“The proton, deuteron, and a particle are
most interesting to study because they are
among the simplest nuclear structures.”

RW McAlllster R Hofstadter, Phys.Rev. 102 851 (1956)
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What is Tensor Polarization?

J Forest, et al, PRC 54 646 (1996)
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“Normal” Polarization:
Vector P, = p, — p_
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A high-luminosity tensor-
polarized target has
promise as a hovel probe

What is Tensor Polarization? of nuclear physics

“Normal” Polarization:
Vector P, = p, — p_

Tensor P,, = (p++p_) — 2p,

J Forest, et al, PRC 54 646 (1996)
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Current Landscape of Tensor Observables
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“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)

Deuteron Wavefunction

First calculated in the ‘70s, A,, can be used in to r 6o — B e +3 04X
discriminate between hard and soft wave functions (6>
{
ZZ —_— _ WF
f 'PZZ Oy i Hamada - Jhonston

——~ Reid soft core WF

LL Frankfurt, MI Strikman, Phys. Rept. 76 215 (1981)
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“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.”

Deuteron Wavefunction

- J. Terry, G. Miller, arXiv:1603.07032 (2016)
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In the impulse approximation, A,, is directly related to the
S- and D-states

S w2(k) — u(k)w (k)2
12(k) + w2 (k)

Modern calculations indicate a large separation of hard and
soft WFs begins just above the quasi-elastic peak at x > 1.3

A, X

LL Frankfurt, MI Strikman, Phys. Rept. 76 215 (1981)
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“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)
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“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)
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“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)

Relativistic NN Bound System

Unpolarized Understanding SRCs requires relativistic
- o Rock1991jy calculations at high p
B s Virtual Nucleon
i o Lot Cone + EMC Currently two methods:
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= o Virtual Nucleon (VN)
© I Large p > 500 MeV/c needed to discriminate

0.01 | with unpolarized deuterons
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M Sargsian, Tensor Spin Observables Workshop (2014)

3/22/2018 MIT SRC/EMC Workshop Elena Long <elena.long@unh.edu>



“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)
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“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)

Relativistic NN Bound System

Tensor Polarized Understanding SRCs requires relativistic

< calculations at high p
0 * Currently two methods:
o Light Cone (LC)
JLab o Virtual Nucleon (VN)
2T @ Projected £12-15-005 Large p > 500 MeV/c needed to discriminate
| = Light Cone (AVIS) with unpolarized deuterons
=== Virtual Nucleon (AV18) o
u o Extremely difficult!
04 }—
i With tensor A,,, significant difference at much
| | N lower p > 300 MeV/c and x > 1.1
0.8 0.9 1 1.1 1.2 1.3

X M Sargsian, Tensor Spin Observables Workshop (2014)

3/22/2018 MIT SRC/EMC Workshop Elena Long <elena.long@unh.edu>



“There is a strong need for models of the deuteron wave
function that are both realistic and relativistic.” _; terry, G. Miller, arXiv:1603.07032 (2016)

Final State Interactions
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PW + FSI On-Shell

Virtual Nucleon PWBA-RC Solid = Quasi-elastic E Long, et al, JLab C12-15-005
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First Measurement of Quasi-Elastic 4.,

No current quasi-elastic tensor measurements
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First Measurement of Quasi-Elastic 4.,
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No current quasi-elastic tensor measurements
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First Measurement of Quasi-Elastic 4.,

No current quasi-elastic tensor measurements
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So, How Much Longer?

o Results from UVA are promising,
preliminary P,, > 30% recently
achieved on butanol. ND3 in progress.

D Keller, Eur.Phys.J.A., in review (2016)

D Keller, PoS, PSTP2015:014 (2016)

D Keller, J.Phys.Conf.Ser., 543(1):012015 (2014)

D Keller, Int.J.Mod.Phys.Conf.Ser., 40(1):1660105 (2016)
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Tempo Doped Araldite

How Much Longer?!

——  Enhanced Pol
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o UNH DNP Lab NOW FULLY OPERATIONAL!!
o First Proton TE: Nov. 2018 on Araldite

o First Enhanced Proton: ~30 second later
o First Butanol TE & Enhancement: Last week

o Regularly producing butanol & NH; target material
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o UNH DNP Lab NOW FULLY OPERATIONAL!!
o First Proton TE: Nov. 2018 on Araldite
First Enhanced Proton: ~30 second later

o

o

First Butanol TE & Enhancement: Last week

o

Regularly producing butanol & NH; target material

o

First Deuteron Measurements: Coming Summer 2019
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nuclear.unh.edu/~elong

o 15t 3D-printed target stick to survive 1K
temperature cycling; no microfractures w/
off-the-shelf SLA resin!
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o 3D printing small scintillators for low-
energy scattering/proof of P,,
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o 15t 3D-printed target stick to survive 1K
temperature cycling; no microfractures w/
off-the-shelf SLA resin!

| o New solid-state mm-wave system
complete, capable of multiple
frequencies to attempt —P,,

o Doesn’t seem limited by lower
mm-wave power

o Last week: First 1K Cool-down with 3D-
printed Kel-F target cups

o 3D printing small scintillators for low-
energy scattering/proof of P,,

o Attempting to 3D print 10 MeV beamline
for target material pre-irradiation with
<S4k printer
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