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Testing the Standard Model

Gauge boson masses and couplings
The Higgs boson
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The line-shape of the Z Dkl

Close to the
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the cross section for efe™ — ff is

completely dominated by the resonance,

diagrams and

ete - ff) ~

can be

127TF€FJC S
my (s~ mp) 2 Tg/m

where I';,I'. I include the appropriate radiative

corrections.

as commented before one obtains

O1SR(S) ~ (1 + %6) <(3 —mz)? + s FQz/mzzy/2 o’ (s)

82

4
with 5 = ) Pl
0
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mZ. This amounts to on the peak.
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gives:

ALEPH
DELPHI
L3
OPAL

¢ Mmeasurements, error bars
increased by factor 10

—— o from fit
QED unfolded
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Decay widths of gauge bosons i
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The decay widths of the weak gauge bosons can be easily
computed:

r . & 2 2
['(Z— ff) = 12322(:220f (logl? + lag]?)
C; takes into account the color of quarks, QCD corrections
and final state QED corrections

) 9rqED leptons
3(1+ as(my)/m+---)drqep quarks

0rqep = 1+ @73/ (4m) and vy and ay are the tree-level
neutral-current couplings written in terms of s;. For the
b-quark additional corrections needed.

Similar expressions obtained for the 17 decay widths
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Asymmetries o
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Since parity violation comes comes from the axial-vector
couplings it is customary to define the combination of the
vector and axial couplings of the fermions as

2vfaf
2 2
vf+af

Ap =

Inete” — fTf~ collisions one can define the

with Ny (/V;) denote the number of f emerging in the
forward (backward) directions.
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At the Z pole, it is given by
0.7 _ 3
AFB : ZAeAf

The measurement of A%} for charged leptons, and ¢ and b
quarks give us information only on the product of A. and
Ay,

On the other hand, the measurement of the 7 lepton
polarization is able to determine the values of A, and A,
separately. The longitudinal = polarization is defined as

OrR — 0,

P,

OR + O
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where o) is the cross section for tau-lepton pair

production of a right (left) handed 7=. At the Z pole, P
can be written in terms of scattering (e~,77) angle 6 as,

A (1 + cos?*0) + 2A, cos

eds 1+ cos?0+2A4.A cost

Another interesting asymmetry that can be measured by

using (in SLD) is the
ALr = or +0or Fe

where o(g) iS the cross section for (left-) right-handed
incident electron with the positron kept unpolarized.
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The Global Fit kejieloncla
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Observables can be expressed in terms of a few parameters
Gr, a(my), myg, my, mg, as(myz). from muon
decay. The hadronic contributions to &(mz) are not so well
known and one leaves them also free in the global fit. Thus

tn(parameters) — O ?
ANOL

X~ (parameters) = »
by x* one determines the parameters and gives

predictions for the rest of the observables which can be
compared back with measured values using the "Pull”

Pull, — i (fitted — parameters) — Ol

AQ"
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Measurement Fit

91.1875+0.0021 91.1874
2.4952+0.0023  2.4959

41540 £0.037  41.478

20.767 £0.025 ~ 20.742

0.01714 +0.00095 0.01643
0.1465+0.0032  0.1480

0.21629 + 0.00066 0.21579
0.1721£0.0030  0.1723
0.0992+0.0016  0.1038

0.0707 +£0.0035  0.0742

0.923 +0.020 0.935

0.670 + 0.027 0.668

A(SLD) 0.1513+£0.0021  0.1480
sin®0?'(Q,) 0.2324 £0.0012  0.2314
my [GeV]  80.410+0.032  80.377
I, [GeVl  2.123+0.067 2.092
m, [GeV] 172.7£2.9 173.3
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Z-pole fit

my 91.1874 £ 0.0021 GeV

my 111 +190 GeV

as(my) 0.1190 4+ 0.0028

1/a(myz) | 127.918 £ 0.018

To be compared with the recent
measurement of m, at Fermilab

172.7 £+ 2.9 GeV
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Number' Of NQUT["an SPZCIZS de Valéncia
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ALEPH
DELPHI
L3
OPAL

¢ average measurements,
error bars increased
by factor 10
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We can extract information on the number of light neutrino
species by assuming that they are the particles

e T, =N,T,. The
LEP data gives the ratio of the invisible and leptonic Z
partial widths, T';,,, /T, = 5.941 £+ 0.016 and the SM predicts
(T, /Ty) s = 1.9912 + 0.0008. T', cancels out and then

N, = 2.984 £ 0.008

N, is the number of neutrino flavors that are
. This result indicates that there

exist :
we can put bounds on additional
contributions to I';,,.

Aly,, = =27+ 1.7TMeV — Al <2MeV  95% CL
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The couplings of leptons and universal gyzers:
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The in the different lepton flavors
together with the allows for a determination
of all lepton neutral-current couplings, v, = gy, and
as = gae. The values of gy, and g4, can be plotted for

[Jms=172.7 £2.9 GeV
~ my= 114...1000 GeV

-0.502 -0.501
9l
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.041
-0.506 -0.503 -0.5
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The couplings of heavy quarks e
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68.3 95.5 99.5 % CL
-0.54 -0.52

9ab
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top-quark, W, and Higgs masses e
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— High Q° except m, " | —High Q® except m,,/T,
68% CL 68% CL

o
Excluded Excluded
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LEP2 and the non-Abelian couplings  geysenc
The and the need for
non-Abelian couplings were one of the main points that
triggered the development of the SM. These have been
tested at LEP2

LEP

PRELIMINARY

YFSWW/RacoonWW
....no ZWW vertex (Gentle)
_...only v, exchange (Gentle)
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The Higgs Couplings L e
Coupling Intensity
H_]:f ) MJ;/U The Higgs also couples
HW™W 2Miy [ at higher orders with
VAV A M7 /v other gauge bosons
HHWTW~ Mz, [v?
HH 7070 M2 /20 Hyy, HZvy, Hgg
HHH M2 /2v
HHHH M2, /807

Higgs coupling proportional to particle masses:

Produced in association with heavy particles

Decay into the heaviest accessible particles
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Direct searches and global fit Elcenon
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6 _
I\/Itop 3§ A0y oq =

— Run-l average B 4 — 0.02758+0.00035
~=Run-/ll prel. === 0.02749+0.00012

-+« incl. low Q? data

Excluded ™.

114 < My < 285 GeV  95% CL
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Unitarity and perturbativity bounds getaence
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Decay widths of the Higgs into gauge bosons grow like the

Higgs mass
T(H — W W) = ig”\;% ., D(H—Z2)= ii”j%
Requiring 'y, (H) < mpy gives
myg < 1.6 TeV
Requiring that tree-level unitarity is not violated in
WHW—- — W*W~ leads to a slightly better bound
myg < 1.2TeV
These are just say that for larger my

one should
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Triviality o
The X\ coupling in the scalar potential grows with energy
v
dlng? A2

then, )\ diverges at some scale A, unless it is strictly zero.
Taking A\(A) = oo (the theory only makes sense up to
q° ~ A?) one finds

472 472

= 2 = 2(v)v? &
Slogazj) " = M g )

Aq%)

Since A should be larger than my one finds

4
my < ~ 850 GeV
= = 3.2GF log(m?; /v?)
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Stability of the Higgs Potential genc
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modify the shape of the Higgs
potential and could destabilize it. Requiring this does not
happen gives a lower bounds on the Higgs mass (at one loop).

my= 175 GeV
as= 0.118

mpyg > 100 GeV (Stability)

mpy < 850 GeV (Triviality)

9 11 13 15 17 19

logio A(GeV)
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The Decay Modes of the Higgs Boson g aerc
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95 GeV < my < 130 GeV, 'y < 10 MeV

BR(H — bb) ~ 90% .
BR(H — cc) ~ BR(H—71"77)~5%
BR(H — gg) ~ 5% formpy ~ 120GeV

myg > 130 GeV
BR(H — W*W~) ~65%, BR(H — Z°Z°) ~ 35%

mpg ~ 500 GeV  BR(H — tf) ~ 20%
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Production at e e~ Colliders ey oncia
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Bjorken: ¢ctem - 7 - Z H

WW fusion: ete — vo(WW) — vvH
Z7 fusion: etem —ete (ZZ) —ete  H

At LEP1 and 2, where /s ~ My or 2 My, the Higgs
production is dominated by the

Present bounds come from the analysis of LEP2 r'esul‘rs
At the future eTe~ accelerators, like the Next Linear
Collider, where \/E — 500 GeV, the production of a Higgs

with 100 < My < 200 GeV will be dominated by the
. One expects
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Production at Hadron Colliders ey oncia
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At proton-(anti)proton collisions

Gluon fusion: pp — gg — H
VV fusion: pp - VV — H
Association with V: pp — q¢ — VH

Fermilab Tevatron , with /s = 1.8 (2) TeV: better produced
in , look for the V H(— bb)
signature. Will be able to explore to explore up to

CERN Large Hadron Collider (LHC), with /s = 14 TeV: the
dominant mechanism is and the best signature

H — Z7Z — 4/(* for My > 130 GeV. For My < 130 GeV rely
on the small BR(H — vv) ~ 1073, Will explore up to

L[]
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