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Green: Gluon*0.05
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D. Uncertainties of Parton Distribution Functions

1. “Errors” and Uncertainties

2. Propagation of Experimental “Errors”

3. PDF Uncertainties

4. The role of αS in Global Analysis

5. Implications for LHC Physics
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Mark Twain

… from  "Chapters from My Autobiography", published in 
1906 …

"Figures often beguile me, particularly when I have the 
arranging of them myself; in which case the remark 
attributed to Disraeli would often apply with justice and 
force: There are three kinds of lies: lies, damned lies, 
and statistics.”

Lecture 2: Errors and Uncertainties
in the Global Analysis of QCD
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“Errors” and Uncertainties

How accurately can we determine the PDFs?
The accuracy is limited by …
• Experimental “errors”

• Theory “errors”

• Parametrization errors

CPDFep ⊗=σ

statistical;
systematic

LO, NLO, NNLO;
choice of momentum scale;
value of αS

Data   ;   We’re trying to determine this  ;  Calculation
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Parametrization

In the CTEQ Global Analysis, we parametrize the PDFs
fi(x,Q2) at a low Q scale, Q0 = 1.3 GeV. For example,

}xaxaxa{x)(xa)(x,Qq aa
v 5

2
4300

21 1 ++−= exp

( q = u or d ; qv = q – q )

Potentially, 6 x (2+2+1+1)=36 parameters.
Then fi(x,Q2) is DETERMINED for Q > Q0 by the RG 
evolution equations.
Find the parameter values {ai0 … ai5} such that theory 
and data agree most closely.

_ { The ai’s are different 
for different flavors}

( CT10 uses 26 parameters.)
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Propagation of Experimental “Errors”

Data point; Theory with unknown constants 
to be determined; experimental error.
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Propagation of Experimental “Errors”

Ludwig Otto Hesse
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distance

Propagation of Experimental “Errors”
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Propagation of Experimental “Errors”
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Propagation of Experimental “Errors”

asym
m

etric errors
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Propagation of Experimental “Errors”
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Democracy among Experiments

{ }∑ +χ=χ
sexperiment

exptexpt .. )()( Paaglobal
22

… from the previous 
page, including the 
correlated shifts {rν}expt.

P is a penalty that prevents its experiment from 
deviating too much (90% C.L.) from the theory.

• Minimize χ2.
• Diagonalize the Hessian Matrix.
• Final Result: fi (0)(x,Q2) and 52 variations {fi(k)(x,Q2)} 
…the eigenvector‐basis PDF variations.

Propagation of Experimental “Errors”
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next ……
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Next …

Uncertainties of Parton Distribution Functions
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• PDFs u, u and uvalence versus x at Q2 = 10 GeV2
_

53 alternate sets of PD
Fs
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• PDFs u and g , versus x at Q2 = 10 GeV2

The u quark is well constrained by the HERA data;
The gluon is not so well known, so it has a wider band.

53 alternate sets of PD
Fs
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• PDFs uvalence, dvalence, .05*sea and .05*gluon
versus x at Q2 = 10 GeV2

The u quark is better constrained than the d quark.

53 alternate sets of PD
Fs
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PDF Bounds – u‐quark, symmetric

Red curves: Upper and lower boundaries of the uncertainly 
band, according to the symmetric Master Formula
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PDF Bounds – u‐quark, asymmetric
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Red curves: Upper and lower boundaries of the uncertainly 
band, according to the Asymmetric Version Master Formula
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PDF Bounds – gluon, symmetric

Red curves: Upper and lower boundaries of the uncertainly 
band, according to the symmetric Master Formula
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PDF Bounds – gluon, asymmetric

Red curves: Upper and lower boundaries of the uncertainly 
band, according to the Asymmetric Version Master Formula
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U quark D quark

Ratio Plots: fi(x,Q2) / central PDF , for 52 
hessian variations [Q2=10 GeV2]

U antiquark Gluon
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Implications for LHC predictions

The search for New Physics will probably require high 
precision comparisons between standard model 
predictions and experimental measurements.

We seek discrepancies between standard model theory 
and data. 

The CT10 PDFs – central fit and eigenvector basis 
variations – will be used in the theory predictions.

Please understand the importance of the Master
Formula!

(δQ)2 =  SUM  0.25  [ Q(+) – Q(‐) ]2  summed over the 26
eigenvector directions
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…
from

 the C
T10 paper
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…
from

 the C
T10 paper


