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Executive Summary
Several experiments are planned at Jefferson Lab and other facilities which will
utilize a solid tensor polarized target. This new program will help clarify how the
properties of the nucleus arise from the underlying partons, and provide novel information about gluon contributions, quark angular momentum, and the polarization of
the quark sea that is not accessible in spin-1/2 targets.
We request support for a two day workshop focused on tensor spin observables.
The JSA contribution will be used to provide travel support for students and junior
researchers who would otherwise not be able to participate. Matching funds have been
commited by the participating institutions. This workshop follows a highly successful
first meeting which was well attended, stimulated several successful new proposals and
led to significant polarized target development.

1

Scientific Merits

The first Tensor Spin Observables Workshop∗ was held at Jefferson Lab in 2014. The program
covered theoretical motivations for tensor spin observable measurements and also polarized
target technology. Several new experiment proposals grew from that meeting, and the workshop discussions provided strong motivation for the subsequent improvements that have been
made in polarized target technology. Since that time, there has been significant new developments both in the theoretical treatment of tensor observables and in the technical aspects
of producing tensor polarized targets. The time is ripe for another workshop focused on the
physics possible with a solid tensor polarized target. We discuss now the science driving the
Tensor Spin Observables program.
In the spin-1 system, the inclusive structure functions F1 , F2 , g1 , and g2 are supplemented
by four additional tensor structure functions: b1 , b2 , b3 , and b4 . Jefferson Lab E12-13-011
∗

https://www.jlab.org/conferences/tensor2014
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Figure 1: Approximate maximum tensor polarization per year.

is an experiment to measure the leading twist deuteron tensor structure function b1 . The
experiment has been conditionally approved, contingent on target performance, with A−
physics rating to run with 30 days of 11 GeV incident beam on a tensor polarized solid
target.
The b1 observable describes quark distributions within a spin polarized deuteron, providing unique insight into how nuclear properties arise from partonic degrees of freedom. All
conventional nuclear models predict a small or vanishing value of b1 at moderate x. However, the first measurement of b1 at Hermes revealed a cross-over to a large negative value
in the region 0.2 < x < 0.5, albeit with relatively large experimental uncertainty. Recently,
Miller [1] showed that exotic effects from hidden color 6-quark configurations could be at
work. Critically, Miller showed that no conventional nuclear mechanism can reproduce the
Hermes data, but that the 6-quark probability needed to do so (P6q = 0.0015) is small enough
that it does not violate conventional nuclear physics.
Teryaev [2] also noted that measuring b1 probes the gluon contribution to tensor structure with discrimination between deuteron components of different spin. b1 also probes the
coupling of quarks to gravity via an equivalence principle. And Kumano [3] pointed out
that b1 can be used to probe orbital angular momentum. He then extracted the tensor polarized quark and anti-quark distributions from a fit to the Hermes data and found that a
non-negligible tensor polarization of the sea is necessary to reproduce the data.
Another tensor polarized target experiment, E12-15-005, will measure the tensor asymmetry Azz in the quasi-elastic and elastic regions using the same equipment as the b1 experiment.
Tensor polarization enhances the D-state in the deuteron wavefunction and is sensitive to
short-range QCD effects. Knowing the properties of the deuteron’s nucleon-nucleon potential is essential for understanding short-range correlations as they are expected to be largely
dependent on the tensor force. In the quasi-elastic region, Azz provides a unique tool to
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experimentally constrain the ratio of the S- and D-state wavefunctions at large momentum,
which has been an ongoing theoretical issue for decades.
Excellent progress has been made in developing the solid tensor polarized targets necessary for this program, and a wide range of exciting experiments awaits. For example, the
recent Nuclear Gluonometry experiment (J. Maxwell, R. Milner) Letter of Intent outlines
an experiment to look for novel gluonic components in the nuclei that are not present in
nucleons.

2

Workshop Goals

The workshop goals are to communicate recent theoretical and experimental advances that
have been made since the first meeting, stimulate progress in the theoretical treatment of
polarized spin-1 systems, to foster the development of new proposals, and to stimulate further
advances in target development.
The discussions from the past Tensor Workshop lead to the development and successful
proposal to measure the quasi-elastic tensor asymmetry Azz , the elastic tensor asymmetry
T20 , as well as a letter of intent to measure the tensor observable ∆. Each of these has
stimulated new treatments of tensor degrees of freedom, with the Azz measurement itself
generating nearly 49 unique theory calculations. The opportunities shown by the currently
approved experiments have generated interest in new types of tensor observables, including
testing new sum rules and a new helicity term through tensor DVCS, utilizing tensor TMDs
to directly measure a T-off function, and opening 60 new structure functions through tensor
Drell-Yan processes.
We would like to continue building on this progress to encourage the interest of theorists
and to raise awareness in the community of this exciting new avenue of research.

2.1

Encouraging New Proposals

The approval of C12-13-011 and C12-15-005 opened the possibility of pursuing several interesting new experiments at JLab. The polarized target installation also requires significant
overhead, so it has traditionally been beneficial to schedule multiple experiments sequentially. With this in mind, we discuss a few of promising potential measurements that could
be performed at JLab with a tensor polarized target. It is our goal to better focus the physics
motivation of these potential experiments and stimulate discussion of even more novel applications of tensor polarization, so that one or more new proposals can be submitted to the
next PAC.
Tensor Transverse Momentum Distributions
D(e, e0 p) Azz in the Low Q2 Region
JLab’s PAC13 approved experiment E97-102, which would have measured Azz in the D(e, e0 p)
channel in order to extract the cross-sections with the deuteron in the m = ±1 and m = 0
spin states. The collaboration intended for this measurement to be taken over the range
0.051 (GeV/c2 ) < Q2 < 0.185 (GeV/c2 ) and 0.2 GeV/c < pmiss < 0.4 GeV/c, which is
3

dominated by the D-state wave function of the deuteron ground state. This experiment
never ran, but received an A- physics rating with the PAC determining,
“The structure of the ground state wave function in nuclei at small interparticle
distance is still an unsolved problem. The deuteron is a suitable target to start
this investigation because its structure can be calculated with high precision
using realistic NN potentials. The PAC strongly encourages effort to optimize
kinematics to match standard energies.”
The Tensor Asymmetry AU T and the Orbital Angular Momentum Sum Rule
The spin-1 angular momentum sum rule, as discussed in Ref. [4], provides a test of whether
the orbital angular momentum of the deuteron can be derived directly from quark contributions of individual protons and neutrons, or whether there are other contributions, such
as from gluons. By examining the energy momentum tensor for the deuteron, the authors
showed that it was possible to define an additional sum rule (see Eq. 12 in Ref. [4]) where it
was demonstrated that the second moment of this quantity is non vanishing, being related
to one of the gravitomagnetic deuteron form factors.
To study this sum rule, the authors suggest a measurement of the tensor-polarized
deuteron’s transverse spin asymmetry, AU T , which is derived in terms of GPDs [5, 6]. It
is also important to notice that b1 singles out the role of the D-wave component in distinguishing coherent nuclear effects through tensor polarized correlations from the independent
nucleon’s partonic spin structure. A similar role of the D-wave component was also found
in the recently proposed spin sum rule where it plays a non-trivial role producing a most
striking effect through the spin flip GPD, E.
Higher Twist Structure Functions, b2 , b3 , and b4
The leading-twist structure function b1 has been previously measured at HERMES and has
been approved to be measured at Jefferson Lab. However, it is only one of four additional
structure functions present in the spin-1 hadronic tensor, Wµν . The b2 structure function
is expected to be related to b1 through a Callan-Gross-type relation, 2xb1 = b2 . The b3
and b4 do not contribute at leading twist, and all three have not been directly explored
experimentally.

2.2

Target Development

As outlined in Fig. 1, the maximum possible tensor polarization has grown significantly in
recent years. The experimental program at JLab and other facilities that emerged from the
2014 workshop played a large role in driving this progress and we would like to ensure that
this trend continues. The majority of this progress is with deuterated butanol, and it is
desirable to continue this progress in other materials such as ND3 and LiD.
Informal discussion has begun within the community on the characteristics desirable
in the next generation polarized target for 12 GeV. While the most economical approach
would be to simply procure a replacement magnet for the existing target, the approved
b1 experiment might benefit from a new, specialized solenoid coil with multiple, in-line
4

target samples. This approach has been utilized for many years by the EMC, SMC, and
COMPASS collaborations. Unfortunately, a solenoidal design limits the potential for large
angle scattering, and precludes the multiple field orientations that are possible with a more
generalized design. It is important that we have a thorough, open discussion of the optimal
configuration before investing resources and manpower into either option.

3

Workshop Organization

We anticipate the need for two full days of invited talks, which will be roughly split into
three topics: Theory, Target Development, and New Proposals as outlined in Table 1, which
is a draft of the scientific program, and lists the core speakers that we anticipate will likely
participate in this workshop.
The participating institutions have agreed to contribute $3500 to cover the costs of workshop catering, travel for invited speakers and workshop proceedings. We request $2500 from
the JSA Initiatives Fund in order to provide travel and lodging support for several junior
researchers to participate.
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Proposed Evaluation Plan to Measure Success

As discussed above, our goals are to communicate recent theoretical and experimental advances, to stimulate further progress in the theoretical treatment of polarized spin-1 systems,
to foster the development of new proposals, and to discuss the optimal polarized target configuration for the tensor spin program. The anticipated products of this workshop will be
new JLab proposals to measure tensor observables, a proceedings, and further polarized
target development.
Immediately after the workshop we will produce a list of participants to indicate the level
of community interest in this topic. Within 6 months we will publish the proceedings. Over
the next 3 years we can anticipate the submission of new proposals and further improvements
in polarized target technology.

5

Summary

We request support for a two day workshop focused on tensor spin observables to be held at
Jefferson Lab. The workshop goals are to communicate recent theoretical and experimental
advances that have been made since the first Tensor Workshop, stimulate further progress
in the theoretical treatment of polarized spin-1 systems, continue fostering the development
of new proposals, and to reach a consensus on the optimal polarized target configuration for
the tensor spin program.
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