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Theoretical uncertainty estimates

Why?
Theoretical uncertainty estimates are

I necessary to decide whether a deviation between theory
and experiment is significant and

I essential ingredients in the search for new physics.
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I Observable (Cross section, inclusive/ differential decay rate ...)

σk (Q) =
k∑

i=0

αi
s(µr )ci(Q, µr ),

I Uncertainty on σk (Q)

∆k ' αk+1
s ck+1

' 3
2
αk+1

s kβ0ck

I Assumption: c′k ’s have the same
order of magnitude. Then

σk =
k∑

i=0

(
3
2
β0

)i−1

(i − 1)!αi
sc′i .

I Ratios rk independent of
expansion parameter

rk =
αsck

(k − 1)ck−1
' 3

2
αsβ0
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Bayesian statistics

Definition of probability

I Frequentist: relative frequency of occurrence of an experiment’s
outcome

I Bayesian: degree of belief (DoB), combination of a priori
probability distribution and data incorporated in a likelihood
function

fε(∆k |c1, . . . , ck ) =
1

fε(c1, . . . , ck )

1

αk+1
s

×
∫

dc̄ f (c1|c̄) . . . f (ck |c̄)f (ck+1 =
∆k

αk+1
s
|c̄)fε(c̄)
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Priors
I parameter c̄

I f (ci |c̄): e.g. uniform
distribution, ci ≤ c̄

I fε(c̄): e.g. log c̄ flat

Posteriors
I distribution of ck+1

I required to determine
uncertainty ∆k
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Apply to data
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preliminary

I modified coefficients

ck

(k − 1)!
(

3
2β0
)k−1

I ratios

αsck

(k − 1)ck−1

Further observables:
e+e− → γ → hadr.,
Higgs production,
H → bb̄,
Bjorken sum,
...
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