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Tensor Polarization – Briefly
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Vector Polarization:

𝑃𝑧 =
𝑛+ − 𝑛−

𝑛+ + 𝑛0 + 𝑛−

−1 ≤ 𝑃𝑧 ≤ 1

(    +    )-2

Tensor Polarization:

𝑃𝑧𝑧 =
𝑛+ + 𝑛− − 2𝑛0

𝑛+ + 𝑛0 + 𝑛−

−2 ≤ 𝑃𝑧𝑧 ≤ 1



Why do we care about Tensor-Polarized Deuterium?
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Potential measurement of 

𝑏1
𝑑 structure function at 

low x with the EIC

Data from the HERMES Collaboration Phys. Rev. Lett. 95, 242001



Why do we care about Tensor-Polarized Deuterium?
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Potential measurement of 

𝑏1
𝑑 structure function at 

low x with the EIC

Data from the HERMES Collaboration

Possible contamination of 

𝑔1
𝑑 structure function 

measurements due to non-
zero tensor polarization

Phys. Rev. Lett. 95, 242001



Elastic Electron-Deuteron Scattering

Let’s start with unpolarized scattering…

The elastic deuteron structure is described in terms of three 
form factors: charge monopole GC(Q2), charge quadrupole 
GQ(Q2), and magnetic dipole GM(Q2) 
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Elastic Electron-Deuteron Scattering

Let’s start with unpolarized scattering…

The elastic deuteron structure is described in terms of three 
form factors: charge monopole GC(Q2), charge quadrupole 
GQ(Q2), and magnetic dipole GM(Q2) 

The cross section (in the deuteron rest frame) is
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Elastic Electron-Deuteron Scattering – Still Unpolarized
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3/3/2020 EIC Polarimetry Meeting 9

[ ]

Mott Cross Section Recoil Term Reduced Cross Section
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Electron-Deuteron Cross Section with polarized 
deuteron…and unpolarized electron
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Electron-Deuteron Cross Section with polarized 
deuteron…and unpolarized electron

3/3/2020 EIC Polarimetry Meeting 12

Ratio of polarized 
to unpolarized 
cross section



Electron-Deuteron Cross Section with polarized 
deuteron…and unpolarized electron
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Deuteron tensor 
polarization



Electron-Deuteron Cross Section with polarized 
deuteron…and unpolarized electron
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Tensor Analyzing Powers 
(i.e. Polarization 

Observables)



Electron-Deuteron Cross Section with polarized 
deuteron…and unpolarized electron
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θ* and φ* give the polarization orientation 
with respect to the momentum transfer. 

The terms here are proportional to the real 
part of the corresponding spherical 

harmonic.



We can use the measurements of the deuteron form 
factors at low-Q2 to measure the tensor polarization
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We can use the measurements of the deuteron form 
factors at low-Q2 to measure the tensor polarization
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Slightly modified 
version of t20.

Also, note that the tensor analyzing 
powers are equivalent to the recoil 

deuteron polarizations…



We can use the measurements of the deuteron form 
factors at low-Q2 to determine the tensor polarization
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We can use the measurements of the deuteron form 
factors at low-Q2 to determine the tensor polarization
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The procedure can be as follows: 
1. Bin data in Q2 

2. For each bin, use the form factor parameterizations to calculate At. Note that if the polarization 
axis is parallel to the initial electron and deuteron momentum direction, φ*=0 (or 180o) and θ* is a 
function of Q2. 

3. For each bin, calculate the charge normalized yields (i.e. N+ & N-) which correspond to the tensor 
polarization orientations (i.e. 𝑃𝑧𝑧

+ & 𝑃𝑧𝑧
−)

4. Using the information from steps 2 and 3, extract 𝑃𝑧𝑧
+ & 𝑃𝑧𝑧

−

Question: Can something be gained by rotating the polarization axis? Is this possible?



We can use the measurements of the deuteron form 
factors at low-Q2 to determine the tensor polarization
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Other option: Use high precision measurements of T20 at a single (or a few) Q2 values. (Phys. Rev. 
Lett. 77, 2630) No parameterization of form factors would have to be assumed here – but we need to 
make sure θ* is small so T20 dominates the asymmetry. We would also need to take data with  𝑃𝑧𝑧 =
0 if we want both 𝑃𝑧𝑧

+ & 𝑃𝑧𝑧
−.



Plan for this month

➢Generate electron-deuteron elastic events for various beam energy 
combinations to see the angles and energies of the scattered electron 
and deuteron in the collider frame

➢Mix these elastic events with minimum-bias deuterium DIS events 
(perhaps using BeAGLE) to see if the elastic events can be isolated

➢Calculated expected asymmetries as a function of Q2
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Elastic electron-proton scattering at high 
Q2 can be interesting in itself:

➢ Precision GM required to study 
approach of QCD scaling in Dirac F1

Form Factor

➢ Constraints on GPDs at high-x & high-
t via sum rules

➢ Possible increased sensitivity to hard 
two-photon exchange effects

C.F Perdrisat, V. Punjabi, M. Vanderhaeghen, Progress 
in Particle and Nuclear Physics 59 (2007) 694–764

We’ve already done some similar work for elastic 
electron-proton scattering



For ep elastic scattering, the EIC will allow us to probe the 
highest-ever values of Q2

Up to Q2 ~40 GeV2 

or higher at the 
EIC – all at high ε
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Description of rest-frame Elastic generator with anti-
parallel beams

1. Boost from lab frame to proton’s rest frame

2. Generate events uniformly in electron’s solid angle in the proton rest frame

3. Weight each event using the rest-frame cross section equation shown below. Form 
factor parameterization comes from Kelly (PHYSICAL REVIEW C 70, 068202 2004, Phys. 
Rev. C 96, 055203).

4. Bin data in Q2, for example, and scale to total luminosity to get expected yield. (See 
equation on next slide.)
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Elastic Generator normalization

For Uniform Generator, to get expected 
yield (in bins of Q2, for example), weight 

each event by:

𝑑𝜎
𝑑Ω𝑖

Ω𝑡𝑜𝑡

𝑁𝑡𝑜𝑡 ∆𝑄𝑖
2 × 𝑙𝑢𝑚𝑖𝑛𝑜𝑠𝑖𝑡𝑦
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Electron-Proton Elastic scattering expected yields
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Electron-Proton Elastic scattering expected yields
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Lack of dependence on 
beam energy seen here is 
expected at the EIC since 
the data will all be at y~0 

(ε~1). See the lorentz-
invariant cross section 

formula above



Generator agrees with cross section calculation
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Generator agrees with cross section calculation
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Generating in the proton rest frame and the 
lab frame also gives consistent results
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Rest Frame Generator Lab Frame Generator



Kinematics
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Kinematics: Low Q2 Electron Angle
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Kinematics: Low Q2 Electron Angle
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𝜼 = −𝟒

Central Detector



Kinematics: Proton Angle
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Kinematics: Proton Angle
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𝜼 = −𝟒

Central Detector

Forward Detectors 𝟑𝒎𝒓𝒂𝒅 < 𝜽 < 𝟐𝟎𝒎𝒓𝒂𝒅



Polarized Electron-Proton Elastic Scattering Asymmetry 
Measurements 
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Polarized Electron-Proton Elastic Scattering Asymmetry 
Measurements 
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To make reasonable 
measurements in this higher 
Q2 range, we would need a 

much lower energy than will 
be provided by the EIC



Summary

➢We presented a potential technique to extract the deuteron tensor 
polarization using elastic electron-deuteron scattering.

➢We are beginning to conduct simulation studies on this topic.

➢For unpolarized electron-proton scattering, we see the possibility of 
making high Q2 measurements. We need to see how easily elastic 
events can be separated from high-x inelastic events.

➢We will most likely be unable to make useful beam-target double-
spin asymmetry measurements at high Q2 using the EIC.
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