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From R. Yoshida 
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MESA at Mainz 



New facility MESA 

8 

commissioning 
2022  

From talk of V. Pascalutsa 



Vladimir Pascalutsa — Mainz Laborotory Highlights — KPHTH —  Aug 12,  2019                

Proton radius puzzle 
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Vladimir Pascalutsa — Mainz Laborotory Highlights — KPHTH —  Aug 12,  2019                

Low-Q2 proton FF: MAGIX@MESA 
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SoLID with 11 GeV at JLab 
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SoLID Detector  

Powerful high acceptance device to handle  
luminosity up to 1039 
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Neutron-proton radius difference 

AWT – Quark-Meson Coupling model 
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Ideally tested at EIC with CC 
 reactions  

Parity violating EMC will test this at JLab 12 GeV 
  - interesting to incorporate in nuclear PDF fits: Schienbein? 
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Polarized Targets 



Coldfinger 

Cryostat 

News from UNH Polarized 
Target Lab 

 New ‘slow-freezing’ ammonia production technique: ‘Coldfinger’ 
◦ Aliaga, D. et al. Temperature-controlled crystal formation with a new 

prototype cryogenic device (2019), Manuscript in preparation.  

8/18/2019 HiX2019    Elena Long <elena.long@unh.ed> 

LN2 
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Developed process to 
3D print Kel-F (NIM A 

paper in prep.) 



Tensor Structure Function, 𝑏𝑏1 

8/18/201
9 HiX2019    Elena Long <elena.long@unh.ed> 

A Airapetian, et al, PRL 95 242001 (2005) 
K Slifer, et al, JLab C12-13-011 

◦ All conventional models 
predict small or 
vanishing values of 𝒃𝒃𝟏𝟏 
 
◦ HERMES found 

something very 
different! 
 

◦ Any measurement of 
𝑏𝑏1 < 0 indicates exotic 
physics 

𝑏𝑏1 probes nuclear effects at quark 
resolution! 

S Kumano, PRD 82 017501 (2010) G Miller, PRC 89 045203  

FE Close, S Kumano, PRD 42 237   + Insight in Close-Kumano 
Sum Rule    
   & Quark Orbital Angular 
Momentum 

SK Taneja et al, PRD 86 036008 (  

JLab 
E12-13-011 
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Many other polarized targets under 
development 

• Bonn, Jlab, INFN-Ferrara, COMPASS, LANL-Uva….  
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New Neutrino DIS Proposal 

 
 

 
• Much better statistics and understanding of flux 

Talk of R. Petti 
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New Neutrino DIS Proposal 

 
 

 
• Much better statistics and understanding of flux 

Talk of R. Petti 

Cloët et al., Phys Lett B693 (2010) 462 
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COMPASS 



21.08.2019 Jan Friedrich - HiX2019 Kolympari 26 

RK of proton target 
• analysis of 2016 data (lH2

 target) ongoing  
• same bins as for the iso-scalar target data 

(integrating over z and averaging over y) 
• RK of the proton expected10-20% higher 

compared to the isoscalar case. 

Important message: HERMES and 
COMPASS data are still in tension. 
Can not be explained only by different  
Q2 range, the discussion is going on. 

SIDIS multiplicities: kaons off the proton  



Wally 

21.08.2019 Jan Friedrich - HiX2019 Kolympari 27 



A NQF@M2 beam line of the SPS CERN 
COMPASS++/AMBER  Letter of Intent 

21.08.2019 Jan Friedrich - HiX2019 Kolympari 28 

• Since a workshop in March 2016 on future opportunities for   
A New QCD Facility at M2 beam line, various measurements 
have been investigated and collected in our 

• Letter of Intent, submitted to the committee in January 2019. 
The goal is to bring together a new Collaboration enthusiastic 
about measurements with conventional and newly designed RF-
separated kaon and antiproton beams  

• The total duration of the program reaches 10 years of running 
with hadron and muon beams. 

http://arxiv.org/abs/1808.00848 
Apparatus for Meson and Baryon Experimental Research  

http://arxiv.org/abs/1808.00848


COMPASS++/AMBER 
the full “LoI” programme  

21.08.2019 Jan Friedrich - HiX2019 Kolympari 29 
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Nucleon PDFs 
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d/u ratio 

• Fundamental to understanding non-perturbative 
dynamics within the nucleon – di-quarks, 
correlations etc…. 
 

• Many talks: Christy (BoNUS), Hauenstein, Kumar 
(SoLID), Malace, Melnitchouk, Nicolescu (duality), 
Petratos (Marathon) 
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       SLAC DIS Data 
 

Whitlow (1992):  Assumes EMC 
effect in deuteron (Frankfurt 

and Strikman data-based 
Density Model) 

 
Melnitchouk &Thomas (1996):  
Relativistic convolution model 
with empirical binding effects 

 
Bodek (1992):  Non-relativistic 

Fermi smearing model with 
Paris N-N potential.  Note: at 

large x there is significant 
dependence  

on the N-N potential used 
(Paris, Bonn, Argonne, etc.) 

Nucleon F2 Ratio Extraction Revisited 

From Petratos 



1,100 Ci 
Tritium 

The 3H, 2H, 1H, 3He High Pressure Gas Cells Target Ladder Structure  

Tritium cell was filled at the Tritium 
Handling Facility of Savannah River 
National Laboratory (1,100 Curies).   



Melnitchouk: Caution re  
avoiding model dependence  
in the data 
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A little fun …. 
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Sea quarks 



First simultaneous  
analysis of DIS  
plus SIDIS 
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Polarized Structure Functions 



JAM analysis 



PRD99, 051102 (2019) 

2. Nucleon helicity – a. Δq�      STAR, W AL (2011-2013) 

• W → e AL , |η| < 1.3 

─ Int. L =  86 (2011-2012) + 250 (2013) pb-1 

─ Signal extraction by e± isolation + 
missing energy detection + Jacobian peak 

─ 0.05 < x < 0.25 

 

─ Sizable positive Δu� / negative Δd� observed 

─ Clear flavor asymmetry (Δu� - Δd�) 

HiX2019 - Crete, Greece 42 /  26 

Talk of C. Kim: Phenix 

Delta ubar > Delta dbar predicted in bag model then χSM in early 90’s 





Extraction of Excess of dbar over ubar: SeaQuest 

Talk of R. Gilman 



Extraction of Excess of dbar over ubar: SeaQuest 

Gilman 

Gotcha! 
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Theory: Quasi-PDFs 
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Pion Structure – DSE and Drell-Yan 

From talk of I. Cloët 
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A Three-dimensional Picture of the Nucleon 



Toward a more complete description of the nucleon 

Slide from N. d’Hose, APS-April meeting 2019. 

DVMP: Deeply Virtual Meson Production 
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GPDs and TMDs 

From talk of A. Bacchetta 
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D. Mueller et al, Fortsch. Phys. 42 (1994)  
X.D. Ji, PRL 78 (1997), PRD 55 (1997)  

  A. V. Radyushkin, PLB 385 (1996), PRD 56 (1997)  
GPDs and factorization 
 - Talk of J. Roche 

Q²,xB 
ℓ 

γ* 

GPDs 

ℓ’ 

Hard process 
LO: QED 
NLO: QCD perturbative 

Soft process 
Non perturbative QCD 
described by GPDs 

The minimal Q2 at which the factorization holds must be tested and  
established by experiments 

In the Bjorken limit: 
 



DVCS Hall A@Jlab12  3rd generation 

LT/LO HT NLO 

Among the first experiments to take data  
at Jlab 12 
 
50% of the  proposed data were taken 

Talk of J. Roche 



DVCS Hall A@Jlab  3rd generation (12 GeV data) 

Analysis by F. Georges, INP Orsay 

S1 
I C1 

I C0 
DVCS 

In depth study of trigger efficiency delayed the publication: 
Could not resolve a 5% systematic inefficiency. 
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Nuclei 

• SRC and tensor force 
 

• EMC effect 
 

• x>1 
 

• PDF analysis (not discussed – c.f. I. Schienbein ) 
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Role of Tensor Force in SRC – Talk of O. Hen 

• Established in beautiful series of experiments at Jlab 
 

• Resolves a decades old dispute – with Arima’s group 
as the winner 
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x>1: New CLAS results 

From talk of D. Higinbotham 
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Linear relation proposed as evidence  
that SRC explain the EMC effect 

From talk of D. Higinbotham 
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From talk of O. Hen 
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Origin of the EMC Effect 
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Alternate Explanation Based Upon  
Quark-Level Description of Nuclear Structure 
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Overview of 739 even-even nuclei 

Martinez et al., arXiv:1811.06628 
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Summary: Finite Nuclei 

• The effective force was derived at the quark level 
based upon changing structure of bound nucleon  
 

• Has many less parameters but reproduces nuclear 
properties at a level comparable with the best 
phenomenological Skyrme forces 
 

• Looks like standard nuclear force 
 

• BUT underlying theory also predicts modified 
internal structure and hence modified  
    −  DIS structure functions 
    −  elastic form factors...... 
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Theoretical Understanding 

• Still numerous proposals but few consistent theories 
 

• Initial studies used MIT bag1 to estimate effect of 
self-consistent change of structure in-medium 
− but better to use a covariant theory 
 

• For that Bentz and Thomas2 re-derived change of 
nucleon structure in-medium in the NJL model 
 

• This set the framework for sophisticated studies by 
Bentz, Cloët and collaborators over the last decade 

1 Thomas, Michels, Schreiber and Guichon, Phys. Lett. B233 (1989) 43  
2 Bentz and Thomas, Nucl. Phys. A696 (2001) 138 
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EMC Effect for Finite Nuclei 

Cloët, Bentz &Thomas, Phys. Lett. B642 (2006) 210  

(There is also a spin dependent EMC effect - as large as unpolarized) 
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Approved JLab Experiment 

Other tests (e.g. Isovector EMC effect)  
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Spin-EMC Effect is a crucial test 

• Tensor correlations leading to high momentum 
components in nuclear wave function have been 
proposed as an alternate explanation of the EMC 
effect 
 

• The tensor force scatters 3S1 pairs almost entirely 
into 3D1  at high momentum (~84% at p > 400 MeV/c) 
 

• Nucleons in SRC are depolarized – simple Clebsch-
Gordan coefficients - and cannot contribute to spin-
EMC effect 
 

• That is SRC predicts essentially NO spin-EMC effect 

AWT -  Int J Mod Phys 27 (2018) 1840001 (Ernest Henley Memorial) 
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Apologies to those I missed 
and for any errors of fact or judgement 
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