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Purpose

• Understand and parameterize 
nucleon effective 
polarization as a function of 
dx for each GEn-II 
kinematic

• Start by confirming average 
effective polarization for QE 
scattering within our neutron 
window
• Standard values are -2.8% for 

the proton and 96% for the 
neutron (see previous GEn 
theses)
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Variables of Interest
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• The initial 3-momentum of 
the electron is k

• The 3-momentum of the 
scattered electron is k’

• The initial 3-momentum of 
the nucleon is pn or pp (or 
pnucl generically)

• The 3-momentum of the 
scattered nucleon is p’n or 
p’p (or pnucl’ generically)

*Adapted from B. Blankleider, R. M. Woloshyn. Quasi-elastic scattering of polarized 

electrons on polarized 3He. Phys. Rev. C Vol 29-2. February 1984.



3He Nucleon Effective Polarization Basic Summary

• Variational Monte Carlo (VMC) simulation is used to consider the 
probability of finding a nucleon with specific momentum and spin-isospin 
projection in a given nuclear state.
• I.e., use simulation to estimate nucleon momentum density.

• This probability is normalized such that the integrated densities over momentum 
phase space is equal to the number of spin-up or spin-down protons or neutrons.

• Three different considerations are folded into the wave functions used in 
the simulation:
• Non-relativistic nucleon kinetic energy

• Two-nucleon interactions (AV18)

• Three-nucleon interactions (UX)
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Nucleus N
↑p N

↓p N
↑n N

↓n

3He(1/2+) 0.974 1.026 0.938 0.062

Wiringa, et al., Phys. Rev. C 89, 024305 (2014).
Piarulli, et al., Phys. Rev C 107, 014314 (2023).

https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fprc.aps.org%2Fabstract%2FPRC%2Fv89%2Fi2%2Fe024305&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942284945299%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=hz517%2FgzuKzCiRAwh4a7EFwK5pxZdSKHdgpiFy9%2FEBY%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fprc.aps.org%2Fabstract%2FPRC%2Fv89%2Fi2%2Fe024305&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942284978913%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=2cqTh36YQl9Z98U4OD2hg663cK6pxmKLzhiqxTqoJJU%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fprc.aps.org%2Fabstract%2FPRC%2Fv89%2Fi2%2Fe024305&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942284995211%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=2u4zEYOnekeZH5XmHEgC%2BEwcog85AwCWNXLyCsn%2FeS4%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fprc.aps.org%2Fabstract%2FPRC%2Fv89%2Fi2%2Fe024305&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285013528%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=2jUL62m%2FEOhmXSo7%2FcZYhJfCTN7g2B12gFHDyAxqAqY%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fprc.aps.org%2Fabstract%2FPRC%2Fv89%2Fi2%2Fe024305&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285029915%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Y3%2Fpdb853hsSeakFrQf0d%2FS3vmoUpZz9HpVznG10a%2BU%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.aps.org%2Fprc%2Fabstract%2F10.1103%2FPhysRevC.107.014314&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285047899%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=CqQpRi558hfG0zph%2FF5kMnH5YWv4U3G7v3hyKIQ0UMU%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.aps.org%2Fprc%2Fabstract%2F10.1103%2FPhysRevC.107.014314&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285062675%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=f3PifT6nSYXQgs4fbuXX7OL%2BdiFdq2PN3rHZEFsXWs4%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.aps.org%2Fprc%2Fabstract%2F10.1103%2FPhysRevC.107.014314&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285077832%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=5fSgapgChcM0lZa17HYtbLatosvvS%2FlK%2Fg4VLbm%2BUH4%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.aps.org%2Fprc%2Fabstract%2F10.1103%2FPhysRevC.107.014314&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285093152%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=RWRj%2BNPdeyzpXObm8vqJkaJspA8VPS1IM6YMMlS0bvE%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.aps.org%2Fprc%2Fabstract%2F10.1103%2FPhysRevC.107.014314&data=05%7C02%7Cktevans%40wm.edu%7Ca877d3ebcf1645391bca08de77d24c95%7Cb93cbc3e661d40588693a897b924b8d7%7C0%7C0%7C639079942285109067%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=LtMFdlNKns0qlG2RwOsBIiUhscWgtmOaDwVU5XE11P8%3D&reserved=0


Momentum Density Results Using AV18+UX for 3He(1/2+)
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pnucl (fm
-1) pnucl (fm-1)

*From https://www.phy.anl.gov/theory/research/momenta/

Pol𝑝 =
𝜌𝑝↑ − 𝜌𝑝↓

𝜌𝑝↑ + 𝜌𝑝↓ + 𝜌𝑛↑ + 𝜌𝑛↓
/

𝜌𝑝

𝜌𝑝 + 𝜌𝑛
 Poln =

𝜌n↑ − 𝜌n↓

𝜌𝑝↑ + 𝜌𝑝↓ + 𝜌𝑛↑ + 𝜌𝑛↓
/

𝜌n

𝜌𝑝 + 𝜌𝑛

Use the momentum 

densities to extract 

effective polarization.
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We need to extract 

the missing 

nucleon 

momentum from 

our simulation in 

order to use these 

results.



Missing Momentum - GEN2 He3 Simulation
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pnucl [GeV]

𝑝𝑛𝑢𝑐𝑙 = 𝑝’𝑛𝑢𝑐𝑙 + 𝑘’ − 𝑘



Compare Our Nucleon Momentum Distribution to the 3He 
Nucleon Effective Polarization
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pnucl [GeV]



9

4th order polynomials fit the effective polarization data nicely.
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Use the fit to the effective 

polarization data to transform 

simulated missing momentum to 

effective polarization.

← GEN2 QE simulation

Missing Momentum

Effective Polarization
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Take the average effective 

polarization within our neutron 

window.

For GEN2, the averages are:

Proton:      -2.525%

Neutron:   97.634%

*Dependent on dx cut
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GEn Kinematic Poln Polp

GEN2 97.6% -2.52%

GEN3 97.92% -2.81%

GEN4 98.17% -2.45%

Summary of Results



Future Steps
• Define some functions Polp(dx) and 

Poln(dx) for each kinematic and use these 
to weight the asymmetries. 

• Apply a simultaneous fit to dx of the 
form:

Araw(dx)
= [Ap × Polp(dx) × Pp(dx)] + [An × Poln(dx) × Pn(dx)] + [Abg

× Pbg(dx)]

• Araw is the raw asymmetry as a function of 
dx

• Ai is the scattering asymmetry for a particle 
belonging to the ith group (i = [proton, 
neutron, background])

• Poli is the effective polarization of a particle 
belonging to the ith group as a function of dx

• Pi is the probability of a particle belonging to 
the ith group as a function of dx
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Questions?



Backup
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Missing Momentum Missing Momentum

Effective Polarization
Effective Polarization

GEN4GEN3



More Important Articles for Theory Work

• Piarulli, et al., Phys. Rev. C 107, 014314 (2023).

• Carlson, et al., Rev. Mod. Phys. 87, 1067 (2015).

• Lonardoni, et al., Phys. Rev. C 96, 024326 (2017).

• Bissey, et al., Phys. Rev. C 64, 024004 (2001).

https://www.phy.anl.gov/theory/research/momenta/

17


	Slide 1: 3He Nucleon Effective Polarization and Momentum Study
	Slide 2: Purpose
	Slide 3: Variables of Interest
	Slide 4: 3He Nucleon Effective Polarization Basic Summary
	Slide 5: Momentum Density Results Using AV18+UX for 3He(1/2+)
	Slide 6
	Slide 7: Missing Momentum - GEN2 He3 Simulation
	Slide 8: Compare Our Nucleon Momentum Distribution to the 3He Nucleon Effective Polarization
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Future Steps
	Slide 14: Questions?
	Slide 15: Backup
	Slide 16
	Slide 17: More Important Articles for Theory Work

