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Higgs -> bb

e A new resonance with mass near 125 GeV/c?

has been observed in Higgs searches
CMS Preliminary

Vs=7TeV.L=5.11b"

: : : Vs =8TeV, L= 5.3 b’
* Properties of this resonance still unclear

* Combination of all CMS analyses shows

fermion couplings (Cy) slightly suppressed

o H->bb key channel in the next future to
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characterize the new resonance 080 0.5 1.0 15

The solid and dashed contours show
the 68% and 95% CL ranges



Introduction
Higgs -> bb Status )
* @ 125 GeV/c? bb highest branching ratio
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Analysis Strategy

Channels

Five channels with different vector boson
— W (lv)) H(bb), 1 = Electron, Muon
— Z (1) H(bb), 1= Electron, Muon, Neutrino
Large boost on the vector boson important

to suppress background N

Vector Boson Selection

Isolated lepton(s)
Transverse Missing Energy

Higgs Candidate

'Two jets identified as B-Jets using dedicated

likelihood discriminant
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oy iziLion ] Fyent display

CMS Experiment at LHC, CERN
Data: Mon Jun 27 02:59:42 2011 CEST
Run/Event: 167807 / 149404739
Lumi section: 134

Orbit/Crossing: 35103256 / 2259
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CMS Experiment at LHC, CERN

Data recorded: Mon Jun 27 02:59:42 2011 CEST
Run/Event: 167807 / 149404739

Lumi section: 134

Orbit/Crossing: 35103256 / 2259

Mbb_ = 128 GCV/C2
prir = 185 GeV/c



Analysis Improvements

7 TeV

Combined
7—-8TeV

Improvement

Scale factors form

Better confidence of

Backg o‘unc.l solution of analytic Sl@ultaneous fit background
Normalisation using full shapes .
system normalisation
Di-Jet Mass Standard CMS Jet BT J °t ~ 20% better mass
. . Energy Regression in :
Resolution Energy Correction 2ddition resolution

Add a lower vector

Phase-Space Single bin in : ~ 10% Higher
Analyzed vector Py bin to recover sensitivity
Pt signal efficiency
) Cut and Count on Use of full shape T
Signal ) BDT discriminator | information of BDT ~20 A)-Ijh'gher
Extraction L sensitivity
output discriminator




Results (I)

Multivariate Analysis

Combination of all 5 channels

7 TeV and 8 TeV data. 5fb™! each
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MVA techniques (BDT) to classify

signal against background

BD'T validated in control regions

Data/MC

Fit on the shape of the BD'T output distribution
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Example of BDT

discriminant output
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* ~50% improvements on the analysis since CMS Preliminary
10% = Vs=7+8TeV,L=5.0+5.1fb" =
. E VH(bb), combined E
2011 published results 0oL s N

» CMS is the most sensitive experiment for L T e
Higgs boson mass [GeV]

this channel by now Higgs mass resolution ~ 8%

* About a factor 2.5 in integrated luminosity => Excess compatible with Yy and ZZ

needed to be sensitive at myy = 125 GeV/c? Higgs observation at 126 GeV/c2
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Higgs to bb results are in the official COHCIUSiOnS

CMS Preliminary
Vs=7TeV,L=5.11b"
Vs=8TeV,L=5.31"

-

Higgs combination of CMS [m, = 125 GeV
Essential channel to characterize the H—bb (VH tag)|
H — bb (ttH tag)
H — t (01 jet)
observation in d Z7Z ch 1 H = e (VBF tag)
W an channels H — <t (VH tag)

H— vy (untagged)

H— vy (VBF tag)

Important to measure Higes couplings  H—ww ©/1jet
p gg P g H— WW (VBF tag)

H— WW (VH tag)

H—2ZZ

LHC is expected to provide about 6 AT

20 tb™! before the next long shut-down T B

Vs=8TeV,L=531b"

Improved analysis will be sensitive

to SM Higgs with full LHC dataset
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o | ZH, 2->LL, H->bb | ’_[hank you

CMS Experiment at LHC, CERN
Data: Mon Jun 27 02:59:42 2011 CEST
Run/Event: 167807 / 149404739
Lumi section: 134

Orbit/Crossing: 35103256 / 2259

CMS Experiment at LHC, CERN

Data recorded: Mon Jun 27 02:59:42 2011 CEST
Run/Event: 167807 / 149404739

Lumi section: 134

Orbit/Crossing: 35103256 / 2259

Mbb_ = 128 GCV/C2
prir = 185 GeV/c
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Introduction

Branching ratios

Higgs -> bb Status
* For low SM Higgs mass hypothesis bb decay

channel has the highest branching ratio D ey T T

. . M, [GeV]

* At hadron colliders very difficult to suppress QCD  _ s smuomimonny oom oo

: : , , 2 | . =
background if looking at gluon fusion production E ol — o eme
3
— Way out : require associated production with a P B
/ .
vector boson 1

*  Phenomenology paper shows the importance of S O I =
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m,, (GeV/c?)

vectors boson prat LHC for this channel

* Tevatron not sensitive to SM Higgs at 125 GeV/c?
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Introduction

—
Q

Branching ratios

1072}

Higgs Branching Ratios
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Low Mass Higgs at LHC

Hadron Colliders

Cross Sections

Gluon fusion production combined

with bb decay is extremely L T AU Y
10° | PR — 10°
challenging at hadron colliders b Tevaron  LHC ME_Juw
- 1o b Background ' o
* B hadron production cross section < 1t 10° | 10°
. . [4 4 ;_ 4
is huge compared to the Higgs one g - "
10° 10°
. ) 8 B ou(E" >Vs120) 2
*  QCD B hadron production is a go = F 10
. . € 10f Oy ) 10’
mostly irreducible background A o ok %
- 107 ¢ cje‘(E > 100 GeV)
* B Jet energy resolution not optimal & " E
EO v 10° k£ S° al
) 121
to look for a peak on the m 10° |
BB o
el L 10° kG (M=125G
distribution A Suers gl e
« Difficult to design an efficient 10° A
' . 107 - \.N.JISZO12 . L . . .;“l . ' = 107
trigger for this topology o 1 " 15

events / sec for - = 10® cm3s™



Low Mass Higgs at LHC

Associated production combined with

bb decay is a better analysis strategy

Main background V+2 b

S/B increases by ~ 4 orders

of magnitude

Partially reducible
background using vector

boson momentum

Easier to trigger using
isolated leptons or high

transverse missing energy

Signal / Background ~ 1073

Signal / Background ~ 1077

c (nb)

Hadron Colliders

109 T

Cross Sections

T T
'

Gtot

Teva:tron TLHc:

HE
LHC 3

events / sec for - = 10® cm3s™



Low Mass Higgs at LHC

10

o(pp — H+X) [pb]

Higgs Production Cross Sections
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Analysis strategy

Channels Backgrounds

* Five different channels

— W (EleNu) H(bb) q'

— W (MuNu) H(bb)

— Z(EleEle) H(bb)
—  Z(MuMu) H(bb)
_  Z(NuNu) H(bb) g /

e Different channels have different

background composition

18



Analysis strategy

Channels Backgrounds

 Five different channels
— W (EleNu) H(bb)

— W (MuNu) H(bb)

—  Z(EleEle) H(bb) q

—  Z(MuMu) H(bb)

— Z(NuNu) H(bb)

e Different channels have different

background composition



Analysis strategy

Channels Backgrounds

* Five different channels
— W (EleNu) H(bb)
— W (MuNu) H(bb) q
— Z(EleEle) H(bb)

—  Z(MuMu) H(bb)

— Z(NuNu) H(bb)

e Different channels have different q

background composition
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Most Discriminating Variables
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Additional Jet Multiplicity

Invariant mass resolution ~ 10%



Analysis strategy

Boosted Decision Tree Variables

Variable

prj: transverse momentum of each Higgs daughter
m(jj): dijet invariant mass

pr(jj): dijet transverse momentum
pr(V): vector boson transverse momentum (or pfMET)
CSVpax: value of CSV for the b-tagged jet with largest CSV value
CSVpin: value of CSV for the b-tagged jet with second largest CSV value
A¢(V,H): azimuthal angle between V (or EI*) and dijet
|A7(jj)|; difference in 7 between Higgs daughters
AR(j1,j2); distance in —¢ between Higgs daughters (not for Z(¢/)H)
N,j: number of additional jets (pr > 30GeV, || < 4.5)
AP (ET'S, jet): azimuthal angle between EF"*® and the closest jet (only for Z(vv)H)
ABpui: color pull angle [62] (not for Z(£/)H)

W(lv)H Z(¢)H Z(vv)H
- 75 < myp < 105 -
> 30 > 20 > 80
> 30 > 20 > 20
> 120 - 120 — 160 (> 160)
< 250 80 < m(jj) < 150 (-) < 250
pr(V) 120 — 170 (> 170) 50 — 100 (> 100) -
CSV max > 0.40 0.50 (0.244) > 0.50
CSVin > 0.40 0.244 > 0.50
Ny =0 - =0
A(])(E?iss,jet) - - > 0.5
E%liss > 35 (elec) - 120 — 160 (> 160)
BDT full distribution full distribution full distribution
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Background Normalisation

Main backgrounds are taken from the data. Simulation

only used to extrapolate to the signal region.

Z + nght ]@ts

o
S 5000 “cms Prellmlnary B Dt 5 GeY)
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'The control regions are defined as close as possible to 2 o=z =
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Jet Energy Regression

Di-Jet Mass Resolution improvement

Specialized b jet energy regression similar to CDF
http://arxiv.org/pdf/1107.3026.pdf

* =>improve dijet invariant mass (and MET)

Use MVA regression trained with b quark jets
discriminant, properties of a secondary vertex, track
information, charged constituents, variables related
to the energy reconstruction of the jet etc.
Attempts to recover the true b-jet energy.

 Validated in MC and in data using py balance

in Z + 2 Jets events

Upshot

* 15-20% improved mass resolution

* m,, distribution becomes more consistent with

true generated mass spectrum

o 0.3
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Events /0.2

Results

Shape Fit of the BDT Output
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Results

my(Gev) 110 115 120 125 130 135

Exp. 1.16 126 135 164 212 2381
Obs. 1.39 182 224 211 420 3.39
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