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Light quark sea

B From text-books: perturbative QCD expected to generate
symmetric q¢ sea via gluon radiation into gq pairs

9 —> since u and d quarks nearly degenerate,
) expect flavor-symmetric light-quark sea
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B (Almost) from text-books: Thomas suggested that chiral symmetry
of QCD (“low energy”) should have consequences for antiquark PDFs

in the nucleon (“high energy”)
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Light quark sea

B First clear experimental support for d # @ came from measurement
of Gottfried sum observed by NMC
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—> Sullivan process —
DIS from pion cloud
of the nucleon
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—> violation of “Gottfried sum rule”!
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Light quark sea

B x dependence of d — @ asymmetry established in Fermilab
E866 pp/pd Drell-Yan experiment
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— strong enhancement of d at x ~0.1-0.2

— intriguing behavior at large x hinting at possible
sigh change of d —



Light quark sea

B General agreement with pion loop models
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Chiral effective field theory

B Rigorous connection with QCD established via chiral EFT
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pion rainbow and tadpole contributions
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Chiral effective field theory

B Splitting functions for various diagrams computed in chiral theory
e.g. pion rainbow diagram
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B Bubble diagram contributes only at y=0 (hence x =0)
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— contributes to lowest moment, but not at x>0
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Chiral effective field theory

B Expand moments of PDFs (splitting functions) in powers of m

—

coefficients of leading nonanalytic (LNA) terms,
reflecting infrared behavior, are model-independent!

QCD therefore predicts a nonzero asymmetry from 7 loops
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Thomas, WM, Steffens (2000)

nonanalytic behavior vital for understanding
lattice data on PDF moments at low m
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Chiral effective field theory
B Expand moments of PDFs in powers of m

— coefficients of leading nonanalytic (LNA) terms,
reflecting infrared behavior, are model-independent!

— QCD therefore predicts a nonzero asymmetry from 7 loops

1d d __(39,24_1) 2 27,2 - 2
x(d—u)= 5~ mylog(my /p”) + analytic in m;
0 (47 fr)

Thomas, WM, Steffens (2000)

— nonanalytic behavior vital for understanding
lattice data on PDF moments at low m
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Chiral effective field theory

For point-like nucleons and pions, integrals divergent

—> finite size of nucleon provides natural regularization scale
(but does not prescribe form of regularization)
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Chiral effective field theory

B E866 d — u data can be fitted with range of regulators

0.06
0.04} - }-
E ................... \ '\ S o -
Ié 0.02} S
= | INES ~
ol tmon e Regge \ |
= texp - - - Bishari (x0.5)
sexp e ki cut
= py }  ES66
T 02 08
i

average pion “multiplicity”
1
oy =3 [ a1
0
~ 0.25-0.3

—> with exception of %, cutoff and Bishari models,

all others give reasonable fits, y* < 1.5

—> are there other data that can be more discriminating?



Leading neutron production at HERA

I ZEUS & H1 collaborations measured spectra of neutrons
produced at very forward angles, 6,, < 0.8 mrad
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—> can data be described within same framework as E866 asymmetry?

—> simultaneous fit never previously been performed!



Leading neutron production at HERA

B Measured LN differential cross section (integrated over p, )
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Leading neutron production at HERA

B At large y, non-pionic mechanisms contribute
(e.g. heavier mesons, absorption)

—Tr 1T 1 T T T T T T T
0.08 [ @ ZEUS2007 q% <0.04 GeV? |
H H1 2009
N [ Q*>2GeV? ] 08 F
L] ]
~~ o 1 L
e T
T 06 F
0 -
= N
-~ 04 F
£ . 2 2
@) light-cone R}, =0.2 GeV
S~
= 02 F * 2 2
v p—nX 10<Q” <100 GeV
[ - vp—nX Q*<002GeV?
0 1 2 1 2 1 2 1
0.6 0.7 0.8 09
z (=1-y)
Kopeliovich et al. (2012) D’Alesio, Pirner (2000)

H To reduce model dependence, fit the value of ycyt
up to which data can be described in terms of m exchange



Leading neutron production at HERA

H Fit requires higher momentum pions with increasing ycut
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values from fit to E866 data only

—> larger values of y.,; more in conflict with E866 data



Leading neutron production at HERA

B Combined fit to HERA LN and E866 Drell-Yan data
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Leading neutron production at HERA

B Combined fit to HERA LN and E866 Drell-Yan data
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—> best fits for largest number of points afforded by
t-dependent exponential (and t monopole) regulators




Leading neutron production at HERA

B Fit to ZEUS LN spectra for y.,; = 0.3 (t-dependent exponential)
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Leading neutron production at HERA

B Fit to H1 LN spectra for y.,; = 0.3 (t-dependent exponential)
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Extracted pion structure function

Yout = 0.3

— HERA+ES66 fit
--- GRS |
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—> stable values of FJ at 4x107* < 2, <0.03 from combined fit

—> shape similar to GRS fit to 7N Drell-Yan data (for z, = 0.2),

but smaller magnitude
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Predictions at TDIS kinematics
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Strange quarks

Traditionally, strange quark PDFs most directly determined
from p™p~ productionin v(7) A DIS (Wts —wc/ W™ 5—¢)

— but significant uncertainty from nuclear corrections,
semileptonic branching ratio uncertainty

—> tension with HERMES semi-inclusive K-production data?
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Some indication of strange—antistrange asymmetry from
v/v DIS data
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Strange quarks

Chiral SU(3) effective theory analysis suggests natural mechanism
for generating strange asymmetry
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Strange quarks

Convolution representation
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—> since I(;fa“d) (y) ~ d(y), tadpole term generates valence-like
strange-quark PDF
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Strange quarks

Constraints on cutoff parameters from pp — A X

and total (S + g)loops < (S =+ g)totaul
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Strange quarks

Gives rise to small but (mostly) positive s — s distribution
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Outlook

B Eagerly await final SeaQuest data!

— settle question of sign change in d — u at high x

B Combine “leading neutron” analysis with 7N Drell-Yan data
to constrain pion PDFs at low and high x

— talk by Nobuo Sato

B Compare chiral SUQ3) predictions for s — 5 asymmetry
with future lattice and experimental (SIDIS?) data



