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Motivation

‣ The missing higher order terms could 
be large for hadronic processes like 
jets, Higgs, and top production, and 
can also feedback to PDF 
determinations.  

‣ Traditional way to estimate, scale 
variations, e.g., vary the scales by a 
factor of 2, widely used by both 
theorists and experimentalists 

‣ Others, identifying the most important 
higher order terms; Bayesian analysis 
based on known order results, see 
Guffanti’s talk  

✦ Theoretical uncertainty could be due to truncation in fixed order or 
resumed perturbative calculations, uncertainties of input parameters, 
PDF uncertainties, calculation schemes, etc.
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Gluon fusion cross sections at LHC 14 
TeV with variation of renormalization 

scale around mH

2

obtained in [6]; very recently the leading N3LO correc-
tions to the inclusive cross-section were computed [7].
The completely differential Higgs production cross sec-
tion, which allows a realistic study of experimental ac-
ceptances at NNLO, was calculated in [8]. The partial
width ΓSM

gg was also calculated to NNLO [9]. However,
in spite of this significant effort, the gg → H channel still
suffers from large theoretical uncertainties. The residual
scale dependences in both the cross section and partial
width are at the 20% level. In the most recent study of
Higgs couplings at the LHC [11], a ±20% theoretical error
was assigned to the gg → H channel. The next largest
error entering the analysis is a 15% uncertainty in the
tt̄H production cross section; the remaining theoretical
errors are under 10%, as are the individual experimental
systematics.

FIG. 1: µR scale dependence for the Higgs production cross
section at the LHC, as a function of mH . µR is varied between
mh/2 ≤ µR ≤ 2mh, while µF = mH . The LO, NLO, and
NNLO distributions are shown.

In this note, we point out that the appropriate uncer-
tainty in the gg → H channel which enters the analysis of
Higgs couplings should instead be ±5%, which is smaller
by a factor of four. This reduction relies upon the obser-
vation that the theoretical input for the Higgs coupling
determination is the ratio σSM

gg /ΓSM
gg . The QCD correc-

tions to σSM
gg and ΓSM

gg track each other, and a large por-
tion of the uncertainty cancels when the ratio is taken.
We believe that the ±20% error assumed in the analysis
of [11] is overly conservative. The NNLO Higgs produc-
tion itself suffers from an uncertainty of only ±10% [6],
and as we will argue later, the imprecise knowledge of
the gluon distribution function is smaller than the resid-
ual scale uncertainty. Since this is the largest single er-
ror entering the analysis of Higgs couplings, its reduction
may have an important effect on the precisions of the Γx.

We now briefly explain why the theoretical uncertainty
in the ratio is reduced, and then present a numerical
proof. The perturbative expansions for the cross section

and partial width have the forms

σSM
gg ∼ α2

s(µR)C2 {1 + αs(µR)X1(µR, µF )

+ α2
s(µR)X2(µR, µF ) + . . .

!

,

ΓSM
gg ∼ α2

s(µR)C2 {1 + αs(µR)Y1(µR)

+ α2
s(µR)Y2(µR) + . . .

!

. (2)

µR and µF respectively denote the renormalization and
factorization scales, while C denotes the Wilson coeffi-
cient obtained from integrating out the top quark. The
width has no µF dependence, as no initial-state mass-
factorization is required. An immediate consequence of
these formulae is that both σSM

gg and ΓSM
gg are propor-

tional to the same factor of α2
s(µR)C2. This quantity

contributes a large renormalization scale dependence to
both σSM

gg and ΓSM
gg . The same scale µR can be cho-

sen in both calculations, which completely removes the
large renormalization scale uncertainty when the ratio
σSM

gg /ΓSM
gg is taken. When integrating out the top quark

to obtain the Wilson coefficient C, the relevant scale is
the top quark mass mt; this choice removes all large loga-
rithms from the expression. This dependence is identical
in both σSM

gg and ΓSM
gg , and therefore cancels exactly.

The observation that µR is approximately the same for
both σSM

gg and ΓSM
gg in the remaining pieces relies upon

the fact that the Higgs boson production is dominated
by partonic threshold. This implies that the partonic
center-of-mass energy squared ŝ, relevant for the gg → H
process, is ŝ ∼ m2

H . Since mH is also the only mass scale
that enters the decay rate, the kinematic scales for the
production and decay processes must be similar. This
indicates that identical µR should be chosen for both
processes, and also implies that the µR dependence of
the expansion coefficients for the cross section and width
should be similar, Xi ∼ Yi. This further reduces the
renormalization scale dependence. Since the factoriza-
tion scale uncertainty turns out to be small, the cancel-
lation of the renormalization scale dependence leads to a
reduced theoretical error in the ratio.

We now present numerical proof of this assertion. We
estimate the theoretical errors by varying both scales
within the range mH/2 ≤ µR, µF ≤ 2mH . We vary each
scale in the range mH/2 ≤ µR, µF ≤ 2mH , and fix the
other scale to mH . The µR variation of the cross sec-
tion is 20% to 25% even at NNLO (see Fig. 1), while the
µF variation is less than 5% at NNLO and is therefore
negligible compared with µR scale variation. The µR de-
pendence is reduced to the 10% level when the ratio is
taken, as shown in Fig. 2, while the µF dependence is
unchanged. We note that because of the complete can-
cellation of the µR dependence at LO, we do not obtain
a reliable estimate of the theoreical uncertainty until the
NNLO corrections are included. We use the program FE-

HiP [8] to obtain cross section numbers, and we take the
width results from [9]. We believe that the scale variation
bands presented here are a good estimate of the theoret-
ical uncertainty: the NLO and NNLO bands overlap, the

C. Anastasiou, K. Melnikov, F. Petriello, hep-ph/0509014



✦ For a high precision analysis correlations of theoretical uncertainties 
among different exp. bins of one process or even several processes 
are needed.   
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‣ Usually the scale variations are 
considering as fully correlated (~1 
nuisance parameter) or fully 
uncorrelated (~statistical error) among 
different exp. bins in the analysis   

‣ Left: top quark forward-backward 
asymmetry with scale variations at e
+e- collision; upper, assuming fully 
correlated in F. and B. bins; lower, 
assuming fully uncorrelated 

‣ Certain amount of correlation should 
be assumed in the analysis 
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In Global analysis of PDFs

✦ Various missing higher order terms can contribute to the theoretical 
uncertainties in a global analysis of PDFs, including heavy quark 
scheme dependence, DGLAP evolutions, and fixed order calculations 
of various exp. observables included.   

!4PDF4LHC 2014

‣ Let’s single out jets production at 
hadron colliders for a case study  

‣ Large scale variations at NLO, 
also exist several possible 
choices for the central scale, e.g., 
individual jet pt, leading jet pt 

‣ Note improvements from partial 
NNLO calculations for all-gluon 
channel, and threshold 
resumation valid for large pt 
region
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Figure 15: Comparison of NLO theoretical predictions obtained with various numeri-
cal programs for the 2010 ATLAS measurement of single-inclusive jet production [55].
NNPDF2.3 NLO PDFs and αs(MZ) = 0.119 are used with all programs.

34

Inc. jet at NLO at 7 TeV with scale 
variations

R. Ball, et al., 1211.5142, J. Gao, et al., 1207.0513



✦ Ways to incorporate reasonable amount of correlations in theoretical 
uncertainties of NLO jet production

!5PDF4LHC 2014

2

in hadron-hadron collisions, where PT is the transverse
momentum or “transverse energy” of the jet, and y is the
rapidity of the jet. There is good data for this process
from the CDF and D0 experiments at Fermilab, including
careful estimates of the experimental systematic errors.
Estimates of the theory errors are needed to accompany
the estimates of the experimental systematic errors.

We warn that there is no unique method to estimate
theory errors. Thus our task is to provide a method that
is defensible if not necessarily optimal. We seek to pro-
vide an estimate in a form that includes the correlations
from one {PT , y} point to another.

II. GENERAL SETUP

We treat theory errors in a fashion that is similar to
that used for correlated systematic errors in the exper-
imental results. We use next-to-leading order quantum
chromodynamics (QCD) theory to make predictions for
the one-jet inclusive cross section1

d�

dPT dy

=

Z
dx1

Z
dx2 fa/A(x1, µ) fb/B(x2, µ)

d�̂ab!jet

dPT dy

.

In the calculation, one uses Monte Carlo integration so
that there is a random statistical error for each point
{PT , y}. We do not include these statistical errors in
the analysis here since they are typically quite small (say
2%) and one can reduce them by running the program
for a longer time. If we wished to include the errors from
fluctuations in the Monte Carlo integrations, that task
would be straightforward because the statistical nature
of these fluctuations is known.

We will start our investigation by studying jet produc-
tion corresponding to the Tevatron Run 2, with

p
s =

1960 GeV, as a function of PT and y. We will display the
results for y = {0, 1, 2} as functions of PT ; we also present
formulas for the PT and y dependence, from which esti-
mated errors for the specific kinematic ranges used by
CDF and D0 can be inferred.

We need estimated errors that can be used in a statis-
tical analysis. However, we do not have at hand a statis-
tical ensemble of worlds in which terms beyond those in-
cluded in the NLO theory vary. Thus we make estimates
that we hope are reasonable but that can and should be
subject to debate.

We formulate the treatment of theory errors as follows.

1
Specifically, we use the program of Ref. [1], although there are

other programs that can give the same results. The code is avail-

able at http://zebu.uoregon.edu/⇠soper/EKSJets/jet.html

We let

d�

dPT dy
=


d�

dPT dy

�

NLO

(
1 +

X

J

�JfJ(PT , y)

)
. (1)

Here the functions fJ(PT , y) are definite functions, while
the �J are unknown parameters. Thus �JfJ(PT , y) rep-
resents an unknown theoretical contribution that might
modify the NLO theory. We treat the �J as Gaussian
random variables with variance 1. That is, the size of
the uncertainty with label J is represented by how big
fJ(PT , y) is. If one thinks of this as representing an
imaginary ensemble of worlds in which theory calcula-
tions come out differently, then these worlds all have the
same fJ but the �J vary.

We will propose to use just a few functions fJ . We
offer the following defense of this strategy. Consider a
simplified case of a cross section that is a function of
just one variable, PT . If we were to believe that the
uncertainty in the prediction of this cross section is of
order, say, 10%, but we have no idea of what the shape
of the true cross section is within a 10% band about the
prediction, then we would choose many functions fJ(PT ),
each of size 0.10, but with each being non-zero only in
a very tiny range of PT . This approach is illustrated in
Figure 1-a); such a view seems to us unreasonable.

Experience with various perturbative and non-
perturbative contributions teaches that they are smooth
functions of the relevant variables, PT in this case. This
arguably more reasonable scenario is illustrated in Fig-
ure 1-b). As illustrated by the three curves,2 one contri-
bution beyond NLO could be flat, amounting to a con-
stant “K factor,” another might be a smoothly increasing
function of PT , while yet another might be positive at
high and low PT and negative in between. However, we
judge it unlikely that a currently uncalculated contribu-
tion contribution would have multiple maxima between
low and high PT .

Thus we seek a few functions fJ(PT , y) that have some
dependence on {PT , y} and represent, as best we can de-
termine, our understanding of the character of uncalcu-
lated contributions. In the following sections, we analyze
several sources of theory errors and associate them with
functions fJ(PT , y).

III. PERTURBATIVE UNCERTAINTY

The main source of uncertainty at large jet transverse
momentum, at least in our estimation, is the fact that

2
Specifically, in this figure we use the functions

f1(PT ) = 0.1, f2(PT ) = 0.08 log(PT /M), and f3(PT ) =

0.06
n

[log(PT /M)]

2 � 0.1
o

where M= 150 GeV. These curves

are for illustrative purposes only, and the fJ (PT ) functions

differ from the set fJ (PT , y) we will use to parameterize the

correlated systematic uncertainties.

F. Olness, D. Soper, 0907.5052, based on 
selected kinematic shapes
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Figure 4: The estimate of the uncertainty E(PT , y) = Escale due to the scale variation as given in Eq. (8) for the Tevatron
(
p
s = 1960 GeV) with y = {0, 1, 2}. The calculation from the jet code is represented by the (blue) points, and the fit based on

Eq. (9) is shown with the solid (red) curve.

Figure 5: The estimate of the uncertainty Escale due to the scale variation as given in Eq. (8) for the Tevatron (
p
s = 1960 GeV)

with y = {0, 1, 2}. The combined uncertainty Escale is shown as the upper thick (red) curve, and the individual functions
fJ(PT , y) are indicated below.

IV. SUMMATION OF THRESHOLD LOGS

For parton-parton scattering near the threshold for the
production of a jet with a given PT , there is restricted
phase space for real gluon emission. Thus, there is an
incomplete cancellation of infrared divergences between
real and virtual graphs, resulting in large logarithms L

inside the integration over parton momentum fractions.
At n-th order in ↵s these logarithms enter the cross sec-
tion in the general form ↵

n
s L

2n. The leading logarithms
can be summed to all orders in ↵s. We make use of the
numerical results from Ref. [4], which has been imple-
mented in the FastNLO program [5].

Fig. 6 displays the size of the threshold correction for
Tevatron jet measurements at y = 0. The curve is pre-
sented for the scale choice µ = PT /2; we note that for this
scale choice, the threshold correction is generally smaller
than with other scale choices.5

5
We do not present curves for y = 1 and y = 2 because

these curves show a rise of the correction as PT decreases from

We find the threshold corrections in this kinematic
regime to be less than those discussed in the previous
section (Sec. III) and shown in Figure 5. As the thresh-
old corrections also arise from uncomputed higher-order
terms, these corrections are, in a sense, already accommo-
dated by the larger uncertainty that we estimated from
scale variation in Eq. (11). Indeed, the functions fJ for
J = 1 and J = 2 contain singularities for PT ! M(y)
that are meant to incorporate the threshold singulari-
ties. For this reason, we will not add a separate fJ(PT , y)
function in the expression for the total uncertainty E to
represent the effects of threshold logarithms.

200 GeV, even though decreasing PT puts us farther from the

threshold. This rise is more pronounced for large y than we see

for y = 0 in Fig. 6. We suspect that this behavior is an arti-

fact of kinematic choices in the algorithm for summing threshold

logarithms, rather than being a real physical effect.

❖ Introducing 6 shape functions, 
each corresponds to one 
nuisance parameter 

!
❖ Fit the total uncertainties to the 

traditional scale variations to 
determine each normalization  

6
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✦ Ways to incorporate reasonable amount of correlations in theoretical 
uncertainties of NLO jet production
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J. Gao, P. Nadolsky, purely based on scale variations 

❖ Introducing 5 shape functions, 
purely based on the scale variations, 
be specific, coefficients of different 
scale logarithms (for a fixed central 
scale choice) 

!
❖ Normalization of each term can be 

chosen by set a scale variation of 2

cross sections due to the unknown higher order corrections may be important in the global

fit of PDFs.

If we look further into the scale dependence, the NLO cross section in the experimental

bin i as functions of scales can be written as

σNLO
bin (µF , µR, i) = σNLO

bin (µF,0, µR,0, i)
!

1 + α2
s(µR,0)

5
"

j=1

ej(i)xj + O(α3
s(µR,0))

#

, (12)

with

x1 = ln(
µF

µF,0
), x2 = ln(

µR

µR,0
), x3 = ln2(

µF

µF,0
), x4 = ln2(

µR

µR,0
), x5 = ln(

µF

µF,0
) ln(

µR

µR,0
), (13)

where µF,0 and µR,0 are the reference or central scales (could be dynamic). The leading scale

dependent terms, of O(α2
s), show up due to expansions of the QCD coupling constant and

parton distribution functions on αs, and can be canceled by corresponding terms from the

NNLO corrections. In all previous global fits, a “best” scale is chosen for the NLO theoretical

predictions, e.g., individual jet pT for single-inclusive jet production and the average jet pT

for dijet production, and the theoretical uncertainties are not included. Here we propose a

simple way to estimate the theoretical uncertainties and include them in the global fit. First

we choose a central scale combination, µF,0 and µR,0, and use corresponding jet cross sections

σNLO
bin (µF,0, µR,0, i) as central theoretical inputs. Then we treat the five scale dependent

terms in Eq. (12) as five independent systematic errors of Gaussian distributed in addition

to the central theoretical inputs. Correlations of errors from different experimental bins

are spontaneously included. And we choose the width of the Gaussian distributions to the

values of each term when setting x1,2 = ln 2, x3,4,5 = ln2 2, which corresponds to change the

scales by a factor of 2. Such a simple procedure provides an estimation of the theoretical

uncertainties with strong correlations and also enough freedoms.

As an example, Fig. 2 shows the ratios of above 5 theoretical errors (1 σ) to the NLO

central theoretical inputs for the CDF single-inclusive jet [17] measurement, the D0 dijet [18]

measurement, and also the ATLAS single-inclusive jet measurement [19]. All the NLO

theoretical predictions of jet cross sections here are calculated with the FastNLO [20], and

are crosschecked with the MEKS program[??]. The horizontal axis in Fig. 2 indicates the ID

of each experimental bin, which are arranged in the order of increasing jet rapidity y and

then jet’s pT and Mjj for the single-inclusive jet and dijet measurements. The turning points

correspond to edges of each rapidity region. And in Fig. 3 we show comparisons of the total
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theoretical errors (add the five errors in quadrature) to the conventional scale variations by

changing µF and µR simultaneously by a factor of 2. It can be seen that the total errors are

comparable to the conventional scale variations.
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FIG. 2: Theoretical correlated errors for the CDF single-inclusive jet measurement, the D0 dijet

measurement, and the ATLAS single-inclusive jet measurement.
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FIG. 3: Comparison of the total theoretical errors with the conventional scale variations.

Ref. [13] presents a similar way of treating the theoretical uncertainties as correlated

systematic errors. The authors choose six kinematics terms as bases of the correlation

functions, then determine the normalization of each term by fitting the total errors to the

scale variations. The advantage there is that one can choose some specific kinematic terms

that could describe the singular behaviors in some phase space regions. On another hand,

it is not always the case that one could find a good fit to the scale variations using some
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specific functions. The method we provide here is more simple in practice, for which one

can get the shapes and normalization of the correlation functions directly from the jet cross

section calculations without any tuning or assumptions of the correlation functions.

IV. FIT OF JET DATA WITH THEORETICAL ERRORS

In this section we would like to compare the fit of jet data using NLO theoretical predic-

tions with and without theoretical errors. All the theoretical predictions are calculated using

central scales of pT,ind and pT,ave for single-inclusive jet and dijet measurements respectively,

unless specified. Table. IV gives an overview of the reduced χ2 for all the measurements with

and without including the theoretical errors in the fit. It can be seen that after including

the theoretical errors in the fit, it improves the agreement between data and theory with a

lower χ2 for all the measurements. Especially for the D0 dijet measurement, the theoretical

errors reduce the χ2 significantly and bring it into a reasonable range.

χ2/Npts. CT10NLO MSTW08NLO HERA1.5NLO

theoretical errors no with no with no with

CDF inc. 1.78 1.56 1.38 1.22 3.08 2.57

D0 inc. 1.23 1.16 1.09 0.99 1.73 1.34

D0 dijet 4.06 1.52 2.29 1.50 2.09 1.64

ATL inc. (0.4) 0.97 0.77 0.94 0.70 0.93 0.73

ATL inc. (0.6) 0.98 0.86 0.83 0.64 0.87 0.80

TABLE IV: χ2/Npts of jet data with and without including the theoretical errors.

In principle, the theoretical errors should stabilize the χ2 against the changes of scales. To

show this we plot the variations of χ2 when changing the renormalization and factorization

scales independently for µF,0, µR,0 = {1/2, 1, 2}pT in Fig. 4, where pT is pT,ind and pT,ave

for the single-inclusive jet and the dijet measurements respectively. The central points

correspond to reduced χ2 values with µF,0 = µR,0 = pT , and the horizonal axis indicates

the error PDFs used from MSTW08NLO PDF set of 90% C.L.. It can be seen that the

theoretical errors indeed reduce the dependence of χ2 on the scale choices significantly.

One of the main purposes of this work is to identify the effects of the theoretical un-
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FIG. 4: Variations of reduced χ2 on the scale choices with and without theoretical errors for

different error PDFs and jet data.

certainties on the global fit of PDFs. Before going to this subject in next section, we can

first check the changes of sensitivity of jet data χ2 to the PDF parameters while including

the theoretical errors. Here, as an example, we show the χ2 variations of jet data along

all the eigenvector directions of MSTW08NLO error PDF set of 90% C.L. in Fig. 5. The

horizonal axis indicates the eigenvector of the error PDFs, and two ends of the vertical lines

show the differences of reduced χ2 of the two error PDFs as compared to the central PDF.

For MSTW08NLO error PDF set, the gluon PDF uncertainties in the large x region are

mainly propagated through eigenvectors 9, 11 and 19 [3]. Once including the theoretical

uncertainties we can see that, dependence of the χ2 of the D0 and CDF inclusive jet data

on the above eigenvectors has been largely modified. Thus we may expect some effects from

the theoretical errors on the gluon PDF in the large x region. Note that in MSTW08NLO

global fit, they use the Run 2 CDF inclusive jet data with kT algorithm, not the one studied

here. The Tevatron dijet data has not been included in current global fit of PDFs. As we

can see here the theoretical errors greatly reduce the sensitivity of χ2 of dijet data to almost

all the eigenvectors in the PDF parameter space. Thus we can imagine that, if including the

D0 dijet data in the global fit of PDFs, the PDFs will be less constrained when considering

the theoretical errors as compared to the case of without theoretical errors.
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❖ Reduction of chi2 as 
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❖ Also reduced sensitivity to the 
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error bar represent the variation 
of the chi2 when changing the 
central scales by a factor of 2 



✦ Include the new correlated theoretical uncertainties of jet cross 
sections in a CT10-like NLO global analysis

!8PDF4LHC 2014

g!x, 85 GeV"

D0 ! CDF

no th. errors

with th. errors

0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.5

1.0

1.5

x

Un
c.
no
rm
al
iz
ed

to
re
f.
PD
F

FIG. 11: Gluon PDF uncertainties at 90% C.L. for the fits with and without theoretical errors.

Only the Run 2 D0 and CDF jet data are included in the fits.
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FIG. 12: Gluon PDF uncertainties at 90% C.L. for moderate x values for the fits with and without

theoretical errors. Only the Run 2 D0 and CDF jet data are included in the fits.

theoretical errors when also include the pseudo-data set in the fit in addition. The results

are similar with slightly larger shifts of the best fit PDF and also more increase of the PDF

uncertainties.

In Table. V we present the χ2 information of the best fit PDF from above fits, which

includes χ2 of the jet data and also the global χ2 (jet data + other 27 data sets). As can be

seen, after including the theoretical errors, the global χ2 are improved by more than 20 units

from jet data while keeping the χ2 from other data sets almost unchanged, since the shifts
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theoretical errors. Only the Run 2 D0 and CDF jet data are included in the fits.

theoretical errors when also include the pseudo-data set in the fit in addition. The results

are similar with slightly larger shifts of the best fit PDF and also more increase of the PDF

uncertainties.

In Table. V we present the χ2 information of the best fit PDF from above fits, which

includes χ2 of the jet data and also the global χ2 (jet data + other 27 data sets). As can be

seen, after including the theoretical errors, the global χ2 are improved by more than 20 units

from jet data while keeping the χ2 from other data sets almost unchanged, since the shifts
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large-x region and 10% in 
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observed when also 
including the LHC jet data 
or using different criteria 
for the determination of 
PDF uncertainties
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FIG. 14: Distributions of the experimental nuisance parameters from the global fits with and

without theoretical errors. Only the Run 2 D0 and CDF jet data are included in the fits.
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FIG. 15: Systematic shifts of the theoretical predictions of jet cross sections for the global fit

including theoretical errors. Only the Run 2 D0 and CDF jet data are included in the fit. The red

solid lines represent the envelop produced by changing µF and µR independently by a factor of 2

for each experimental bin.

and D0 jet data independently without taking into account the correlations between them.

In principle they are strongly correlated because they use the same jet algorithm with same

20

❖ Details of the fits, systematic 
shifts induced by the 
theoretical uncertainties 
compared with the traditional 
scale uncertainty band (note 
here negative shift means 
theory are pull up) 
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FIG. 14: Distributions of the experimental nuisance parameters from the global fits with and

without theoretical errors. Only the Run 2 D0 and CDF jet data are included in the fits.
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FIG. 15: Systematic shifts of the theoretical predictions of jet cross sections for the global fit

including theoretical errors. Only the Run 2 D0 and CDF jet data are included in the fit. The red

solid lines represent the envelop produced by changing µF and µR independently by a factor of 2

for each experimental bin.

and D0 jet data independently without taking into account the correlations between them.

In principle they are strongly correlated because they use the same jet algorithm with same
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❖ Details of the fits, systematic 
shifts induced by the 
theoretical uncertainties 
compared with the traditional 
scale uncertainty band (note 
here negative shift means 
theory are pull up) 

Summary: theoretical uncertainties for 
certain processes with large missing 
higher order terms could be included 
in the global analysis with  a nature 
assumption on the correlations base on 
the scale variations. 


