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1. Testing the consistence of the SM
2. Indirect search of NP beyond the SM



Electroweak theory tests: loop level
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W-boson, Top-quark and Higgs boson
•   Highly correlated at the quantum level
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Figure 2: The “blueband plot” (left, taken from Ref. [45]) showing the result of a global χ2 fit of the
SM to precision data, projected onto the MH axis and comparison of constraints on the top-quark and
W-boson masses (right, taken from Ref. [46]) resulting from direct measurements and a global SM fit.

Constraints from precision data

Experiments at LEP1, LEP2, SLC, and the Tevatron have performed a large variety of high-precision
measurements, such as the determination of the W, Z, and top-quark masses and widths, measurements
of cross sections and various asymmetries in the process e+e− → γ∗/Z → f f̄ at the Z pole, etc. These
measurements characterize the past two decades as the era of EW precision physics. Parametrizing SM
predictions as described in Section 2.4, thus, renders a fit of the complete SM to these data possible,
which highly constrains the SM input parameters (with the exception of the CKM matrix, where
dedicated observables from flavour physics are needed). Figure 2 shows, on the l.h.s., the status of March
2012 of such a fit projected on the Higgs-boson mass, together with the exclusion limits from the direct
searches to be discussed later in detail. The blue band indicates theoretical uncertainties from missing
higher-order corrections in the (numerous) underlying precision calculations, which were condensed into
the state-of-the-art codes Zfitter [47] and Topaz0 [48] (see also Ref. [49] for details and references).
The best fit value together with its 68% CL limits for the Higgs-boson mass is MH = 94+29

−24GeV, being
compatible with the open mass window 122GeV < MH < 127GeV (status July 2012, see Section 7.3)
which is obtained from the 95% C.L. exclusion limits of the LHC from below and above, respectively.
The r.h.s. of Figure 2 illustrates the SM overall fit, as obtained by the Gfitter [46] collaboration, by
its projection into the mt−MW plane and compares the preferred fit region with the directly measured
values of the top-quark and W-boson masses. The shown SM prediction for MW as function of mt

and MH (diagonal lines for some fixed MH values) is obtained from the measured muon lifetime (often
translated into the Fermi constant Gµ). All these constraints on mt and MW are perfectly compatible
with the recent observation of a Higgs-boson candidate of a mass aroundMH = 126GeV, to be discussed
in detail below.

2.6 Higgs-boson decays

The Higgs boson of the SM is unstable and predominantly decays into the heaviest particle–antiparticle
pair that is kinematically possible depending on the available energy MH. The search for the Higgs
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Top quark and 125GeV Higgs boson
Degrassi et al. '12

With the NNLO calculation we are able to derive a very precise relation between 
Higgs and top masses from vacuum stability:

G. Isidori –  Theoretical constraints on the Higgs boson mass                                Orsay,  18th July  2012



Questions of the top priority 

H
scalar #:

one or two
or more?

Spin: 
0 or 2?

CP:
even or odd?

Mass (accuracy)
Width (?)

125GeV



Higgs boson couplings
• New set of reference SM parameters

mH ⇠ 126 GeV �H = 4.2 MeV � = (mH/v)2/2 = 0.131

Br(H ! WW ⇤) = 23%

Br(H ! ZZ⇤) = 2.9%

Br(H ! bb) = 56%

Br(H ! cc) = 2.8%

Br(H ! ⌧⌧) = 6.2%
Br(H ! µµ) = 0.021%

Br(H ! gg) = 8.5%
Br(H ! ��) = 0.23%
Br(H ! �Z) = 0.16%

 



Higgs boson couplings at LC

Figure 4: Estimates of the accuracy that can be achieved in Higgs coupling measurements
using a model-independent fit to LHC and ILC measurements, from [43]. The estimates are
shown as a fraction of the predicted Standard Model value for the Higgs coupling constants.
The indicated horizontal lines represent 5% deviations. For the invisible Higgs decay, the
quantity plotted is the square root of the branching fraction. The programs shown include
(left to right for each entry) LHC at 14 TeV and 300 fb�1, ILC at 250 GeV and 250 fb�1,
ILC at 500 GeV and 500 fb�1, ILC at 1000 GeV and 1000 fb�1.
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LHC: 
  14TeV
  300fb-1

ILC1: 
   250GeV
   250fb-1

ILC: 
   500GeV
   500fb-1

ILC TeV: 
   1000GeV
   1000fb-1

Peskin, 1208.5152



e+e- collider at 250 GeV

• If the simple scalar 
Higgs model is correct, 
the Higgs couplings to 
each particle is 
proportional to its 
mass. 
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Figure 5: Expected precision from the full ILC program of tests of the Standard Model
relation that the Higgs couplings to each particle are proportional to its mass, from [65].
The measurements of the Higgs couplings to µ and t and the Higgs self-coupling require
high energies; the other measurements depend mainly on total integrated luminosity.
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We can test this 
hypothesis to 
high accuracy. 

2002
ACFA

LC study

• The LHC 7-8TeV results imply no need for a LEP 
above 500 GeV.



Higgs effective coupling
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CHF at 250 GeV
• Test the notorious 

3 sigma deviation 
in the AFB of 
bottom quark 

These parameters follow the usual definition 1. Observables are calculated in the SM with a
few input parameters. α(mZ), mZ and Gµ (the µ decay constant) are chosen as the three basic
parameters of the electroweak interaction, and αs(mZ) for QCD. In addition the top quark mass,
mt, and Higgs mass, mH are needed to calculate higher order corrections. The latest version
of ZFITTER and TOPAZ0 programs are used a. The parameters in the fits are mZ, mt, mH,

∆α(5)
h (mZ) and αs(mZ), where ∆α(5)

h (mZ) is the light quark contribution to the running of α.
Figure 1 shows the dependence of χ2 of the fit using all data as a function of the Higgs mass
mH. The pulls of data are also shown. The minimum χ2 is 25.5/15 d.o.f corresponding to a
fit probability of 4.3%. Data are in general consistent with the SM fit. An exception is the b
forward-backward asymmetry A0,b

FB which is 3.2σ away from the fit.
The result of mH from the global fit using all data is

mH = 98+58
−38 GeV , (1)

and the upper limit on mH is 212 GeV at the 95% CL. The central value of mH has increased

compared to the 2000 summer result 1. The main reason is due to the update of ∆α(5)
h (mZ) (see

below). When the old value of ∆α(5)
h (mZ) = 0.02804±0.0065 is used, mH = 65 GeV is obtained.
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Figure 1: Left: ∆χ2 of the fit as a function of mH. The main result is shown by the solid curve. The associated
band represents the estimate of theoretical uncertainty. The dashed curve is the result using a theory-driven

determination 4 of ∆α
(5)
h (mZ). Right: Summary of measurements and the pulls.

2 Discussion on the Updates of Electroweak data

2.1 Measurements at the Z

All LEP collaborations have finalised the Z lineshape and lepton AFB measurements, and the
final combination has been made 2. Final results of Ae and Aτ from τ polarisation measure-
ments are also available from the LEP collaborations. A preliminary combination is made. The
SLD collaboration finalised the measurement of A" using polarised left-right cross-section asym-
metry, and polarised left-right-forward-backward asymmetry AFB,LR for leptonic final states.

aRecent two loop calculation 3 of ∆r is not used here.

• Measure three-
gauge-boson 
coupling

7 effective couplings



50 TeV versus 14 TeV



Parton distribution function
•  Gluon induced 

channels are highly 
suppressed, while the 
quark-antiquark 
channels are less 
suppressed. 

•  For heavy resonance 
production, the 
quark-(anti)quark 
initial states 
dominate.
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Sample event rates in p
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p collisions
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Proton-Proton at 50+ TeV

The cross sections of 
quark-quark initial 
state increase by a 
factor of 3-5 while

the cross sections of 
gluon-gluon initial 
state increase by a 

factor 5-10.

50



NLO QCD corrections to heavy quark production
•   QQ production via the QCD Interaction
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Pros and Cons of 50 TeV SppC

gg ! H

• The effective      is lowered by a factor of 3.5 
when machine energy increases from 14TeV to 
50TeV.  For a TeV resonance, 

      The gluon PDF exhibits a larger uncertainty.

• The cross section of New physics resonance (in 
the large      region) production increases less 
than the cross section of the SM backgrounds (in 
the small       region).

hxi

hxi

hxi

hxi50 ⇠ TeV

50 TeV
⇠ 0.02hxi14 ⇠ TeV

14 TeV
⇠ 0.07

New Data Proton structure in small x



Electroweak triangle
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What is not measured yet
• One last not-measured fermion gauge coupling

gZtt̄

• Neutrino: Dirac or Majorana

•  

It always comes together with W-t-b coupling.

Vtb

• Higgs self interaction coupling



• Effective Field Theory

• Gauge invariant (less model independent)

• Easy to track the origin and order of NP

• Too many operators

• Effective Lagrangian (effective coupling)

• More general (Lorentz invariant)

• Tree and loop effects messed up. 

EWPT: Bottom-Up approach
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Effective wtb, ztt and zbb couplings
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• The coefficients of the left-handed neutral and    
charged currents are related,

which is predicted by the EW gauge symmetry  

after the  stringent constraint on              imposed. 

Effective Wtb, Ztt, Zbb couplings
• New parameterization of couplings

gL
Ztt̄ = 2gL

Wtb = 2FL

ZbLbL

OWtb =
gp
2
FL W+

µ t̄L�µbL + h.c. ,

OZtt̄ =
g

2cw
Zµ (2FL t̄L�µtL + FR t̄R�µtR)



How to probe such a correlation
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•  At the Hadron Collider 



•  At the Linear Collider 
QHC, J. Wudka, 
Phys.Rev.D74: 094015, 2006

P. Batra, T. Tait, 
Phys.Rev.D74:054021,2006
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How to probe such a correlation
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�� = (� � �0)/�0

Impact of anomalous couplings on       and

•  Inclusive cross sections of single-t and Ztt productions:

differential distributions are insensitive. A measurement of FL requires a very precise mea-

surement of the total cross section. The coupling FL also affects top quark decay, but it

does not change the top quark decay branching ratio, i.e. Br(t → W+b) = 1.3 On the other

hand, the Ztt̄ amplitude involves both FL and FR, and it is conceivable that differential

distributions in the decay products of Ztt̄ production would have different sensitivity to FL

and FR, respectively. We will look at two possibilities: the opening angle ∆φ("+, "−) from

the decay of Z → "+"− and the spin correlation between the top quark and the Z decay

products.

The inclusive cross sections for single top quark and Ztt̄ associated production at the

LHC are:

σt = σ0
t

[

1 + 2FL + 2δVtb + O
(

F2
L, δV 2

tb

)]

, (18)

σZtt̄ = σ0
Ztt̄

[

1 + 4.4FL − 1.5FR + O
(

F2
L, F2

R, FLFR

)]

, (19)

where σ0
t and σ0

Ztt̄ denote the SM cross sections for single top quark production and Ztt̄

production, respectively. We include the possibility of a non-unitary CKM matrix element

δVtb = |Vtb|(exp) − |Vtb|(SM). From Eq. (18) we see immediately the possibility of extracting

δVtb from

δVtb = −0.23δσZtt̄ + 0.5δσt − 0.34FR, (20)

which is not possible from measurements of single top quark production alone. In the

above, FR could in principle be measured from differential distributions in Ztt̄ associated

production, as is discussed in detail below.

Since new physics contributions to the Wtb, Ztt̄, and Zbb̄ couplings are of the order

v2/Λ2 # 1/(16π2) for Λ # 1 TeV, we can safely ignore interference effects between new

physics and SM one-loop contributions in the total cross section. Therefore, the SM quanti-

ties in Eq. (18) are understood to be evaluated at one-loop level, as calculated in Refs. [47–

60].

We define the deviation of the cross sections from the SM predictions as δσ ≡

(σ − σ0) /σ0. The contours of δσZtt̄ in the plane of FL and FR are shown in Fig. 2(a).

The ranges of FL and FR in this figure are consistent with the allowed regions shown in

3 Whatever FL contributes to the matrix element of the decay is canceled by its modification to the top

quark decay width.
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Note: Vtb cannot be extracted out from 
single top production alone.
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