
Probing Short Range 
Structure Through the 
Tensor Asymmetry ὃ
(Tὃ ) at x>1
Elena Long

Joint Hall A/C Collaboration Meeting

Jefferson Lab

June 6th,  2014

106/06/2014 Joint Hall A/C Collaboration MeetingElena Long <ellie@jlab.org>



¢ƻŘŀȅΩǎ 5ƛǎŎǳǎǎƛƻƴ

Overview of Physics Motivation
Letter of Intent Measurement
Challenges
Opportunities
Summary

206/06/2014 Joint Hall A/C Collaboration MeetingElena Long <ellie@jlab.org>



Physics Overview
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Tensor Polarization
For tensor polarization, need spin-1 particles
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Tensor polarization fills
the m = 0 state

Animations by S.C. Pieper, et al, http://www.phy.anl.gov/theory/movie-run.html
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J. Forest, et al, Phys. Rev. C 54, 646 (1996)

http://www.phy.anl.gov/theory/movie-run.html


Tensor Asymmetry ὃ
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In DIS, same asymmetry used to extract ὦ

In elastic, ὃ ᶿὝ

In quasi-elastic, no current or planned ὃ
measurements before LOI submitted to PAC42
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Deuteron Wave Function
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D-state dominance an on-
going issue in 
understanding the 
deuteron wave function

In the high-momentum 
region (Ὧ σππ-Å6), 
tensor correlations 
dominate

Size of D-state dominance 
differs between on NN 
potentials
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Connection to
Short Range Correlations

Short range correlations 
caused by tensor force ςwhy 
not probe it through tensor 
polarization?
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N. Fominet al., Phys. Rev. Lett. 108(2012) 092505 L.L. Frankfurtet al., Int. J. Mod. Phys. A23 (2008) 2991-3055
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Frankfurt and StrikmanLight Cone 
Calculations

ὃ σ

όὯ is the momentum-dependent S state

ύὯ is the momentum-dependent D state

Recent preliminary study indicates 
dependence on choice of NN 
potential

M. Strikmanand S. Liuti involved in 
further investigation
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L.L. Frankfurt, M.I. Strikman, Phys. Rept. 76 (1981) 215
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Sargsian Light Cone and Virtual Nucleon 
Calculations

At large ὗ ρ'Å6, ὃ can probe 
relativistic effects in the deuteron

ὃ calculated using two very different 
methods

Light Cone
Calculations along the light-cone front

Similar to Frankfurt and Strikman

Virtual Nucleon
Coordinates in the lab frame

Treats the interacting nucleon as virtual

Satisfies covariant equation of NN system with 
spectator being on-shell
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M. Sargsian, Private Communication
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Interest from 
Theorists
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M. Strikmanand M. Sargsian have already been involved in 
providing ὃ calculations

ά¢Ƙƛǎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƳŜŀǎǳǊŜƳŜƴǘΦ !ŎŎŜǎǎƛƴƎ ǘƘŜ ƭŀǊƎŜ Ȅ 
region will provide insights on the partonicstructure of the D-
wave dominated deuteron tensor structure function, ὦ.  This 
ǇǊƻŎŜǎǎ ǎƘƻǳƭŘ ōŜ ŎŀƭŎǳƭŀǘŜŘ ƳƻǊŜ ǘƘƻǊƻǳƎƘƭȅΦέ ςS. Liuti

ά¢Ƙƛǎ ƳŜŀǎǳǊŜƳŜƴǘ ǿŀǎ ŀ ƘƛƎƘƭƛƎƘǘŜŘ ƴŜŜŘ ŜŀǊƭȅ ŀǘ Jlab. A new 
measurement at higher ὗ would be very interesting. In 
principle such could test my model. I could calculate the 
influence of my 6-ǉǳŀǊƪ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ƻƴ ŜƭŀǎǘƛŎ ǎŎŀǘǘŜǊƛƴƎΦέ ς
G. Miller

άL ƘƻǇŜ ǘƻ Řƻ ǎƻƳŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ǎƻƻƴ ŀƴŘ ŎƻǳƭŘ Ŝŀǎƛƭȅ Řƻ ǘƘŜƳ 
ŦƻǊ ǘƘŜ ƪƛƴŜƳŀǘƛŎǎ ƛƴ ȅƻǳǊ ǇǊƻǇƻǎŀƭΦέ ςW. Cosyn

W. Van Ordenhas agreed to look into tensor polarization 
observables at low ὗ using a variety of NN potentials
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Spokespeople:
E. Long, K. Slifer, P. Solvignon
University of New Hampshire

D. Higinbotham
Jefferson Lab

D. Day, D. Keller
University of Virginia
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Rates for D(e,eΩύ·

Ὑ ꜝ fl „ fl„ fl„ ρ ὖὃ

Ὑ ꜝfl „ fl„ fl„

ὔ Ὑὸ

ὃ ρ

ὃ ὔ ὔ

Used combination of P. Bostedand M. Sargsian 
code to calculate unpolarized cross sections
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E. Long, Technical Note, JLAB-TN-13-029 

Assumptions:
ὖ σπϷ
ὴ φυϷ

ᾀ σÃÍ
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P.E. Bosted, V. Mamyan, arXiv:1203.2262
M. Sargsian, Private Communication
N. Fomin, et al., Phys. Rev. Lett. 108 (2012) 092502
N. Fomin, et al., Phys. Rev. Lett. 105 (2010) 212502

Compared with data 
similar to Azzrange

Ὁ υȢχφφ'Å6

ὉᴂτȢψ'Å6

— ρψȢπᶼ



Dilution Factor
άΧǘƘŜ ōŀŎƪƎǊƻǳƴŘ ŦǊƻƳ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ƴǳŎƭŜƛ 
increases as ὼ increases. For example, for a 
D12C target the ratio of the cross sections „ for 
A=12C and A=D is of the order of 40 for ὼͯ ρȢσand 
increases with ὼΦέ

- L.L. Frankfurt, M.I. Strikman, 
Phys. Rept. 160(1988) 235

Ὢ
fl

fl fl fl Вfl

With the 12 GeVupgrade and the new SHMS, this 
measurement becomes possible even with the low 
dilution factor at high ὼ
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