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* Higgs coupling measurement at the LHC nicely agree with the SM predictions

* Atleast t, b, 7, u, Z, W get mass from the Higgs VEV
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* 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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« Extended scalar sectors lead to modification of SM Higgs couplings

(not only via mixing, e.g. CHMs...)
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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
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* 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...
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* For really light scalars, collimated decay product, boosted techniques necessary

Many analyses performed at the LHC with different final states
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Light scalar regime

* Non standard Higgs decay still allowed with raies.g =
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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 - 4b, 2b62W, 2b2T, 2b2~ . . .
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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 - 4b, 2b62W, 2b2T, 2b2~ . . .
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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, 1if enough exp. information are available!!!

« Generate the same BSM signal considered in the
| experimental analysis with a simplified simulation
w MadGraph, PYTHIA, Delphes...

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

« 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 HBM _y pSMpSM_ gy

Search for resonant pair production of Higgs bosons
—~ decaying to bottom quark-antiquark pairs in proton-proton
CMS-HIG-17-009 collisions at 13 TeV

Daniele Barducci
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« We consider the following analysis for HBM _y pSMpSM_ gy

Bsn
Search for resonant pair production of'Higgs bosons

— decaying to bottom quark-antiquark pairs in proton-proton
CMS-HIG-17-009 collisions at 13 TeV

» Potentially large H{ — 2H5,and Ho — 2b BRs, interesting channel
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Recasting strategy
» Reproduce CMS results when My, = mpsm = 125 GeV

» Use the recast to extend the analysis to the full (mHQ,mHl) plane

« CMS provides selection acceptances in function of the various cuts 2

Easier to check which cuts are well implemented step-by-step!!!

* The analysis mainly targets gluon fusion production

Shn b
B ; ,'< b
| ’

4
N
\\ |7
N\

"
2 N N

LMR Mp, € (250, 650] GeV
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MMR "MH, € [550, 1200] GeV
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Trigger level

4 jets with pr > 30 GeV | |n| < 2.4

and P27 > 90GeV  np > 3 OR . 4 jets with pr > 45 GeV

Analysis level

Cut #1 - 4b selection - All four-jets to be b-tag and within || < 2.4

Cut #2 - hh selection - Higgs reconstruction

LMR MMR
b-jet pairing with b-jet pairing with
\mbb — 120 GGV‘ < 40 GeV AR < 1.5

For multiple pairs choose combinations that minimizes X

Cut #3 - Signal region

Mot — ON2 /s — O 2 (C, R) = (120, 20) GeV LMR
x=\/( o )+( 1 )<1
R R (C, R) = (125,20) GeV MMR
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4 jets with pr > 30 GeV | |n| < 24
>90GeV Mp = 3

and pp*
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Simulation details & analysis acceptances

» Hard-scattering with MadGraph fixing ', = 10 GeV and ', =1GeV
with up to 2-jets in the matrix element

« Parton shower with PYTHIA8 and MLM matching procedure
with gcut = xgcut = mH]1 / 4

 Fast-detector simulation with Delphes. Fast-jet anti-kT clustering AR = 0.4

- b-tag and j-mistag probabilities function of pr and |n| from CMS 1712.07158

Daniele Barducci
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Simulation details & analysis acceptances

- Hard-scattering with MadGraph fixing I'g, = 10GeV and I'g, = 1 GeV
with up to 2-jets in the matrix element

e Parton shower
with qgcut = xqi

e Fast-detector s

e b-tag and j-mis
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Overall good agreement, around 15% in MIMR
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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 giveninthe (mg1, myz2) plane for the MMR region

- 2630 SM bkg events, 95% CL upper limit of 105 events using Ng/+/Ng + Ng
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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 withNg/v/Ng + Ng

They are extracted from the 11t4p distribution in the SR by considering
events within a certain width around the signal hypothesis M g, = M4p

Fortunately CMVS provides these information!!!
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35.9 b (13 TeV)
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« Considered the event yield within
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=21, of the mass hypothesis

« Window chosen according to values of the CMS simulation

imu,,Tr,] = [450, 12.3], [710, 21.3], [915, 31.4] GeV

» Linear interpolation between these values

« Use this event yield to compute the XS upper limit
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35.9 b (13 TeV)
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» 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

A

me, € [300, 1000] GeV

mp, € 65 GeV,mpy, /2]

20/ m,n

?

;26 20) GeV LMR

T
: i k] (C, R) = (125, 20) GV MMR

My,

my; — (120/125) mp,| < Max[20 GeV, (40/125) my,] for LMR

Daniele Barducci

a3



Estimation of the QCD multi-jet background

» Extrapolated the SM bkg to mpyg, > 300 GeV with a smoothly falling exp. fit

L, Good approximation in the SR for my, € [125, 300] GeV

* Rescale the SM bkg ™M g, = ™4y distribution with a factor determined by
the ratio of the inclusive rates obtained from the different (C, R) assumptions

-

» Assumes the shape doesn’t change from mpy, = 125 GeV to generic M,

* Where the ™ g, = M4y distribution is not provided, use inclusive yield

&b Weaker limits

« These procedure are expected to fail for mu, < 300 GeV since the measured
bkg is not a smoothly falling distribution...

Restrict the reinterpretation to mpy, > 300 GeV

Daniele Barducci
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« Compute the XS upper limit in the various region

« Express it in terms of o(pp — H1 — HaHy — bbbb) = 61, x k* x BR,

\_—v_J
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« For mpg, < 550GeV LMR limits are almost always stronger than MMR

» Limits extrapolated to the HL-LHC and HE-LHC/FCC-hh with /s = 27, 100 TeV
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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

6L = Nape St 8§ (1HI? - v%/2)

« Consider S production via h/Sl mixing, fixed to sin® oy = 0.073
Compare the reach from S; — 252 — 4b with direct searches S| — ZZ

o Present 95% C.L. Limits, sin® o = 0.07
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e 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

Daniele Barducci
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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 youl!!!
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