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What is a 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



  

A Bit of History

Overhauser
Abragam and Proctor

Abragam Jeffries

Provotorov and Kozhushner 

Overhauser effect 1953
Electrons in metals (First DNP) Solid Effect 1957

Electron to nuclear

Thermal Mixing 1961

● 1958: First demonstration in 6LiF
● 1959: Many Substances ~20% ● 1962: Jeffreis/Schmugge: First high 

polarization observed
● {Nd} LMN(24H2O)→ Lanthanum 

Magnesium Nitrate
● Highest polarization ~70%
● Very narrow EPR line → Resolved Solid 

Effect
● Niinikoski NH3 ~90%, very cold, time
● Crabb over 90% at 1K

 

● Lineshape Theory

● Full NMR picture

● Accurately Measure Polarization

● Leads to evolution of Solid-State NMR
 Borghini

 Spin-Temperature Theory 1968
● Bulk Spin dynamics

● Frozen organic liquids 

● Materials studies

First DNP Polarized 
Target (Saclay) 1962

Abragam  Borghini

 S. Bernstein 
Oakridge 53 
Static



  

The Dynamic Nuclear Polarized 
Target System

● -Evaporation Fridge: (e-beam: 1-100 nA)

-Dilution Fridge: (g-beam and charged low intensity)

● ~1035cm-2s-1 
● Dilution factor f<50%
● DNP using Microwave to enhance polarization
● Cryogenic system (1.5-0.03 K)
● Material Specific to Experiment
● NMR Q-meter system for polarization data

FOM=n
t
f2P2



  

Zeeman Splitting

Dynamic Nuclear Polarization
Add Free Radicals, cool sample, RF-sample in B-field

● Transfer of spin polarization from electrons to nuclei

● Electrons 1K 2.5T ~92%

Protons 1K 2.5T ~0.25%

● Narrow ESR width will help optimize

e- relaxation ~ms 

5T: 140 GHz
2.5: 70 GHz 



  

DNP-Process

● Add Free Radicals
● Cool sample
● RF in B-Field

Spin Temperature Theory: Narrow  paramagnetic resonance (EPR) line enables Creation of high inverse spin temperatures – High Polarizations

● NIST (1017 e-/cm2)

● MIRF 14 MeV 10μA

●  under LAr bath (~87K)

● Store in LN2

Warm Irradiation



  

General DNP System
Polarization
 Detection

Tuned To Larmor
of spin species

Proton (42.6 MHz/T)
Deuteron (6.5 MHz/T)

Larmor-ESR

50-185 GHz

~140 GHz at 5T

T=0.03-1.5K

Dilution-Evaporation
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4He Evaporation Fridge

3He/4He Dilution Fridge
● Photon beam or low intensity charge beam

● Relaxation Rate (500 hours)

● Cooling Power (5-10μW @ 30-50mK)

● Run at around 90-95% p 70-75% d
● Charged beam up to 100nA

● Relaxation Rate (20-30 min.)

● Cooling Power (1W @ 1K)

● Run at around 80-90% p and 25-45% d

TUNL/Frost/GlueX/HD-Ice

Clas12/HallA-C/SoLID/DY

Cryogenic Systems



  

What We Have at UVA

Much older equipment in need of repairs and maintenance 

Lab B28

Lab B17



  

Some Spin Physics Projects

● ORNL: DNP proton crystallography with a neutron beam at Spallation 
Neutron Source (DNP-SNS)

● LHCb: QCD-spin physics in nucleon structure and hadron 
spectroscopy (SMOG, LHC-SPIN)

● Fermilab: New spin physics program with polarized target and liquefier 
(E906, E1027, E1039)

● HIGS-TUNL: Spin physics program at Duke with polarized beam and 
soon polarized target (P-12-16, P-20-09)

● Next Gen HIGS: New design with higher energy and intensity with an 
active polarized target (HIGS2)

● NIST: Scattering production of paramagnetic complex and target 
sample experiments (NIST-PTexp)

Spokesperson                    Project Involvement



  

JLAB Experiments
● Hall A

(E12-11-108) SIDIS with transversely polarized proton target

(E12-11-108A) Target single spin asymmetries using SoLID

(LOI-12-16-004) Timelike Compton Scattering with SoLID

● Hall B
(E12-06-109) Longitudinal spin structure of the nucleon

(E12-07-107) Spin-Orbit Correlations with a longitudinally PT

(E12-09-009) Spin-Orbit Correlations in kaon electroproduction in DIS

(E12-12-001) EMC effect in spin structure functions

(C12-15-004) DVCS on the neutron with a longitudinally PT

(C12-11-111) SIDIS on a transversely polarized target

(C12-12-009) Di-hadron production in SIDIS on transversely PT

(C12-12-010) DVCS on a transversely polarized target in CLAS12

● Hall C
(E12-14-006) Helicity correlations in wide-angle Compton scattering

(E12-17-008) Polarized Observables in WACS

(C12-13-011) The deuteron tensor structure function b1

(C12-15-005) Tensor Asymmetry in the x<1 Quasielastic Region

(C12-18-005) Timelike Compton Scattering with T-PT at 11 GeV

(LOI-12-14-001) Search for exotic gluonic states in the nucleus

● Hall D
(LOI-12-15-001) Physics Opportunities with Secondary KL beam at JLAB

(LOI12-16-005) Target Helicity Correlations in GlueX

Spokesperson                    Project Involvement



  

Quick Look at Some Projects
HIGS2 Design 

DHT 

LHC-Spin

CPS 



  

Recent Solicitations

● Erhard Steffens, Cern LHC-Spin (Physics, Target)

● Michael Snow, Indian University NOPTREX (Target)

● Yuji Goto, RIKEN RCNP  (Physics, Target)

● Will Brooks, UTFSM PT (Physics, Target)

● Oleg Denisov, Cern Compass (Target)

● Zia Ashkenazi, Tel Aviv University  IsoDar2 (Target)



  

How to do all this work?



  

How to do all this work?

We are supposed to be a big group



  

How to do all this work?

We are supposed to be a big group
● Lead

- Scientist

- 2 postdocs

- PT Tech

- Grad students



  

Couple of Examples



  

b
1
-Structure Function



  

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



  

Extraction of Observable

: Tensor Polarized cross-section

: Unpolarized cross-section

: Tensor Polarization

Atomic-gas target



  

Extraction of Observable

: Tensor Polarized cross-section

: Unpolarized cross-section

: Tensor Polarization

Atomic-gas target



  

Very Unexpected Result



  

Systematics



  

Projected Results



  

PAC Conditions

● E12-13-011 (The Deuteron Tensor Structure Function b1)

● E12-15-005 (Tensor Asymmetry in Quasielastic Region)



  

Other Possible Projects

● Spin-1 SIDIS, Spin-1 DVCS, Spin-1 TCS, photo-
disintegration T20, T21, T20, Unnatural Parity 
exchange, Polarized gluons in the nucleon, tensor 
polarized meson photoproduction, gluon 
transversity, ...



  

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
● Manipulate using AFP
● Additional Microwave Sources
● Different Materials
● RF CW-NMR Manipulation



  

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



  

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



  

SpinQuest Experiment



  

What We Think We Know



  

Proton Spin Puzzle



  

Nucleon Spin Puzzle



  

Where is the Missing Spin

HERMES, COMPASS, Jlab: SIDIS



  

Hints of Non-zero Sea Quarks OAM

E866 Drell-Yan cross 
section ratio for deuterium 

verse hydrogen.  The 
dashed line shows the ratio 

for a symmetric sea



  

Eight Leading order TMDs



  

Transverse Momentum and The Sivers TMD

A. Bacchetta and M. Contalbrigo Il Nuovo Saggiatore, vol. 28, pp. 16–27, 2012

● Quark Sivers Function

- Polarized SIDID

- Polarized Drell-Yan



  

Accessing Quark Sivers TMDs



  

Accessing Quark Sivers TMDs



  

Accessing Sea Quarks Sivers TMDs



  

The Measurement



  

Compass Results

Fits to COMPASS, 
HERMES, Jlab SIDIS
model predictions for 
different Q2 evolution 

predictions   



  

Other Physics

● Sea Quark Sivers
● Transversity
● Gluon Sivers
● J/psi TSSA
● Heavy Photon and Dark Higgs



  

Proton Beam at FNAL



  

Advantage of the Main Injector



  

Muon ID at SpinQuest



  

Experimental Setup



  

Firsts for Polarized Targets

UVA: Tune System
and Automation

UVA: Target Insert with 
longest cell at 8 cm for 5T

UVA: Commisioning, Slow 
Controls, Quench Study, 

Beamline interface,...

UVA: Configure Fridge 
and Insert, Commission 

for Optimal running, setup 
with Actuator 

14,000 providing the 
highest cooling power for 

1K system 

UVA-LANL: Three 
completely new NMRs

UVA: Design



  

Polarized Target for E1039

Fermilab Target



  

Polarized Target on Intensity Frontier



  

Some Challenges

● SC Magnet quench threshold (limits beam intensity)
● Target microwave uniformity (distribution and power)
● Uniformity of dose in the z-direction
● Liquefier and preservation of LHe
● Polarization measurements of long target cell
● New physics process: dilution factor (systematics)
● Radiation level of target and supporting systems
● Larger than 103 mSv/hr in cave and 104 mSv/hr in magnet



  

Polarized Target on Intensity Frontier



  

Target System



  

Mock-up Target Cave



  

Mock-up Target Cave



  

Target Performance



  

FNAL Summary



  

Big Commitment

● Spokesperson
● SpinQuest Collaboration Chair
● Target Team Leader



  

Join The Effort



  

Thank You
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