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Abstract

The OPPIS has undergone multiple upgrades since 2000,
with the most recent completed in 2022. Improvements to
the Rb and Na cells have reduced vapor dispersion in the
beamline, significantly lowering consumption and improv-
ing source stability. Plasmatron modifications extended
component lifetimes. These upgrades enabled reliable
Run-24 operation, with a mean current of 350 pA, 300 ps
pulse width, and ~80% polarization delivered at the
200 MeV linac exit.

Development is also underway for a high-intensity
(2x10" ions/pulse) polarized *He"™* source for the future
EIC. The approach uses metastability-exchange optical
pumping of high-purity *He gas in a strong magnetic field,
followed by ionization in EBIS. In tests with an “open”
cell, 80—-85% polarization has been achieved. The final gas
cell configuration is now being tested with a 5 T EBIS so-
lenoid magnet.

INTRODUCTION

The Relativistic Heavy Ton Collider (RHIC) is currently
the only operational collider capable of accelerating and
colliding polarized proton beams, achieving ~60% polari-
zation [1]. The upcoming Electron-Ion Collider (EIC) will
extend this capability to polarized electron—ion collisions,
including *He** beams [2]. Polarized protons for RHIC are
produced using the Optically Pumped Polarized H™ Ion
Source (OPPIS) [3], which provides 0.5-1.0 mA (up to
1.6 mA) in 400 ps pulses with 80-85% polarization. The
polarized H™ beam is accelerated to 200 MeV in the Linac,
then injected into the Booster, where it is adiabatically cap-
tured in a single bunch of ~4x10'! protons. The bunch is
accelerated to 2.5 GeV, transferred to the Alternating Gra-
dient Synchrotron (AGS), and further accelerated to
24.3 GeV, delivering ~70% polarization to RHIC. The use
of Siberian Snakes in AGS and RHIC effectively sup-
presses depolarizing resonances, preserving 60—65% po-
larization through the full acceleration cycle.

Preserving polarization during acceleration will again
rely on Siberian Snakes. To meet EIC requirements, the ion
source must deliver ~2x10'"" *He*" ions in a 20 us pulse,
implying a peak current of ~2000 pA—about 1,000x
higher than past *He*" sources. The proposed source is
based on the Electron Beam Ion Source (EBIS) at
Brookhaven National Laboratory (BNL) [4]. Polarized *He
gas will be produced via Metastability Exchange Optical
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Pumping (MEOP) in a 5 T solenoidal field, then injected
into EBIS where it will be ionized by a 10 A electron beam.
The goal is to achieve 2.5x10" *He**/pulse at ~70% polar-
ization, followed by acceleration to 2 MeV/u using a Radio
Frequency Quadrupole (RFQ) and IH linac for injection
into the Booster.

OPPIS

The proton polarization techniques employed in the Op-
tically Pumped Polarized H™ Ion Source (OPPIS), as de-
tailed in [5, 6], are structured into five core functional com-
ponents: the Fast Atomic Beam Source (FABS), helium
cell (He-cell), rubidium cell (Rb-cell), Sona transition re-
gion, and the sodium (Na) jet ionizer and extraction sys-
tem. Both the He-cells and the Rb-cell operate within the 3
T magnetic field provided by a superconducting solenoid

(Fig. 1).
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Figure 1: Layout of the OPPIS.

The FABS cathode underwent a redesign that included
the addition of a small nozzle and an increase in the outer
rim thickness to 3.2 mm. This new nozzle geometry en-
hances gas flow shaping into the discharge channel and
promotes a more uniform wear pattern on the cathode.
These changes significantly extended cathode lifetime—
eliminating typical blistering and clustering effects seen
previously. While the older cathodes averaged two months
of operation, the current plasmatron design has now run for
29 weeks without failure.

For Run-24, a new Rb-cell design was implemented. In
contrast to the earlier configuration (Fig. 2a, left), where
the Rb reservoir was directly exposed to the beam channel,
vessel that holds the liquid Rb, which then diffuses evenly
through four lateral slits into an inner copper cylinder
(Fig. 2¢). To improve thermal regulation, a cooling groove
was added to the stainless vessel (Fig. 2a), and a copper
shield was mounted above it to ensure uniform temperature
distribution (Fig. 2b).
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Figure 2: (a) Sections of the two different concepts of the
Rb-cell; photo (b) and sketch (c) of the newly designed Rb-
cell assembly.

Modifications to the Na-cell targeted the reservoir and
cooling line. The container volume was reduced from
500 mL to 230 mL, and heater coupling was improved to
enhance thermal efficiency. These changes extended the
operating time of the Na-jet ionizer to over six months
without requiring a reservoir refill.

The Low-Energy Beam Transport (LEBT) section
(Fig. 3), which connects OPPIS to the 750 keV RFQ, also
received upgrades in 2022. The distance between the Na-
jet ionizer and the 23.7° dipole magnet was shortened by
~2 meters, and electrostatic Einzel lenses were replaced
with magnetic quadrupoles. These improvements led to a
10% gain in transmission efficiency, primarily by reducing
beam losses due to stripping. Additionally, the reduced
length improved the delivery of the pumping laser beam
into the source.

Figure 3: Configuration of LEBT with High intensity
sources.

Together, these upgrades enhanced the performance, re-
liability, and safety of OPPIS during Run-24. A beam cur-
rent of 350 pA was consistently delivered, fully meeting
Booster injection requirements over a six-month uninter-
rupted operational period. System stability was demon-
strated by an average arcing rate of 2%, indicating the OP-
PIS power supplies and He grid system can reliably support
extended pulse widths after proper conditioning. However,
a slight reduction in average polarization was noted during
the run. Preliminary analysis suggests the increased longi-
tudinal size of the new Rb-cell may contribute to this ef-
fect, though further investigation is ongoing.
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POLARIZED *HE ION SOURCE

The proposed polarized *He™ ion source builds upon the
existing Electron Beam Ion Source (EBIS) at Brookhaven
National Laboratory (BNL) [7-10]. It employs a distinct
approach for 3He polarization and ionization, outlines as
follows. (a) Polarization of *He atoms: *He atoms are po-
larized using the Metastability Exchange Optical Pumping
(MEOP) technique [11-12]. This occurs within a glass cell
maintained at a pressure of 1-10 mbar. A high-field 5.0 T
magnetic field is applied within the EBIS solenoid to facil-
itate polarization, (b) Injection into EBIS ionizer: The po-
larized 3He atoms are subsequently injected into the EBIS
ionizer, via a innovative Lorenz fast valve (c) Ionization
process within EBIS: A high-intensity electron beam
(10 A) is generated by an electron gun with a 9.2 mm cath-
ode diameter. This electron beam is injected into the 5.0 T
solenoid magnetic field, leading to radial compression to a
diameter of approximately 1.5 mm in the ionization region.
The compressed electron beam interacts with the polarized
3He atoms, causing ionization. The electron beam then ex-
pands before being collected at the end of the EBIS. (d)
3He Ion confinement and extraction: *He Ions are radially
confined by the space charge of the electron beam. Longi-
tudinal confinement is achieved using electrostatic barriers
at the ends of the trap region. Ion extraction is performed
by raising the potential of the trap and lowering the barrier

(Fig. 4)
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Figure 4: Schematic diagram of the extended EBIS. The
polarized 3He gas is injected into the drift tube in the Gas
Trap of EBIS. Low Energy Beam Transport (LEBT) trans-
fer the extracted beam from EBIS to the Radio Frequency
Quadrupole (RFQ) e accelerator.

The EBIS is estimated to produce and accumulate (2.5—
5.0) x10"! doubly charged helium ions(*He*"). The desired
beam intensity of 2x10'! He™ ions per pulse can be
achieved by extracting and accelerating them during a sin-
gle 20 ps pulse. A gas purification system detailed in [13]
has been moved into a test lab along with an identical copy
of the EBIS solenoid. The gas purification system uses a
modified cryopump capable of pumping hydrogen, water,
hydrocarbons, and argon to a level below 10”7 Torr. The
pump also stores around 100 cm® of *He gas. An internal
heater is used to release *He from the pump and controls
the gas pressure in the polarization cell. The cryopump is
connected to the polarization cell using a bellows-operated
isolation valve which can be operated to purify and cycle
the gas mixture.
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Figure 5: The compact optical polarization and polarimetry
setup just outside of the solenoid bore. The probe passes
through circularly polarizing optics before traversing the
plasma discharge in the cell and reflecting into a photodi-
ode. The pumping laser freely expands to saturate the cell.

A compact optical polarization and polarimetry setup has
been developed which fits entirely within the solenoid
bore. The layout of the optics can be seen in Fig. 5. Cen-
trally aligned to the cell is a fiber optic carrying the pump-
ing laser which operates at 1064 nm, typically between 2
and 4 Watts. A mirror placed behind the polarization cell
improves polarizations by allowing the pump to address a
larger sample of atoms in the Doppler broadened plasma.
A probe laser, spatially offset from the pump, traverses the
cell and is reflected from the mirror into a photodiode. The
probe frequency is also close to 1064 nm and is operated at
typical powers of a few mW. To identify the small probe
signal in a noisy background, the plasma is amplitude mod-
ulated close to 260 Hz and the photodiode is connected to
a lock-in amplifier where the signal is downmixed. Steady
state polarizations close to 60% have been achieved at 3 T
using the compact optical setup as shown in Fig. 6.

We are currently focused on the optimization of the po-
larization and refinement of the optical layout with a focus
on development of the final geometry which will rest on
top of the drift tube inside of EBIS. Finally, a pulsed valve
is being developed for the injection of the polarized *He
into the drift chamber for ionization [13]. The valve uses
the same operating principle as the valve currently used to
inject unpolarized *He into EBIS.
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Figure 6: Polarization data taken with the compact optical
setup at 3 Tesla showing steady state polarization near 60%
and relaxation time close to 4 minutes.
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Figure 7: Spin-manipulation chicane along to Ebis to
Booster transfer beam line.

Current efforts aim to refine the optical layout to achieve
the 70% polarization target for integration into EBIS dur-
ing the June 2026 shutdown. A spin-manipulating chicane
(Fig. 7) has been designed and tested for beamline integra-
tion to control *He** spin orientation downstream of EBIS.
An absolute nuclear polarimeter based on *He—*He elastic
scattering has also been designed for installation in early
2026, preparing for future polarization characterization
tests.

REFERENCES

[1] I. Alekseev et al., “Polarized proton collider at RHIC,”
Nucl. Instrum. Methods Phys. Res. A, vol. 499, no. 2-3,
pp. 392-414, Mar. 2003.
doi:10.1016/s0168-9002(02)01946-0

[2] A. Accardi et al., “Electron-Ion Collider: The next QCD
frontier: Understanding the glue that binds us all,” Eur.
Phys. J. A, vol. 52, no. 9, Sep. 2016.
doi:10.1140/epja/i2016-16268-9

[3] A. Zelenski et al., “Optically pumped polarized H— ion
source for RHIC spin physics,” Rev. Sci. Instrum., vol. 73,
no. 2, pp. 888—891, Feb. 2002. doi:10.1063/1.1427669

[4] J. G. Alessi et al., “The Brookhaven National Laboratory
electron beam ion source for RHIC,” Rev. Sci. Instrum., vol.
81, no. 2, p. 02A509, Feb. 2010.
doi:10.1063/1.3292937

[5] A. Zelenski, “Polarized ion sources,” in Polarized Beam
Dynamics and Instrumentation in Particle Accelerators US-
PAS Summer 2021 Spin Class Lectures, Switzerland:
Springer International, 2022, pp. 245-260.
doi:10.1007/978-3-031-16715-7_10

[6] A.Zelenski, “Review of Polarized Ion Sources,” Int. J. Mod.
Phys. Conf. Ser., vol. 40, p. 1660100, Jan. 2016.
d0i:10.1142/52010194516601009

[7] A. Zelenski, J. Alessi, “Prospects on High-Intensity Opti-
cally Pumped Polarized H-, D, and 3He"" Ion Source Devel-
opment,” ICFA Beam Dynamics Newsletter, vol. 30, 2003,
p- 39.

[8] C. Epstein et al., “Polarized *He Source Development at
MIT,” in Proc. Opportunities for Polarized He-3 in RHIC
and EIC, RIKEN BNL Research Center, Upton, NY, Sep.
2011, vol. 105, pp. 25-30.

[9] C. S. Epstein, “Development of a Polarized Helium-3 Ion
Source for RHIC using the Electron Beam Ionization
Source,” Senior Thesis, Department of Physics, MIT, Cam-
bridge, MA, USA, 2013.

WEP: Wednesday Poster Session

MC3 - Novel Particle Sources, Acceleration Techniques, and their Applications


http://doi.org/10.1016/s0168-9002(02)01946-0
http://doi.org/10.1140/epja/i2016-16268-9
http://doi.org/10.1063/1.1427669
http://doi.org/10.1063/1.3292937
http://doi.org/10.1007/978-3-031-16715-7_10
http://doi.org/10.1142/s2010194516601009


6th North American Particle Accel. Conf. (NAPAC2025),  Sacramento, CA, USA

JACoW Publishing

ISBN: 978-3-95450-261-5

ISSN: 2673-7000

doi: 10.18429/JACoW-NAPAC2025-WEP070

830

MC3 - Novel Particle Sources, Acceleration Techniques, and their Applications

WEP070

WEP: Wednesday Poster Session

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2025). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


6th North American Particle Accel. Conf. (NAPAC2025), Sacramento, CA, USA JACoW Publishing
ISBN: 978-3-95450-261-5 ISSN: 2673-7000 doi: 10.18429/JACoW-NAPAC2025-WEPQ70

[10] D. Raparia et al., “Polarized ion sources at BNL,” in Proc.
SPIN2023, Durham, NC, USA, Sept. 2023, p. 222.
doi:10.22323/1.456.0222

[11] J. Maxwell et al., “Development of a Polarized Helium-3
Source for RHIC and eRHIC,” Int. J. Mod. Phys.: Conf. Ser.,
vol. 40, p. 1660102, Jan. 2016.
d0i:10.1142/s52010194516601022

WEP: Wednesday Poster Session

MC3 - Novel Particle Sources, Acceleration Techniques, and their Applications

[12] A. Zelenski et al., “Optically pumped Polarized H™ and
3He™ Ion Sources Development at RHIC,” in Proc.
SPIN2018, Ferrara, Italy, Sep. 2018, p. 100.

[13] A. Zelenski et al., “Optically pumped polarized 3He++ ion
source development for RHIC/EIC,” Nucl. Instrum. Meth-
ods Phys. Res. A, vol. 1055, p. 168494, Oct. 2023.
do0i:10.1016/j.nima.2023.168494

WEPO070
831

&= Content from this work may be used under the terms of the CC BY 4.0 licence (© 2025). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


http://doi.org/10.22323/1.456.0222
http://doi.org/10.1142/s2010194516601022
http://doi.org/10.1016/j.nima.2023.168494


6th North American Particle Accel. Conf. (NAPAC2025),  Sacramento, CA, USA

JACoW Publishing

ISBN: 978-3-95450-261-5

ISSN: 2673-7000

doi: 10.18429/JACoW-NAPAC2025-WEP070

MC3 - Novel Particle Sources, Acceleration Techniques, and their Applications

831

WEP: Wednesday Poster Session

WEP070

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2025). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


	introduction
	OPPIS
	Polarized 3He ion source
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENG ()

    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.000 792.000]

>> setpagedevice



