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Abstract: The X-ray Integral Field Unit (X-IFU) will operate an array of more than 3000 Transition-Edge Sensor pixels at 20 mK with an unprecedented energy resolution of 2.5 eV at 7 keV. In space, primary cosmic
rays and secondary particles produced in the instrument structure will continuously deposit energy on the detector wafer and induce fluctuations on the pixels' thermal bath. We have investigated by simulation
of the X-IFU readout chain how these fluctuations eventually influence the energy measurement of the science photons.

Realistic timelines of thermal bath fluctuations at different positions in the array are generated as a result of a thermal model and the expected distribution of the deposited energy of the charged particles. These
are then used to model the TES response to these thermal perturbations and their influence on the on-board energy reconstruction process. Overall, we show that with adequate heatsinking, the main energy
resolution degradation effect remains minimal and within the associated resolution allocation of 0.2 eV. We further study how a dedicated triggering algorithm could be put in place to flag out the rarer large
thermal events.

COSMIC RAY ENVIRONMENT EFFECT ON ENERGY MEASUREMENT
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Figure 2: The TES array deposition structure. keV). Right: Muntin hit (255 keV).

The wafer thermal response was modeled and characterized by GSFC for two heatsinking configurations
(see more details in Poster 128 by A. Miniussi) as a function of the CR impact position for a pixel at the
center and at the edge of the array:

To assess the average effect on the energy reconstruction, we simulated 10 000 random bath timelines
for each configuration and measured their effect on a 7 keV pulse reconstructed with optimal filtering
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Figure 2: Simulated heatsinking geometries. Left: Baseline configuration with 1000 wirebonds at the wb1 location and a gold
back coating of 3.5 pm thickness. Right: Optimized configuration with an additional Pd coating to damp the thermal response
near the TES array and a split in the Au coating on the frame to limit the conductivity towards the periphery. s 3 2 Lo gt 2 3 R 2l e 4 S 2 e 4
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The muntin structure below the TES array (partially etched Si frame, see Fig. 2) was also simulated Figure 8: Histogram of the energy errors induced by cosmic ray hits in 3 simulation scenarios (orange). For comparison, a realiza-
with a finely meshed model to handle the wafer response to energy depositions in the muntins. tion of the 2.5 eV FWHM instrument gaussian broadening is shown in blue. The quoted FWHM values were measured from the
88th and 12th percentiles of the distribution. Left: Frame hits for a side (worst case) pixel and the baseline heatsinking design.
» Shows very Iarge but short temperature pulses Middle: Same with the optimized design. Right: Muntin hits for the central pixel (worst case).
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Figure 3: Simulated temperature pulses measured at the center of the array for CR impacts at varying distances (500 keV). Left: faster signals. >3

Impacts in the Si frame for both studied configurations. Right: Impacts in the muntin structure below the pixels.
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/ Studied with xifusim how a trigger on a decimated and low-
pass filtered signal could more easily trigger cosmic ray events
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» Optimum window found to be at ~1ms for the current best
estimate pixel and noise level (Fig. 10).
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Figure 10: Optimization of the decima-
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Created realistic bath temperature timelines by:

+ tion factor for CR triggering.

» Drawing a random CR arrival time from a Poisson distribution Made a comparison between the energy at which the optimal trigger can detect the perturbation and the

level at which such an event can create a certain energy offset (Fig. 11).
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Figure 5: Example of bath temperature timelines for the baseline wafer configuration. Left: For CR hits in the Si frame. Right: For
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