
3.9%

SR12 
5.4%

SR13 
0.9%

0.0

Δϕjj

2.0

mjj [TeV]1.5 2 3.5

SR14 
10%

SR15 
9.1%

SR16 
1.5%

0.0

 [GeV]
<latexit sha1_base64="dFXlvxwl81D9VPfA1UIAjQ1vpIE="></latexit>

Emiss
T200160

[2]

[3,4]

Njet

Signal (Binv = 15%) / Backgrund
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Systematics uncertainties

Lepton and JER (32% and 40% )

theoretical uncertainties on V+Jets
bkg ∼ 28%.
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VBF search in ATLAS: Results arXiv:2202.07953
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VBF search in CMS: Analysis strategy arXiv:2201.11585

Event selection

Two complementary trigger strategies:
missing momentum triggered region (MTR)
VBF jets triggered region (VTR).

VBF SR selection (Full table available in the backup)
Observable MTR VTR

Choice of pair Leading-pT jets Leading-mjj jets
Leading (subleading) jet pT > 80(40)GeV, |η| < 4.7 pT > 140(70)GeV, |η| < 4.7

pmiss
T > 250 GeV 160 < pmiss

T < 250 GeV

min(∆φ(pmiss
T , pjetT )) > 0.5 > 0.8

|∆φjj | < 1.5 GeV 1.8 GeV
mjj < 200 GeV 900 GeV

Bkg estimation

V+jets bkg, estimated by
independent CRs.

Data driven method used for
the mutiljet backgrounds.

Systematics uncertainties

Jet energy scale and resolution
(up to 35%) , Theory
uncertainty taken from
another ref.
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VBF search in CMS: Results arXiv:2201.11585

Results

No significant deviations from
the SM expectations are
observed.
Combination of 2017 and 2018
results yields an observed
(expected) upper limit of
B(H → inv) < 0.18(0.12).

Diallo Boye, Ketevi Assamagan Snowmass Community Summer Study in Seattle EF10: BSM: Dark Matter at colliders9 / 28
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VBF search in ATLAS: Interpretation

Interpretation in the
context of Higgs-portal
models of DM interactions
→stable DM particle
couples to the SM Higgs
boson.
Higgs boson as mediator
between a DM particle
and an atomic nucleus.
If mDM < mH

2 , then Γinv can
be translated within and
EFT approach into a
spin-independent
DM-nucleon elastic
scattering cross section.

Transformation performed
assuming the DM
candidate is either a scalar
or a Majorana fermion.

Phys. Rev. Lett. 122, 231801

arXiv:2201.11585
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231801
https://arxiv.org/pdf/2201.11585.pdf


More interpretation: snowmass2021BSMReportV1

The authors propose to extend the results to DM masses below
the GeV since the translation between collider parameters of the
theory and DM-nucleon cross-section are still valid in all regimes
of momentum transfer
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https://snowmass21.org/_media/energy/snowmass2021_bsm_report_v1.pdf


Our interpretation study proposal: arXiv:2107.01252

As shown in the slide 10 and 11, Higgs portal Vector DM (VDM)
line has been removed in all ATLAS and CMS publication since
Run 1.

This is motivated by some objection on the EFT approach.

In our study we propose to reconsider the VDM interpretation.

UV radiative Higgs portal model also considered in this work.

We also do the extension to the low mass regime (below 1
GeV).
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Effective Field Theory approach
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Objection on EFT, 1st UV model
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1st UV mode

Two more UV modes are also proposed and available in backup
for discussion.
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Our proposal adopted by ATLAS

Our proposal has been adopted by ATLAS in its latest results on
the Higgs to invisible search.; arXiv:2202.07953
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More General models
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Conclusion

The Higgs to invisible search at the LHC is presented:
Previous search results are reminded.
The most recent searches by ATLAS and CMS are reviewed.

In their interpretation results ATLAS and CMS removed the EFT
VDM line.
We showed that the EFT approach is still viable and we propose
to reconsider it.
We also do the extension to the low mass regime (below 1 GeV).

Our proposal has been adopted by ATLAS in its latest results on
the Higgs to invisible search.; arXiv:2202.07953
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BACKUP

BACKUP
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V+jets Background Modelling: Slide from Ben
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2nd UV model, Reanalyse EFT
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2nd UV model
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Additional fermions UV model
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Additional fermions UV model
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Proposal
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Full SR selection
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Full SR selection
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Limit results ATLAS
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