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Introduction

4 Higgs Discovery is the last tipping point in HEP
4 ....but now a general bewilderment flutters in the air...
4 Which direction should we choose to have a real deeper comprehension of

the nature?

we need a bolt from the blue...

...an unexpected discovery...
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CMS Answer...

Selected CMS SUSY Results* - SMS Interpretation
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...a jump back 1n the past...

Diboson Channel CMS Run-1 combination

95% CL limit on o/cg,

10° CMS upto5.1 ' (7 TeV) + upto 19.7 b (8 TeV)
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J. High Energy Phys. 10 (2015) 144

Standard Model-Like Higgs
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...and Now...
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4 Analyzed 2015 (2.3 tb!) and 2016 (12.9 fb-!) data collected by CMS at 13 TeV

* Categorization
® Shape analysis
4 Targeting up to 2.5 TeV Heavy Scalar Boson
* Mass region extended compared to Run I analysis

e Different benchmarks s i

* Electroweak Singlet Model (EWS) — lVlV 25 107

...................................................................................................................

e 2HDM Model 77 —>2[2v 2.3 fb!

..................................................................................................................

® Narrow Resonance ZZ N 212q o
® Generic Scalar Boson, I' € [0,40] GeV S S

4 Interference taken into account ZZ % 4l 12.9 fb!
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Features

4 Wide spectrum of searches

e My € [200,1500] GeV, I' € [1%,100%] Heayy_SM_like

4 Search model independent
* Limits only as function of My and I
e No interference terms

4 Search based on
® ee and pp final state

e 0jet, 1jet, and VBF cat.

4 Mt shape used as discriminant

2
M = (/pr(ee) + MUY + P + M3 ) = (r(e0) + EF)?
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4 SM ratio between ggH and VBF production rates assumed

4 Phase Space excluded bigger than Run I for EWS

4 No excess measured
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Features

4+ Signal modeled as convolution between gen-shape, efficiency, and resolution

sig

sig(Mag) = E(may) X (R(mulmff}eal) ® Psig(miF? |mx, Tx, mpy, I'H))

e Interference fully considered (ggH, VBF)

4 Event categorization exploiting

* jets multiplicity
* b-tagged jets
e additional lep
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Results

4 Ratio between ggH and VBF floated

4+ M4 as discriminant P(IMy4 | Mx, I'x, ox)

4 No significant excess observed
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Features

. . . 13 TeV
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Results
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Features

4 Wide spectrum of searches
e My € [200,1000] GeV, I" € [10%,100% T Heavy SM_like
4 Events categorized in 0 jets, 1 jets, and VBF |
e Only ep channel selected mri = \/ (pn + E2US8)2 — (f; + piss)2

4 Interference terms taken into account
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Results

4 Ratio between ggH and VBF as in SM

4 EWS as benchmark

4 No excess observed
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4 The 13 TeV data corresponding to 2.3 fb-! and 12.9 fb"! were analyzed in di-boson channels

* underlined common aspects and features of each of them

4 No Significant excess measure

4 ...a bolt from the blue...still laking both in ZZ and WW channels...

4 A warm suggestion: keep calm and stay tuned. New results will come very soon!
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Workflow of the Analysis

1. Trigger selection

1. Double e/p (Prthrs: 23-17 e1 - 12 e2 GeV, 17 p1 - 8 p2 GeV)
9. Single e/p (Pr thrs: 23-22 GeV, 27-20 GeV)
2. Events categorization
1. 0-jet
2. >=1-jet
3. Vbt (Pt > 30 GeV, An;; > 4.0, M;; > 500 GeV, 0 central jets, central leptons)
3. Selection
Exactly two leptons (e/p), Tight Id and Iso
Prlers 25 GeV, Inl<2.5 (e)/ 2.4 (p)
Z mass window constrain, P1% > 55 GeV
Veto cuts (third lepton, b-jet)
Ap(et, MET) > 0.5

A AP S B

MET > 1256 GeV

4. Performed statistical analysis using Transverse Mass (Mr) shape distribution
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Results

4 SM ratio between ggH and VBF production rates assumed
4 Phase Space excluded bigger than Run I for EWS

4 No excess measured
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2.3fb" (13 TeV
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4 After kinematical cuts the events are selected according to the matrix element

- _ Q-1

S Kin .
discriminant value D®"py, Dida _ Pl?l?g (QH=4) )
bkg — ~
4 Two categories defined in the high mass search ° I ng (=4 myy) ]
 VBF-2jet-tagged category
- -1
* exactly 4leptons D2jet ~ 14 Puyy (QH+H |m4£ )

* high D2jet value
* either 2 or 3 jets of which at most 1 is b-tagged, or at least 4 jets and no b-tagged jets

e Not VBF

®all the events that not pass the previous category are grouped together in the following

category
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Features

X202 1 Observable Selection
Dz = |1+ Pz - | Mzz) ] Same lepton flavour, opposite charge
Px-s202 (Y7224 Mz7) p1(0)(GeV) > 24/40

1n(¢)] (e) <25, (u) <24

M(£T27)(GeV) [60,120]

pr(£747)(GeV) > 100

pr (jet) (GeV) > 30

» InGet)| <24
Dy = |1+ Py (YT | Mzz) AR(Z, 0) > 0.02
a Pype(OXHT | Mzz) AR(Y,jet) > 0.4 (AK4 jets)

> 0.8 (AKS jets)

M(Zpaq)(GeV)  [40, 70] (lower sideband)
[70, 105] (signal region)
[105, 135] (Higgs boson region, not used in this analysis)
[135, 180] (upper sideband)

™ = 1 Y prixmin(ARyx ARy, ..., ARnk) P1(Zhad)(GeV) > 100 (resolved)
do k > 170 (merged)
= Y« prixRo 1 < 0.6 (merged only)
VBF-tagged Mzz-dependent selection on Dyiet
Ry initial radius of the jet b-tagged not VBF-tagged and two b-tagged components of Z},4
untagged not VBF-tagged and not b-tagged
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Merged and Resolved Category

4+ In HZZ212q the hadronic Z decay can be either reconstructed by two resolved jets (AK4)
or one merged jet with larger cone size (AKS)

e In each event the hadronic Z is reconstructed as boosted or resolved BUT the boosted is
chosen if Pt(J) > 300 GeV and Pt(l+]l-) > 200 GeV; the resolved candidates have precedence

otherwise

AK 4 Jet
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Workflow of the Analysis

1. Events categorization

1. O0-jet

2. >=l-et

3. Vbf (Pr > 30 GeV, An;i > 3.5, Mj; > 500 GeV, 0 central jets, central leptons)
2. Selection

1. Exactly two leptons e+p

2. Prlr> 20 GeV, Inl<2.5(e)/2.4 (p)

3. Ml > 50 GeV, P!l > 30 GeV

4. Veto cuts (third lepton, b-jet (Pr > 20 GeV if originating from a b-quark))

5. MET (m7) > 60 GeV  mp = \/2p“Ermss — cos A (L8, pIiss))

3. Performed statistical analysis using Transverse Mass Mr; shape distribution

Mt = \/(Pll + Ef*)? — (Pu + P)?

A.Magitter: 35 EPS2017, 06-07-2017



Features

10
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