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Introduction



  

Understanding Spin



  

TMD distribution functions

unpolarized  TMD
 

helicity
 

transversity

Sivers TMD

Boer-Mulders  

transversal helicity  TMD
 

 longitudinal transversity TMD

 pretzelosity  TMD
 

Quintessential tool to study spin-orbit 
correlations and provide direct 
experimental observables for 
studying orbital angular momentum.



  

Sivers Function

● Relation between momentum direction of the 
struck parton and the spin of the nucleon

● Measure correlations between lepton angle 
distributions and nucleon spin

● Experimentally accessible from multiple processes



  

First Looking into Quark 
Transverse Momentum

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

Points to possible intrinsic
imbalance and leads to 
big asymmetry

E704 Effect
Phys. Rev. C89 (2014) 042201



  

Universality

● SSA assumed to be negligible (T-odd) 
● Since the past-pointing Wilson lines are appropriate for factorization in the 

Drell-Yan process, the correct result is not that the Sivers asymmetry 
vanishes, but that it has opposite signs in DIS and in Drell-Yan.

● Non-perturbative parts in the cross section
● The gauge link provides the phase for the interference and can be interpreted 

as an interaction of the struck quark with the color field of the target remnant



  

Universality

● Colored objects surrounded by gluons with profound 
consequence of gauge invariance

● Siver function has opposite sign when gluon couple after 
quark scatters (SIDIS) or before quark annihilates (DY)

● Essential to verify experimentally 



  



  



  

LO SIDIS and DY cross sections



  

Past DY at Fermilab

● Conservation of parity:

pions negative parity 
requires L=1

● E866 results may have 
point to sea quark OAM



  

SeaQuest Status (E906)

3.5 x 1017 live protons 
¼ of recorded protons

Caveats:
 Rate dependence correction 

has a kinematic dependence
 Leading order extraction

 NLO code tested
 Correct method -> global fit
 Large xbeam dbar/ubar
 . . . 

Main Injector beam in a slow spill—
difficult to obtain good duty factor
 1.4×1018 of the 5.3×1018 approved 

“live protons”
 1.7×1018 of the 7×1018  protons with 

good duty factor



  

COMPASS 2015



  

JLab Hall B

Phys. Rev. C89 (2014) 042201

TSSA process preformed under assumption of SIDIS
 (significant soft process contribute)

Jefferson Lab
Hall A

using a 5.9 GeV
 electron beam



  

SIDIS Sivers TMD for sea quarks

PhysRevLett.103.152002



  

SIDIS Siver TMD

Physics Letters B 673 (2009) 127–135



  

Sivers Distribution function



  

Phys. Rev. Lett. 116, 132301 (2016)



  

New World Data Fit



  

New World Data Fit



  

Drell-Yan

q+

q- l+

* l-

 Cross section is a convolution of beam and 
target parton distributions

 u-quark dominance

(2/3)2 vs. (1/3)2

Beam Sensitivity Experiment

Hadron Beam quarks
target antiquarks

Fermilab, J-PARC
RHIC (forward acpt.)

Anti-Hadron Beam antiquarks
Target quarks

J-PARC, GSI-FAIR
Fermilab Collider

Meson Beam antiquarks
Target quarks

COMPASS, J-PARC

xtarget xbeam



  

Fixed Target Drell-Yan: sensitivity 
to sea quarks



  

Polarized Drell-Yan



  

SpinQuest Goals
● Separately measure Sivers function for the sea
● Measure Sign and Magnitude 
● Measurement of Sivers function for gluons (J/psi SSA)
● Polarized dbar to ubar ratio

Extensions: transversity, tensor charge, tensor polarized observables, dark sector, 
polarized proton beam,... 

● Exploring the contribution of orbital angular momentum

● Interference between spin-flip and non-flip amplitudes with phase dependence 

● Soft gluons

- Gauge link required for color gauge invariance

- Testing interplay between time-reversal symmetry and gauge symmetry

Physics Case



  

SpinQuest Goals

 Consider a nucleonic pion cloud
|p> = |p0> + |Nπ> + |Δπ> + …

Pions Jp=0- Negative Parity
Need L=1 to get proton’s Jp=½+

Sea quarks should carry orbital angular momentum. 

Lattice 
QCD:

K.-F. Liu et al arXiv:1203.6388

DSq »25%

2 Lq »46% (0%(valence)+46%(sea))

2 Jg »25%

 Interference between spin-flip and non-flip amplitudes w/different phases

 Soft gluons 
– “gauge links” required for color gauge invariance

–Re-interactions are final (or initial) state … and may be process dependent!

QDC Gauge Invariance



  

Proton Beam at FNAL



  

Advantage of the Main Injector

And  E1039



  

Fixed Target Kinematics



  

Experimental Setup for E1039

Target



  

NM4 Detector



  

Experimental Setup for E1039
Detector Pack

Target Cave: Under 
Construction

Solid Iron Magnet
(focusing magnet, hadron absorber 

and beam dump)

(Hodoscope array, drift chambers 
track)

Station 2



  

Modified Air 
Ventilation Piping

Pump System 
Offset

Shield Top Access Stairs

Look from down stream

Target Cave



  

E906 Unpolarized Physics Program



  

Preliminary Look from SeaQuest



  

SeaQuest Status (E906)

3.5 x 1017 live protons 
¼ of recorded protons

Caveats:
 Rate dependence correction 

has a kinematic dependence
 Leading order extraction

 NLO code tested
 Correct method -> global fit
 Large xbeam dbar/ubar
 . . . 

Main Injector beam in a slow spill—
difficult to obtain good duty factor
 1.4×1018 of the 5.3×1018 approved 

“live protons”
 1.7×1018 of the 7×1018  protons with 

good duty factor



  

SpinQuest Projections



  

Projections of Systematics



  

Dynamic Nuclear Polarization

Proton relaxation time ~10s of minutesElectron relaxation time ~milliseconds



  

Polarized Target



  

Polarized Target



  

Firsts for Polarized Targets

UVA: Tune System
and Automation

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

UVA: Commissioning, 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 on the Intensity Frontier

Highest Intensity proton beam on polarized 
target with 4.4x1012  over 4.4s spill

● 8 cm long target cell of solid: 

NH3 and ND3

● Several watts of cooling power:
14,000 m3 /hour pumping

● 5T vertically pointing SC magnet:
Pushing critical temp each spill

● Luminosity of around 2X1035 cm-2 s-1



  

Target Insert

● 3 NMR coils per cell
● 8 cm long target cell of solid: 

NH3 and ND3

● Standard Insert has 3 cells
● One centering cell
● Elliptically shaped to match 

profile

Carbon fiber with copper heat sink

20X27 mm elliptical cells

long cell length microwave horn



  

Target Performance



  

SpinQuest He-Liquefier

Modern He-Gas Recovery, Purification and Liquefier system
 Model QDHRR100 (2 units: 200 LPD)
  Turn-key/low maintenance system
 135 LPD required at target for sustainable running
 200 LPD need before transfer (fill over 60 min.)
 LANL/UVA purchase for SpinQuest  



  

Cryo-platform

Liquifier Setup

Roots Pumps



  

Cave Setup in Fermilab NM4



  

Cryo-Platform



  



  

Polarized target on the Intensity Frontier



  

DNP Fridge Access 



  

Target Cave from Upstream



  

Polarized Target Frontier

BNL   :  4.0X1012 protons/min - 4 cm

FNAL : 5-4.4X1012 protons/min - 8 cm

Highest Cooling Power DNP Evaporation System:
 Running at 20 SLPM have 1.4 W of cooling power

- For 4.4 sec receive 0.4 W of heat load from protons

- Continuous DNP microwave heat load 0.65 W
 Super conducting magnet critical temperature 7.5 K @ 5T
 Cycle gives time to cool

Limiting Factors: - Fridge Cooling Power

    - Heat load to SC Magnet

    - Cycle Time

● Cycle Time: Every 55.6 seconds
● Spill Length: 4.4 seconds
● Beam Intensity: 1.0X1012  protons/sec



  

Field Measurement and Map
Measure Homogeneity using 
NMR and Hall Probe   

Measure outside fringe field 
and map to simulated field 



  

Geant→COMSOL



  

SpinQuest Beam Collimator



  

Solidworks→ Geat4

Based on drawings 
and measurements

Simulation contain 
SS former, LHe, 
vessels, target cell, 
target material  

Then look at energy 
deposition in the 
SC coils 



  

Quench Threshold



  

Physics of the Quench



  

SpinQuest Target Manget 
Analysis



  

Determine Heat load



  

Historical Test



  

SpinQuest Target Magnet



  

Prep for Quench Commissioning



  

Prep for Quench Commissioning

Type-T Thermocouples Cu-CuNi



  

Insider Schedule
Near Term Goals
• Some spectrometer commissioning with cosmic rays
• Trigger configuration testing 
• Long term counters/chambers
• Coarse alignment of spectrometer (reconstructed cosmic tracks)

Hall schedule:
• Complete electrical installation for cryo platform: 9/20
• Initial Target Magnet Survey: 9/12
• Install cryo platform decking: 9/23
• Install target in cave: maybe require Inspector (Safety Review)

 ➡ Need to be running in control room for overnight runs
 ➡ Running Event Display
 ➡ Online detector monitoring
 ➡ Slow controls (detector voltages/currents, environmental monitoring)
 ➡ Target vacuum plumbing

Accelerator Operations:
 ➡ Accelerator shutdown underway
 ➡ Beam to switchyard 11 Nov. - 2 Dec.



  

Status of Collaboration



  

Summer Collaboration Meeting



  



  

Current Coordinators



  



  



  

Where we are Going



  

Please Join The Effort (dustin@virginia.edu)
● https://spinquest.fnal.gov/
● http://twist.phys.virginia.edu/E1039/
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