TES Xx-ray detectors for high efficiency
spectroscopy of hemoglobin and other proteins

C.J. Titus?, M.L. Baker*, H.-M. Cho?W.B. Doriese?, J.W. Fowler:, G.C. Hilton3, K.D. Irwin=, Y.l. Joe3, J.
Knight?, S.J. Lee?, D. Li%, R. Marks?, K.M. Morgan?, D. Nordlund?, G.C. O'Neil®, C.D. Reintsema?, D.R. A S5 NATIONAL
Schmidt®, E. Solomon?, D. Sorakas?, D.S. Swetz3, J.N. Ullom?, T.C. Weng?, C. Williams?, B.A. Young!+* — =@ ACCELERATOR
1Stanford University, Stanford, USA, “National Institute of Standards and Technology, Boulder, USA, 3SLAC, B "N | ABORATORY
Stanford, USA, “Santa Clara University, Santa Clara, USA

Solving Molecular Mysteries Probing deeper

Chemists understand reaction mechanisms by probing Transition-edge sensors expand spectroscopy

the properties of the valence (bonding) electrons * 100X better energy resolution than CCD or SDD
* 100X better throughput than grating spectrometer

* Spin » More efficient reactions o
* Local Symmetry ‘  New chemical processes We have commissioned a TES spectrometer at
» Oxidation State » Bio-inspired catalysts SSRL Beamline 10-1 to study proteins and other

dilute samples (attend talk O-85 for more details)
X-ray spectroscopy can probe local electronic structure
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* Probe low concentrations relevant to proteins (< 20 mM) Number of Pixels 240
» Energy-resolved measurements eliminate background ' Active Area 24 mm?
: : : : . Count Rate 5000 cps
* Proteins hard to probe with other tools (like UV-vis) L s Energy Range 200 — 1600 eV
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Measuring hemoglobin spectra with the TES spectrometer

How does hemoglobin bind Oxygen? Preliminary TES measurements of hemoglobin show great promise!
Spectroscopy could settle an 80-year old
debate , | Total fluorescence Background Clean partial
: yield (Oxygen K emission) fluorescence vyield
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» Three limiting descriptions of Fe-O bond ono v i ikl
 Measurement of Oxidation and Spin of *15 mM concentration too low for grating spectrometers to measure efficiently
central iron atom could settle the debate! * Overwhelming Oxygen background distorts total fluorescence yield
 TES could make definitive measurements *TES records a clean PFY signal by windowing background

Resonant Inelastic X-ray Spectroscopy of dilute Fe!"(CN).

RIXS Plane Resonant emission cuts Fe L-edge PFYXAS
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