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Purpose:
Most currentdiagnostic andtherapeuticX-ray techniquesusenonspecific, broadband

continuumradiation. By takingadvantageof resonantabsorption complexesin heavy-element-
taggednanoparticlesor contrast agentsdeliveredto disease sites, we canusetunable, narrow
energy bandsfor boththerapy and diagnosis (theranostics)thatis extremelyefficient and
minimizes radiationexposureto neighboring tissue.

Materi als and Methods:
We usean electron beamion trap(EBIT) asthesourceof tunable, monochromaticX-rays

for imagingandtherapy anda cryogenic x-ray microcalorimeter to formspectroscopically
resolvedimages.The high resolving power(E/∆E > 2000)andlow backgroundof the
microcalorimeter areessentialfor verifying theresonantabsorption signaturespredictedby our
relativistic R-matrix calculations.Themicrocalorimeteris usedto tunethe X-ray emissionfrom
theEBIT plasma to thebandof resonantabsorptionlinesin thetaggednanoparticles.The
unprecedentedsignalto noiseof the microcalorimetermeansthat it canidentify line emission
with lessthan20 countsperenergyresolution element, making the eventual dosenecessary for
diagnosticimagingpotentially very low.

Results:
We describetheEBIT andthemicrocalorimeterwith emphasison theX-ray energyrange

required by cancertheranostics.Preliminarystudieswith themicrocalorimeterdemonstratethatit
canimageatomic fingerprints of heavy-element uptakesuchasgold nanoparticlesthatcanbe
embeddedin malignanttissue.

Conclusions:
We discusstwo key componenttechnologiesfor atomic level theranostics : The

electronbeamion trapis a smart x-ray source capableof generatingmonoenergeticresonantX-
raysthat maximally interactwith thematchinghigh-Z contrastagent or nanoparticles; the
spectroscopicmicrocalorimeteris a “zero-background“detector by design andcandiscriminate
resonantsignatureswith 10 timesbetterresolution thanany other X-ray spectrometer,thus
providing very high sensitivity for detailedmapping of elemental distributionssuchasgold
nanoparticlesandplatinum-basedchemotherapeuticcompounds.


