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Experiments to probe pion structure
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Large momentum fraction behavior

* Many theoretical papers have studied the behavior of the valence
quark distributionas x — 1 and

* Debate whether g7 (x - 1) ~ (1 — x) or (1 — x)?
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JAM analysis with threshold resummation
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* Highly dependent on perturbative approach _
* NLO and NLO+NLL double Mellin methods Of

better on theoretical grounds
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Lattice QCD Activity

e Simulations on the lattice have been done to investigate this structure
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Subset of pion lattice
QCD analyses
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How to relate PDFs with lattice observables?

* Make use of short distance factorization and appropriate matching
coefficients

En/n(v,2%) = (h(p)| T{On(2)}h(p))
— Z fz’/h(w7 ,LL2) ® Cn/i(x’/’ Z27 “2)

+O(Z2A2QCD)

e Structure just like experimental cross sections — good for global
analysis



Reduced loffe time pseudo-distribution (Rp-ITD)

* Lorentz-invariant loffe time pseudo-distribution: offe time”
1 = — .
M(v,2%) = 2—po<p (0} W(z; 0)b(2)|p) v=p'2
z = (0,0,0,z3)
Quark and antiquark
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Fitting the Data and Systematic Corrections

Valence quark
distribution in pion

1
Re mI(I/, Z2) — / diC bv(xa /*"lat)ICRp—ITD (IIII/, 227 .u*lat)J
0

Wilson coefficients
for matching

Integration lower bound is O

Systematic corrections to parametrize

e z°B,(v): power corrections

2

. %Pl (v): lattice spacing errors

o e Mn(L=2)E (v): finite volume corrections
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Other potential
systematic
corrections the data
is not sensitive to




Goodness of fit

* Scenario A: Scenario A Scenario B Scenario C

experimenta | data NLO +NLLpy | NLO +NLLpy | NLO +NLLpy
3 IO ne Process Experiment Nyat X X X2

DY E615 61 0.84  0.82 0.83  0.82 0.84  0.82

* Scenario B: NA10 (194 Gev) 36 053 053 052 054 | 051  0.53

experimental + |attice, NA10 (286 Gev) 20 080  0.81 078 079 | 074 0.81

no Systematics LN H1 58 0.36  0.35 0.39  0.39 0.38  0.37

, ZEUS 50 1.56  1.48 162  1.69 1.59  1.62

* Scenario C: Rp-ITD a127m413L 18 - - 1.04  1.06 1.05  1.04

experimental + lattice, a127m413 8 ~ = 198  2.63 1.00  1.18

with systematics Total 251 0.82  0.80 0.89  0.92 0.85  0.86
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Agreement with the data

* Results from
the full fit and
isolating the
leading twist
term

e Difference
between bands
is the
systematic
correction
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Resulting PDFs
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Effective B from (1 — x)Peff
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Conclusions

* Including both lattice and experimental data sheds light on the pion
PDF itself as well as systematics associated with the lattice

* Consistency between experimental and lattice data
e 1S pM < 1.2

* Performed analysis with current-current lattice QCD data — too noisy
to have a sizable impact

* Extensions to non-perturbative objects that are not well constrained
by experiments could aided by lattice calculations



Backup Slides



Fitting only the p = 1 points

* Most precise points, but not large range in loffe time

* Through analysis containing only lattice data, would not be sufficient
to get a large x description of PDF



Resulting low-momentum PDFs

* These
momentum
points do
entire job!
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Quantifying individual systematic corrections
on the lattice
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