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Motivation
	Our	information	on	the	very	high	x	behavior	of	the	parton	densities	in	the	DGLAP	validity	regime	
is	primarily	theoretical	and	assumption-based.

BCDMS	has	measured	F2	up	to	x=0.75	

H1,	ZEUS	have	previously	measured	F2	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		xq∝(1-x)η.		Is	it	possible	to	improve	this	situation	?



	At	high	Q2,	scattered	electron	seen	with	≈100%	acceptance	
	For	not	too	high	x,	measure	x	from	jet	and	measure	in	small	bins	
	For	x>xEdge,	measure	integrated	cross	section	to	x=1 4
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Finer	bins

Standard	Binning	-		
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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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This	uncertainty	refers	
to	how	well	we	know	
the	underlying	cross	
section	assuming	that	
our	only	knowledge	is	
the	observed	number	of	
events.			

Not	the	uncertainty	that	
belongs	in	a	fit.

Not	many	events	at	
high	x
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Described	how	to	use	a	forward	modeling	for	analysis	of	the	data:	

Define	pdfs	->	apply	radiative	effects		
				->	predict	cross	sections	
				->	apply	detector/analysis	effects	
				->	calculate	expected	number	of	events	
				->	calculate	a	Poisson	probability
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Transfer	Matrices
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Reconstructed	variables/bins

generated	variables/bins.		Much	
finer	binning	used.

Separate	transfer	matrices	exist	
for	producing	radiative	cross	
sections	and	detector/analysis	
effects.
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Systematic	Uncertainties
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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.

Studies	of	systematic	effects
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Project:	Use	this	approach/data	in	pdf	extractions

Bayesian	fit	using	the	BAT.jl	package		

Team:		
Ritu	Aggarwal,	SPPU,	Pune	
Performed	analysis	of	ZEUS	high-x	data	and	extracted	transfer	matrices	

Michiel	Botje,	Nikhef	(retired	but	very	active!)	
Developer	of	QCDNUM,	providing	fast	cross	section	integration	routines,	expert	knowledge	

Francesca	Capel,	Technical	University,	Munich	
ORIGINS	Data	Science	Lab	postdoc,	developing	fitting	code,	providing	expert	advice	on	statistical	
methods	

Oliver	Schulz,	Max	Planck	Institute	for	Physics	
Developer	of	the	BAT.jl	package,	statistics	and	coding	expert,	consulting	

A.C.	-	coordination	
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and	Hamiltonian	MC,	Nested	Sampling
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Status/Goals

The	project	has	started	-	approximately	6	meetings	so	far	

QCDNUM	Julia	wrapper	developed,	can	be	called	from	BAT	

Start	with	5	flavors,	FFN	scheme,	simple	beta	function	parametrization	

Dirichlet	sampling	distributions	to	satisfy	sum	rule	constraints		

Test	comparison	with	xFitter	of	differential	cross	section	calculations	done	

Integration	routines	nearing	completion	

Expect	to	start	first	fit	attempts	on	order	of	weeks	…
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Status/Goals

We	plan	to	develop	the	fitting	code	and	provide	an	example	of	how	the	fitting	of	
pdfs	to	the	ZEUS	data	can	be	performed	using	forward	modeling.	

This	can	hopefully	be	integrated	into	existing	fitting	packages	so	the	ZEUS	high-x,	
high-Q2	data	can	be	used	in	pdf	extractions	

Not	planning	to	compete	with	existing	pdf	extraction	teams
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• There	is	very	little	data	as	x->	1	and	high	virtuality	

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

• uncertainties	in	the	PDFs	appear	to	be	underestimated,	judged	by	comparing	their	predictions	

to	each	other	(my	personal	conclusion)	

• a	transfer	matrix	formulation	makes	it	possible	to	compare	PDF	set	predictions	to	the	ZEUS	

high-x	data	directly	and	calculate	probabilities	

• we	are	working	to	develop	an	example	pdf	fit	using	this	approach

Summary


