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Referee Report for Jan Matoušek´s Ph.D. Thesis (No. 090/DZ/18) 
 
Dear Prof Kratochvil, Dear Thesis Committee, 
 

It is a pleasure for me to write this referee report to for Jan Matoušek doctoral thesis. Jan’s 
thesis with the title “Nucleon spin structure studies in Drell–Yan process at COMPASS” is a new 
scientific result of high importance.  

During my time at the HERMES experiment at DESY, I served as run-coordinator and 
deputy spokesperson (Aug. 2000 - July 2003) as well as spokesperson (Aug. 2003 – Dec. 2006). 
After working at DESY in Germany I became the Hall D Group leader and project manager in 
December 2006 and in March 2009 I joined BNL to lead the RHIC Spin group and have been till 
March 2017 together with Dr. Thomas Ullrich the Convener for the BNL Electron-Ion Collider 
(EIC) taskforce. Since July 2017 I have been appointed the upgrade coordinator for the STAR 
experiment at RHIC, BNL and November 2017 I have taken the responsibility to integrate the EIC 
physics into the machine and detector design.  Through all this positions I have seen many PhD 
students as well as PostDocs and scientist at the beginning of their careers and have therefore 
significant experience to judge Jan Matoušek´s Ph.D. Thesis.  

Till today the consolidated understanding of the nucleon structure is basically one-
dimensional. In inclusive DIS the nucleon appears as a bunch of fast-moving quarks, antiquarks and 
gluons, whose transverse momenta are not resolved. In recent years the unique opportunity to go far 
beyond this one-dimensional picture of the nucleon has opened utilizing semi-inclusive deep 
inelastic scattering (SIDIS) and exclusive reactions. It enables parton femtoscopy by correlating the 
information on the individual parton contribution to the nucleon spin with its transverse momentum 
and spatial distribution inside the nucleon. Such tomographic images will provide for the first-time 
insight into the QCD dynamics inside hadrons, such as the interplay between sea quarks and gluons 
and the role of pion degrees of freedom at large transverse distances and should further our 
understanding of confinement. 

Jan’s analysis is addressing one specific transverse momentum dependent (TMD) 
distribution function commonly referred to as Sivers function. The Sivers function encodes the 
correlation between the nucleon transverse spin and the quark transverse momentum and is of 
special interest as it has a predicted non-universality if measured in SIDIS and hadron+hadron 
collisions. This non-universality has a clear physical origin that may broadly be described as a 
rescattering of the struck parton in the color field of the remnant of the polarized proton. Depending 
on the process, the associated color Lorentz forces will act in different ways on the parton. In deep-
inelastic lepton proton scattering, the final-state interaction between the struck parton and the 
nucleon remnant is attractive. In contrast, for the Drell-Yan (DY) process it becomes an initial-state 
interaction and is repulsive. As a result, the Sivers functions contribute with opposite signs to the 
single-spin asymmetries for these two processes. This is a fundamental prediction about the nature 
of QCD color interactions, directly rooted in the quantum nature of the interactions.  

 



Jan’s thesis provides a complete picture on this subject. The first chapter gives a precise 
description of the theoretical situation of TMDs in general and also specifically for SIDIS and DY. 
Both processes are accessing the Sivers function for quarks. Jan also discusses the foundation of 
measuring the Sivers function of gluons through the measurement of transverse single spin 
asymmetries (TSSA) for J/Ψ-mesons.  This chapter is a clear proof that Jan has a very good grasp 
for the physics underlying his thesis topic.  The next chapter is a description of the setup of the 
COMPASS-experiment at CERN dedicated to the DY measurement. COMPASS together with 
STAR at RHIC are world-wide the only experiments, which can address this fundamental QCD 
prediction of the non-universality of the Sivers function. The following chapters 3 to 5 discuss in 
detail the event selection and analysis for TSSA of the J/Ψ  and DY channel. For the DY events Jan 
has extracted the not only TSSA sensitive to the Sivers function, but also the ones, which represent 
convolutions between the Boer Mulders function and transversity as well as the Boer Mulders 
function and Pretzelosity. Jan did bring his DY analysis a step further than published in the recent 
COMPASS PRL. He did develop a framework to extract transverse momentum weighted 
asymmetries. An observable very much desired by theorist as it disentangles on experimental level 
the convolution of the underlying parton distribution and its transverse momentum dependence. Jan 
has taken great care to determine any, if existing, systematic biases extracting this weighted TSSA.  

In the last chapter Jan puts his DY result into the bigger context of other results on the Sivers 
function from SIDIS and unweighted DY TSSA. The result of the TSSA for J/Ψ -mesons is the first 
result in DIS with an underlying process, photon-gluon-fusion, providing clean access to gluons.  

Jan’s results are consistent with the other existing results on this physics topic from 
COMPASS and the only other measurement of the non-universality of the Sivers function from 
STAR. All data support still with large uncertainties a sign change of the Sivers function between 
SIDIS and DY.  

The TSSA for J/Ψ -mesons is zero in uncertainties, which is consistent with results from the 
PHENIX collaboration at RHIC on the same channel. 

Both results are currently still statistically challenged, but with the upcoming runs of 
compass dedicated to taking more DY-data and in future years more SIDIS data with a transversely 
polarized deuterium target will overcome this limitation and Jan’s analysis methods is readily 
available to be used on this high precision data sets. 

In summary Jan has done original work with high impact to further our understanding of  the 
internal structure of nucleons. Both of his result, the transverse momentum weighted TSSA for DY 
production and the TSSA for J/Ψ -mesons are very important for the further understanding of the 
underlying physics and to test theoretical predictions for the non-universality of TMDs in particular 
for the Sivers function. The developed analysis techniques are readily available for the planned 
future high precision data sets. 
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Dr. Elke-Caroline Aschenauer 
Tenured Senior Scientist 
RHIC Spin Group Leader  
Brookhaven National Laboratory 


