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Hadron Structure with Kaon- and
Anti-Proton Beams 
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• Why Pion and Kaon Structure?

• RF separated Kaon and Anti-Proton Beams

• Apparatus

• Kaon quark- and gluon-structure
 Direct Photons
 (J/ψ)
 Drell-Yan

• Anti-Proton Beam
 Boer-Mulders



Towards Precision Measurements    
of Pion and Kaon Structure
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Towards Precision Measurements    
of Pion and Kaon Structure

Knowledge of (unpolarized) proton PDFs currently driven by need of 
precise input for SM and BYSM physics at LHC

Two mechanisms for the emergence of mass in SM
 EW symmetry breaking provides current masses
 Strong Interaction chiral symmetry breaking

leads to large hadron masses (>95% of visible mass)

Precise ab initio understanding of the strong interaction sector of
the SM requires

 ability of precise calculations ab initio QCD
 precise experimental information on the structure 

of different hadrons and the hadronic mass spectrum



(I) Precise Calculations ab Initio QCD

5Hadron Structure with High Intensity Kaon and Anti-Proton Beams

Large-momentum effective theory (LaMET) 
Ji, PRL 2013, Sci. China Phys. Mech. Astro., 2014

from Yong Zhao
at Intersections, June 2018



(I) Precise Calculations ab Initio QCD

6Hadron Structure with High Intensity Kaon and Anti-Proton Beams

Large-momentum effective theory (LaMET) 
Ji, PRL 2013, Sci. China Phys. Mech. Astro., 2014

from Yong Zhao
at Intersections, June 2018



(I) Precise Calculations ab Initio QCD
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from Yong Zhao
at Intersections 
June 2018



(I) Systematic Lattice QCD Calculations of Parton 
Structure Physics from LaMET Makes Vigorous Progress
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from Yong Zhao
at Intersections June 2018



(II) Precise Information on the Structure of 
Hadrons (and on their Mass Spectrum)

9Hadron Structure with High Intensity Kaon and Anti-Proton Beams

Future QCD Facility with RF-Separated Beams at the SPS

Example:  𝑼𝑼𝑲𝑲

𝑼𝑼𝝅𝝅
(𝒙𝒙)

o Determine quark and gluon 
structure of the pion and kaon

o Verify Lattice QCD PDFs
with high precision

o Gain quantitative understanding
of chiral dynamics in both
protons: mp ~   Binding Energy 

+ dressed quark masses
and
mesons: mπ,K ~ Binding Energy 

- dressed quark masses

including the mass dependence.

DY data with
RF Separation

ECT* Workshop on “Dilepton Production with Meson and Antiproton Beams” November  2017 



Significant Interest in Meson Structure 
Measurements Elsewhere
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Example:  𝑼𝑼𝑲𝑲

𝑼𝑼𝝅𝝅
(𝒙𝒙)

o Determine quark and gluon 
structure of the pion and kaon

o Verify Lattice QCD PDFs
with high precision

o Gain quantitative understanding
of chiral dynamics in both
protons: mp ~   Binding Energy 

+ dressed quark masses
and
mesons: mπ,K ~ Binding Energy 

- dressed quark masses

including the mass dependence.DY data with
RF Separation

Meson structure using the
Sullivan process at Jlab and
possibly EIC

Argonne workshop on Pion and Kaon Structure at 
an Electron-Ion Collider, June 2017

JPARC: secondary beamlines
for DY physics at low energy.



RF Separated Kaon and Anti-Proton Beams at 
SPS-M2 after LS3 for LHC Luminosity Upgrades
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Apparatus
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o targets: H, polarized NH3 , C

o experimental probes:
• e+e- and μ+μ- Drell Yan pairs
• direct photons
• J/ψ

o instrumentation:
• Updated COMPASS spectrometer optimized

for different experimental probes
• New large acceptance DY spectrometer for

electron (W-Si Calorimeter, PHENIX NCC & MPC-EX) 
and muon DY (Magnetized Iron Detector, Baby MIND)

o Ample room for ideas and contributions!



Kaon Gluon Distribution
from Direct Photon Production
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Kinematic coverage:
Previous experiments vs COMPASS

y

xT

Gluon Compton Annihilation 

Cross sections vs 
Ebeam for partonic 
processes

In addition, fragmentation photons: 10-20%

y

pT

pT [GeV]

acceptance

MC simulation using current COMPASS   pT >2.5 GeV/c and 1.4<y<18
detector configuration for GPDs:              140 days  0.85 x 106 events 
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Kaon DY - MC Projections, Ebeam=80,100,120 GeV 
expected DY yields: at 100 GeV ~ 58k K-, 7k K+



Kaon DY - MC Projections, Ebeam=80,100,120 GeV 
for Sea to Valence Ratio: RS/V
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xK xK xK

First measurement of Sea 
to Valence Ratio and
precise measurement of 
quark distributions (earlier 
slides)



Polarized Drell-Yan Physics 16

Clean measurement of �𝒑𝒑 BMF

�𝒑𝒑 BMF

Anti-Proton DY – TMDs -> Boer-Mulders Function (BMF) 

Cross sections for 𝝅𝝅−
and �𝒑𝒑 induced Drell Yan

𝑨𝑨𝑻𝑻
𝒄𝒄𝒄𝒄𝒄𝒄(𝟐𝟐𝝋𝝋𝑪𝑪𝑪𝑪−𝝋𝝋𝑪𝑪) ∝ 𝒉𝒉𝟏𝟏,�𝒑𝒑

┴𝒒𝒒 x 𝒉𝒉𝟏𝟏,,𝒑𝒑
𝒒𝒒

Target
transversity



Summary
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o LaMET in Lattice QCD enables ab initio quantitative analysis
of hadron structure

o Comparison with precision data on the quark and gluon structure
of mesons will provide the information needed for a systematic
study of chiral dynamics and the emergence of the large hadron
masses

o A future QCD facility with RF separated beams at the SPS will 
provide precise information on pion and kaon structure without
significant model dependencies.

o Anti proton beams allow clean access to important TMDs
that are difficult to extract from SIDIS.
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