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h→invisible

● Vector Boson Fusion production 
of h →best sensitivity [1]

● Combination with Z(ll)h and 
Z(bb)h [1,2]

● Cliquez pour ajouter un 
texte

● mh = 125 GeV limit on B(h→invisible):

– VBF: 57% (exp. 40%)

– VBF+ZH: 47% (exp. 35%)

● Possible reinterpretation in terms of limit on a DM 
candidate

– spin-independent DM-nucleon cross section in Higgs-
portal models comparisons with other DM experiments

[1] CMS-PAS-HIG-14-038
[2] EPJC 74 (2014) 2980

From [2], not include latest VBF update

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14038Twiki
http://link.springer.com/article/10.1140/epjc/s10052-014-2980-6
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h→γ + invisible

● low-scale SUSY models

– Gravitino (Ğ) produced by the decay of a Neutralino (χ1) 

● χ1 → Ğ+γ 

● mĞ negligible and mχ1 ranging from 1 to 120 GeV

– Two cases:

● h → Ğ+χ1 (mh/2 < mχ1 < mh)

● h → χ1χ1 (mχ1 < mh/2) 

● Limit expressed as function of mχ1 and cτχ1

[] arXiv:1507.00359, Submitted to Phys. Lett. B

m
χ1

=95 GeV

More

More on talk from R.Teixeira De Lima later today (link)

http://arxiv.org/abs/1507.00359
https://indico.lal.in2p3.fr/event/2722/session/7/contribution/20/3/material/slides/0.pdf
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Flavour-violating Higgs processes

● Searches for flavour-violating decay or production of 
the h boson

– h→μτ

– t→ch

● Limits on branching ratio at 95% CL

– B(h→μτ) < 1.51% [1]

– B(t→ch) < 0.56% [2]

● Probe Higgs Yukawa couplings

– Better limits than previous analyses for Yμτ

–  

 

[1] arxiv:1502.07400, Submitted to Phys. Lett. B
[2] Phys. Rev. D 90, 112013

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14005PaperTwiki
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
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X → hh → bbbb, bbγγ, multi-lepton and leptons+photons
H → hh → bbττ (new)

● Looking for heavy resonances decaying in pair of h bosons

● X can be reinterpreted as:

– Spin-0 radion or spin-2 graviton [1,2]

● In Warped Extra Dimensions models 

– High mass H [3, 4]

[1] CMS-PAS-HIG-13-032
[2] arXiv:1503.04114, Submitted to Physics Letters B
[3] Phys. Rev. D 90, 112013
[4] Paper to be submitted soon, EPS talk

(new)

More

More on talk from M.T Grippo this morning (link)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13032TWiki
http://arxiv.org/pdf/1503.04114.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
https://indico.cern.ch/event/356420/session/4/contribution/200
https://indico.lal.in2p3.fr/event/2722/session/2/contribution/36/2/material/slides/0.pdf
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X→ZZ, WW

● SM h boson search for high mass → 
reinterpreted in term of BSM models

– Combine lνlν, lνqq, 4l, llνν, llqq

● Probe mX in [145 - 1000] GeV

● Assume SM Higgs-like productions 
and decays

● Reinterpretation in terms of EW singlet extension of SM in 
terms of model parameters:

– Bnew :  branching fraction of the EW singlet to non-SM decay 
mode

– C' :  the scale factors of the couplings with respect to the 
SM of the high-mass Higgs boson

● Only consider cases with ΓH  ≤ ΓSM

● Results provided independently for each h decays and 
production mode (ggh, VBF, h→ZZ, h→WW)

[] arXiv:1504.00936, Submitted to Phys. Lett. B

More

http://arxiv.org/abs/1504.00936
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X→γγ

● Low mass search [80-110] GeV (new results) [1]

● High mass search [150-850] GeV [2]:

– Test different signal width up to 10% of the mass

– Interpretation for spin-0 and spin-2 resonances

– Limits as function of:

● mX

● mX vs ΓX

● Model dependent tanβ vs cos(β-α) at fix mX

[1] CMS-HIG-14-037
[2] arXiv:1506.02301, Submitted to Phys. Lett. B
Other di-boson search: X → Zγ (CMS-PAS-HIG-14-031, backup)

Excluded region

More

More on talk from B.Courbon yesterday (link)

new

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-006/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14031TWiki
https://indico.lal.in2p3.fr/event/2722/session/7/contribution/20/3/material/slides/0.pdf
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A→Zh

● Several channels

– Z(ll)h(ττ) (new) [1]

– Z(ll)h(bb) [2]

– Multi-leptons and leptons+photons [3]
● Target MSSM like models

– Model dependent and model independent limits

[1] Paper to be submitted soon, EPS talk
[2] arXiv:1504.04710, Submitted to Physics Letters B
[3] Phys. Rev. D 90, 112013

(new)

More

https://indico.cern.ch/event/356420/session/4/contribution/200
http://arxiv.org/pdf/1504.04710.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
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Combination H→hh and A→Zh

● Several channels can be combined for defined BSM models

– Example: H→hh + A→Zh

● Limits derived as function of mA vs tanβ and tanβ vs cos(β-α)

Multi-lepton and leptons+photons analysis

[1] Paper to be submitted soon, EPS talk
[2] Phys. Rev. D 90, 112013

(new) (new)

https://indico.cern.ch/event/356420/session/4/contribution/200
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
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 H → ZA, A → ZH

● 2HDM with non-degenerate H and A, mh = 125 GeV, mH± = max(mH ,mA)

● Two channels:

– Z(ll)A/H(bb)

– Z(ll)A/H(ττ)

● Limit as function of mH and mA for cos(β − α)=0.01, tanβ=1.5

● Limit as function of tanβ and cos(β − α) for mH = 350 GeV, mA = 150 GeV

[1] CMS-PAS-HIG-15-001

Z(ll)A/H(bb)Z(ll)A/H(bb)

Z(ll)A/H(bb)

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig15001TWiki
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Light Higgses

● 2 analyses in the context of NMSSM:

– h1 + X→ bb + X [1] 

● 30 < mh1< 100 GeV

– h1,2 → a1(μμ)a1(μμ) + X [2]

● 0.25 < ma1 < 3.55 GeV and 90 < mh1,2 < 150 
● bbA production with A→ττ in the context of the 2HDM type II (new) [3]

– 25 < mA < 80 GeV

– Comparisons with models with different Yb sign 

[1] CMS-PAS-HIG-14-030
[2] arXiv:1506.00424, Submitted to Physics Letters B
[3] Paper to be submitted soon, EPS talk

(new)

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14030TWiki
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-010/index.html
https://indico.cern.ch/event/356420/contribution/201
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MSSM Φ→bb, ττ

● Search for new resonances in bb and ττ in the context of MSSM

– Φ can be A, h, H

– Φ→bb consider only production with extra b's [1]
● Sensitive mainly to large tanβ

– Φ→ττ consider also ggΦ production [2]

– 5 scenarios tested: mh
max, mh

mod+, mh
mod-, light-stop, and light-

stau (+ τ-phobic, and low-mH for Φ→ττ)

[1] arXiv:1506.08329, Submitted to the Journal of High Energy Physics
[2] HIG-14-029, EPS talk

Φ→bb

More

Φ→ττ

New update

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-017/index.html
https://indico.cern.ch/event/356420/session/4/contribution/202/attachments/1131423/1617237/Davignon_EPS-HEP-2015_Higgses_MSSM_2HDM_24_07_15.pdf
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Charged Higgses

● Several channels explored:

– tt → WbH± b (H±→τν, cs) [1, 2]

● mH± < mt → limit on B(t→H± b)

– tH± (H±→τν, tb) [1, 3] 

● mt < mH± → limit on σ x B

[1] CMS-PAS-HIG-14-020
[2] CMS-PAS-HIG-13-035
[3] CMS-PAS-HIG-13-026

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14020TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13035TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13026TWiki
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Summary

● Discovery of SM Higgs boson enhance interest for this topic

● Wide CMS BSM Higgs search program during Run1

– Complementary to SM Higgs precision measurements
● Until now→ no evidence of new physics in the Higgs sector observed

– Large phase space explored

– Limits set on σ x B
● Sensitivity reached O(10 fb) for several analyses

– Interpretation of the limits in several BSM models (generic 2HDM, 
MSSM, NMSSM, DM candidate, singlet...) 

● Run2 LHC would allow to push further the searches

– New ideas for final states and models to explore are always 
welcomed
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Backup
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h→invisible (additional information)
● Vector Boson Fusion production of h →best sensitivity [1]

– Improvement w.r.t. to [2] due to “parked” data recorded in 2012 
and reconstructed in 2013

● Lower trigger threshold → larger acceptance → improvement 
on the selection to increase the sensitivity

– Expected limits on B(h → inv): 0.49% → 0.40% 

[1] CMS-PAS-HIG-14-038
[2] EPJC 74 (2014) 2980

● Other result: assuming SM Higgs-like particle H → limit on σ x B(H → inv) vs mH

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14038Twiki
http://link.springer.com/article/10.1140/epjc/s10052-014-2980-6
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h→γ + invisible (other results)

● Results also expressed in function of mH where H is a SM-like H boson

[] arXiv:1507.00359, Submitted to Phys. Lett. B

More

http://arxiv.org/abs/1507.00359
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h→μτ and t→ch (additional material) 

● Limits on branching ratio at 95% CL by channels and compared to expectation

[1] CMS-PAS-HIG-14-005
[2] CMS-PAS-HIG-13-034, Phys. Rev. D 90, 112013

[1]

[2]

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14005PaperTwiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13034TWiki
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
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X → hh → bbbb, bbγγ, multi-lepton and leptons+photons
(other results)

● Looking for heavy resonances decaying in pair of h 
bosons

● X can be reinterpreted as spin-2 graviton [1,2]

● In Warped Extra Dimensions models 
● High mass H → limits on 2HDM models parameter [3]

[1] CMS-PAS-HIG-13-032
[2] arXiv:1503.04114, Submitted to Physics Letters B
[3] Phys. Rev. D 90, 112013

multi-lepton and 
leptons+photons [3]

multi-lepton and 
leptons+photons [3]

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13032TWiki
http://arxiv.org/pdf/1503.04114.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
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X→ZZ, WW (split results)

● SM h boson search for high mass → 
reinterpreted in term of BSM models

– Combine lνlν, lνqq, 4l, llνν, llqq

● Probe mX in [145 - 1000] GeV

● Assume SM Higgs-like production 
and decay

● Reinterpretation in terms of EW singlet extension of SM in 
terms of model parameters:

– Bnew :  branching fraction of the EW singlet to non-SM decay 
mode

– C' :  the scale factors of the couplings with respect to the 
SM of the high-mass Higgs boson

● Only consider cases with ΓH  ≤ ΓSM

● Results provided independently for each h decays and 
production mode (ggh, VBF, h→ZZ, h→WW)

[] arXiv:1504.00936, Submitted to Phys. Lett. B

More

http://arxiv.org/abs/1504.00936
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X→γγ (other results)

● Search for excess on top of background

– Test different signal width up to 10% of the mass

● Range explored: [150-850] GeV

● Interpretation for spin-0 and spin-2 resonances

● Limits as function of:

– mX (spin-2 small width, spin-0 large width)

– ΓX for mX = 840 GeV

[] arXiv:1506.02301, Submitted to Phys. Lett. B

More

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-006/index.html
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X→Zγ

● Search for an excess in Z(ll)γ with l = e,μ

● Explore mass range [200-500]

● Test several X width hypothesis

– Broad width: SM-like H width

– Narrow width: 1% of mX

[] CMS-PAS-HIG-14-031

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14031TWiki
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A→Zh (more results)

● Several channels

– Z(ll)h(bb) [1]

– Multi-leptons and leptons+photons [2]
● Target MSSM like models

– Model dependent and model independent 
limits

[1] arXiv:1504.04710, Submitted to Physics Letters B
[2] Phys. Rev. D 90, 112013

multi-lepton and 
leptons+photons [3]

multi-lepton and 
leptons+photons [3]

More

http://arxiv.org/pdf/1504.04710.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112013
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 H → ZA, A → ZH (llττ results)

● 2HDM with non-degenerate H and A, mh = 125 GeV, mH± = max(mH ,mA)

● Two channels:

– Z(ll)A/H(bb)

– Z(ll)A/H(ττ)

● Limit as function of mH and mA for cos(β − α)=0.01, tanβ=1.5

● Limit as function of tanβ and cos(β − α) for mH = 350 GeV, mA = 150 GeV

[1] CMS-PAS-HIG-15-001

Z(ll)A/H(ττ)
Z(ll)A/H(ττ)

Z(ll)A/H(ττ)

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig15001TWiki
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Light Higgses (other results)
● h1 + X→ bb + X [1] → interpretation of the limits:

– considering whole NMSSM P4 benchmark with fixed M3~1TeV 
(gluino mass)

– Limit on M3 for fixed M1 (bino) and M2 (wino) masses

● h → γD(μμ)γD(μμ) + X [2] in SUSY model with dark sector 

– h=hSM(125)

– Limit vs ε (kinetic mixing parameter between SM γ and the 

dark γD) and mγD

[1] CMS-PAS-HIG-14-030
[2] arXiv:1506.00424, Submitted to Physics Letters B

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14030TWiki
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-010/index.html
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MSSM Φ→bb, ττ (additional results)

● Search for new resonances in bb and ττ in the context of MSSM

– Φ can be A, h, H

– Φ→bb consider only production with extra b's [1]
● Sensitive mainly to large tanβ

– Φ→ττ consider also ggΦ production [2]

– 5 scenarios tested: mh
max, mh

mod+, mh
mod-, light-stop, and light-stau 

(+ τ-phobic, and low-mH for Φ→ττ)

[1] arXiv:1506.08329, Submitted to the Journal of High Energy Physics
[2] HIG-14-029, EPS talk

Φ→bb

Φ→bb

New update

New update

More

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-017/index.html
https://indico.cern.ch/event/356420/session/4/contribution/202/attachments/1131423/1617237/Davignon_EPS-HEP-2015_Higgses_MSSM_2HDM_24_07_15.pdf
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Charged Higgses (more results)

● Several channels explored:

– tt → WbH± b (H±→τν, cs) [1, 2]

● mH± < mt → limit on B(t → H± b)

– tH± (H±→τν, tb) [1, 3] 

● mt < mH± → limit on σ x B

[1] CMS-PAS-HIG-14-020
[2] CMS-PAS-HIG-13-035
[3] CMS-PAS-HIG-13-026

More

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14020TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13035TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13026TWiki
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Doubly charged Higgses Φ±±

● 6 channels

– ee, μμ, eμ, eτ, μτ, ττ
● Interpretation for 4 benchmark models

[] Eur. Phys. J. C 72 (2012) 2189

http://link.springer.com/article/10.1140/epjc/s10052-012-2189-5
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