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Pions and kaons are, along with protons and neutrons, the lmidding blocks of nuclear mat-
ter. They are connected to the Goldstone modes of dynamigal symmetry breaking, the
mechanism thought to generate all hadron mass in the visitileerse. The distribution of the
fundamental constituents, the quarks and gluons, is eggeatbe different in pions, kaons, and
nucleons. However, experimental data are sparse. As d,rdsefle has been persistent doubt
about the behaviour of the pion’s valence quark structumetfan at large Bjorken-and virtually
nothing is known about the contribution of gluons. The Hieatlon Collider with an acceptance
optimized for forward physics could provide access to stngcfunctions over a larger kinematic
region. This would allow for measurements testing if thegioriof mass is encoded in the dif-
ferences of gluons in pions, kaons, and nucleons, and nmezasuts that could serve as a test
of assumptions used in the extraction of structure funstemd the pion and kaon form factors.
Measurements at an EIC would also allow to explore the effegluons at highx.
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1. Introduction

Pions and kaons occupy a special role in nature [1] and thus &aentral role in our cur-
rent description of nucleon and nuclear structure. The Bdhe lightest quark system, with a
single valence quark and a single valence antiquark. Isis thle particle responsible for the long
range character of the strong interaction that binds thmiatoucleus together. A general belief is
that the rules governing the strong interaction are leftrii.e. chirally, symmetric. If this were
true, the pion would have no mass. The chiral symmetry of lessQuantum Chromodynamics
(QCD) is broken dynamically by quark-gluon interactionsd axplicitly by inclusion of light quark
masses, giving the pion and kaon mass. The pion and kaonwussdln as the key to confirm the
mechanism that dynamically generates nearly all of the midsadrons and central to the effort to
understand hadron structure.

Experimental knowledge of the partonic structure of thenpgovery limited due to the lack
of a stable pion target. Our current knowledge of the pioncstire function in the valence region
is obtained primarily from pionic Drell-Yan scattering [2, 4], and in the pion sea region at low
Bjorkenx, from hard diffractive processes measureceenp collisions at HERA [5]. These data
seem to indicate that the pion sea has approximately ore-d@hithe magnitude of the proton sea,
while from the parton model one expects the pion sea to behwds of the proton sea.

The distribution of the fundamental constituents, the kgiand gluons, is expected to be
different in pions, kaons, and nucleons. However, as dsstisibove experimental data on the
pion structure function are sparse and there are no dataeokaibn structure function to date.
As a consequence of the lack of pion data there has beentpatsitoubt about the behaviour
of the pion’s valence quark structure function at large Bgorx and virtually nothing is known
about the contribution of sea quarks and gluons [6]. ThetEladon Collider (EIC) with an
acceptance optimized for forward physics has the potefaigdccessing pion and kaon structure
functions over a large kinematic region through the Sufliysocess [7]. This would allow for
measurements testing if the origin of mass is encoded iniffegahces of gluons in pions, kaons,
and nucleons [8], and measurements that could serve asmd ésstumptions used in the extraction
of structure functions and the pion and kaon form factors.

2. Experimental Considerations

In the Sullivan process, one measures the contributioreteldctron Deep Inelastic Scattering
(DIS) of the meson cloud of a proton target. An immediate egnence is that the nucleon parton
distributions contain a component which can be attributethé meson cloud. Note that in the
Sullivan process, the mesons in the nucleon cloud are Vifwffashell) particles. For the process
to provide reliable access to a meson target, the pole assdavith that meson must be the dom-
inant process. Recent calculations [9] estimate the impRoff-shellness in the Bethe-Salpeter
Equation/Dyson-Schwinger Equation (BSE/DSE) framewdtrkvas found that the meson can be
considered on-shell for pions uptec 0.6 Ge\? and for kaons up tb< 0.9 Ge\2. This suggests
that pion and kaon structure functions can be accessedgttbe Sullivan process.

To experimentally determine the off-shellness corregtame can use a procedure similar to
that used for corrections in studies of the neutron in dauter There, interactions in the medium
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Figure 1. EIC kinematic reach.

have to be taken into account, which is done through nucliegiry corrections. By binning in
t up to the projected on-shell/off-shell limit, an off-shredks correction could be determined in a
similar fashion.

3. Pion and Kaon Structure Functionsat an EIC

The Electron-lon Collider will provide a large,(Q?) landscape for both pion and kaon struc-
ture measurements. The acceptance at the EIC is ideal fmtwte function measurements, es-
sentially covering the full forward region and also covgrinuch highex than previous measure-
ments. The projections in the present report assume ro@gyar of running, which corresponds
to 26 weeks at 50% efficency and a geometric detection eftigiéor forward going particles at
smallt of 20%. The EIC kinematic reach iis shown in Fig. 1 for electron and proton beam
energies of 5 GeV and 50 GeV, at a luminosity of416 1 cm 2. The kinematic coverage reaches
down tox;k=0.01 or even smaller values for both pion and kaon. The swallregion will be
constrained by structure functions obtained at HERA. Tlue larrows in Fig. 1 indicate theyin
values for future EIC data at the saif values as the HERA data.

The projections of kaon structure functions were obtaimechfthose of the pion case by scal-
ing with the coupling constants of Ref. Kroll11 and the getin@etection efficiencies. The result-
ing kaon structure function projections are of roughly amgquality as the pion structure functio
projections for small, forward particle detection acceptances of JLEIC. Detesitnilations have
shown that the decay particles frokdecay can be distinguished from the beam particles near the
7th or 8th downstream dipole. Fig. 2 shows the kaon strudturetion projections for beam ener-
gies of 5 GeV electrons and 100(left) GeV and 50(right) Gedtqus as a function df? and for
different values ok, at a luminosity of 100 fb*. To constrain gluons th®? evolution is important.
As one can see, for small rangesxithe Q? evolution may not be sufficient, however, and other
techniques may need to be explored to supplement.
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Figure 2: Kaon structure function projections for beam energies o£¥ @lectrons and 100(left) GeV and
50(right) GeV protons as a function @ and for different values of. A luminosity of 100 fb! is assumed.
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Figure 3: (a) DSE Parton Distribution Functions from Ref. [11]; é3),(X) andayk (X) at different scales.

4. Towards Flavour Decomposition

Parity-violating probes may provide a way to make progresgtds a full flavour decom-

position. These include neutral- and charged-currentgeolDbservables from charged-current
processes can be obtained through a comparison of elearsnsvpositron interactions. Neutral-
current processes include measurements oikBEaenucleon structure functiong/Z interference
contribution) and the neutral-current conserving paviblating asymmetry, which can be ex-
pressed through the coefficiersis;(X) andag (x). Fig. 3(a) shows the DSE parton distributions
from Ref. [11]. One can see that the valence quarks in the &aoy much more of the kaon’s mo-
mentum than is stored in the pion’s valence-quarks. Fig. &fows the resulting coefficients
andag as a function ok. The different colours denote different scales, eagk,at the hadronic
scale(H=0.51 (green curvekyk at scale(=2 GeV (green curve), anabx at scale(=5.2 GeV
(blue curve). Atx=1, ax is independent of the scale, whilexat0 axx approaches & — sin? 8y
because all valence-quark PDFs become identicat@tunder evolution. Simulation studies to
project the feasibility of such measurements at EIC aresatigr ongoing.
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5. Summary

In summary, nucleons and the lightest mesons, pons and ka@nthe basic building blocks
of nuclear matter. We should know their structure functiorise distribution of quarks and gluons
in pions, kaons, and nucleons is expected to be differentasMements of the structure func-
tions at low to moderat& could shed light on the question if the origin of mass is eecouh
differences of gluons in pions, kaons and nucleons (at isgmptotic values o?). Using elec-
troweak processes, e.g., through parity-violating prasesutral vs. charged-current interactions,
disentangling flavour dependence seems possible.
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