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SM Higgs Search at LHC

Direct search from LEP: my > 114.4 GeV at 95% C.L.
Major goal at LHC

Very clear precisions for production mechanics, cross-sections
and branching ratios within the Standard Model

Mass is an unknown parameter!



Introduction



Standard Model of Particle Physics

Fundamental particles:
[1 6 quarks, 6 leptons is enough

Three Generations
of Matter (Fermions)
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Fundamental interactions:
[1 strong: gluons
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W/Z Bosons Branching Ratios

Z
Decay | Fraction (%)
UL 3.336
ee 3.336
TT 3.336
VvV 20.0
qq 70.0
W
Decay | Fraction (%)
uv 10.83
ev 10.83
TV 10.83
qq’ 67.51




Particle Physics in One Page

£ = —iﬁiF Y gDy The gauge sector (1)
+;hijWih+h.c. The flavor sector (2)
+|D,J F —V(h) The EWSB sector (3)
+NiM; ;N The v—-mass sector (4)

(if Majorana)

(1) : best tested, at least to per-mille accuracy
(2) + (4) : main developments of last 5 years,
different in nature, both highly significant

(3): the most elusive, so far



Mass Problem

The Standard Model taken into account Spin 1 (bosons) and
Spin 1/2 (fermions) only predict massless particles

Nervertheless W/Z bosons and leptons are massive
Higgs field is introduced to add mass to those particles

A new particle, the Higgs boson, is predicted coming from its
own interaction



Higgs Mechanics: Poor Man Explanation

The Higgs field is like a room full of physicists chattering quietly:

A particle is a well-known scientist walking in, attracting a cluster of
admirers, thereby receiving resistance to movement ("mass”).
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The Higgs boson is like a rumor crossing the room, creating the same kind
of clustering, but this time among the scientists themselves.




Higgs Mechanics: Physicists Explanation

SM:  all particles receive their mass via interaction
with the vacuum expectation value of the Higgs field

— "a quantum-field theoretical ether theory"
but: "medium Higgs field" has its own particle excitation = Higgs boson

Important ingredient:  "spontaneous symmetry breaking"
— non-vanishing vacuum expectation value of a scalar field

SM:  "ad hoc” introduced Higgs potential drives symmetry breaking

Investigation of Higgs self-interaction
— window to mechanism of
symmetry breaking




Predictions & Inputs

[1 Highly predictive: large variety of phenomena has confirmed
the Standard Model
[1 Particles predicted before observed: W and Z bosons,

gluons, top and charm quarks, v;
[1 Basic inputs:
SU(2) and U(1) gauge couplings g and g0
v = /2 < 0]¢°|0 > (vacuum of theory)
Higgs mass My, value unknown (enters radiative corrections)
heavy fermion masses, m;, my... (phase space, radiative corrections)
strong coupling as (enters radiative corrections)

[1 Trade v, g, g’ for precisely known quantities:
0 Gg = ﬁ from 7, (GF = 1.16637(1) x 107 GeV )
0 a =1/137.03599911(46) (but must extrapolate to M)
0 My (or sin?8y)
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Just 3 Light Neutrinos
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Pulls from Several Measurements

Measurement Fit omeas_oft|ygmeas

o 1 2 3
m, [GeV] 91.1875+ 0.0021 91.1874
r, [GeV] 2.4952 + 0.0023 2.4959
oy 4 [Nb] 41.540 + 0.037 41.478
R, 20.767 + 0.025 20.743
AL 0.01714 + 0.00095 0.01643
AP 0.1465 + 0.0032 0.1480
R, 0.21629 + 0.00066 0.21581
R, 0.1721 = 0.0030 0.1722
AP 0.0992 + 0.0016 0.1038
ADC 0.0707 = 0.0035 0.0742
A, 0.923 + 0.020 0.935
A, 0.670 = 0.027 0.668
A(SLD) 0.1513 + 0.0021 0.1480
sin®6'°P'(Q,,) 0.2324 + 0.0012 0.2314
m,, [GeV] 80.398 + 0.025 80.377
r [GeV] 2.097 + 0.048 2.092
m, [GeV] 172.6 = 1.4 172.8

March 2008 6 | 1 | 2 | é



Higgs Mass from Precision Measurements
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m,, [GeV]

My VS. My
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My VS. My
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Direct SM Higgs Searches at
LEP & TeVatron



Direct SM Higgs Searches at LEP ()

* A lot of Higgs searches at LEP time

 Main decay channels for my 0100 Gelic? (more detalls later):

0 BR(H - bb) 090%
0 BR(H - 17) 010%

e Main SM production: e*te™ - HZ"

[ BR(HZ - bbqq) 090% x 70% = 63%
BR(HZ - bbvv) 090% x 20% = 18%
BR(HZ - bb¢¢) 090% x 6.6% = 6%
BR(HZ - bbtT) 0J90% x 3.3% = 3%
BR(HZ - 11qq) 010% X 70% = 7%

I I B I O I



Direct SM Higgs Searches at LEP (ll)
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Direct SM Higgs Searches at LEP (lll)
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Direct SM Higgs Searches at the TeVatron ()

* A lot of Higgs searches at this moment
* Tough analyses, very sophisticated techniques

e Main SM production: gg - H, VH (V =W/Z)

[1 high mass (150-200 Ge\//cz):
0 H - WW - 2/2v
[ low mass (100-150 GeVic?):

0 WH - fvbb
0 ZH - ¢tbb
0 ZH - vvbb

« 75 mutually exclusive final states considered in the last round of
combination!
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Direct SM Higgs Searches at the TeVatron (ll)
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Direct SM Higgs Searches at the TeVatron (lll)
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Production Mechanics

Gluon Fusion: gg - H
Weak Boson Fusion (WBF): qgqH
Associated Production with Z/W: VH,V =W/Z

Associated Production with tt: ttH
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Gluon Fusion: gg - H

e Main production mechanic

o Little jet activity (except from gluon radiation)
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Weak Boson Fusion (WBF): qgqH

q2 q4

d1

e Cross-section [0 times smaller than gg - H, but very
particular topology

 Higgs produced together with two forward-backward hard
energetic jets
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Tagging Jets in qgH Events
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Associated Productionwith Z/W: VH,V =W/Z

* Less important processes than in the TeVatron

* Interesting for low Higgs masses, high luminosity
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Associated Production with tt: ttH
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* Very important process to measure Higgs couplings

* Very challenging analysis



Cross-Sections



Comments

» Reported cross-section at /s = 10 TeV

e Similar behavior at /s = 14 TeV, “just” a factor (2 smaller
values

« CTEQG6 PDF sets are used for NLO computations, the newest
MSTW2008 PDF sets for NNLO computations
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gg - H & gqgH

e g%99-H/g9dH 710

* Increased in 099-H for my 0350 GeVic? due to the appearance
of H - tt decays in that region
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Associated Production with Z /W /tt
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Branching Ratios,
Higgs Decays



Branching Ratios vs. Higgs Mass

Partial widths attree level:
O F(H - ff) oc Nem?B3my
0 FH - W) x &/Bm3(1-1y +313)

B%=1-4m?/m3, Ty = 4mg/mg
N. = 3 for quarks and N, = 1 for leptons

ow=2,0=1

Low mass region:
0 H - bb dominant

Higgs mass region:
O Mot=TH - WW)+T'(H - ZZ)
0 my =1.4TeVc? - Mg = My

BR(H)

[ (H) [GeV]

SM Higgs
Branching ratios and total decay width

My [GeV]

1 L1 1 1 1 1 1 1 L1 1
50 100 200 500 1000
M H [G eV]
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Main Higgs Decay Modes

[0 my < 150 GeVic: H - bE),TT,yy(H ~ WW already relevant)
0 my > 150GeVic™: H - WW,ZZ
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Decay Modes at LHC

Decay gg - H qqH ttH, ZH, WH
H - yy yes yes high L
H - bb no trigger | no trigger high L
H - WW - 4q no trigger | no trigger high L
H - WW - 202v yes yes yes

H - WW - 2q/v high L yes yes

H - 17 - (hV's yes yes high L
H - 11 - V's yes yes high L
H - 17 - hhv's no trigger | no trigger high L
H - ZZ - 4/ yes yes high L
H - ZZ - 2q2/ yes yes high L
H - ZZ - 2(2v yes yes high L
H - ZZ - 4v no trigger | no trigger no trigger
H - ZZ - 4q no trigger | no trigger high L
H - ZZ - 2q2v no trigger | no trigger high L

(*) “no trigger” == no ¢/y HLT, “yes” ==can be done with £ < 50fb~%,
“high £” == (1100 fb! region
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