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Outline

— What is the Higgs boson ?

— Higgs at hadron colliders

— High mass Higgs boson search
— Low mass Higgs boson search

— Conclusion / Outlook
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The Standard Model

— Elementary particles: FELEMENTARY
quarks, leptons PARTICLES

— Basic forces: weak, strong,
electromagnetic

— Standard model describes all

+ Based on (local) gauge
symmetries

= "“Force” particles: Wi, Z, }I II III
Three Generations of Matter
photon, gluon

= Massless particles
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Mass

— Mass of nucleus # ) mass of protons & neutrons

— Proton/neutron mass: confinement energy, QCD

+ Masses of light hadrons calculable by (lattice) QCD
= Visible mass of the universe explained by QCD

— But: without massive quarks and W, no stable proton

QCD = Quantum Chromodynamics = theory of strong force
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The Electroweak Theory

— Dirac: £ = itpy10,) + mapr)
— EW based on local SU(2);, ® U(1)y gauge symmetry:

./
Lew = iliy“(é? —I—%YB )R

iy (8, + 2YB +§g*
1

B ZBWBW B ZWMV - WHY +

'Wu)l—

= Gauge-fields B,,, Wu . linear combinations of A4,,, Z,,, M/Mi

= Mass terms for fermions or gauge fields forbidden
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Spontaneous Symmetry Breaking

— Introduce another field, with a specific potential

V(®)

V(®) = —p2|@* + A|@[*

= Lowest energy state (vacuum) not invariant

x Massive W and Z bosons, massless photon
x Massive quarks and leptons

x New massive particle: Higgs boson
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Spontaneous Symmetry Breaking

_|_
Complex weak-isospin doublet ® = (ZO> with Y =1

Ly = (D, ®)N(D'®) + p*®Td — \(DTP)?

ig’ ig_, =
Dy =0u+ Y B+ 57 W,

Ground state breaks SU(2)r ® U(1)y symmetry:

%= (O) -7 (moﬁ)
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Higgs Mechanism

Expand ®(z) around the ground state ®(x) \% (v N 2](:1:)) ;

1 /0 ig' B 0 ig7?- W 0
D,® = — c p
=75 o) + 50 (o) 453 (o )
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Higgs Mechanism

1

(Duq))T(DM(I)) — 5(3#1{) ((%H)—F

2

9° [ ZuZ” 11— 2 2

QW TW—H 20H + H
8 (COS29w+ K (0" + 20l + H7)
gu gu
- — p— :O

~ Tw g M2 2cosb,,’ A

= Couplings WWH, ZZH, WWHH, ZZHH
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Higgs Mechanism

V(I®]) = —p*[@]* + Al®|*
2 2

M 2 X 4
H* H3 2
2 2
— H _ -
2 +4112+ v 4)

= mpg=V2u=V2\

= Couplings HHH, HHHH

Fermion masses: direct coupling of ® to fermion fields
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What Do We Know?
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What Do We Know?

— Precision EW measurements at Tevatron, LEP and SLD

— Direct Higgs search results from LEP, Tevatron, LHC

neglects correlations
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Higgs Production @ Hadron Colliders

pp © /s =1.96 TeV pp @ /s =7 TeV

10 TeVIl 4 \s=7TeV 2

o [fb] £

=
(@)

o(pp ~ H+X) [pb]
IIIIT ||||||||| T

H
Q
[

-
e
N

100 120 140 160 180 200 100 200 300 400 500 1000
m, [GeV] M, [GeV]

— Gluon fusion through a heavy-quark loop
— Weak boson fusion

— VH associated production
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Typical Particle Detector: ATLAS

............
e

25m

: Tile calorimeters
LAr hadronic end-cap and
) forward calorimeters
Pixel detector

LAr eleclromagnetic calorimeters

--------
.........

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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Typical Particle Detector:

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet

Transition aaas

Radiation LS <> ATI AC
Tracking Tracker v \,
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dElEUt_Q_r g LAd LiAIViL

hitp://atlas.ch
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Higgs at High Mass: H — WW

- H—WW — lviv
— Gluon fusion and WBF
— Final states with eTe™, utu™ or e and large Ft

— Background sources:

+ Di-boson (WW, WZ, Z7)
x tt, DY di-lepton production
* W + mis-identified jet/~
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Higgs at High Mass

e AN e e
—— data

|:| Z+jets
. Diboson
. W+jets
|:| Multijet
. ttbar

I Signal x 10
- (MH =165 GeV)

LR
D@ Preliminary
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eyl + MET

Events
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— Cannot reconstruct my, but . . .

H — WW (DQ)

LI I L I AL RN I BN B
D@ Preliminary
L=8.1fb"
ey + MET

102

10

25

— Spin correlations: A¢(£¢) small for H - WW — /fviv

— Use “random forests”
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Advanced Technique: Random Forest

— Decision tree: recursively cut on kinematic variables

— Random forest: trees with random subsets of variables
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Higgs at High Mass: H — WW (DQ)

— Background and signal vary with number of jets

= Analyze in jet-multiplicity bins
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Combined D@ Higgs Li

mit

High- and low-mass (WH — fvbb, ZH — £¢bb, ZH — viibb)

- D@ Preliminary, L=4.3-8.6fd
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= Exclude 161 < my < 170 GeV, 1.8 x SM
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at my = 115 GeV
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(Old) Combined Tevatron Limit

Tevatron Run Il Preliminary, <L>= 5.9fb™
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= Exclude 158 < my < 175 GeV, 1.6 x SM at my = 115 GeV
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Higgs at High Mass: H — WW (ATLAS)
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21 H, 33 non-H events

60 80 100 120 140 160 180 200 220 240

M, [GeV]

7.2 H, 15 non-H events

= Significant sensitivity with little data !
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Higgs at High Mass: H — WW (ATLAS)

B-hadron decay: \ .
=\ B
P4
(Signed) Track "
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H — WW Results (ATLAS)
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= Exclude 158 < my < 186 GeV
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Higgs at Low Mass: H — ~~

— Very small branching ratio

zz_1¢ — Excellent mass resolution

& At my = 120 GeV;
: ~ 1.5 GeV (ATLAS)

Branching ratios

— Backgrounds:

Yy Zy

*
® Z/V Y
10° 700 120 140 160 180 200 x v+jet, di-jet
My [GeV] x Jets: w0, n
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H — v~ (ATLAS)

— High pile-up environment — use calorimeter pointing

— Split in categories: detector region, conversion

— Final background estimate: exponential fit
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H — ~~ Result (ATLAS)
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More sensitive than H — WW for my < 125 GeV
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Combined Atlas Limit
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Combined Atlas Limit
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Exclude 155 < my < 190 GeV, 295 < my < 450 GeV
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Conclusion / Outlook

— Need a Higgs boson, or something like it
— Not found yet

— Keep looking. . .

— Discovering something is not the end of the story
— What is mass, really?

— More Higgs on Friday
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