Quantitative Uncertainties

A SIMPLE IDEA

2
X global

Tolerance

T ~ 10

Itolerance

Xog—AX X, Xp+AX

probable frange

COMPUTATIONAL METHODS

e Lagrange Multiplier Method — constrained minimiza-
tion to obtain the best fit as a function of X.

e Hessian Matrix Method — explore the variation of x?(a)
in the neighborhood of the global minimum in the n di-
mensional parameter space.

2-dim (i,j) rendition of d-dim (~20) PDF parameter space

contours ofconstant nglobal

u;: eigenvector in the l-direction
p(i): point of largest a; with tolerance T i
p(i) S, global minimum

diagonalization and

AN

rescaling by
the iterative method

_—

o Hessian eigenvector basis sets

(a) (b)

Original parameter basis Orthonormal eigenvector basis

T? = max. allowed |Ax

°|
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gluon at Q = 3.16 GeV
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Ratio to CTEQ6

Uncertainty band for the gluon distribution function at
Q? = 10 GeV?. The curves correspond to CTEQ5M1(solid),
CTEQS5HJ (dashed), and MRST2001 (dotted).

The gluon is very uncertain for z 2 0.4.
[g(x) -0 as z— 1.]
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Luminosity function at LHC
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Uncertainties of the luminosity functions at the LHC.

22



A knotty problem

What's the tolerance?

Our analysis: Consider the X2's of individual experi-
ments, as any variable changes from its value at the
global minimum.

Eigenvector 4

40 |

30 |

20 |
10 |

-10 | . Y

BCDMSp
ZEUS
NMCNH
T™~TVT VP
CCFR3
E605

0
IJ\.IJ\/
CDFjet

L
o—|

| o 1 Hila

distance
o

20

~30 |

Uncertainty ranges (vertical lines) for the input experi-
ments along the Eigenvector 4 direction. The horizon-
tal lines indicate the tolerance T. (Points: positions of
minimum x? for individual experiments)

(distance = /Axgopal)
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Eigenvector 18
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Uncertainty ranges for the input experiments along the
Eigenvector 18 direction.

A reasonable (as opposed to strict) tolerance
criterion leading to T'~ 10:

take the intersection of the individual
90% confidence ranges ...

but a single anomalous experiment
cannot set the bound.

The uncertainties on predictions are o« T
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