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Motivation

Why Search for H — putpu=?

CMS Preliminary s =7TeV,L<5.11b" 1s=8TeV,L<19.6fb"
T T T

m Smallest Coupling Directly %’5 =%l | ]
Observable at LHC ? 43 —95% Ot Wztf
m Probe 2nd Generation Fermion < f
Coupling 10" ' 3
m Precisely Predicted in SM i i . ]
m Enhanced in Some New Physics 10-2; T} - 7
Models CMS-PAS-HIG-12-011 b ]
m Very Clean Final State 12 845 10 20 100200
mass (GeV)
Narrow Signal Peak on a
Smoothly Falling Background CMS-PAS-HIG-13-005
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Search Overview

Analyze 5.0+ 0.1fb~ ! at 7 TeV & 19.7 - 0.5fb~! at 8 TeV
Select Events with Single Isolated Muon Trigger
Require 2 High-pt Isolated Opposite-Sign Muons

Divide Events into 2 Categories:
m 0 or 1-Jet:
m Large Acceptance for Gluon Fusion (GF) Higgs
m > 2-Jet:
m Larger S/B for Vector Boson Fusion (VBF) Higgs

Further Sub-Categorize To Increase Sensitivity

For each Sub-category, Perform Unbinned Shape Fit

m Signal Yield & Shape Estimated from MC Corrected to Data
m Background Yield & Shape Fit to Data
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0,1-Jet Sub-Categories

First, Split by pr(py) Signal Fraction For Various
m 0,1-Jet Tight: pr(uu) > 10GeV/c Muon || Categories
m 0,1-Jet Loose: pr(up) < 10GeV/c
m Reduced Drell-Yan Background in
0,1-Jet Tight
Sub-categorize by Muon |7
Based on pt Resolution
m Barrel: 5] < 0.8
m Overlap: 0.8 < |n| < 1.6
m Endcap 1.6 < |n] < 2.1
u

BB

BO

EE

OE

BE 00
Central Dimuons Have Better Mass
Resolution Tight BB & BO
m Signal Peak FWHM at Most Powerful
my = 125 GeV/c*: 3.8-5.9 GeV/c? 0,1-Jet Categories
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0,1-Jet Category Control Plots
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-
2-Jet Sub-categories

CMS Prellmlnary (s=8TeV, L= 19 7 fbt

T T ]
1400 M(uu) D[llo 160] GeV/c? DY+Jets E

1200 HIggS x 1000 =5V —f

Events/0.5

m VBF Higgs Production Mode
Enhanced in 2-Jet Category 2 Jet Preselection — o+ 3
m VBF Tight Sub-Category: Analysis A o
= M(jj)> 650 GeV/c? ]
= [An(jj)] > 3.5
m GF Tight Sub-Category:
= M(jj)> 250 GeV/c?
m pr(pp) > 50 GeV/c?
m Loose: All Remaining Events

XZ/NDF: 1.97
X2 Prob: 0.0189

Data-MC
M
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Large Increase in S/B Due to Jet Requirements
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Dimuon Mass Distribution: Example 0,1-Jet Categories

CMS Preliminary  Analysis A: 0,1-Jet Tight BB
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Dimuon Mass Distribution: Example 2-Jet Categories

CMS Preliminary ~ Analysis A: 2-Jet VBF Tight CMS Preliminary Analysis A: 2-Jet GF Tight
o n o
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Results: Limits

CMS Preliminary Combination
= AOF T T T 1 L T4 i i
I fB=7Tevi=50M? 3 m 95% CLg Limit on o/osy for
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Results: Significance

CMS Preliminary

Standard Model H- pp
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m 1o Excess Observed Near
125 GeV/c?
m Driven by 0,1-Jet Tight BB
Category
m Not Observed in 2-Jet
Categories
m Not Very Significant

m Wide Excess Observed Near
150 GeV/c?
m Local Significance: 2.30
m Global Significance: 0.80
m Not Very Significant

No Significant Excess Found
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Conclusions

Search Performed for Higgs Decays to pu™pu™

Increase Sensitivity by Categorizing Events According to
Production Mode, p7(uu), Muon ||, and Di-jet Variables

Most Significant Excess Found ~ 1o

95% CLs Limit on o/osy for my = 125 GeV/cz:
m Expected: 5.1733xSM
m Observed: 7.4xSM
m Limit Confirmed by Independent Analysis

Best Fit o/ospy for my = 125.7 GeV/c?:
mo/osy = 2.91’%’_%
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Backup
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Selection Detail

Muon Selection: 2 Opposite-Sign Isolated Muons, || < 2.1
Leading Muon pt > 25 GeV/c, Sub-Leading Muon pr > 15 GeV/c

Jet Definition:
Particle-Flow Jets, pr > 30 GeV/c, |n| < 4.7, Anti-k 7, R=0.5
Y = [Br{p) + Br (i)

After Muon Selection, All Events Divided into Categories:

m 2-Jet: Leading Jet pr > 40 GeV/c, '
Sub-leading Jet pr > 30 GeV/c, p¥iss < 40 GeV/c

m 0,1-Jet: All Remaining Muon-Selected Events
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Table of Categories

0,1-Jet Tight BB (Barrel-Barrel)
pr(pp) > 10 GeV/c | BO (Barrel-Overlap)
BE (Barrel-Endcap)
00 (Overlap-Overlap)
OE (Overlap-Endcap)
EE (Endcap-Endcap)
Loose BB
pr(pp) <10 GeV/e | BO

2-Jet VBF Tight

M(jj) > 650 GeV/c? and |An(jj)| > 3.5

GF Tight (not VBF Tight selected)

M(jj) > 250 GeV/c? and pr(uu) > 50 GeV/c
Loose ( not VBF Tight and not GF Tight selected)
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Control Plots: 2-Jet

CMS Preliminary ~ {s=8TeV, L=19.7 fb!
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Control Plots: 2-Jet
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Control Plots: 2-Jet
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Dimuon Mass Shapes

Fit Dimuon Mass from 110-160 GeV/c?
Signal:
m Modeled by a Sum of 2 Gaussians Fit to MC
Background:
m Modeled by an Exponential Divided by a Polynomial Fit to
Data:
exp(p1 - M(pp))
(M(pp) — p2)?
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Dimuon Mass Distribution: Example 0,1-Jet Categories
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Dimuon Mass Distribution: Example 0,1-Jet Categories
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Dimuon Mass Distribution: Example 2-Jet Categories
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p-Values Per-Category
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Analysis B Selection

Analysis B Performed Only for my = 125GeV /c?
Muon Selection: 2 Opposite-Sign Isolated Muons
pr > 25GeV/c, |n] < 2.1

Jet Definition: Jet-Plus-Track Reconstruction, Anti-x1, R=0.5
m pr > 20GeV/e, |n] < 2.6,
m pr > 25GeV/c, 2.6 < |n| < 4.7,

P = [Br(un) + Br (i)

After Muon Selection, All Events Divided into Categories:
m 0-Jet
m 1-Jet
m > 1-Jet
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Analysis B Table of Categories

Analysis B Performed Only for my = 125GeV /c?

0-Jet | Tight (pr(up) > 15GeV/c)

Loose (p1(up) < 15 GeV/c)

1-Jet | no subcategories

2-Jet | VBF Tight

M(jj) > 500 GeV/c? and |An(jj)| > 4, for 7 TeV |An(jj)| > 3
VBF Loose (not VBF Tight selected)

M(jj) > 300 GeV/c? and |An(j)| > 3

category used only for /s = 8 TeV

non-VBF (not VBF Tight and not VBF Loose selected)
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Analysis B Dimuon Mass Distribution:
0-Jet & 1-Jet Categories

CMS Preliminary Analysis B: 0-Jet Tight CMS Preliminary Analysis B: 1-Jet
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Analysis B Dimuon Mass Distribution:
Example 2-Jet Categories
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\/s = 14 TeV Projections

Exclude SM with 1757530 fb~?
| [300fb~T [ 3000fb~" |

Significance 2.50 7.90
Error on 0 /osym Scenario 1 | 42% 20%
Error on o /osym Scenario 2 | 40% 14%
Error on k,, Scenario 1 23% 8%
Error on k,, Scenario 2 23% 7.5%

m Scenario 1: All Uncertainties Same as Current Analysis
m Scenario 2: Experimental Uncertainties Scale 1/v/Z,
Theoretical Uncertainties Cut in Half

8 TeV Analysis & Samples, with Cross-Sections Rescaled for
/s = 14 TeV, See: arXiv:1307.7135 [hep-ex]
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\/s = 14 TeV Projections
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8 TeV Analysis & Samples, with Cross-Sections Rescaled for
/s = 14 TeV, See: arXiv:1307.7135 [hep-ex]

Justin Hugon, University of Florida

Search for the Standard Model Higgs Decaying to LLJF .~ with the CMS Detector, CMS-PAS-HIG-13-007


http://arxiv.org/abs/1307.7135

\/s = 14 TeV Projections

CMS Preliminary Standard Model H- pp CMS Projection, Ys=14TeV
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8 TeV Analysis & Samples, with Cross-Sections Rescaled for
Vs = 14 TeV, See: arXiv:1307.7135 [hep-ex]
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