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@ Accelerating the Fight Against Cancer

High-Power SRF Accelerator for Radioisotopes

* Radioisotope production with high-power electron beams
* Diagnostic and therapeutic isotopes
* Niowave isotope programs

* Commercial SRF accelerator technology
* SRF Cavities and Cryomodules

Liquid helium refrigerators

Microwave power

Thermionic-cathode electron guns for high duty cycle

Recirculating beamline designs

Isotope production targets for high average power



Accelerating the Fight Against Cancer

Radioisotopes 1n the body

* Diagnostics

* need information out

gamma

* radiation must escape the

-
body f.‘ -
¢ gamma rays o @ ol ®
* Therapeutics ol e alpha
* kill cancer cells
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* radiation needs to be
absorbed locally

* alpha or beta particles




Mo0-99 / Tc-99m

About 80% of nuclear medicine diagnostic procedures
(tens of million exams annually) are performed with
Tc-99m labeled radiopharmaceuticals.
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Ac-225 — A Cure for Cancer

PSMA — prostate-specific membrane antigen, a biomarker that often appears on prostate cancer cells

-

1x
225Ac-PSMA

68Ga-PSMA
PET/CT scans

12/2014 7/2015 9/2015
PSA =2,923 ng/mL PSA =0.26 ng/mL PSA < 0.1 ng/mL

PSA — prostate-specific antigen, a chemical marker of prostate cancer measured in a routine blood test
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Niowave Isotope Programs

Mo-99 Program
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Mo0-99 and fission products
2 kCi / week

Reactor Program

volatiles h

Used Nuclear Fuel
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Ce-144, Am-241, Cm-244,
Lu-177, Sr-90
100 Ci/ week ™ Y-90

Ac-225 Program

Rn-222

Superconducting| _|
Electron Linac |~ |

Ra-226 solution
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Ac-225
1 Ci/ week
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Radioisotope Production

Superconducting Electron Linac

Cryogenics Uranium/Radium
Supply and  Electron Target/Reactor
Return Source

Magnetic Superconducting o
Recirculating Arc Cryomodule . Liquid Metal
\ Microwave Converter
Power Input

Bend Dipole

)
i |

Accelerating the Fight Against Cancer

Electron beam

energy: 18-40 MeV
Beam power:

several kW to 200 kW
Duty cycle: 10-40%

Radiochemistry and
Target Fabrication
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Commercial SRF: Cavities and Cryomodules

Niowave cavity design
developed from experiences
building a wide variety of
structures for the SRF
community

3-gap reentrant cell cavity
350 MHz and 4 K operation 8



Liquid helium refrigerators

w: | ° 114 W capacity at 4.5 K

-1 (100 kW wallplug power)

; §: * Developed with Linde

o% — Collins cycle

E § — robust reciprocating piston expander

Helium lines above atmospheric pressure
(He leaks out, contaminants do not leak in)

©

Long term operation ready:
— 5000 hr. major maintenance interval

— No warmup for short term maintenance




Microwave power

» Tetrode amplifier supplies the superconducting cavity

— 350 MHz
— 60 kW CW (100 kW pulsed)
— very reliable and tough

— can be operated without a circulator
(but we use one)

* Solid-state amplifiers for the
electron gun
— 2.5 kW for the main fields (350 MHz)
— 200 W for the harmonic gating (700 MHz)

solid-state
~
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Thermionic-cathode RF gun
and double-bend achromat

cathode section

ion pump

. Image of the beam at
the selection aperture

L . . .
solenoid lenses : ' where the dispersion is
-~ e maximal.

y electron
RF electron gun > 1 beam

dipole bending magnets

beam filter
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 thermionic cathode takes advantage of high-duty cycle SRF operation (10%-100%)

* electron bunches from the cathode are shortened by gating fields (DC, fundamental
RF, harmonic RF) at the cathode




Magnetic Recirculating Arc

double solenoids

dipoles

beam filter

Accelerating the Fight Against Cancer

» Passing the beam through the SRF cavity twice reduces the required voltage by 2
and cryogenic load by 4

» Like the double-bend achromat, the solenoids cancel the dispersion from the
dipoles

12



High-power liquid metal targets

Accelerating the Fight Against Cancer




Accelerator Isotope Production

Production systems have now come online
» Superconducting linac coupled to uranium and radium targets
* Benchmarks of isotope production for Mo-99, Ac-225
* Ac-225 shipped to radiopharmaceutical partners

X-ray converter
(second end station)

Accelerating the Fight Against Cancer

production
target
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Facilities

Walnut St. school

Lansing airport
production
facility

— radiochemistry

headquarters
offices
cleanroom
test facility

accelerator

\r_ .
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Accelerating the Fight Against Cancer

¢

Accelerating the Fight Against Cancer

Home About Isotopes v Nuclear Energy Accelerators Products Careers Vititing

WWWwW.niowaveinc.com

We manufacture radioisotopes to cure cancer and save lives.

Small superconducting RF accelerators have found a viable market
application in the production of isotopes.

Niowave, Inc. 1s focused on using SRF electron machines to drive
radioisotope production targets and make Mo-99 (and other fission
fragments) and Ac-225. Also producing Y-90 without accelerator.

WE ARE HIRING FOR A VARIETY OF PRODUCTION,
RESEARCH, AND MANAGEMENT POSITIONS.




<<
  /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 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 /Remove
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 ()
  /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 false
      /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 [595.000 791.000]
>> setpagedevice


