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Outline

• Background/Motivation
• Spin-1/Tensor-Polarization Concept
• Previous and only (HERMES) measurement
• Predictions => Need for an EIC



Deuteron

• Spin-1 system
• Wave-function well known => provides good testing ground for N-N

interaction
• Reasonably easy to (vector) polarize.

p n



Spin-1/2

Spin-1/2 system in a B-field leads to 2 sublevels via Zeeman interaction.

Vector polarization(Pz) = (n+ - n-) / (n+ + n-)
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Spin-1

Spin-1 system in a B-field leads to 3 sublevels via Zeeman interaction.

Vector polarization(Pz) = (n+ - n-) / (n+ + n- +n0)
Tensor polarization(Pzz) = (n+ - n- - 2n0) / (n+ + n- +n0)
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Some research has been done with deuteron beams (Thesis: V. Morozov)



Inclusive Scattering with Spin-1/2

Structure Functions parameterize everything we don’t know about hadron vertex.
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Inclusive Scattering with Spin-1

Spin-1 => 4 more structure-functions: b1,b2,b3,Δ! 
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Spin-1 Structure Functions

Leading Twist: F1

Nucleon Deuteron
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F1: quark distributions averaged over spin states



Spin-1 Structure Functions

Leading Twist: F1,g1

Nucleon Deuteron
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F1: quark distributions averaged over spin states
g1: difference of distributions of quarks aligned/anti-aligned with nucleon
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Spin-1 Structure Functions

Leading Twist: F1,g1,b1

Nucleon Deuteron
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F1: quark distributions averaged over spin states
g1: difference of distributions of quarks aligned/anti-aligned with nucleon
b1: difference of helicity-0/helicity non-zero states of the deuteron
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Spin-1 Structure Functions

Leading Twist: F1,g1,b1

Nucleon Deuteron
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b2: related to b1 by relation similar to Callan-Gross.
Δ: kinematically suppressed at longitudinal polarization. Also, leading twist.
b3: higher twist, similar to g2.
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b1
d

Hoodbhoy,Jaffe, Manohar (1989)

b1 vanishes in the absence of nuclear effects.

p nd = +

i.e., if 

p,n in relative S-state
D-state has component with nuclear spin 1 from orbital angular
momentum 1, but total nucleon spin 0.

• Deuteron essentially combination of nuclear and quark physics.
• Measured via DIS(probing partons/quarks), but dependent on deuteron

spin-state.
• Allows for investigation of nuclear effects at parton level..



HERMES Measurement:kinematics

! 

0.01< x < 0.45

0.5 <Q
2

< 5GeV
2

• 27.6 GeV longitudinally polarized
positron beam

• Internal tensor polarized d2 gas
target; Pzz~0.8 (negligible Pz),
dilution~0.9.

• 1 month of data taking.



HERMES Measurement:Azz
d

HERMES result was about 2σ from 0.
! 

A
zz

=
1

P
zz

2"1 # 2" 0

3"U

PRL 95 242001(2005) 
Tensor spin asymmetry



HERMES Measurement:b1
d
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Rising of b1 as x->0 can be related to
same mechanism responsible for
nuclear shadowing.

Ashman,et al. PLB 206 364(1988) 

Can also be described in models
involving double-scattering of leptons
(first from proton, then neutron).

PRL 95 242001(2005) 



HERMES Measurement:b2
d

Thesis: Caroline Riedl
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HERMES Close-Kumano Sum Rule

F.E.Close,S.Kumano, PRD42 2377(1990)

! 

b
1
(x)dx = 0"

If sea quark and antiquark tensor polarization vanishes
i.e.

! 

b1(x)dx = 0.0105 ± 0.0034 ± 0.0035
0.02

0.85

"

HERMES measurement:

PRL 95 242001(2005)

! 

b1(x)dx = 0.0035 ± 0.0010 ± 0.0018
0.02

0.85

"

2σ result, over measured range

1.7σ result, with Q2 >1GeV2



Another Fixed Target Measurement(?)

• Measurement at Jlab 12GeV could be
complementary to HERMES; similar
kinematics.

• Advantage would be higher luminosity:
~1035cm-2s-1 compared to ~1031cm-2s-1.

• Some research has been done tensor
polarizing solid deuteron (ND3) target via
NMR*: Pzz~0.2, dilution~0.24,0.36.

• Would be difficult to access low x-region
(<<0.1)SoLID/Hall-A

*Crabb et al. 
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Another Fixed Target Measurement(?)

SoLID/Hall-A



Use of an EIC

• Broad coverage could extend measurement
to interesting kinematics.

• Inclusive measurement => would work with
standard detector concept.

• For polarization measurements: no dealing
with packing-fractions/dilution-factors!

• Luminosity of at least ~1033cm-2s-1 would
only make it better!



Theory Predictions

Bonn OBE

Paris

Z.Phys. A357 129(1997),
Phys.Rev. C57  3392(1998)

• Both models predict b1 (rapidly) increasing as x->0.
• Errors for (HERMES) data shown are statistical only.
• Need to do simulation studies..



Theory Predictions

• Disentangling possible at lower x .
• (HERMES)Results shown are for Q2=10GeV2,

errors are statistical..

• Ditto(Previous Slide)

Phys.Rev. D57 6906(1998) 

Phys.Lett. B398 245(1997) 



Summary

• Polarized deuteron provides Spin-1 quark/nuclear system.
• Spin-1 produces 4 new SSFs.
• HERMES measurement
• Access to lower x from an EIC would allow for constraining of

models.
• Requires tensor polarized deuteron target-beam.
• Still some considerable work to be done.

Many thanks to O. Rondon, K. Slifer, D. Day, V. Morozov, and C. Riedl
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Spin-1 Structure Functions

Nucleon Deuteron
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b1 depends only spin-averaged distributions

b1 d.n.e for spin-1/2 and vanishes in absence of nuclear effects.
In relative S-state b1 describes difference between helicity-0 and averaged nonzero.

From reflection-symmetry
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Deuteron Beam Polarization Studies

• Studied deuteron spin manipulation with a 270MeV vertically polarized beam stored
in IUCF storage ring.

• Beam cycled through 4 vertical polarization states (to reduce systematic errors)
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T
) = (1,1), ("1,1), (0,1), (0,"2) Thesis: V. Morozov)



Packing-Fractions & Dilution-Factors

• Packing Fraction essentially amount of
  material in target cup. This is a number.
• Dilution Factor (f) ratio of rates of free
  polarizable nucleons (proton) to all
  nucleons composing the target sample
  (nitrogen, NMR coils, …). This is kinematics
  dependant.
• Need Packing Fraction and Dilution Factor
  for each target load used during running of
  experiment.
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