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Allen Caldwell
Max Planck Institute for Physics
on behalf of the ZEUS Collaboration

N
H £47\ )
\ A\ &0 ] Ap-Do=4E

A\ AL
,//,..ﬂ JIS /
Mg [/

me-w_mso_ﬂ-;mp:ﬁEnwr%m:n
(Werner-Heisenberg-Institut)

MAX-PLANCK-CESELLSCHAFT

April 11, 2019 Allen Caldwell DIS Workshop Torino 1



Motivation

Our information on the very high x behavior of the parton densities is primarily theoretical.
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BCDMS has measured F, up to x=0.75
H1, ZEUS have measured F, up to x=0.65

ZEUS has measured up to x=1, but these
data are not (yet) included in PDF fits.
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The PDF’s are poorly determined at high-x. Sizable differences in expectations (much
bigger than quoted uncertainties) despite the fact that fits typically use similar
parametrization xqo(1-x)n. Is it possible to improve this situation ?



ZEUS high-x analysis
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Fine-grained cross section measurements
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DATA/THEORY
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Error bars indicate the range of
probable values for the
underlying cross section given
the measured data. How to use
this information in a fit ?

Use the observed number of
events & calculate the
probability to see this number
given the model expectation.
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Statistical Procedure

Need to use Poisson statistics since event counts are small.
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Comparison to Data

PDF e p e p
HERAPDF?2.0 0.05 0.5
C'T'14 0.002 0.8
MMHT2014 0.002 0.8
NNPDF?2.3 0.00007 | 0.6
NNPDF3.0 0.0002 | 0.7
ABM P16 0.01 0.8
ABM11 0.001 0.6

p-value for e-p and e+p data sets are shown on
comparison to different PDFs
(includes only statistical fluctuation from Poisson

probabilities).

Significant differences in agreement between different pdf sets. Also significant differences

between electron & positron data.

In both cases, differences in DSWN —

of >20 units.
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Comparison to Data

e p e p
PDF r<06 2>206|xz<06 x>0.6
HERAPDF2.0 | 0.06 0.2 0.6 0.1
CT14 0.0008 0.2 0.7 0.6
MMHT2014 | 0.00003 0.1 0.6 0.6
NNPDF2.3 |[0.00007 0.2 0.6 0.6
NNPDF3.0 |[0.00003 0.2 0.6 0.6
ABMP16 0.01 0.2 0.8 0.5
ABM11 0.03 0.3 0.7 0.4

p-value for e-p and e+p data sets are shown on
comparison to different PDFs for two different x
ranges.

biggest discrepancy: lower x electron data. But p-values are not the whole story ...



Systematic Uncertainties

Categories investigated:
A. Uncertainties on expectation at generator level
1. normalization due to luminosity uncertainty
2. knowledge of radiative effects
3. pdf set uncertainties
B. Uncertainties on transfer matrix
4. binning effects (too crude ?)
5. finite Monte Carlo statistics
6. imperfect events & detector simulation

By far the dominant effect in terms of the probability of the data given a pdf set is the
normalization.
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Nomalization Error : Vary generated events by 1.8 % up and down
and calculate new p-value

+1.8 % -
€ p e’ p (Scale M by 1.8% up)
PDF r<06 x>06|xz<06 x=>0.6
HERAPDF2.0 0.02 0.1 0.2 0.3
CcT14 0.02 0.3 0.8 0.5
MMHT2014 0.008 0.2 0.8 0.5 e p e p
NNPDF2.3 0.009 0.3 0.8 0.4 PDF <06 2>062z<06 z>0.6
NNPDFEF3.0 0.008 0.3 0.8 0.4 HERAPDF2.0 | 0.06 0.2 0.6 0.1
ABMP16 0.04 0.3 0.6 0.4 CT14 0.0008 0.2 0.7 0.6
ABMI11 0.03 0.3 0.4 0.2 MMHT2014 |0.00003 0.1 0.6 0.6
—1.8 % NNPDF2.3 |0.00007 0.2 0.6 0.6
e p e p NNPDF3.0 |0.00003 0.2 0.6 0.6
PDF r <06 x =>0.6 < 0.6 x> 0.6 ABMP16 0.01 0.2 0.8 0.5
HERAPDF2.0 0.03 0.3 0.8 0.2 ABM11 0.03 0.3 0.7 0.4
CcT14 0.0 0.08 0.4 0.6
MMHT2014 0.0 0.04 0.2 0.6
NNPDF2.3 0.0 0.08 0.2 0.6 (Scale M by 1.8% down)
NNPDF3.0 0.0 0.08 0.2 0.6
ABMP16 0.0003 0.1 0.7 0.6
ABM11 0.004 0.2 0.7 0.5

Dominant systematics : due to error in normalization of data quoted as 1.8 %

Main difference - normalization. Cannot be moved both up/down -> not all the pdf sets can
represent the data well.
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Summary

e There is very little data as x-> 1 and high virtuality

e ZEUS high-x data unique, but not used in PDF fits

e uncertainties in the PDFs appear to be underestimated, judged by
comparing their predictions to each other (my personal conclusion)

e a transfer matrix formulation makes it possible to compare PDF set
predictions to the ZEUS high-x data and calculate probabilities

e systematic uncertainties can be included in the analysis

e effect on PDF extractions to be evaluated: may require redefinition of

PDF uncertainties (my personal conclusion).
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