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3He++ polarization technique using Electron Beam Ion Source
•3He metastability-exchange polarization in the high magnetic field

•Optical pumping, polarization measurements.
•Sealed cell
•Open cell, gas purification system







3He++ spin tracking in eRHIC with 6-snakes



Requirements to the 3He++ source

• Intensity ~ 2∙1011 3He++ ions in 10 us pulse ~4.0 mA
• Maximum polarization > 80%
• Spin flip every pulse
• Compatibility with the operational EBIS for heavy ion 

physics

• Polarimetry ?



Polarized 3He sources. Status 1984.

No new operational 3He ion sources were built. A number of new 

ideas were proposed and tested (not successfully).

Spin-exchange and “metastability-exchange” techniques for 3He 

atoms polarization were greatly improved due to laser development 

and demanding applications.



• Injections of 3He gas polarized in the external 

cell into EBIS.

• 3He polarization inside the EBIS in high 

magnetic field. No polarization losses during 

beam transport  through gradient magnetic field.

• EBIS is used for efficient ionization and 

accumulation of polarized 3He++ ions

Production of polarized 3He++ beam in  EBIS. 
A.Zelenski, J.Alessi, ICFA Beam Dynamics Edition 
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Radial trapping of ions by the space charge of the electron beam.
Axial trapping by applied electrostatic potentials at ends of trap.

• The total charge of ions extracted per pulse is ~ (0.5 – 0.8) x ( # electrons in the 
trap)
• Ion output per pulse is proportional to the trap length and electron current.
• Ion charge state increases with increasing confinement time.
• Output current pulse is ~ independent of species or charge state!

Principle of EBIS Operation





EBIS ionizer for polarized 3He gas (proposal).
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Production of polarized 3He++ beam in  EBIS. 
A.Zelenski, J.Alessi, ICFA Beam Dynamics Edition 

Newsletter 30, p.39, (2003)
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MIT-BNL collaboration on polarized 3He++ ion 
source development

J.Maxwell, C.Epstein, R.Milner, MIT
J.Alessi, E.Beebe, A.Pikin, J.Ritter
G.Atoian, A.Zelenski, BNL





Injection of polarized 3He-gas in EBIS





J. Maxewell, PSTP 2015







Jan18,2016, Sealed cell-Pol.- 88%

Probe laser absorption polarimer, J.Maxwell-2015



3He –polarization in high magnetic field using 
5.0 T spare EBIS solenoid at BNL, 2015

80-84 % polarization was measured in 

experiments with sealed 3H-cell in high 

magnetic field.



J. Maxewell, PSTP 2015



Optical pumping laser layout
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Pumping laser
Probe laser, Toptica, diode laser

Detector

WS6-200

Pumping laser-Keopsys 10 W 

1083 nm- fiber laser



3He Laser system for optical pumping and 
polarization measurements



Laser wavelength and Line-width control, with 
wavelength meter  WS6-200

276.7558 THz 1.2 GHz

1083 nm



Jan18,2016, Sealed cell-Pol.- 94.5%, 



Probe laser 

controller

Pumping laser 
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J. Maxewell, PSTP 2015



New “open” 3He-cell and gas system for 3He-
cell preparation and filling



3He-gas purification and filling system

Non-magnetic pneumatic remotely 

controlled Isolation Valve: IV



He-cell valve closed, RF-33.4 MHz, Amp-0.100, 

He-3-1.08 torr



He-cell valve closed, RF-33.4 MHz, Amp-0.100, 

He-3-1.08 torr

Large contamination by H2, H2O, 

Hydrocarbons, Argon as seen in RGA



3He cryo- purification system built-in CTI-8 

cryopump.



3He-gas purification and filling system



June 21, He-fill with CP-pumping at 45deg. K. Very clean 

spectra, no hydrogen 656 nm line!

RGA spectra very clean





3.5 torr, Isolation Valve (IV)-open



3.5 torr, Isolation Valve (IV)-closed, P=63%



“Open cell”, 3He-3.5 torr, Pol-73%



June 30, 3.0 torr, 56%, relaxation time -30 s



RF-discharge in 2.0 T magnetic field.
3He-cell diameter-25mm

RF-discharge parameters strongly affect maximum polarization.

Optimization of the 3He -cell geometry (smaller diameter?) and 

electrodes for RF input should improve polarization.



EBIS upgrade with new “injector” solenoid for 
polarized  3He++ ion production.

3He+ Ionization to 3He++

Optical pumping in
High magnetic field

5.0 T 5.0 T

Polarization and ionization in high magnetic field
will produce 3He++ ion beam with P ≥ 80% 

Up to 2×1011

3He++

ions/pulse

BNL-MIT collaboration



Depolarization due to lower field in the gap 
between two solenoids.

• Critical field for 3He+ ions is 3.1 kG.

• Therefore, about 10 kG field is required at the point 
of second Ionization He+ to He++ to minimize 
depolarization.

• The design of solenoid with this high field in the gap 
is feasible.

• Due to reduced probability of ionization in the gap 
(low electron current density), this requirements can 
be somewhat relaxed.
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Extended EBIS

•Scope 

•Add superconducting solenoid

for trap length extension, 

expect +40% Au intensity

•(early completion would shorten time for 2 

highest energies in BES-II; also allows for 

next step in polarized 3He R&D)

•Cost and funding

•

•Schedule

•2016 start (solenoid acquisition)

•2020 planned completion 

largest risk (cost, schedule and performance): 

superconducting solenoid magnet 

FY2016 2017 Total

$475k 

(P)

1350k 

(P)

1.8M

trap length

extension



EBIS center drift tube

He-cell

Valve



He-ionizer cell and three-grid energy separation system

He-pulsed

valve

3-grid beam

deceleration

system





Plan for EBIS upgrade for the Run-2019-20

• EBIS upgrade for higher heavy beams intensities and 
provisions for polarized 3He++ ion beam.

• Second solenoid construction and spare solenoid 
upgrade in 2016-2017.

• At first upgraded EBIS will be used for the Gold run in 
2019.

• Development of the 3He part in 2016-1018.

• Polarized 3He++ beam of 2.0*10^11 ions/pulse and

80 % polarization in 2020


