
�2 and Systematic Errors

The simplest de�nition

�20 =

NX
i=1

(Di � Ti)
2

�2i

8<
:

Di = data
Ti = theory
�i = \expt. error"

is optimal for random Gaussian errors,

Di = Ti + �iri with P(r) =
e�r

2=2

p
2�

:

With systematic errors,

Di = Ti(a) + �irstat;i +

KX
k=1

rk�ki :

The �tting parameters will be fa�g (theoretical model) and
frkg (corrections for systematic errors).

Published experimental errors:

� �i is the `standard deviation' of the random uncorrelated
error.

� �ki is the `standard deviation' of the k th (completely
correlated!) systematic error on Di.
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To take into account the systematic errors, we de�ne

�02(a�; rk) =

NX
i=1

�
Di �

P
k rk�ki � Ti

�2
�2i

+
X
k

r2k ;

and minimize with respect to frkg. The result is

brk =X
k0

�
A�1

�
kk0

Bk0; (systematic shift)

where

Akk0 = Ækk0 +

NX
i=1

�ki�k0i

�2i

Bk =

NX
i=1

�ki (Di � Ti)

�2i
:

Note that the brk's depend on the PDF model parameters
fa�g. Then

�2(a�) = min �02(a�; rk)
frkg
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Now minimize �2(a) with respect to the model

parameters fa�g.

Output

� fa�g, which determine fi(x;Q
2
0).

� fbrkg, which are optimal \corrections" for sys-

tematic errors; i.e., systematic shifts to be ap-

plied to the data points to bring the data from

di�erent experiments into compatibility, within

the framework of the theoretical model.
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Comparison of CTEQ6M (dashed) to CTEQ5M1 (dot-dashed)

PDF's at Q = 2 GeV. (The unlabeled curves are �u and

s= �s.)

F Quarks have not changed much.

F Gluon is noticeably di�erent.
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