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Analysis Overview

<+ Benchmark physics challenge for CMS electromagnetic calorimetry

< Search for a narrow resonance over large background

< Main analysis strategy directives:
- Optimal mass resolution to narrow peak
- Powerful photon ID to limit ‘fake photon’ backgrounds

- Categorization to favour high signal/background events

Francesco Pandolfi Higgs Production and Decay at CMS, 29.09.14



Achieving Ultimate Diphoton Mass Resolution
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Limiting the Impact of Photons from Jets

% ~30% of BG from jet fragments (r°—yy)

CMS,/

19.7 b (8 TeV)
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Tagging Exclusive Signatures

cMs,

< Events tested against exclusive channel signatures, in fixed order
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‘Untagged’ Events

<+ ‘Diphoton BDT’ to classify events
« Mass independent training

« 5 exclusive categories
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< BDT gives high score to events with
« good diphoton mass resolution
 high s/b probability
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Observation of a Narrow Resonance

<+ Narrow resonance found in diphoton spectrum

« Compatible with a Higgs boson of about 125 GeV

CMS

< Local significance: 5.70 (5.20 expected) for diphoton channel only
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CMS
Mass Measurement and Signal Strength
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H—TT

CMS HIG-13-004
Updated: June 2014



http://arxiv.org/pdf/1401.5041.pdf

CMS
Covering All Signatures

<+ All H—TtT decay modes

CMS, 19.7 fb™ at 8 TeV
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<+ Total of 46 (38) categories for 8 (7) TeV
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CMS

Improving the Tt Mass Reconstruction

CMS Simulation s = 8 TeV ut,

<+ Reconstructed tT mass: used to extract signal

—— H—1ttm, =125 GeV
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« Main (irreducible) background: Z—T1t

* Neutrinos limit power of visible mass (mvis) °t
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CMS

Background Estimation

CMS, 19.7 fb™ at 8 TeV
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An Evidence Is Found
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« Corresponds to a 3-0 significance — evidence

* Best fit to all channels: igizp»l(mH=<125) O 78 :

Francesco Pandolfi

-

|

Higgs Production and Decay at CMS, 29.09.14

CMS

15



tt + H

CMS HIG-13-029
Updated: August 2014



http://arxiv.org/pdf/1408.1682v1.pdf

A Combination of Many Channels

H — hadrons
<+ Lepton + jets
< Dilepton

% Hadronic T

Francesco Pandolfi

H - bb
H - t™hth
H-> WW

H — photons
<+ Leptonic

% Hadronic

H — leptons
< Same-sign dilepton
< Trilepton

< Tetralepton
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(see previous slides)

H-> WW
H- Tt
H- ZZ
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CMS

ttH, H—=Hadrons: Analysis Strategy

< Large backgrounds: all channels require =1 lepton from tt

<+ Three main channels, split in multiple jet/b-tag categories

Channel Jet/ b-tag | Example:
Categories Lep + =6 jets (=4 b-tags)
Single lepton: tt—bfvbgqg, H—bb 7 . CMS ttH bb Leptf:zeT;Z:gf41s{:g:O4
Double lepton: tt—bfvbfv, H—bb 3 % e | tH(125.6) x 30
0 g tt+If
25 —4// . ti+cé
. — I b
Hadronic T 6 20 — E:bs
15 I Single t
10 tt+WwW,z2
: BN EWK
o . . . . .. . v.77) Bkg.Unc.
< BDTs trained to maximize BG discrimination = .sree ra —+— Data
_% F PR T NN ppe
. . . L e o
* From which signal is extracted U

BDT output
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ttH, H—Leptons: Analysis Strategy

< Main backgrounds: non-prompt leptons (from b-jets)

- MVA trained to separate prompt/non-prompt leptons

CMS

- Fake-rate method to estimate non-prompt BG from data

% Signal extracted from:

ei
Trilepton

Tetralepton

|
L%

1™ BDT trained on event kinematics §
to separate signal and BG
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ttH Combination Sees Excess

CMS

CMS {s=7TeV, 5.0-5.1 f5"; (s = 8 TeV, 19.3-19.7 b’
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. . bb [~ ——
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2T B ttH, H — bb, =t,yy, WW, ZZ
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2? ’/'
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_1} .
E u -I- Best fit .
2k g —eenal <+ Result stable for masses close to 125 GeV
E 9 SMOHiggs
ale vl v v b L T
0 1 2 3 4 5 6
Ky
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A Novel Approach to Hadronic ttH

HIG-14-010

CMS

<+ Matrix Element Method: events assigned s/b probability

* Numerical integration on final state particle phase space

« All possible parton-jet assignments

< Signal extracted in four categories

Expected 95% UL

. Observed - Median
Best Fit y 95% UL Medlian Signal Injected
BDT _ 4 1 3.5 5.0
Analysis
MEM_ 313 2.9 3.9
Analysis

<+ 20-30% improvement over BDT analysis

Events

Data/MC

CMS Preliminary Vs=8 TeV, L=19.5 fb"

- Pb/i

[<0.15 >0.15 SL Cat-1 (H)
-- Data [ttH (125)
/1 Bkg. Unc. tT+ If

- —tiH (125)x 10 It + cc
= M+ b

M i + 0

I Single top
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The Grand Combination

HIG-14-009

+ Combining H—yy and H~ZZ: | mu =
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19.7 b (8 TeV) + 5.1 fb (7 TeV)
‘ T
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< Across all channels, no significant
deviation from Standard Model
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Conclusions

% Lots of (new) results on Higgs from CMS!

<+ H—-yy: discovery

« 124.7 Higgs boson found with 5.70 significance

% H-—-T1T: evidence

- 3.20-significant excess, compatible with 125 GeV Higgs

+ ttH combination: excess

« Overall excess, driven by leptonic channels

< CMS discovered a Higgs boson with mp = 125.03 029531 GeV
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