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• Higgs coupling measurement at the LHC nicely agree with the SM predictions
• At least                                  get mass from the Higgs VEV 

<latexit sha1_base64="p6p3mahj3qbWcvkTu2wmrZcOQXA=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGVGfC2LblxWsA/sDCWTZtrQTGZI7gilFNz4K25cKOLWn3Dn35hpZ6GtB05yOPdeknuCRHANjvNtLSwuLa+sFtaK6xubW9v2zm5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4zurNB6Y0j+UdDBPmR6QnecgpAWN17H0oe+XA0AOSZleUnfeGzY5dcirOBHheuLkooRy1jv3ldWOaRkwCFUTrtusk4I+IAk4FGxe9VLOE0AHpsbaRkkRM+6PJDmN8ZJwuDmNlKAFP3N8TIxJpPYwC0xkR6OvZWmb+V2unEF76Iy6TFJik04fCVGCIcRYI7nLFKIihEYQqbv6KaZ8oQsHEVjQhuLMrz4vGScU9r5zdnpaqV3kcBXSADtExctEFqqIbVEN1RNEjekav6M16sl6sd+tj2rpg5TN76A+szx+1T5Wo</latexit>

t, b, ⌧, µ, Z, W

• Knowing the shape of the Higgs potential 
will require more time…

2Daniele Barducci



• The % precision in the measurement of Higgs couplings doesn’t exclude the  
presence of extended scalar sectors

• Additional (pseudo) scalars are present in a pletora of BSM models
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SUSY

n-HDM

Compositness

MSSM, nMSSM, 
cMSSM…

2HDM, 3HDM…

pNGB Higgs,  
dark QCD…

v-masses

type-II see-saw…

Axions

ALPs…



• Extended scalar sectors lead to modification of SM Higgs couplings 
(not only via mixing, e.g. CHMs…)

• But also to new self-interactions among the scalars
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• Cascade decays depend on the details of the scalar sector, and can provide 
information on the structure of the scalar potential and new search channels

• Two main search categories can be defined

Light scalars Heavy scalars

• The two regimes have different search strategies and exp. challenges
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Light scalar regime

• Non standard Higgs decay still allowed with rates of a few %
• Alternative probe to direct production
• Take advantage of known properties of the SM Higgs: mass, XS…

• For really light scalars, collimated decay product, boosted techniques necessary

Many analyses performed at the LHC with different final states

6Daniele Barducci



Light scalar regime

• Non standard Higgs decay still allowed with rates of a few %
• Alternative probe to direct production
• Take advantage of known properties of the SM Higgs (mass, XS…)

• For really light scalars, collimated decay product, boosted techniques necessary
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Many analyses performed at the LHC with different final states

Courtesy of myself, LCWS-2016
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Heavy scalar regime

• Take advantage of the known Higgs mass and BRs
• Unknown production cross-section and mechanism

• Many LHC searches from ATLAS & CMS - 
<latexit sha1_base64="t7I9oTr4ryYGB3Dj8Z0ZSFstqYU=">AAACDXicbVC7TgJBFJ3FF+Jr1dJmI5pYELJL8FESbSwxkUcChNwdBpgws7uZuWtCNvyAjb9iY6ExtvZ2/o0DbKHgSSZzcs49mbnHjwTX6LrfVmZldW19I7uZ29re2d2z9w/qOowVZTUailA1fdBM8IDVkKNgzUgxkL5gDX90M/UbD0xpHgb3OI5YR8Ig4H1OAY3UtU/KfqFdKPmlxvxqI8QpG4CU0O6FqLt23i26MzjLxEtJnqSodu0vk6OxZAFSAVq3PDfCTgIKORVskmvHmkVARzBgLUMDkEx3ktk2E+fUKD2nHypzAnRm6u9EAlLrsfTNpAQc6kVvKv7ntWLsX3USHkQxsoDOH+rHwsHQmVbj9LhiFMXYEKCKm786dAgKKJoCc6YEb3HlZVIvFb2L4vldOV+5TuvIkiNyTM6IRy5JhdySKqkRSh7JM3klb9aT9WK9Wx/z0YyVZg7JH1ifP9KBmZM=</latexit>

4b, 2b2W, 2b2⌧, 2b2� . . .



9Daniele Barducci

Heavy scalar regime

• Take advantage of the known Higgs mass and BRs
• Unknown production cross-section and mechanism

• Many LHC searches from ATLAS & CMS - 
<latexit sha1_base64="t7I9oTr4ryYGB3Dj8Z0ZSFstqYU=">AAACDXicbVC7TgJBFJ3FF+Jr1dJmI5pYELJL8FESbSwxkUcChNwdBpgws7uZuWtCNvyAjb9iY6ExtvZ2/o0DbKHgSSZzcs49mbnHjwTX6LrfVmZldW19I7uZ29re2d2z9w/qOowVZTUailA1fdBM8IDVkKNgzUgxkL5gDX90M/UbD0xpHgb3OI5YR8Ig4H1OAY3UtU/KfqFdKPmlxvxqI8QpG4CU0O6FqLt23i26MzjLxEtJnqSodu0vk6OxZAFSAVq3PDfCTgIKORVskmvHmkVARzBgLUMDkEx3ktk2E+fUKD2nHypzAnRm6u9EAlLrsfTNpAQc6kVvKv7ntWLsX3USHkQxsoDOH+rHwsHQmVbj9LhiFMXYEKCKm786dAgKKJoCc6YEb3HlZVIvFb2L4vldOV+5TuvIkiNyTM6IRy5JhdySKqkRSh7JM3klb9aT9WK9Wx/z0YyVZg7JH1ifP9KBmZM=</latexit>

4b, 2b2W, 2b2⌧, 2b2� . . .

What about a mixed regime with no-SM Higgs involved?
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• Clearly impossibile to experimentally target all the possibile BSM signatures
• However available results are not directly applicable (different kinematics..)
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• Clearly impossibile to experimentally target all the possibile BSM signatures
• However available results are not directly applicable (different kinematics..)

Analysis recast is a way-out, if enough exp. information are available!!!

• Generate the same BSM signal considered in the 
experimental analysis with a simplified simulation 

• Apply, when possible, the same selection cuts of 
the experimental analyses

MadGraph, PYTHIA, Delphes…

• Tune generation flags until reproducing with enough 
accuracy the experimental limits on the same BSM 
model - SM background from exp. data!

Once this is done one has an analysis “mask” to be applied to any model!
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• We consider the following analysis for 
<latexit sha1_base64="feyA4m5+c+RI2X8qXbTljmHprrg=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakPpalbroRKtoHdMaSSTNtaJIZkoxQhn6EG3/FjQtF3Lpw59+YaQtq64HAuefcy809Qcyo0o7zZS0sLi2vrObW8usbm1vb9s5uQ0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcJn5zXsiFY3ErR7GxOeoJ2hIMdJG6tjH1bvUkxxWbq5G0NMR7E/qrPyhmVEKOnbBKTpjwHniTkkBTFHr2J9eN8IJJ0JjhpRqu06s/RRJTTEjo7yXKBIjPEA90jZUIE6Un46PGsFDo3RhGEnzhIZj9fdEirhSQx6YTo50X816mfif1050eOGnVMSJJgJPFoUJg+bGLCHYpZJgzYaGICyp+SvEfSQR1ibHvAnBnT15njROiu5Z8fS6VChXpnHkwD44AEfABeegDKqgBuoAgwfwBF7Aq/VoPVtv1vukdcGazuyBP7A+vgGLgp1E</latexit>

H
BSM ! h

SM
h
SM ! 4b
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• We consider the following analysis for 
<latexit sha1_base64="feyA4m5+c+RI2X8qXbTljmHprrg=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUGakPpalbroRKtoHdMaSSTNtaJIZkoxQhn6EG3/FjQtF3Lpw59+YaQtq64HAuefcy809Qcyo0o7zZS0sLi2vrObW8usbm1vb9s5uQ0WJxKSOIxbJVoAUYVSQuqaakVYsCeIBI81gcJn5zXsiFY3ErR7GxOeoJ2hIMdJG6tjH1bvUkxxWbq5G0NMR7E/qrPyhmVEKOnbBKTpjwHniTkkBTFHr2J9eN8IJJ0JjhpRqu06s/RRJTTEjo7yXKBIjPEA90jZUIE6Un46PGsFDo3RhGEnzhIZj9fdEirhSQx6YTo50X816mfif1050eOGnVMSJJgJPFoUJg+bGLCHYpZJgzYaGICyp+SvEfSQR1ibHvAnBnT15njROiu5Z8fS6VChXpnHkwD44AEfABeegDKqgBuoAgwfwBF7Aq/VoPVtv1vukdcGazuyBP7A+vgGLgp1E</latexit>

H
BSM ! h

SM
h
SM ! 4b

<latexit sha1_base64="7uc0HwKLimgdB0Pv4gAG68NIAfA=">AAACDnicbZC7TsMwFIYdrqXcAowsFlUlpiqpuI0VLF2QiqAXqQmR47qtVduJbAepivIELLwKCwMIsTKz8Ta4bQZo+SVLn/5zjo7PH8aMKu0439bS8srq2npho7i5tb2za+/tt1SUSEyaOGKR7IRIEUYFaWqqGenEkiAeMtIOR1eTevuBSEUjcafHMfE5GgjapxhpYwV2mQdpPahmniBwim4Gcx7ep57k8PY6ywK75FScqeAiuDmUQK5GYH95vQgnnAiNGVKq6zqx9lMkNcWMZEUvUSRGeIQGpGtQIE6Un07PyWDZOD3Yj6R5QsOp+3siRVypMQ9NJ0d6qOZrE/O/WjfR/Qs/pSJONBF4tqifMKgjOMkG9qgkWLOxAYQlNX+FeIgkwtokWDQhuPMnL0KrWnHPKqc3J6XaZR5HARyCI3AMXHAOaqAOGqAJMHgEz+AVvFlP1ov1bn3MWpesfOYA/JH1+QM4K5ub</latexit>

mH2 6= mH1 6= mhSM

• Potentially large                     , and                    BRs, interesting channel



14Daniele Barducci

• Reproduce CMS results when 
Recasting strategy

• Use the recast to extend the analysis to the full                         plane 
<latexit sha1_base64="4L2BgMX25O0JtNXUZA4/kFhyKMc=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkpvpZFN11WsA9ohyGTZtrQJDMkGaWM8yluXCji1i9x59+YtrPQ1gOXezjnXnJzgphRpR3n21pZXVvf2CxsFbd3dvf27dJBW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfDv1Ow9EKhqJez2JicfRUNCQYqSN5NulCvfThl/LzmbdzU59u+xUnRngMnFzUgY5mr791R9EOOFEaMyQUj3XibWXIqkpZiQr9hNFYoTHaEh6hgrEifLS2ekZPDHKAIaRNCU0nKm/N1LElZrwwExypEdq0ZuK/3m9RIfXXkpFnGgi8PyhMGFQR3CaAxxQSbBmE0MQltTcCvEISYS1SatoQnAXv7xM2rWqe1m9uDsv12/yOArgCByDCnDBFaiDBmiCFsDgETyDV/BmPVkv1rv1MR9dsfKdQ/AH1ucP0XOTFQ==</latexit>

(mH2 ,mH1)

• CMS provides selection acceptances in function of the various cuts
Easier to check which cuts are well implemented step-by-step!!!

• Two mass regions are defined
LMR

MMR

<latexit sha1_base64="5cObJNJJvWotepx4bq0BZ95RHyY=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIlDJTbHVZ6sJuhIq2FjpjyaRpG5pkhiQjlGH+wY2/4saFIm7duPNvTB8LbT1w4XDOvdx7jx8yqrRtf1uppeWV1bX0emZjc2t7J7u711RBJDFp4IAFsuUjRRgVpKGpZqQVSoK4z8idP7wY+3cPRCoaiFs9ConHUV/QHsVIG6mTPeGduHYfu5LD6s1VkkCXCtguluy8my+XbM/NT7xL0kw62ZxdsCeAi8SZkRyYod7JfrndAEecCI0ZUqrt2KH2YiQ1xYwkGTdSJER4iPqkbahAnCgvnvyUwCOjdGEvkKaEhhP190SMuFIj7ptOjvRAzXtj8T+vHeneuRdTEUaaCDxd1IsY1AEcBwS7VBKs2cgQhCU1t0I8QBJhbWLMmBCc+ZcXSbNYcMqF0vVprlKdxZEGB+AQHAMHnIEKqIE6aAAMHsEzeAVv1pP1Yr1bH9PWlDWb2Qd/YH3+AEfOm+Y=</latexit>

mHBSM 2 [250, 650]GeV
<latexit sha1_base64="2DSrb1B7b6Z3w42vY+Wx5uX9Dhw=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIljJTrLosdWE3QkX7gM5YMmnahiaZIckIZZiPcOOvuHGhiFsX7vwb08dCWw9cOJxzL/fe44eMKm3b31ZqaXlldS29ntnY3Nreye7uNVQQSUzqOGCBbPlIEUYFqWuqGWmFkiDuM9L0h5djv/lApKKBuNOjkHgc9QXtUYy0kTrZE96Jq/exKzms3F4nCXSpgO1Syc67eado256bn5hXpJF0sjm7YE8AF4kzIzkwQ62T/XK7AY44ERozpFTbsUPtxUhqihlJMm6kSIjwEPVJ21CBOFFePHkqgUdG6cJeIE0JDSfq74kYcaVG3DedHOmBmvfG4n9eO9K9Cy+mIow0EXi6qBcxqAM4Tgh2qSRYs5EhCEtqboV4gCTC2uSYMSE48y8vkkax4JwVSjenuXJlFkcaHIBDcAwccA7KoApqoA4weATP4BW8WU/Wi/VufUxbU9ZsZh/8gfX5A7msnBs=</latexit>

mHBSM 2 [550, 1200]GeV

• The analysis mainly targets gluon fusion production



15Daniele Barducci

• 4 jets with                        ,               
and                        ,

<latexit sha1_base64="gPeonlpAniESb7pXejp6KTGbFR8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgopSk+NxI0YUuK/QhNDFMppN27GQSZiZCCVm48VfcuFDErR/hzr9x+lho64ELh3Pu5d57/JhRqSzr28gtLC4tr+RXC2vrG5tb5vZOS0aJwKSJIxaJWx9JwignTUUVI7exICj0GWn7g8uR334gQtKIN9QwJm6IepwGFCOlJc8sxl7jLr33UrtczbLzM8spp44I4RVpZZ5ZsirWGHCe2FNSAlPUPfPL6UY4CQlXmCEpO7YVKzdFQlHMSFZwEklihAeoRzqachQS6abjJzK4r5UuDCKhiys4Vn9PpCiUchj6ujNEqi9nvZH4n9dJVHDqppTHiSIcTxYFCYMqgqNEYJcKghUbaoKwoPpWiPtIIKx0bgUdgj378jxpVSv2ceXo5rBUu5jGkQdFsAcOgA1OQA1cgzpoAgwewTN4BW/Gk/FivBsfk9acMZ3ZBX9gfP4AA1qXEA==</latexit>

p
j1,2
T > 90GeV

<latexit sha1_base64="U1z3WjrnfGH3Uks6aoFH1+s7f0c=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3fx6AXjxHMA5IlzE56kyGzs+vMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQCK6N6347S8srq2vrhY3i5tb2zm5pb7+h41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+HtxG8+odI8lg9mlKAf0b7kIWfUWKklu0Gnj+SsWyq7FXcKski8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nr13TI6t0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/z2qkJr/2MyyQ1KNlsUZgKYmIyeZ70uEJmxMgSyhS3txI2oIoyYyMq2hC8+ZcXSeO04l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRgIeIZXeHMenRfn3fmYtS45+cwB/IHz+QNKp49+</latexit>

nb � 3

Trigger level

OR
<latexit sha1_base64="NT3XVAbipvl+9SRkuuVPrUCXL5g=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgQsqMtOpKii50WaEv6AxDJk3b0CQzJBmljP0UNy4UceuXuPNvTNtZaOuBC4dz7uXee8KYUaUd59vKrayurW/kNwtb2zu7e3Zxv6WiRGLSxBGLZCdEijAqSFNTzUgnlgTxkJF2OLqZ+u0HIhWNREOPY+JzNBC0TzHSRgrsYhw0ripV7zT1JIe3pDUJ7JJTdmaAy8TNSAlkqAf2l9eLcMKJ0JghpbquE2s/RVJTzMik4CWKxAiP0IB0DRWIE+Wns9Mn8NgoPdiPpCmh4Uz9PZEirtSYh6aTIz1Ui95U/M/rJrp/6adUxIkmAs8X9RMGdQSnOcAelQRrNjYEYUnNrRAPkURYm7QKJgR38eVl0joru+fl6n2lVLvO4siDQ3AEToALLkAN3IE6aAIMHsEzeAVv1pP1Yr1bH/PWnJXNHIA/sD5/ALhFkwY=</latexit>

pT > 45GeV• 4 jets with                                 

Analysis level

Cut #1 - 4b selection  -

Cut #2 - hh selection  -

LMR MMR

All four-jets to be b-tag and within 

Higgs reconstruction

b-jet pairing with 
<latexit sha1_base64="F2w+FTeXpWdG02UQdT/y94bNrJU=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJUYoEqq8hgYKhhgLBJ9SE0UOa7TWrWTyHaQqrRfwMKvsDCAECszG3+D22YoLUe60vE598r3Hj9mVCrL+jGWlldW19ZzG/nNre2dXXNvvyGjRGBSxxGLRMtHkjAakrqiipFWLAjiPiNNv38z9puPREgahQ9qEBOXo25IA4qR0pJnFofcS31/dGqXLeckdQSHt6QxGl5VZp+eWbBK1gRwkdgZKYAMNc/8djoRTjgJFWZIyrZtxcpNkVAUMzLKO4kkMcJ91CVtTUPEiXTTyTkjWNRKBwaR0BUqOFFnJ1LEpRxwX3dypHpy3huL/3ntRAWXbkrDOFEkxNOPgoRBFcFxNrBDBcGKDTRBWFC9K8Q9JBBWOsG8DsGeP3mRNMol+7x0dl8pVK+zOHLgEByBY2CDC1AFd6AG6gCDJ/AC3sC78Wy8Gh/G57R1ychmDsAfGF+/482awQ==</latexit>

|mbb � 120GeV| < 40GeV

b-jet pairing with 
<latexit sha1_base64="konom1vGH5AEhj10DOWo4e9JmIM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmbEqAcPQT14jGIWSMbQ06lJmvQsdPcoYch/ePGgiFf/xZt/Y2c5aPRBweO9Kqrq+YngSjvOl5VbWFxaXsmvFtbWNza3its7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI79xgNKxePoTg8T9ELai3jAGdVGum9fodCU3JJz4trlTrHk2M4E5C9xZ6QEM1Q7xc92N2ZpiJFmgirVcp1EexmVmjOBo0I7VZhQNqA9bBka0RCVl02uHpEDo3RJEEtTkSYT9edERkOlhqFvOkOq+2reG4v/ea1UB2dexqMk1Rix6aIgFUTHZBwB6XKJTIuhIZRJbm4lrE8lZdoEVTAhuPMv/yX1I9s9scs3x6XKxSyOPOzBPhyCC6dQgWuoQg0YSHiCF3i1Hq1n6816n7bmrNnMLvyC9fEN7CWQ2A==</latexit>

�R < 1.5

Cut #3 - Signal region 

LMR

MMR

For multiple pairs choose combinations that minimizes



For multiple pairs choose combinations that minimizes
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• 4 jets with                        ,               
and                        ,
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nb � 3

Trigger level

OR
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pT > 45GeV• 4 jets with                        ,              

Analysis level

Cut #1 - 4b selection  -

Cut #2 - hh selection  -

LMR MMR

All four-jets to be b-tag and within 

Higgs reconstruction

b-jet pairing with 
<latexit sha1_base64="F2w+FTeXpWdG02UQdT/y94bNrJU=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJUYoEqq8hgYKhhgLBJ9SE0UOa7TWrWTyHaQqrRfwMKvsDCAECszG3+D22YoLUe60vE598r3Hj9mVCrL+jGWlldW19ZzG/nNre2dXXNvvyGjRGBSxxGLRMtHkjAakrqiipFWLAjiPiNNv38z9puPREgahQ9qEBOXo25IA4qR0pJnFofcS31/dGqXLeckdQSHt6QxGl5VZp+eWbBK1gRwkdgZKYAMNc/8djoRTjgJFWZIyrZtxcpNkVAUMzLKO4kkMcJ91CVtTUPEiXTTyTkjWNRKBwaR0BUqOFFnJ1LEpRxwX3dypHpy3huL/3ntRAWXbkrDOFEkxNOPgoRBFcFxNrBDBcGKDTRBWFC9K8Q9JBBWOsG8DsGeP3mRNMol+7x0dl8pVK+zOHLgEByBY2CDC1AFd6AG6gCDJ/AC3sC78Wy8Gh/G57R1ychmDsAfGF+/482awQ==</latexit>

|mbb � 120GeV| < 40GeV

b-jet pairing with 
<latexit sha1_base64="konom1vGH5AEhj10DOWo4e9JmIM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmbEqAcPQT14jGIWSMbQ06lJmvQsdPcoYch/ePGgiFf/xZt/Y2c5aPRBweO9Kqrq+YngSjvOl5VbWFxaXsmvFtbWNza3its7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI79xgNKxePoTg8T9ELai3jAGdVGum9fodCU3JJz4trlTrHk2M4E5C9xZ6QEM1Q7xc92N2ZpiJFmgirVcp1EexmVmjOBo0I7VZhQNqA9bBka0RCVl02uHpEDo3RJEEtTkSYT9edERkOlhqFvOkOq+2reG4v/ea1UB2dexqMk1Rix6aIgFUTHZBwB6XKJTIuhIZRJbm4lrE8lZdoEVTAhuPMv/yX1I9s9scs3x6XKxSyOPOzBPhyCC6dQgWuoQg0YSHiCF3i1Hq1n6816n7bmrNnMLvyC9fEN7CWQ2A==</latexit>

�R < 1.5

Cut #3 - Signal region 

LMR

MMR
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• Hard-scattering with                      fixing                             andMadGraph
<latexit sha1_base64="O4A+emHnjAPS6EUdnjaCqT7rxWk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZSk+NoIRRftsoJ9QBPCZDpph84kYWYilJCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP7qd+J0HIiSNwns1jonL0SCkAcVIackzD5064hx5acOrZvAa2pZzmjqCwzppZ55ZtirWFHCR2DkpgxxNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzkpWcRJIY4REakJ6mIeJEuun0iwwea6UPg0joChWcqr8nUsSlHHNfd3KkhnLem4j/eb1EBVduSsM4USTEs0VBwqCK4CQS2KeCYMXGmiAsqL4V4iESCCsdXEmHYM+/vEja1Yp9UTm/OyvXbvI4iuAAHIETYINLUAMN0AQtgMEjeAav4M14Ml6Md+Nj1low8pl98AfG5w/1oJb3</latexit>

�H2 = 10GeV
<latexit sha1_base64="/kT5ePlkS7KAKz3QixO8z1wLhUk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEnE10YoumiXFewDmhAm00k7dGYSZiZCCV248VfcuFDErR/hzr9x2mahrQcuHM65l3vvCRNGlXacb2tpeWV1bb2wUdzc2t7Ztff2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw9uJ334gUtFY3OtRQnyO+oJGFCNtpMAueTXEOQqyeuCO4TV0vZPMkxzWSGsc2GWn4kwBF4mbkzLI0QjsL68X45QToTFDSnVdJ9F+hqSmmJFx0UsVSRAeoj7pGioQJ8rPpk+M4ZFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpjq68jMqklQTgWeLopRBHcNJIrBHJcGajQxBWFJzK8QDJBHWJreiCcGdf3mRtE4r7kXl/O6sXL3J4yiAEjgEx8AFl6AK6qABmgCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/fuiWvA==</latexit>

�H1 = 1GeV
with up to 2-jets in the matrix element

• Parton shower with                   and MLM matching procedure

Delphes

with qcut = xqcut = mH1 / 4

• Fast-detector simulation with                 . Fast-jet anti-kT clustering 

PYTHIA8

<latexit sha1_base64="WiNmSez77YQHfbqgORzLQoP5tdw=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4GmbE7SIE9eAxilkgM4SeTk3SpGehu0YIQ37DiwdFvPoz3vwbO8tBEx8UPN6roqpekEqh0XG+rcLS8srqWnG9tLG5tb1T3t1r6CRTHOo8kYlqBUyDFDHUUaCEVqqARYGEZjC4GfvNJ1BaJPEjDlPwI9aLRSg4QyN53i1IZPThyrFPO+WKYzsT0EXizkiFzFDrlL+8bsKzCGLkkmnddp0U/ZwpFFzCqORlGlLGB6wHbUNjFoH288nNI3pklC4NE2UqRjpRf0/kLNJ6GAWmM2LY1/PeWPzPa2cYXvq5iNMMIebTRWEmKSZ0HADtCgUc5dAQxpUwt1LeZ4pxNDGVTAju/MuLpHFiu+f22f1ppXo9i6NIDsghOSYuuSBVckdqpE44SckzeSVvVma9WO/Wx7S1YM1m9skfWJ8/OQCQgw==</latexit>

�R = 0.4

• b-tag and j-mistag probabilities function of        and       from CMS  1712.07158<latexit sha1_base64="WqYPmjXBtt/gbh2aY0HnXdAgsBM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eIeUGyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHjRY0FFXddHcFiRQGXffLKaysrq1vFDdLW9s7u3vl/YOWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8O/Pbj1wbEasGThLuR3SoRCgYRSs9JP1Gv1xxq+4c5C/xclKBHPV++bM3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TEKgMSxtqWQjJXf05kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8st/Seus6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAM3zI3F</latexit>pT

<latexit sha1_base64="/kT5ePlkS7KAKz3QixO8z1wLhUk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEnE10YoumiXFewDmhAm00k7dGYSZiZCCV248VfcuFDErR/hzr9x2mahrQcuHM65l3vvCRNGlXacb2tpeWV1bb2wUdzc2t7Ztff2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw9uJ334gUtFY3OtRQnyO+oJGFCNtpMAueTXEOQqyeuCO4TV0vZPMkxzWSGsc2GWn4kwBF4mbkzLI0QjsL68X45QToTFDSnVdJ9F+hqSmmJFx0UsVSRAeoj7pGioQJ8rPpk+M4ZFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpjq68jMqklQTgWeLopRBHcNJIrBHJcGajQxBWFJzK8QDJBHWJreiCcGdf3mRtE4r7kXl/O6sXL3J4yiAEjgEx8AFl6AK6qABmgCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/fuiWvA==</latexit>

�H1 = 1GeV
<latexit sha1_base64="O4A+emHnjAPS6EUdnjaCqT7rxWk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZSk+NoIRRftsoJ9QBPCZDpph84kYWYilJCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP7qd+J0HIiSNwns1jonL0SCkAcVIackzD5064hx5acOrZvAa2pZzmjqCwzppZ55ZtirWFHCR2DkpgxxNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzkpWcRJIY4REakJ6mIeJEuun0iwwea6UPg0joChWcqr8nUsSlHHNfd3KkhnLem4j/eb1EBVduSsM4USTEs0VBwqCK4CQS2KeCYMXGmiAsqL4V4iESCCsdXEmHYM+/vEja1Yp9UTm/OyvXbvI4iuAAHIETYINLUAMN0AQtgMEjeAav4M14Ml6Md+Nj1low8pl98AfG5w/1oJb3</latexit>

�H2 = 10GeV

Simulation details & analysis acceptances 



• b-tag and j-mistag probabilities function of        and       from CMS  1712.07158<latexit sha1_base64="WqYPmjXBtt/gbh2aY0HnXdAgsBM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eIeUGyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHjRY0FFXddHcFiRQGXffLKaysrq1vFDdLW9s7u3vl/YOWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8O/Pbj1wbEasGThLuR3SoRCgYRSs9JP1Gv1xxq+4c5C/xclKBHPV++bM3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TEKgMSxtqWQjJXf05kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8st/Seus6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAM3zI3F</latexit>pT
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Simulation details & analysis acceptances 

• Parton shower with                   and MLM matching procedure

Delphes

with qcut = xqcut = mH1 / 4

• Fast-detector simulation with                 . Fast-jet anti-kT clustering 

PYTHIA8

<latexit sha1_base64="WiNmSez77YQHfbqgORzLQoP5tdw=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4GmbE7SIE9eAxilkgM4SeTk3SpGehu0YIQ37DiwdFvPoz3vwbO8tBEx8UPN6roqpekEqh0XG+rcLS8srqWnG9tLG5tb1T3t1r6CRTHOo8kYlqBUyDFDHUUaCEVqqARYGEZjC4GfvNJ1BaJPEjDlPwI9aLRSg4QyN53i1IZPThyrFPO+WKYzsT0EXizkiFzFDrlL+8bsKzCGLkkmnddp0U/ZwpFFzCqORlGlLGB6wHbUNjFoH288nNI3pklC4NE2UqRjpRf0/kLNJ6GAWmM2LY1/PeWPzPa2cYXvq5iNMMIebTRWEmKSZ0HADtCgUc5dAQxpUwt1LeZ4pxNDGVTAju/MuLpHFiu+f22f1ppXo9i6NIDsghOSYuuSBVckdqpE44SckzeSVvVma9WO/Wx7S1YM1m9skfWJ8/OQCQgw==</latexit>

�R = 0.4
<latexit sha1_base64="WqYPmjXBtt/gbh2aY0HnXdAgsBM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eIeUGyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHjRY0FFXddHcFiRQGXffLKaysrq1vFDdLW9s7u3vl/YOWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8O/Pbj1wbEasGThLuR3SoRCgYRSs9JP1Gv1xxq+4c5C/xclKBHPV++bM3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TEKgMSxtqWQjJXf05kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8st/Seus6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAM3zI3F</latexit>pT

Overall good agreement, around 15% in MMR

• Hard-scattering with                      fixing                             andMadGraph
<latexit sha1_base64="O4A+emHnjAPS6EUdnjaCqT7rxWk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZSk+NoIRRftsoJ9QBPCZDpph84kYWYilJCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP7qd+J0HIiSNwns1jonL0SCkAcVIackzD5064hx5acOrZvAa2pZzmjqCwzppZ55ZtirWFHCR2DkpgxxNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzkpWcRJIY4REakJ6mIeJEuun0iwwea6UPg0joChWcqr8nUsSlHHNfd3KkhnLem4j/eb1EBVduSsM4USTEs0VBwqCK4CQS2KeCYMXGmiAsqL4V4iESCCsdXEmHYM+/vEja1Yp9UTm/OyvXbvI4iuAAHIETYINLUAMN0AQtgMEjeAav4M14Ml6Md+Nj1low8pl98AfG5w/1oJb3</latexit>

�H2 = 10GeV
<latexit sha1_base64="/kT5ePlkS7KAKz3QixO8z1wLhUk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEnE10YoumiXFewDmhAm00k7dGYSZiZCCV248VfcuFDErR/hzr9x2mahrQcuHM65l3vvCRNGlXacb2tpeWV1bb2wUdzc2t7Ztff2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw9uJ334gUtFY3OtRQnyO+oJGFCNtpMAueTXEOQqyeuCO4TV0vZPMkxzWSGsc2GWn4kwBF4mbkzLI0QjsL68X45QToTFDSnVdJ9F+hqSmmJFx0UsVSRAeoj7pGioQJ8rPpk+M4ZFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpjq68jMqklQTgWeLopRBHcNJIrBHJcGajQxBWFJzK8QDJBHWJreiCcGdf3mRtE4r7kXl/O6sXL3J4yiAEjgEx8AFl6AK6qABmgCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/fuiWvA==</latexit>

�H1 = 1GeV
with up to 2-jets in the matrix element

<latexit sha1_base64="/kT5ePlkS7KAKz3QixO8z1wLhUk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEnE10YoumiXFewDmhAm00k7dGYSZiZCCV248VfcuFDErR/hzr9x2mahrQcuHM65l3vvCRNGlXacb2tpeWV1bb2wUdzc2t7Ztff2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw9uJ334gUtFY3OtRQnyO+oJGFCNtpMAueTXEOQqyeuCO4TV0vZPMkxzWSGsc2GWn4kwBF4mbkzLI0QjsL68X45QToTFDSnVdJ9F+hqSmmJFx0UsVSRAeoj7pGioQJ8rPpk+M4ZFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpjq68jMqklQTgWeLopRBHcNJIrBHJcGajQxBWFJzK8QDJBHWJreiCcGdf3mRtE4r7kXl/O6sXL3J4yiAEjgEx8AFl6AK6qABmgCDR/AMXsGb9WS9WO/Wx6x1ycpnDsAfWJ8/fuiWvA==</latexit>

�H1 = 1GeV
<latexit sha1_base64="O4A+emHnjAPS6EUdnjaCqT7rxWk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZSk+NoIRRftsoJ9QBPCZDpph84kYWYilJCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3Hj9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP7qd+J0HIiSNwns1jonL0SCkAcVIackzD5064hx5acOrZvAa2pZzmjqCwzppZ55ZtirWFHCR2DkpgxxNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzkpWcRJIY4REakJ6mIeJEuun0iwwea6UPg0joChWcqr8nUsSlHHNfd3KkhnLem4j/eb1EBVduSsM4USTEs0VBwqCK4CQS2KeCYMXGmiAsqL4V4iESCCsdXEmHYM+/vEja1Yp9UTm/OyvXbvI4iuAAHIETYINLUAMN0AQtgMEjeAav4M14Ml6Md+Nj1low8pl98AfG5w/1oJb3</latexit>

�H2 = 10GeV

MMRLMR
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Upper limit on the BSM cross-section

• CMS provides background yield at the SR stage, dominated by QCD multi-jet
The Rate is given in the                          plane for the MMR region

• 2630 SM bkg events, 95% CL upper limit of 105 events using
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• Extracted upper limit (blue) are a factor 3-4 weaker than the CMS one (black)
• Exp. limits are not extracted simply with                            … 

They are extracted from the          distribution in the SR by considering  
events within a certain width around the signal hypothesis

Fortunately CMS provides these information!!!
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• Considered the event yield within              

MMR

of the mass hypothesis

• Window chosen according to values of the CMS simulation

Linear interpolation between these values

LMR

• Use this event yield to compute the XS upper limit



Linear interpolation between these values
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• Considered the event yield within              

MMR

of the mass hypothesis

• Window chosen according to values of the CMS simulation

LMR

• Use this event yield to compute the XS upper limit (red)

Analysis & statistical procedure validated, recast done!
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Extending the analysis for different masses

for LMR

Event selection modification
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Estimation of the QCD multi-jet background

• Extrapolated the SM bkg to                            with a smoothly falling exp. fit 

• Rescale the SM bkg                          distribution with a factor determined by  
the ratio of the inclusive rates obtained from the different             assumptions 

Assumes the shape doesn’t change from                                  to generic

• These procedure are expected to fail for                         a since the measured 
bkg is not a smoothly falling distribution…

Restrict the reinterpretation to                           

• Where the                          distribution is not provided, use inclusive yield 

Weaker limits

Good approximation in the SR for 



25Daniele Barducci

• Compute the XS upper limit in the various region

• Express it in terms of

Rescaled Higgs XS

• For                                         limits are almost always stronger thanLMR MMR

• Limits extrapolated to the HL-LHC and HE-LHC/FCC-hh with
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Applications to UV models

• Check the impact on a specific BSM theory and compare with other constraints
• Example: 2-singlet extension of the SM

• Consider      production via            mixing, fixed to  
Compare the reach from                              with direct searches

Complementarity!!!

• Similar results for 2HDM, 2HDM+S
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Conclusions

• Extended scalar sectors present in a large number of BSM theories 

• Scalar-to-scalar cascade decays powerful probes of additional Higgs

• Exp. searches usually assume one scalar to be the SM Higgs

• Analysis recasting can extend the coverage of existing analyses and provide 
complementary limit on NP models parameter space

• Crucial input from exp. colleagues, public results need to be re-interpretable
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Conclusions

• Extended scalar sectors present in a large number of BSM theories 

• Scalar-to-scalar cascade decays powerful probes of additional Higgs

• Exp. searches usually assume one scalar to be the SM Higgs

• Analysis recasting can extend the coverage of existing analyses and provide 
complementary limit on NP models parameter space

• Crucial input from exp. colleagues, public results need to be re-interpretable

Thank you!!!


