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A Brief Introduction to
Tensor Polarization




Tensor Polarization

For tensor polarization, need spihparticles

Development of a high
luminosity, high tensor
polarized target has
promise as a novel probe
of nuclear physics

Animations by SC Piepet al, http://www.phy.anl.gov/theory/movierun.html

02/12/2016

Next Generation Nuclear Physics

Elena Long <ellie@jlab.org>



Tensor Polarization Techniques

N Unpolarized Target Polarimeter
MO D,O waterfall!
Liquid DI?]
. Medium-high luminosity, no polarization
‘* enhancement

REFRIGERATOR

"™ Gas Jet/Storage Cell Tard®t

e Low luminosity, very high tensor
polarization
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T Solid Polarized DNP Tardet
/L Hi%h luminosity, polarization _
| enhancement, large dilution at high x
j & \kr TARGET SAMPLE
(I ME Schulzeet al, PRI52597 (1984) [31 AV Evstugneeyvet al, NIM A23812 (1985)
(21D Abbot,et al, PRI84 5053 (2000) [4] B Boden,et al, Z. Phys. @9175 (1991)
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Tensor Structure Functiob,
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Tensor Structure Functiob,
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D Keller,HiXWorkshop (2014) 4) AlternativeMaterials
UVA Tensor Enhancement on Butanol (2014)
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Target Status Update _—

Results from UVA are promising, UNHtarget lab Is nearing 1smuz oscillator NMR Signal
preliminaryPzz30% recently complete, successfully £ | ™™auny, e
achieved with full analysis in progress tested magnet, NMR, = ..
| horizontal He fridge 2 -
o Réifgi;rlc:e Fle(‘i:lnkt‘)rnl(v (MH;XW
Helium Evaporative Refrigerator
Calibrz;ttod Target Cup Temperature
groop .
D Keller,Po§PSTP 2013) 010 5 F.COSTFLT
D Keller, HiXWorkshop (201% LO3F. VapPres. T . . e
D Keller, Phys:Conf.Ser543, 012015 (2014) 0:15:00  0:45:00 - 1:15:00
UVA Tensor Enhancement on Butanol (2014) Time (FH:MM:SS)
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D Keller,Po§PSTP 2013) 010
D Keller, HiXWorkshop (2013
D Keller, £hys:Conf.Ser543, 012015 (2014)

UVA Tensor Enhancement on Butanol (2014)

Target Status Update
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C1213-011: The
Deuteron Tensor
Structure Functiom,

Spokespeople:

K. Slifer*,0.R.Aramayq J.PChen,N. KalatariansD. KellerE.
Long,P. Solvignon

Cl-Approved, APhysics Rating
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DIS Tensor Observables

W | 'O 10O Scattering on Unpolarized Targets
na MNa Scattering on Vector Polarized Targets
-0 0 -0 o Scattering on TensePolarized Targets
Nucleon Deuteron
2l gl/? —1/2 | 21,1 —1 0
F, s> qeala” +qp "] ngeq q; t g1+ qf]
2lal’? — —1/2 1 - 1 _
81 QZq q[q q, ] §Zq gl ql]
1
by 224 qz% _(‘?1 Tq ]

PHoodbhoyet al, Nucl PhysB312,571 (1989) A Airapetian et al, PR195242001 (2005)
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Tensor Structure Functiob,

® O Leading twist

¢°(x) — q' ()
2

o is the measure of quark distributions when the nucleus is in a particular spin state

b1(z) =

| ooks at nuclear effects at the resolution of quatks

If there are no nuclear effects, theh vanishes

Deuteron | = @_'_@ E> b1 = ()

EvenwithBa G F 0SS I RYAEGdMzNBE Ad0Qa SELISO tjj@ ‘?’éood?j‘o PR?gllgg(l@D)

mnikoy Phys. Cett
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Tensor Structure Functiob,

0.012
_ 0.01 \ HERMES 2
All conventionaimodels 0.008 — MO0 & 16 ceve
predict small or vanishing o e s
values ofb, in contrast with 0,002 T e
the HERMES data o ¢ - ——
=0,002
0,004 %
=0.006
Any measurement of b,<0 .
Indicates exotiphysics 0,012
0 0.1 0.2 0.3 0.4 0.5 0.6
K Sliferet al JLab E+23-011 X
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CloseKumano Sum Rule
O (WQO T

Related to the electric quadrupole structure
Vanishes in any model with an unpolarized sea

o [ ope @y [u [0 <d i i
Quarks Sea Strange and ArQuarks
Looked at difference between  1tand floating
| X Tensor polarization of sea

| o8 Tt TI& P igproved..., Indicating significant tensor
polarization in antiquark distributions

S Kumano, PRE2017501 (2010)

>V
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CloseKumano Sum Rule

S Kumano, PRE2 017501 (2010)

02/12/2016

0.004

0.002 -

% HERMES (2005)

— — — — without tensor-polarized antiquark (set 1)

with tensor-polarized antiquark (set 2)

T

0.001 0.01 0.1 1
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6-Quark, Hidden Color

Deuteron wave function can be expressed as

. 6q) = \Euvfm +\[g|ArA> n \EMQ

Nucleonr Delta-Delta Hidden Color
Nucleon

Early hidden color calculations gave small results, but author noted
al & SELISNAYSyYy(lf G§SOKyAldzsSa KI
UKS YSEYAYy3 2% aYlphdiyorfdechre@KlI Y 3
Even though experimental upper limit 57  p@ P a much

smaller value (0.15%) can have a significant effeebon

G Miller, PRG39 045203 (2014)
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6-Quark, Hidden Color

6-quark, hidden b))

color states predict  0.006; Blue = Central

large negativeo at 0.004

largew |

Using central values 0.002}

R=1.2fm,

m=338 MeV X
-0.002}
—0.004;

G Miller, PR@39045203 (2014) A AN -
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6-Quark, Hidden Color

First theory to 100 51(x)
reproduce 2.5
anomalous HERME

result

~d

w w predictions !5
made for upcoming ot

JLabw
measurement 0.57

—0.5¢

G Miller, PRG39 045203 (2014)
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b; Kinematics i
Unpolarized
Beam l I H

L B HMS Central Value Fast Polarized

5 [ & SHMS Central Value Raster Target

= - WSTFSNEZ2Y [ | 0Qa f f

"::_i _ Unpolarized beam, tensor polarized

3 B target (longitudinal alignment)

~

™~ 2

S b E = Rate | Time
1 (Ge\?) | (GeV) GeV) deg) (kHz) Day)
NN SHMS 0.15 1.21 278 6.70 1.66
0 01 02 03 04 05 06 07 08 09 1 11 SHMS 030 200 236 745 90 079 9

YBjorken SHMS 0.45 258 20 796 9.9 038 15

HMS 055 3.81 2.0 7.31 125 0.11 30
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Tensor Structure Functlob\1

Chen, O.RAramayq N. Kalantarians

0.012
. | & Projected
Measuringa will give insight into: o1 HERMES
[ e Miller b16
ACloseKumano sum rulé 0.008 — Sargsian (13)
. B Sargsian (vn)
A6-quark hidden cold#! 0.006 1= , Koo (With 5., qbar)
. . 0.004 [— — — Kumano (No 3. gbar)
AOAM and spin crid® o _ Miller (One x Fxch)
APioniceffectd24] o
APolarized sea quarks 0002 |—
ApprovedJLab Experiment C113-011 0004 7=
SpokespersonK. SliferE LongD. KellerP. Solvignon].P.  -0.006 —
0

[11 FE Close, S Kumano, Phys. Ré2,2377 (1990) [8] SKTanejaet al, Phys. Re\D86,036008 (2012)
[21G Miller, Phys. Re€89,045203 (2014) [41 S Kumano, Phys. R&82,017501 (2010)
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PR1215-005: Quasklastic
and Elastic Deuteron
Tensor Asymmetry,,,

Spokespeople:

E. Long*, K. Slifer, P. Solvignon, D. Day, D. Keller,
D. Higinbotham

C2Approved




DeuteronWavefunction

Is the deuteron wavefunction hard or - = AV18  ==:CD-Bonn
soft? — — |IB N3LO600
AV18 is an example of a moderdtard WF zQ 2 __ == NIJM1 == NIJM2
CDBonns an example of a soft WF 0 [ === NIJM3 WJC2
. . - ® O(ChQn) —
Unpolarized deuterons need to be probe 1.9 & othan) ou

: . . [ O — T U
at’Q 1 matA 6 distinguish between C —
hard and soft WFs 1

Not practical -

Currently no unambiguous experimental 0 5
evidence for which is more valid

Tensor polarization enhances thestate, 0 e
allowing hard and soft WFs be 0 0.5 1 1.5 ? 2.5
distinguished at lower momenta - -

0. Henet al, PR®2, 045205 (2015) Q ‘qaQ
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Deuteron Wavefunction

CANEU Ol t Odzb | darbhie uskd/in tdi ds&rimiwaten 3} Bo=6x Ee=8-8Gc: QZ%LSGCZ...X
between hard and sofivavefunctions <02 6> V=
{H AV18
A . 2 O-p_o-u 0 B
ZZ — fP,, oy, 02 L Hquuda ihonswn F\:JF‘
[ ——~ Red s core| W
Inthe impulse approximatiorg is directly related tdhe S 41|
andD-states i
0.8
2w (k) — u(k)w(k)v?2 wall
Azz CX ) |

u?(k) +w?(k)

_1:

Modern calculations indicate a large separation of hard and™f
soft WFs begins just above the quafastic peak ato P&

e

- 140308060908 101 112 & 13 16 X2
L.L. Frankfurt, M.I. Strikman, Phys. R&pt215 (1981) M. Sargsian

X
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RelativistidtNN Bound System

=8.8GeV, Q*=1.5Ge

D(e.a; E=70-999 Ge‘v', e:m“ o=toGeV’ Relativisticcalculationsmeeded to understand

T E N > Rock 1991y underlying physics in sherange correlations
o | Lo at high momenta
!
o020 L Light Cone (LC) and Virtual Nucleon (VN)
@.4 E calculations are often used
§o.6 i cond  Large momenta (v Tt 1 A B0 needed to
5}'0_8 L discriminate with unpolarized deuterons
~= = :
N | E V'rtlual With tensor polarizead significant difference
S | Nucleon at much lower momenta ( o Tt 7t A %) and
S L ® P

_1.40.001 | | |

X X M Sargsian, Tensor Spin Observables Workshop (2
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First Measurement of Qualsiastic4,,,

Sensitive to effects that are very difficult to measure

02 | with unpolarized deuterons
"E Huge 10100% asymmetry
02 — o . ~ :
= Measuringd over a range imandu provides
04 = Insight to
‘ﬁﬁ = Nature of NN Forces
ok E_ I\“fiiilj;;iileon Hard/SoftWavefunctions
= Plane Wave 5 RelativistidNN Dynamics
1 E= PW + FSI On-Shell On-Shell/OffShell Effect FSI
12 B PW + FSI On- & Off-Shell f o
- Decades of theoretical interest that we can only no

T I N I A I Y probe with a higHuminosity tensofpolarized target
02 04 06 08 1 1.2 14 16 18 2 22

<o

Importance ranges from understanding shaaihge

X .
Bjorken correlations to the equations of state of neutron sta
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on & Measurement

Elastidl’,, - Calibrati

g 1
—

Simultaneous measurement of the elastic

tensor analyzing powelY 0-5
At low0 )
Y well known
0 can be extracted fromY
Completely indepenqlerﬁ) measurement
from NMR lineshapeu
"Y in the largest and highest range '
ever done in a single experiment
Import crosscheck of Hall C high data -1.5
-2
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Proposed

For P,, Calibration

Schulze (Bates, 1984)
Dmitriev (VEPP-2, 1985)
Voitsekhovsky (VEPP-2, 1986)
Gilman (VEPP-3, 1990)
Garcon (Bates, 1994)
Ferro-Luzzi (NIKHEF, 1996)
Bouwhuis (NIKHEF, 1999)
Abbott (Hall C, 2000)
Nikolenko (VEPP-3, 2003)
Zhang (Bates, 2011)

IMII

IM+E 1l

pryfilg =0

prryflg = 6.1

rgpopDO«4rno000

III|IllIlIIIIIIlIIIlIIllIIIIIII|IIl|III|

=

Next Generation Nuclear Physics

02 04 06 0.8 1 12 14 16 1.8 2
Q? (GeV?)
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Kinematics

Unpolarized
B

Longitudinally
Polarized
Target

Slow
Raster

Faraday
Cup

=

Lumi

eam I I

| ® HMS
® SHMS
a 3__ HI
9 -
> |
S [
B H2
-’ S1
~ B
Qi [
- S2
B H3
0 ||83||||Fﬁ'l|||l||+|

Fast
Raster

Hall C with HMS & SHMS

Identical equipment and technique
asw (E1213-011)

04 06 08 1 12 14 16 18 2

xBjorken

Ey Q? E’ 0. | Rates | PAC Time
(GeV) | (GeV?) | (GeV) | (°) | (kHz) (Days)
SHMS (S1) 8.8 1.5 836 | 82 | 0.38 25
HMS (HI) 8.8 2.9 726 | 12.2 ] 0.04 25
SHMS (S2) 6.6 0.7 6.35 7.5 | 3.57 8
HMS (H2)| 6.6 1.8 596 | 12.3 ] 0.09 8
22 SHMS (S3) 2.2 0.2 2.15 [ 10.9 ] 10.5 1
HMS (H3) 2.2 0.3 2.11 149 | 3.23 1

02/12/2016
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A,, for Q“ > 1 GeV? with P,, = 30%

o

1 J 1 T 1
U p®' A6 O p& A6 0 ¢c& A6
0.2 — — : =
0 :—0—0—0—«0—0—0—0—.—}{—{—{-{ 55—+ % - MH
02 - — =
04 - S =
&y - - - .
Y 6 E— @ SIProjected — & H2 Projected — @ HI Projected
‘ — Light Cone [ Light Cone [ Light Cone
-0.8 :— Virtual Nucleon :— Virtual Nucleon :— Virtual Nucleon
— Plane Wave — Plane Wave - Plane Wave
L PW + FSI On-Shell . PW + FSI On-Shell : _ PW + FSI On-Shell
12 = PW + FSI On- & Off-Shell — PW + FSI On- & Off-Shell — PW + FSI On- & Off-Shell
E L L | e —_— :|||||||+—r|'l'mi|!:||||'|'||-|Lr||+'|'|||i||||
0 02 04 06 08 1 12 14 16 18 2 22 02 04 06 08 1 12 14 16 18 2 22 02 04 06 08 1 12 14 16 18 2 22
X, X .. X .
Bjorken Bjorken Bjorken
Solid = Quaszlastic
Open = Elastic LL Frankfurtet al, PR@82451 (1993)
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A,, Summary

0.8
— ¢ Projected ) ; i i i
:;% 06 [ e First measurement of QE, will give insight
w — Plane Wave i n to :
04 b— PW + FSI On-Shell o
= [ e rsion cosh A Relativistic L@nd VNmodelg!-2
< VE e A Hard or soft NN potentialtd
O °F “‘“““‘§I}{ A SRCs &n dominancé!
= 0| A Finalstate interactionmodelg®!
Iﬁ; 04 [— -
N = Bonus:"Y for largest) range ever measured |
wg Bl Ll | e —— - a sm_gle experiment, region of systematic
0 02 04 06 08 1 12 14 16 18 2 22 discrepancy, highest measured
I E. Longet al, JLab PR125-005 Bjorken [41 L Frankfurt, M Strikman, Phys. Rep80,235

21 SargsianStrikman J. Phys.: Conf. SBA3, 012099 (2014)"!J Arringtoret al, Prog Part.Nucl Phys67,898 (2012) B!W Cosyn, M Sargsian, arXiv:1407.1653
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LO11214-001: Search
for ExoticGluonicStates
INn the Nucleus

Authors:

J. Maxwell*, W. Detmold, R. Jaffe, R. Milner, D. Crabb, D.
Day, D. Keller, O.A. Rondon, M. Jones, C. Keith, J. Pierce
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Tensor Structure Functioby, (or A)

5

A Hadronic double helicity flip structure function,

(D ) ©
A Unpolarized electron beam on transversely
aligned tensor polarized target A

25 F

A Insensitive to bound nucleons pions

2 b

A Any nonzero value indicates exotigduonic i
components g
05 F °
A Encouraged for full proposal submission o R R a—
Fvox
R Jaffe, A Manohar, Phys. L&223218(1989) J. Maxwellet al, JLab LG14-001
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J. Phys.: Conf. Ser. 543 011@1P015 (2014,
http://iopscience.iop.org/17426596/543/1

The Future of Tensor Polarization

Growing tensor program: Physics accessible with a tensor polarized targ
DIS® already approved (C1P3-011) Orbital Angular Momentum

QE and Elastic C2approved (PR¥25-005) & SpinCrisis
Exotic gluon states through(LO11214-001)

TENSOR SPIN OBSERVABLES

Gravitomagneti¢-orm Factors
PionicEffects
PolarizedSeaQuarks

* Tensor Polarization in DIS

Tensor pOIarlzed anthuarks A -'l'«ItnsorStrucmre Functions

* Hidden Color at Lar.gf: x
Linking traditional nuclear physics and quark P s Tt
gluon picture
FinalState Interactions " Bro Totooe Paaizcd Targey
GluonicEffects W IO
New tensor structure functiond o, w i il T

Tensor DVCA Test sum rules, new helicity ter
TensorellYand 60 new structure functions
XIYyR Y2NBH
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W[ I OMH ¢SYaz2NJ t NP3

B HMS Central Value

5 | A SHMS Central Value
o F s
S F
@ 3 — ,AVPI 1
\, .
N 2 __ =
ST s 1

B | IjBI . |1|3| ; : : E!
0

o o1 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 19 20 21
X
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Thank you
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Backup Slides
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6-Quark, Hidden Color

Pioniceffects alone b1(x)
would violate Close
Kumano Sum Rule 4 15|

0 (WQ0m T

>V

0.10} |

0.05}..

G Miller, PRG39 045203 (2014)

02/12/2016 Next Generation Nuclear Physics Elena Long <ellie@jlab.org>



Summary

0.8
- — @ Projected
w06 - — Vit . . A
0 g4 B e AOCKS YSI adzZNBYSyYyu LINE
‘; S E e rvemsionsors a well-developed context, presents a clear
< VE e objective, and enjoys strong theory support. |
QO °FE “‘“““'iiiii—"* would further explore the nature of shor
= = rangepn correlations in nuclei, the discovery
'y s of which has been one of the most important
< . F results of the JLab GeVy dzOf S NJ LJ
E T A | e —— -JLalPAC42 & PACAeoryTACs
-0.8 . . .
0 02 04 06 08 1 12 14 16 18 2 22 (C_ Weiss, RSchiavillaJ.W. Va@rder)

xBjorken
E. Longet al, JLab PR125-005

SarisianStrikman J. Phis.: Conf. SBA3 012099 ‘2014'



Deuteron

Simplest composite nuclear system

However, understanding of deuteron at short
distances remains unsatisfying

A wellconstrained theoretical model is necessary
for understanding tensor interactions underlying
shortrange correlations andn-dominance

Shortrange deuteron structure can be
probed using choice in kinematias ( p)
and by enhancing thB-state through tensor
polarization

This proposal uses a combination of both
technigues

J Forestet al, PR(G4 646 (1996)



Final State Interactions

To determine nucleonic
components of the deuteron
WF, FSI must be understood

Minimum and maximum
effects from FSI have been <
calculated by W. Cosyn

Even with FSI, large
discrepancy based on WF
Input

0.5

051

-1.5Ek

---- AV18
—— CDBonn

— pw+fsi on-shell
— pw-+fsi on&oft-shell

03

1




DIS Tensor Observables

HERMES® -- First tensor structure function measurement

T
0
>

0.002 — + + +

-0.002 - +

-0.004[

A Airapetian et al, PR195242001 (2005)



A,, for Q* < 1 GeV? with P,, = 30%

=

1 € 1 iy 1
0 T&' A6 O T®' A6 0 T1&' A6
02 — —
— R !II‘ — AR I{H - an 33
0 = - 3 = . = = .
— : — ’ - N
02 B N C N, il .
= \ = N - N
04 \ — N, — >,
N = N - \ m N
06 — : — N — N,
[ \ - . = N
-0.8 — '\ — \. — ,\
e . — \ — .
- \ - . - N\
-1 — & S2Projected St — & H3 Projected M= — —— 4 S3 Projected t—
12 :_ - = Modified Frankfurt & Strickman :_ » = Modified Frankfurt & Strickman :_ = = Modified Frankfurt & Strickman
— \ — — |
T e el T I e e e e e e e el e L T T Tl e e e s e e e C | | | e ————
0 02 04 06 08 1 1.2 14 16 1.8 2 22 0.2 04 06 0.8 1 1.2 14 16 18 2 22 02 04 06 08 1 1.2 14 16 1.8 2 2.2
X.. X . X,,.
Bjorken Bjorken Bjorken

Solid = Quaszlastic
Open = Elastic

F a2NB OlFftOdA FdAz2y O2YAy3d a

~

4



More than 10x less
sensitive to systematics

Systematics than &

Source A.. Systematic | 159 Systematic
Polarization 3.0 —6.0% 3.0 — 6.0%
Dilution factor 0.0% 2.5%
Packing fraction 3.0% 3.0%
Trigger/Tracking Eff. 1.0% 1.0%
Acceptance 0.5% 0.5%
Charge Determination 1.0% 1.0%
Detector resolution and efficiency 1.0% 1.0%
Total 7.6 —9.2% 5.2 — 7.4%

7/8/2015

PACA43; PR1215-005

Elena Long <ellie@jlab.org>



Overhead

Overhead Number Time Per (hr) (hr)
Polarization/depolarization 38 2.0 76.0
Target anneal 15 4.0 60.0
Target T.E. measurement 6 4.0 24.0
Target material change 4 4.0 16.0
Packing Fraction/Dilution runs 20 1.0 20.0
BCM calibration 9 2.0 18.0
Optics 3 4.0 12.0
Linac change 2 8.0 16.0
Momentum/angle change 3 2.0 6.0

10.3 days



Challenges and Opportunities

Tensor polarized target in development with dedication from
multiple labs

Stray SHMS fields will have negligible effect on target
Data recoverable in rare event of target mateshifting

Very larged asymmetry (16120%)
Identical equipmentand technique as

More than an order of magnitude less dependentsystematics
than w
Perfect testing ground for fully understanding and controlling systematics



Theoretical Interest

A measurement of Azz will provide important information on whether deateronwavefunction is hard or soft,
as well as omelativisticeffects These are important for the progress of our understandaihthe short-range

dynamics of nucleanteractions,which haverelevancerangingfrom shortrange correlations ipnuclei to the
equations of state of neutrod U I NBA ®¢ - M. Sargsian

00 is a uniqgue method to measure the ratio ®fand D-waves in the deuteron at short distances and hence test
the spin strycture Qf shortange correlations. It is also the mast sensitive, observable to test different approaches
Uz UKS RSAONNLIIAZY 2F NBIfIFIUADAAUAO Reyl Y&ﬁﬁrﬁman

a2 KIa AYyUUS
short distances and w
results. Additionally, o
Ol £t Odzt | G A 2

NSaua YS YZzaud Ay UKAa LINRELI2aALl fucléoa fordekat u A
h an observable sensitive to-nanleonic contributions there is also room for surprising

the theory side, this measyrement would also Jprowde an incentive for additional

a | ))IR audzRASa 2y 02L) 2F¥ 0UKS lJ\?VaCu)\yEI 2T
-W. Cosyn

it
n

y

at NS JA @2 drdasurenents seemed to indicate that the asymmetries are far less sensitive to reaction
mechanisms than the cross sections; so while.the new calculations are noté/et available, it is ¢lear that the
FaeYYSUNRASa gAft LINRPRdAzZOS dzyAljdzS O2y aiuNJ )\)Cvua 2y 2 dzN

-W. VanOrden
a¢CKAa LINRBLIZalft NblFItte OKIftftSyasa uUKS2NARAaua 02 o0Sui0dU
situation that demands a relativistic treatment. | plan on working to understand this reaction durln%/lt_he upcoming
a dzY' Y S Nd¥e¢ -G. A. Miller



Tensor Structure Functiob,

Measured by ratio method

New oy N
Nu 9 zzd zz N 4 :_
2 NPol ) T:} — u
Azz — ( —1 N — r"‘
f ) Pzz Nu E 3 :_ s
3F1 NPOl 3 N~ [ A
blz— — 1 :__F]_AZZ ™~ * C
Detector x Q? |44 E. 0./ 0, Rates | Time ] :_
(GeV?) | (GeV) | (GeV) | (deg.) | (deg.) | (kHz) | (Days) o L I I I O O A N A A

==

SHMS [0.15] 121 | 278 | 670 | 7.35 | 11.13 | 1.66 6 01 02 03 04 05 06 07 08 09 1 11
SHMS |0.30 | 2.00 | 236 | 745 | 8.96 | 17.66 | 0.79 9 Xpiorken

SHMS |045| 258 | 2.00 | 796 | 985 | 2331 | 038 [ 15

HMS [0.55| 381 | 2.00 | 7.31 | 12.50 | 22.26 | 0.11 | 30




OAM and Angular Momentum Sum Rule

Deuteron angular momentum dominated by the GBD

0 - QW chrim

DVCSO0 on tensorpolarized deuterons would be an ideal observable to test this sum
Sum rule can calculate normal nuclear effects with high precision,
givingO O O
Any measured deviation might shed light on elusive gluon angular momentt
components
Measurement ofo  "O adwdmt will provide necessary information for
assumptions in the above sum rule and relategtavitomagnetidorm factors

QO (ch ) —: (00 -: o©
SKTaneja et al, PRECB6036008(2012)




QuasiElastii,,,
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JLab LOI124-002 Bjorken

Encouraged for full submission by PACA4-

G¢KS YSIFadz2NBYSyd LI
from a welldeveloped context, presents a
clear objective, and enjoys strong theory
support. It would further explore the nature
of short-rangepn correlations in nuclei, the
discovery of which has been one of the
most important results of the JLab GeV
y dzOf S NJ LINE 3 NJ
-JLab PAC42 Theory AdvisGgmmittee

SarisianStrikman J. Phis.: Conf. SBA3 012099 ‘2014'



Elastic Tensor Observables

Table 4. World data for tensor polarization observables.

Number of  Year and

Experiment Type O (GeV) Observables points reference
Bates Polarimeter 0.34, 040 1y 2 1984 [56]
Novosibirsk VEPP-2  Atomic beam 0.17,0.23 Ty 2 1985 [57, 58]
Novosibirsk VEPP-3  Storage cell 0.49,0.58 Ty 2 1990 [59]
Bonn Polarized target (.71 T 1 1991 [60]
Bates Polarimeter 0.75-091 1y, 121,122 3 1991 [61, 62]
Novosibirsk VEPP-3  Storage cell 0.71 sy 1 1994 [63]
NIKHEF Storage cell 0.31 T, To2 1 1996 [64]
NIKHEF Storage cell 0.40-0.55 T 3 1999 [65]
JLab Hall C 94-018 Polarimeter 0.81-1.31 1, 21, 122 6 2000 [4]
Novosibirsk VEPP-3  Storage cell 0.63-0.77 Txg 5 2001 [66]
VEPR3 Internal gas  1.654.26 "Y K'Y 6 2003
Bates Internal gas  0.420.89 "Y K'Y 9 2011

R Gilman, F Gross, J. Phy&8®R37 (2002



Frankfurt andstrikmanLight Cone
Calculations

r B0~ Gz e+')5'-.e+x

(6>

{ -

(3 %ki—k%) W2 —u(w (k)2
k2 u2(k)+w2(k) o

6 "Q is the momentummdependent S state
0 Qs the momenturadependentD state

Recent study indicates dependence
on choice of NN potential

° Ay, = Hamada- Jhonston WF

———~ Reid soft core WF

L.L. Frankfurt, M.IStrikman Phys. Rep%Z6(1981) 215 6.8 03 10 44



Short range correlations

COnneCthn {0 caused by tensor forcewhy

not probe it through tensor

Short Range Correlationseolarization?

N.Fominet al., Phys. Relett 108(2012) 092505 L.L. Frankfuret al., Int. J. Mod. Phys. A23 (2008) 298055



