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SCALAR BOSON DISCOVERY
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ATLAS DATASETS
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THE STANDARD MODEL AND THE HI1GGS BOSON (I)

Higgs boson:
e Mass ~125 GeV
e Charge 0
e Spin 0
e Non-universal couplings

— supposed to give mass to SM
particles
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THE STANDARD MODEL AND THE HiGGS BOSON (II)

&/

B

T

Firm predictions for the SM Higgs boson:

Fundamental scalar field

e Non-zero vacuum expectation value

SU(2) gauge interactions generate the W and Z masses

Yukawa interactions generate fermion masses
— coupling strengths are related to the masses of the related particles

Experimental verifications and tests needed

Quantum excitation of the field: Higgs boson
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ProbpucTION OF A SM HicaGs BOSON AT THE LHC

Gluon fusion:

e calculated at NNLO
Vector boson fusion:

e calculated at NNLO

e distinctive experimental

signature:

2 forward jets and rapidity gap
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DEcCAYS OF A SM HIGGS BOSON
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HIGGS BOSON MASS my, TOTAL WIDTH, NUMBER
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e 2 most sensitive channels for my: H — ZZ — 4¢ and H — ~v

e Theoretical true width =4 MeV, so we can only confirm that width
corresponds to experimental resolution of ~1-2 GeV

e So far one peak observed with my =125 GeV, No other SM
Higgs-like signal observed for any other mass
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PROPERTIES OF THE SM HIGGS BOSON

Higgs mass is only free parameter in SM:
o my ~125 GeV
Coupling strength to W and Z:

e Fixes W and Z masses
o WW — WW scattering unitary

Coupling strength to fermions:
o Fixes fermion masses

Spin 0 and CP even:
e — SM Higgs boson
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MEASUREMENT OF HIGGS BOSON PROPERTIES

Measurement of Higgs couplings to other particles:

e Coupling to W and Z:
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e Coupling to fermions:
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Coupling includes strength proportional to mass of particle and structure
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BOSON CcOUPLINGS: H — WW

® |arge event yields and clean signature but lack of mass resolution
® Backgrounds: WW, Z/W-+jets, top, WZ/ZZ/W~, QCD
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Exclusive analysis in bins of jet multiplicities:
® (-jets: optimized for gluon-fusion, purest channels, least affected by top BG
® 1-jet: more affected by top BG
® 2-jets: optimized for VBF (tag jets in opposite hemispheres, rapidity gap), small signal
expected
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BosoN coupLINGS: H — WW REesuLts (1)
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® Data driven techniques to estimate main background contributions
® Main backgrounds estimated in control regions, extrapolated into signal region
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BosoN coupLINGS: H — WW REesurts (1)
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FERMION COUPLINGS: H — p"p~ ANALYSIS

Motivation:

e H — ptpu~ directly probes SM Higgs couplings to 2nd generation
fermions

e B(H[125] — ptp™) =2.2x107*
Search strategy:

e Look for a narrow bump on top of continuous m,,, background
distribution

e A blinded search for the SM resonance in 110-150 GeV m,,,, window
e Use background fit to data shape/yield
e Dominant background is inclusive Z/v* (minor di-bosons, tt)

Challenges:

e Irreducible background from Z/v* — uu

e [(H[125]) = 4.1 MeV - signal width is dominated by detector
resolution

Johannes Elmsheuser (LMU Miinchen) Higgs-Boson-Eigenschaften mit ATLAS 07/03/2013 14 / 28



H— p"p~: my,, AND EVENT YIELDS
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H — p"p~: SIGNAL AND BG PARAMETRIZATION
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H — p"p~: RESULTS
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o At my=125 GeV:

e Observed limit: 9.5-05py
o Expected limit: 8.2-osp
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MEASUREMENT OF HIGGS BOSON PROPERTIES
SM predicts Higgs boson couplings strength and structure of Higgs
couplings:

e Coupling to W and Z:

® v
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If not SM CP even coupling (but still Spin 0): parametrize cross section
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CP AND SPIN OBSERVABLES

If not SM Spin 0 and CP even: no rate prediction
—No rate measurement for Spin and CP

—Need angular variables
Effect of different spin or CP

properties parametrized by 5
variables:

e Invariant mass of each of the
two Z / W bosons

e Polar angles 61, 03 of fermions
in corresponding rest frames of
Z |/ W bosons

e Angle ®3 between decay planes
of 2 Z / W bosons in Higgs rest
frame

e Best with H — 727 — 4¢

e similar for H - WW — fviv
but some loss due to neutrinos
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CP ODD EXPECTATION: H — ZZ — 4/
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CP opp: H — ZZ — 4¢ MEASUREMENTS (I)
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o H— ZZ — 4/ has very low rate
e Use multi variate analysis to enhance sensitivity
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CP opp: H — ZZ — 4¢ MEASUREMENTS (II)
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o H— ZZ — 4/ has very low rate

e Use multi variate analysis to enhance sensitivity
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CP opbp: H — ZZ — 40 MEASUREMENTS (III)
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SPIN PREDICTION

e Has to be a boson, since it decays to vy, WW, ZZ
(and predicted to decay into bb, 7T, uu)

e Spin 0:
SM prediction

e Spin 1:
excluded because of mass-less decay H — vy
Landau-Yang theorem

e Spin 2:
possible, but not a SM Higgs boson

e Higher Spin:
?
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SPIN 2 PARAMETRIZATION

A(X - VV) _ /\71 [2g1 t;wf*l“ua f*2,ua + 2g2t;w daqs f*l,,ua f*2,ua

N2
s E]f\cza ta, (FFL f:az L framw f:;) + EI:\C;]“ t, FFL00 f:é2)
+m? (2g5 e €5 + 2g6%%/(qu5§a —ate’)+ gﬂj\gytque;)
g 57\2’" b F PR+ gotuad® epaes ey g7
PO (6 (ac3) + ()|
e For JP = 21 signal (graviton-like tensor with minimal couplings,

g1 = g = 1), most general amplitude of decay into two identical
vector bosons contains 10 different terms and 10 effective coupling
constants gy 10 which are in general complex numbers
e Test for 2} as in JHU currently
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SPIN 2 TEST IN H - Z2Z — 4/
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27| po | 0.0053 0.25 0.034 0.258
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SPIN 2 TEST IN H — v
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e For SM-like gg — H production Spin 2 exclusion at 90% CL (97%
expected)
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SUMMARY

One new boson observed:

e The mass is
my = 125.5 + 0.2(stat) T9-2(sys) GeV

e Signal strength for my = 125 GeV:
my = 125.5 GeV:

p = 1.43 £ 0.16(stat)+0.14(sys)

e First Spin/CP measurements are
available with SM preference/agreement
but still statistically limited

Outlook:

e Determine fermion couplings and
production mechanism rates
e Exciting times with remaining LHC Run

1 data and then with LHC Run 2 ahead
of us

T T T T T T
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BACKUP



ATLAS DETECTOR

General purpose detector

LAr hadronic end-cap and
forward calorimeters

Pixel defecfor

LAr electromagnetic calorimeters

Toroid magnets

‘Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
Magnets: 2T solenoid 3 air-core toroids EM Calo.: sampling LAr technology
Tracking: silicon + transition Hadron Calo.:  plastic scintillator (barrel)
radiation tracker LAr technology (endcap)

Muon: independent system
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