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Take advantage of the current E906 Drell-Yan Exp. @Fermilab, 
develop a new polarized hadron physics program

Drell-Yan Transverse Single Spin 
Asymmetry Study at Fermilab:

• Polarized Target Drell-Yan, E1039 
(LOI submitted 2013)

– Polarized proton (NH3) target,  design & 
construction at  LANL

• Polarized 120 GeV proton beam 
from the Fermilab’s Main Injector, 
E-1027
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The Physics: all about sea quarks
• Sea-quark flavor asymmetry
• Sea-quark orbital angular 

motion and Sivers functions at 
x = 0.0 ~ 0.4

• Proton spin puzzle

dbar/ubar asymmetry
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X=0.0~0.3X=0.0~0.3

Spin Crisis? 

L = 1L = 0
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One possible explanation 
(Sivers effect):  quark 
transvers motion generates a 
left-right asymmetry

              Single-spin asymmetry in  
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• 1*1013 p/spill, one 5s spill/minute
• Kinematic range 4 < M <8 GeV

E906 Spectrometer 

Access Sea Quarks Sivers Distributions

10/24/2014 Ming Liu, Spin2014 5

E906/E1039 
Coverage

Target
sea-quark



10/24/2014 Ming Liu, Spin2014 6

• Superconducting dipole magnet
– Temperature ~ 1 K
– Magnetic Field:  5 Tesla
– 8cm long NH3 target

• Proved capable of handling high luminosity
– Same technology used at Jlab

• Magnet tested good at UVa in early 2014

• At Oxford now to rotate the field orientation 

LANL/UVa High Density Pol. 
Proton (Neutron) Target



         Magnet Tested at UVa
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LANL/UVa NH3 Target 
Parameters:

• Cylinder Φ : 2cm (x,y),    
    length 8cm (z)

• ρ= .82 g/cm3  frozen NH3 

• Packing Fraction = .6
• Dilution Factor = 3/17 

NH3

• 5.1 g/cm2 (NH3) + .44 
g/cm2 He

• 4.2 * 1023 H/cm2

μ-wave 
horn

JLAB target

Refrigerator from UVa
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Target Polarization and NMR System

B=5
T

νe = 140 

GHz

νe+νp νe-νp
Pump: spin down        spin up

Unpaired
electrons

proton
s

- Measure proton polarization with NMR at 214 MHz, Q-meter 
system for signals, large dynamic range with high sensitivity. 
- Absorption of RF indicates spin up, stimulated emission for 
spin down

Hydrogen 
energy levels

νp = 214 MHz,  

Larmor freq, 
measure Q factor
Hyperfine splitting

Fine structure
    splitting μ-wave

Thermal Equilibrium TE: 
T=1K, H=5T
Pe = .998
Pp =.005 since μN / μB ~ 
10-3
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Polarization Measurement: NMR Basics
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214 MHz +- 400 kHz Mixer

Low noise Amplifier

Applies a constant RF current to 
a series LC tank circuit

Measures voltage across tank
Voltage increases for absorption,
decreases for emission:

Q ≈ (ω0 L) / R0

V α 1/Q
Liverpool Q-Meter
conceptual design

nλ/2

Tuning capacitor

Output

RF absorption

Inductor surrounding NH3



Actual NMR System from JLab (E93-026)
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LANL Q-meter Design
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• Follow general Liverpool design, but:
- Use modern RF microwave electronics from Mini-Circuits, etc.
- Use 16 bit ADCs and DACs from Analog Devices, etc.
- Replace mechanical controls/adjustments  with electronic 
   ones (DACs or digital)
- On board temperature and voltage monitors

• House in double wide VME modules and VME crate
- VME module has 1 analog and 1 digital circuit board
- Includes RF and analog processing, ADCs + DACs
- USB interface on each module for standalone testing

• Ethernet <-> VME interface module for readout and 
controls using LabVIEW

• Power and forced air cooling from crate, <7 W per 
VME module



RF/IF detailed Diagram
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Prototype RF/IF Deck Using Commercial Parts

• Successfully tested at Uva with 
NH3 target in 2014

• Extremely low noise
• Excellent thermal stability, no 

need for additional cooling fan
• Currently working on VME system 

design, whole-chain tested 
working last week
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NMR Control VME System: Work in  Progress
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DAQ
controller

ADCs and DACs

ADC input: 4 channels/16-bit
DACs output: 4 channels/16-bit

DACs for 
controls

Tested fully functional last week! Tested fully functional last week! 



Summary and Outlook
● A new high density polarized proton (deuteron) targets being developed at 

LANL/Uva

● A new Drell-Yan experiment approved with polarized target at Fermilab, E1039

● Expect the first precise measurements of the poorly known sea-quark Sivers 
distributions, and explore sea quark orbital motion effects, help to solve the 
“Nucleon Spin Crisis” 

● First run:  ~ 2016

xtarget

Drell-Yan Target Single-Spin Asymmetry
pp  +-X,  4M9 GeV

A N

E906/E1039 
Coverage
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Expected Signal: Target and Beam Performance

Target
– Polarization: 85%
– Packing fraction 0.6
– Dilution factor: 0.176
– Density: 0.89 g/cm3

Beam
– Beam: 1*1013  p/spill; spill is 5 s
– Luminosity: 4.4*1035 /cm^2/sec

– 120 GeV protons 
– KTev beam line
– √s = 15 GeV

– One year L = 7.2 *1042/cm2

– POT = 2.7*1018 (187 days)

Reconstructed Vertex

Dimuon Mass Resolution

σ = 310 MeV
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Changes under Study

SM0 
2Tm

500 cm

Add third magnet SM0 ~500cm 
upstream
• Improves Dump-Target 

separation
• Moves <x2 > from .21 to .176
• Reduces overall acceptance 
• Adds shielding problems
• Tracking near target to 

improve vtx

Beam

xTarget
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LANL Polarized Target System
NMR: 
Polarization
measurement

Roots pump system 
used to pump on 4He 

vapor to reach 1K

Superconducting 
Coils for Magnet: 
5T
Rotation needed

Microwave: Induces 
electron spin flips
• Tube + Power 

equip:

Cryostat: UVa

4

10,000 
m3/hr
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Target material: frozen NH3 (ND3)
Irradiation  @ NIST



NMR Connections to Target System

NMR: 
Constantly 
measures 
proton 
polarization

4

μ-wave 
horn

Empty

NH3

μ-wave 
horn

Target Ladder

NMR
coils

NMR
coils

Polarized target,
magnet + cryostat
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Polarization as a function of 
accumulated beam dose 2.5T target
(D. Crab private communication)

• Anneal every 24 hours ~ 1hr at 80K 
(yellow line)

• Replace target material every 10 days 
(two active targets) , will take one shift

• Replace target stick
• Cool down
• perform TE measurement
• Turn on microwave, measure again

Systematics control:
• Reverse Polarization Direction once a day
• Reverse magnet field of Fmag and Kmag every two days
• Reverse magnetic field of target magnet every target replacement
• Background measurements every shift with target out

Systematic errors:
• Absolute: 1%  (Luminosity precision on different pol directions)
• ΔA/A ~ 4%  (Dominant effect polarization measurement)

Beam effects on polarized Target
Po
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o
n
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E906/E1039 Dimuon Spectrometer

Dump

FMAG

K
M

A
G

• 4 scintillator hodoscope stations (x and y)
• 4 tracking stations (x and stereos) MWPC
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Quark Sivers Distributions: fit to HERMES and COMPASS data (2009)

2002-2004 2002-2004

Semi-Inclusive Deep-Inelastic Scattering on transversely polarized targets

up-quark 
favors left 
(Lu>0),

down-quark 
favors right 
(Ld<0). 

Lu ≈ - Ld

1. Involves quark fragmentation functions. 
2. Valence quark overwhelmingly dominate.
3. Limited sensitivity to sea quark leads to 

zero sea quark Sivers distribution.
4. large uncertainties in Sivers distribution
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