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Motivation

How to explain the origin of the mass of composite hadrons?
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Proton: Mass ~ 940 MeV
preliminary LQCD results on mass budget,
or view as mass acquisition by DCSB
Kaon: Mass ~ 490 MeV
at a given scale, less gluons than in pion
Pion: Mass ~ 140 MeV

O How does QCD generate the nucleon mass?
“... The vast majority of the nucleon’s mass is due to quantum
fluctuations of quark-antiquark pairs, the gluons, and the energy
associated with quarks moving around at close to the speed of light.

mass enigma  gluons vs Goldstone boson | B © t'i";‘?/:ggl‘; ':;32;'; REACHING FOR THE HORIZON
o The 2015 Long Range Plan for Nuclear Science
— also see talks by Craig Roberts, Jianwei Qiu, ...  * How to quantify and verify this, theoretically and experimentally?
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Status: pion and kaon structure functions

Pion
» Pointwise behaviour of pion’s valence-quark distribution function: agreement between
predictions from |QCD and symmetry-preserving QCD-consistent continuum analyses

» Amongst existing phenomenological studies of pion structure functions, only one employs a
next-to-leading-order analysis that includes threshold resummation. This study is unique in
producing a valence-quark DF that is consistent with large-x QCD and matches continuum
and lattice prediction

» General disagreement between phenomenological results and theory predictions for the
pion’s valence-quark DF feeds into uncertainty about pion’s glue and sea distributions

» Resolution of these conflicts must await
— Improved phenomenological analyses that include threshold resummation
— New data that constrains the pion’s glue and sea distributions.

Craig Roberts. pi & K structure - window onto EHM
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World Data on pion structure function F,*

Pion Drell-Yan DIS (Sullivan
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— also see talks by Oleg Denisov, Vincent Andrieux, Richard Trotta, Rachel Montgomery, .(.2.002
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EHM
COMPASS++/AMBER (PION INDUCED DY) (VINCENT)
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COMPASS++/AMBER (Prompt Photons)

(Charles)

At the moment there is no experimental information about gluon contribution in kaon.
Calculations based on Dyson-Schwinger equations predict 6 times smaller contribution
at hadronic scale in respect to pion (Phys. Rev. D93 (7) (2016) 074021)

Pythia-based MC simulation for prompt photons production was used
for preliminary estimation of kinematic range accessible at COMPASS. It
was compared with corresponding ranges accessible by previous
experiments with pion beams.

Possibilities to identify signal and reject background were tested. Some
optimization of the setup from point of the material budget was tested.
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Far-Forward Region Layout g
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Status: pion and kaon structure functions

Kaon

» Very little empirical information available on K DFs = no recent phenom. inferences.
— Valence-quark distributions: results from models and a single, recent IQCD study
— Kaon’s glue and sea distributions: no results

» Hence, symmetry-preserving continuum QCD predictions sketched here for entire array of
kaon DFs currently stand alone.

» One piece of available experimental information: uK(x)/un(x)

— Continuum prediction for ratio is consistent with the data.

— But, given the large errors, this ratio is very forgiving of even large differences between various
calculations of the individual DFs used to produce the ratio.

e Modern, precise data is critical if this ratio is to be used as a path to understanding the
Standard Model’s Nambu-Goldstone modes;

e Results for u.(x;%s), uc(x;Zs) separately would be better.

Craig Roberts. pi & K structure - window onto EHM
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N
Status: pion and kaon structure functions

Kaon

» Glue and Sea — Predictions:
— DFs very similar to those in the pion
— Detailed comparison requires the use of mass-dependent splitting functions.
— Development underway ... Preliminary conclusions:
i.  Light-front momentum fraction carried by s-quarks in the kaon increases by ~ 10%;

ii. Compensated by a commensurate decrease in fractions carried by glue (-1%) and sea
(-2%).

&, Craig Roberts. pi & K structure - window onto EHM
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g Denisov  COMPASS++/AMBER (kaon induced DY)
(Vincent)

Extremely important to compare the gluon content of kaon
and pion (emergent mass)

I RF1 RF2

o First ever DY measurements that could lead to kaon PDFs _/|_|\_6.6m_

o Achievable statistics depends on beam energy and on kaon beam purity. ! L

Assuming 1=7 x 107 s~ with 30% kaons: selection Choose e.g. AQ,,
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Lambda decays ( 275 GeV) see next talk by Richard Trotta Neutrons
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) A—p+m-: very challenging!
Lam bda Fi nal State » need additional particle tracking between dipoles and ZDC

—_— A—-n+m? : looks promising
» need additional high-res/granularity EMCal+tracking before ZDC

18x275

Too long decay length of Lambda

Lambda->p+m ( pion was lost in Dipole )

Lambda->n + n° (2 ) (allin ZDC)
S -
= R
Lambda->n + ° (2 y) (one y missed ZDC)
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NEEDS: pion and kaon structure functions

» Standard Model’s (pseudo-) Nambu-Goldstone modes — pions and kaons — are basic to the
formation of everything from nucleons, to nuclei, and on to neutron stars.

» Hence, new-era experiments capable of discriminating between the results from models,
phenomenology and QCD-connected predictions should have high priority.

» Phenomenological methods needed to proceed from data to DFs must match modern
experiments in precision.

» Theory: continuum and lattice analyses of the pion’s valence-quark DF are converging on
the same form, confirming the longstanding QCD expectation
— But, lattice results for the pion’s glue and sea distributions would be very valuable.

» Even more true for the kaon.
— Only one extant lattice study of kaon DFs
— Addressing solely valence distributions
— Disagreeing in many respects with continuum predictions
— Conflict with large-x QCD
= Many opportunities are available.

Craig Roberts. pi & K structure - window onto EHM
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Pion and Kaon Structure

U Pion decays, and there is no stable pion target

O Pion beam:
Talking advantage of time-dilation, 7+ p — £7£~ + X Drell-Yan process

Precision of pion structure depends on our knowledge of(proton structure}
EEE) O Lattice QCD: Nt

— using a vector-axial-vector correlation as an example
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