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Understanding Dynamics

● Need Additional Tools

● Need Complete Framework



  

What is a Solid Polarized Target

● A marriage of sciences for the purpose of optimizing the 
over all figure of merit of Nuclear/Particle Spin Physics

● Use of high density, high polarizability, with high 
interaction rate in fixed target experiments



  

Calibrate P:Area

P relaxation ~10s of min.



  

Spin Polarization

Defining Polarization



  

Spin-1

Two nucleon density distributions connected to electromagnetic form factor for spin-1



  

Polarized DIS



  

Novel Targets for Novel Physics



  

Probing Polarization of Partons

q0 : Probability to scatter from a quark (any flavor) carrying momentum fraction x while

the Deuteron is in state m=0

q1 : Probability to scatter from a quark (any flavor) carrying momentum fraction x while

the Deuteron is in state |m| = 1

Resulting in the spin structure observed in the nuclear spin

Probes a particular aspect of spin-1 internal structure

Should be zero for internal constituents being in s-wave



  

Tensor-Polarized Structure



  

Extraction of Observable

: Tensor Polarized cross-section

: Unpolarized cross-section

: Tensor Polarization

Atomic-gas target

Use negative or unpolarized



  

Extraction of Observable

Close-Kumano sum rule relates b1 to the spin-1 elastic form factor
the integral of x should be about 10E-4 

Analysis of the hermes data indicates finite
tensor-polarization of the antiquarks at x<0.1

Sign change expected for D-state



  

Extraction of Observable

: Tensor Polarized cross-section

: Unpolarized cross-section

: Tensor Polarization

Atomic-gas target



  

Very Unexpected Result



  

Hidden Color

10% probability of tunneling transition 



  

Hidden Color



Hall C

Unpolarized Beam : 115 nA �

UVa/JLab Polarized Target �

"Magnetic Field Held Along Beam Line at all times�

Polarized�
ND3Target �

(longitudinal)�

Slow �
Raster�

Fast �
Raster� Lumi�

Faraday�
Cup �

Temp �
Stabilized�
BCM/BPMs�

L=1035 

Proposed at Jefferson Lab Hall C
PAC-40 conditionally approved with A- rating

Condition: Show tensor polarization of 30%

E12-13-011 The Deuteron Tensor Structure Function b1

E12-15-005 Tensor Asymmetry Quasielastic Region
HIGS-P-12-16 Tensor Analyzing Power in Deuteron Photodisintegration



  

Systematics

False asymmetry suppressed by degree of polarizaton 



  

Projected Results



  

The DY Effort

● 2010 First Discussion with Kumano

- Possibility of DY access

● Sparked Interest

- S. Kumano, S. Phys.Rev. D82 (2010) 017501

- S. Kmano 2014 J. Phys.: Conf. Ser. 543 012001

- S. Kumano et al. Phys.Rev. D94 (2016) no.5, 054022

- S. Kumano arXiv:1702.01477 

- S. Kumano arXiv:1902.04712



  

Drell-Yan Process



  

DY-Tensor Polarization



  

Update to Model



  

Update to Model

The tensor-polarized PDFs
are evolved to a FNAL

Notice significant tensor-polarized
gluon distribution

DY is more sensitive to the Sea



  

Update to Model
set-2 (Includes Sea)



  

Tensor Polarization

For Spin-1 Target

● Three magnetic sublevels

● Two transitions +1→0 and 0→-1

● Deuteron electric dipole moment eQ

● Interaction with electric field gradient



  

Novel Targets for Novel Physics

Densities of the deuteron in its two spin projections I
z 
= 0 and I

z 
=1



  

Options of Enhancement

● Increase the B-Field (Longitudinally Polarized)

● Decrease Temperature

● Manipulate using AFP

● RF CW-NMR Manipulation
Selective Semisaturation: SSS

MAS + Slow Tilted MAS 

Smooth modulation passage over the frequency domain 
in a time shorter than relaxation rates



  

Natural Equilibrium Polarization



  

Natural Equilibrium Polarization



  

Selective Semi-saturation

● Selective RF manipulation of the CW-NMR line

● Enhanced by mitigating the amplitudes below zero

● Can be implemented in parallel to DNP



  

Novel Targets for Novel Physics

Novel Tensor Enhanced Target



  

Selective Semi-saturation
(or just hole burning)

 DK Eur.Phys.J. A53 (2017) no.7, 155 arXiv:1707.07065



  

What Things Look Like



  

Rotating Target Concept

● Selective saturation/pumping while rotating

● Saturated domain moves with rotation

●  Can enhance Q or go -Q

Rotational rate sill faster 
than T

2 
Relaxation

T
1 
Relaxation

SSS with slow rotation

T
2 
Relaxation

For dipolar couplings, the principal axis corresponds to the
internuclear vector between the coupled spins



MAS-PT
• Nuclear dipole-dipole interaction 

between magnetic moment average to 
zero at MA 

• MA angle is a root of the second-order 
Legendre Polynomial P2 mitigating these 
local spin-spin interactions 

• Tilted Slow MAS 



  

RF-Manipulated Signals



  

Achieved So Far

● Before recent research (1984): ~20%

● Recent studies SSS: (2014-2015): ~30%

● AFP with SSS (2016): ~34%

● Rotation with SSS: ~39%

Eur. Phys. J. A (2017) 53: 155
DK

DK

DK

DK



  

A Possible Fermilab Setup

LHe-4 PumpingLHe-3 Pumping

Supercooled He-4 System

● High Cooling Power

● Low Temp 0.4 K

● High ND3 Tensor 
Polarization ~70%

Magnet

Target

LHe-4 Cryostat

● No Field

● 4 K reservoir 

● Hold ND3 with no 
Polarization

Proton Beam

Super-cooled
Evaporation Fridge 

What to Add

● New  Magnet

● New  Fridge

● He-3 System

● Additional Pumps

Split Pair Must be Longitudinal



  

A Possible Fermilab Setup

LHe-4 Pumping

Super-cooled He-4 System

● High Cooling Power

● Low Temp 0.4 K

● High ND3 Tensor 
Polarization ~70%

Magnet

Magnet

LHe-3 Pumping

Target
Target Chamber

Super-cooled Refrigerator 

High Cooling Power High Intensity Beams



  

Shifting Gears



  

Another Look at OAM



  

Another Look at OAM



  

Another Look at OAM



  

Hierarchy of Hadron SF



  

GPCF/GTMD/GPD



  



  

Exclusive Imaging



  

DVCS + BH



  

Standard School



  

DCVS Cross Section: Azimuthal Analysis



  

Measuring DVCS

● Helpful Observables

- Absolute cross section

- Spin Asymmetries

- Charge asymmetries

● Extraction of CFFs

- A complete set of 
measurements possible

● So far only Hermes



  

Proton Tomography
● CFFs are directly linked to the 

tomography of the proton

- The mean squared charge radius of 
the proton for slices of x

- Error bars reflect a factor 5 of the 
model for unconstrained CFFs

● Nucleon size shrinking with x

- Proof of framework?

● New observables needed

- Critical for spin structure



  

DVCS Cross Section



  



  



  



  

Observables



  

Additional Information



  

Additional Information



  

Timelike-Spacelike



  

Timelike Compton Scattering



  

The Time Process



  

Combining Information



  

TCS with HIPS

● Jlab PAC-46: TCS off TPP → E12-18-005

M. Boer, V. Tadevosyan, DK

● HIPS/CPS: arxiv:1704.00816.pdf

● NPS: arxiv:1704.00816.pdf, J. Phys. C.S.587012048, 
arXiv:0609201

● Target/CPS: NIM In Progress  DK

T. Horn, R. Ent, NPS Collaboration

B. Wojtsekhowski, D. Day, DK



  

Neutral Particle 
Spectrometer

Jlab Experimental Setup

Polarized Target 
with HIPS



  

Compact Photon Source
B. Wojtsekhowski, D. Day, DK



  

High Intensity Photon Targets



  

CPS Polarized Target System

● High Intensity High 
Cooling

● Fixed Photon Beam

● Fixed NMR Sampling

● Manage Beam Heating

● Radiation Damage



  

Prospects for Better Experiment

● Higher Energy is Advantageous for TCS

- BH is smaller

- Invariant Mass of lepton pair is larger

● Fermilab Photon Beam

- Primary Production Target

- Bremsstrahlung

- Purity/Monochromatic/Intensity/Tagged



Future of Imaging



  

Conclusion

● Get More from the Physics with PT observables

● Tensor Polarized Observables Largely 
Unexplored (Big Part of Spin Physics)

● Can isolate Twist-3 GPDs of the vector and 
axial vector sector with T/S-like combination

● Many more fun things to do with PT



  

Thank You



  

Take a look


