MINIS spectrometer gain

The x-ray spectrometer converts each x-ray into a 12 bit digital word which indexes into a 208 channel
spectrum where the corresponding bin is incremented. The electronics is linear, but the scintillator crystal
isn’t. Its light output varies with temperature, and also droops at higher energy.

We require a relation between channel number and energy deposited within the crystal. For instance,
the center energy of a spectrum bin, E, = f.(i,T), is a function of bin number i € {0,207} and temperature
T. To a good approximation, f.(i,T) = g.(i)H(T) factors into a term approximately proportional to the
bin number and a term which depends on temperature.

If j € {0,4095} denotes a raw spectrometer bin, then the center energy is (j + 1/2)H(T). Since the
MINTIS flight computer rebins spectrometer output words into a 208 channel spectrum, we need to recover
an approximate raw bin from the rebinned spectrum. The binning scheme is as follows:

Raw range group size new range

0-59 2 0-29
60-247 4 30-76
248-479 8 77-105

480-959 16 106-135
9602431 32 136-181
2432-4095 64 182-207.

From this table, one finds g.(5) = 11 or ¢.(183) = 2528.

By observing how the 511 keV line varies with time, we can effectively isolate the temperature dependent
part of the function, h(t) = H(T'(t)) (where t is time), without having to know the crystal temperature.
This works because there is a unique temperature at every time. I tracked the 511 keV peak through each
flight and then found an approximating function for h(t) (keV/raw bin), where ¢ is the tick counter.
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