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• Why do we want to observe bright sources with Resolve?


• Why are bright sources challenging?


• What is the best way to observe bright sources?


• What is the best way to analyze bright sources?


• Walkthrough of simulating a bright source for proposing

Agenda



• Some transient and rapidly variable phenomena can only be studied in 
sources with high count rates (high S/N in a short interval)


• XRISM can efficiently study phenomena like disk winds in bright sources

Why observe bright sources?

Cyg X-1

2-10 keV FX > 10-8 erg s-1 cm-2


Miller+ 2002



How Bright is “Bright”?

Flux Array Count Rate Array Count Rate 
(with Gate Valve)

Suboptimal H+Mp 
rate?

CPU Limit 
Effects?

Cross-Talk 
Impact?

<1 mCrab <2 0.4 Check email or go to the bathroom

10 mCrab 20 4 No No No

100 mCrab 200 45 Minor 
(No)

Minor 
(No) No

1 Crab 2,000 450 Yes 
(Yes)

Yes 
(Yes)

Yes 
(Minor)

10 Crab 20,000 4500 Extreme 
(Extreme)

Extreme 
(Extreme)

High 
(High)



Bright Source Challenges



• The fraction of high resolution events is a function of count rate


• The onboard computer (pulse-shape processor; PSP) can only process so 
many events per unit time 


• Electrical cross-talk can degrade event resolution

Why are bright sources challenging?



From Detection to Measurement

X-ray strikes pixel Signal amplified, 
digitized

Event (pulse) 
triggered

HgTe Detector XBOX ADC PSP FPGA PSP CPU

Energy 
measured



How does XRISM measure energy?

• Incident photons produce a pulse with a characteristic shape in the detector 
electronics whose amplitude is proportional to the photon energy


• The pulse-shape processor cross-correlates a normalized pulse template 
with each pulse to measure the amplitude 
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XRISM Calorimeter Grades

Photons separated by >81 ms

Photons arrive too close together, 
optimal filtering not performed

More than one photon in 
the 81 ms window
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Fraction of High-res Events
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• Events are detected in an FPGA board and stored in a memory buffer while 
waiting to be processed


• The PSP computer ingests events (one CPU per quadrant) and performs the 
cross-correlation and recursive searches for secondary events


• If the buffer fills up before the events within are processed, it gets dumped 
(event loss) and starts filling up again


• Bright sources can clog the buffer with low-resolution events and lead to 
further loss of high-resolution events 


• On average, CPUs saturate at ~200 count/s/array (~100 mCrab), or 50 
counts/s/quadrant, which produces 75 H+Mp (“calorimeter-grade”) events/s

CPU Limits



• Signals in the wire from one pixel induce signals in neighboring wires with an amplitude 
proportional to the event energy


• Cross-talk signals are generally too weak to be detected as “events” but add noise that reduces 
the energy resolution of H+Mp events

Cross Talk

Pulse

X-talk Pulse

(shifted derivative, 

0.6% pulse height)



Cross Talk

Cross-talk Rate [ct/s]
0

1

3


10

30

50Tail (depends on 

template)

Broadened 
core

Native FWHM=5 eV

phabs*pow
NH=1022 cm-2

Γ=1.8

 ΔE [eV, FWHM]

phabs(pow+gauss)


NH=1x1021 cm-2

Γ=1.8

Eline=6.4 keV 
Fline=1x10-9 erg/s

FX= 2.4x10-8 erg/s

[2-10 keV]


5 eV native FWHM


1 Crab

Gate Valve Open

Cross talk broadens lines and shifts centroids
Energy resolution in each pixel for an 
on-axis, 1 Crab source due to cross 

talk (native resolution is 5 eV)



Observing Bright Sources



• Goal: Maximize H+Mp event rate


• Off-axis pointing


• Be25 filter, neutral density filter [mostly irrelevant for GV-closed]

Observing Bright Sources



Observing Bright Sources

Cal

Cal

+75”, +75”

On-axis • Off-axis pointing reduces the incident flux 
(normally bad!) but can help maximize 
H+Mp rate


• Sacrificing a quadrant to low-resolution 
events can also help


• heasim already includes a way to estimate 
the H+Mp rate for an input spectrum and the 
PSP limit



Observing Bright Sources

1 Crab

Off-axis

1 Crab

On-axis

H+Mp Rate [counts/s after PSP] H+Mp Rate [counts/s after PSP]

ΣH+Mp=44.8 ΣH+Mp=5.9



Observing Bright Sources

• Power-law spectra typically 
have the largest photon 
flux at low energies. Be25 
filter can remove most 
low-energy photons and 
preserves Fe K region


• Neutral density filter can 
be a good option if the 
source is extremely bright


• Filters, especially Be-25, 
are less useful with the 
gate valve closed



Analyzing Bright Source Data

• Most science cases, focusing on lines/features, simply select only H+Mp events


• Select Clean Events


• Iterate through each pixel and exclude time within ±10 ms of an cross-talk 
parent


• Be wary of very fine velocity structure (compared to line-spread function)


• In some cases, just extract a spectrum from selected pixels to minimize cross 
talk


• Estimate total flux from FPGA data if events are lost


• The FPGA event-finder records the number of events it found without 
measuring energy; lost events have the same energy spectrum



Analyzing Bright Source Data
Incident Count Rate (raw) H+Mp rate (after PSP)

Cross-talk Child Pulse Rate  ΔE [eV, FWHM]

phabs(pow+gauss)


NH=1x1021 cm-2

Γ=1.8

Eline=6.4 keV 
Fline=1x10-9 erg/s

FX= 2.4x10-8 erg/s

[2-10 keV]


5 eV native FWHM


1 Crab

This quadrant has the highest rates 
per pixel…

… and the least cross talk noise



Summary

• We hope and expect proposers to observe bright sources


• Above 100 mCrab (~500 mCrab with the gate valve closed), maximizing the 
high-resolution count rate requires creative observing strategies


• The optimal solution depends on the spectral shape as well as the flux


• Electrical cross-talk can degrade the energy resolution of each pixel in 
different ways. A combination of off-axis pointing and excluding the most 
affected pixels can keep this to a small fraction of the native resolution



APPENDIX



CPU Load



Resolve Count Rate Limits
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Event Processing Diagram

PSP Description Document

125 events 
(read at  

8 Hz)

20.97 s 
recorded


data

256 events

Event candidates detected in the MIO board are stored in an 
“event dual buffer” and read by the SpC board at 8 Hz. When 
events are read in (by proc_pxp_edb), they are distributed among 
pixels into FIFO buffers 1-9. The data stream is also copied over 
and stored in the pxWFRB waveform ring buffer for each pixel.


When an event is ready to be processed, the pxp_calc task runs 
the optimal filtering and other tasks. It reads in the event data, 
locates the event in the WFRB data stream, and processes it. This 
includes checking to see if it’s a real event, categorizing it as high, 
medium, or low-res, searching for secondaries, and measuring the 
energy.


The pxp_calc tasks are run simultaneously. They all have the 
same priority in the operating system for the SpaceCard CPU 
(TOPPERS). Within a priority level, if the CPU has spare capacity 
then it will begin running the next available process. Once a pixel 
has processed an event, that pxp_calc thread schedules itself at 
the back of the queue for its priority level. This is “round robin” 
scheduling.



• Each pixel has a task to process events (pxp_calc[i]), an event log, and a data stream.


• If an event enters the buffer, pxp_calc[i] wakes up and processes it. Afterwards, pxp_calc[i] returns to 
sleep unless there is another event waiting. 


• If there is an event waiting, pxp_calc[i] moves itself to the back of the line. The CPU scheduler activates 
the next task in line as it has capacity. This is ‘round robin’ scheduling. Multiple pxp_calc tasks can be 
active.


• Note that pixels may process different numbers of events. Hp events take longer to process than Lp 
events. If pxp_calc[i] finishes but no other tasks are ‘done,’ the CPU will select pxp_calc[i] next by default. 
This still favors H/M events. 


• Events are lost on a per-pixel basis unless the FPGA event dual buffer overflows. At low count rates, 
pixels may never lose events even at 100% CPU load.


• Live time (per pixel) and H+M rate can be more accurately predicted if we know the CPU load per event.

Event Processing



CPU Load per Event

•Model Hitomi data at moderate/high count rate.


•CPU has 1000 ms to “spend.” Use average count 
rate to estimate CPU load per event. Assume 
each CPU is identical with the same base load.


•Secondary events are found recursively, but we 
measure the average time per event.


•Use periods when count rate exceeds baseline 
(to get many low-res events) but is not saturated 
(“small” SAA).

Tsujimoto 2016, Ishisaki+2018

“Small" SAA

SAA G21.5-0.9 100050010



CPU Load per Event

A0 A1

B1B0

Tsujimoto 2016, Ishisaki+2018

Simple model reproduces Hitomi Crab data



CPU Load per Event

Most points

5-10% of points

• The model is degenerate 
because there are few 
periods where Hitomi 
experienced a moderate 
count rate


• Data stream dominated by 
high-resolution and low-
resolution events


• Better calibration this time 
around


• New model to be 
developed 



Electrical Cross-Talk



xTalk Impact

Kilbourne 2015
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Untriggered X-talk can degrade energy resolution and perturb gain 
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xTalk Impact
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xTalk Impact
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Let be the pulse profile for an event
be the (shifted) X-talk child pulse profile
be the average pulse profile
be the filter template for optimal filtering
be a normalization (144000 for 0.3 eV/channel)

Then is the contaminated pulse

is the PHA

is independent of P(t)

ΔPHA for a 5.9 keV Mn Ka photon as a function of 
xTalk delay relative to measured photon



xTalk Impact

Define the energy resolution

5 eV X-talk
*X-talk broadening is not symmetric 

Illuminate the array with a spectrum, 
folded through the ARF

Assume all X-talk is undetected and 
calculate average number of contaminating 
pulses per event for electrical neighbors. 

Use Poisson sampling and random arrival 
times for 106 simulated events to create 
PHA distribution with native 5 eV. Fit with a 
Gaussian to measure σ and solve for σXT. 

� =
q

�2
RMF + �2

XT
<latexit sha1_base64="Yfa4FLny/Tvpqg7mc3lNqh+qPgE=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QlEQN0KV3qAzDpk004YmM2OSEcowb+LGV3HjQhFx17cxvSxq6w+BP985h+T8fsyoVJY1NHJLyyura/n1wsbm1vaOubvXkFEiMKnjiEWi5SNJGA1JXVHFSCsWBHGfkabfvx7Vm89ESBqFNTWIictRN6QBxUhp5JlnjqRdjuAldOSTUOnk6qWO4PDh7iZ7LMMTOAtbNc0yzyxaJWssuGjsqSmCqaqe+eN0IpxwEirMkJRt24qVmyKhKGYkKziJJDHCfdQlbW1DxIl00/F+GTzSpAODSOgTKjimsxMp4lIOuK87OVI9OV8bwf9q7UQFF25KwzhRJMSTh4KEQRXBUViwQwXBig20QVhQ/VeIe0ggrHSkBR2CPb/yommUS7ZVsu9Pi5WraRx5cAAOwTGwwTmogFtQBXWAwQt4Ax/g03g13o0v43vSmjOmM/vgj4zhL8Twoik=</latexit><latexit sha1_base64="Yfa4FLny/Tvpqg7mc3lNqh+qPgE=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QlEQN0KV3qAzDpk004YmM2OSEcowb+LGV3HjQhFx17cxvSxq6w+BP985h+T8fsyoVJY1NHJLyyura/n1wsbm1vaOubvXkFEiMKnjiEWi5SNJGA1JXVHFSCsWBHGfkabfvx7Vm89ESBqFNTWIictRN6QBxUhp5JlnjqRdjuAldOSTUOnk6qWO4PDh7iZ7LMMTOAtbNc0yzyxaJWssuGjsqSmCqaqe+eN0IpxwEirMkJRt24qVmyKhKGYkKziJJDHCfdQlbW1DxIl00/F+GTzSpAODSOgTKjimsxMp4lIOuK87OVI9OV8bwf9q7UQFF25KwzhRJMSTh4KEQRXBUViwQwXBig20QVhQ/VeIe0ggrHSkBR2CPb/yommUS7ZVsu9Pi5WraRx5cAAOwTGwwTmogFtQBXWAwQt4Ax/g03g13o0v43vSmjOmM/vgj4zhL8Twoik=</latexit><latexit sha1_base64="Yfa4FLny/Tvpqg7mc3lNqh+qPgE=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QlEQN0KV3qAzDpk004YmM2OSEcowb+LGV3HjQhFx17cxvSxq6w+BP985h+T8fsyoVJY1NHJLyyura/n1wsbm1vaOubvXkFEiMKnjiEWi5SNJGA1JXVHFSCsWBHGfkabfvx7Vm89ESBqFNTWIictRN6QBxUhp5JlnjqRdjuAldOSTUOnk6qWO4PDh7iZ7LMMTOAtbNc0yzyxaJWssuGjsqSmCqaqe+eN0IpxwEirMkJRt24qVmyKhKGYkKziJJDHCfdQlbW1DxIl00/F+GTzSpAODSOgTKjimsxMp4lIOuK87OVI9OV8bwf9q7UQFF25KwzhRJMSTh4KEQRXBUViwQwXBig20QVhQ/VeIe0ggrHSkBR2CPb/yommUS7ZVsu9Pi5WraRx5cAAOwTGwwTmogFtQBXWAwQt4Ax/g03g13o0v43vSmjOmM/vgj4zhL8Twoik=</latexit><latexit sha1_base64="Yfa4FLny/Tvpqg7mc3lNqh+qPgE=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QlEQN0KV3qAzDpk004YmM2OSEcowb+LGV3HjQhFx17cxvSxq6w+BP985h+T8fsyoVJY1NHJLyyura/n1wsbm1vaOubvXkFEiMKnjiEWi5SNJGA1JXVHFSCsWBHGfkabfvx7Vm89ESBqFNTWIictRN6QBxUhp5JlnjqRdjuAldOSTUOnk6qWO4PDh7iZ7LMMTOAtbNc0yzyxaJWssuGjsqSmCqaqe+eN0IpxwEirMkJRt24qVmyKhKGYkKziJJDHCfdQlbW1DxIl00/F+GTzSpAODSOgTKjimsxMp4lIOuK87OVI9OV8bwf9q7UQFF25KwzhRJMSTh4KEQRXBUViwQwXBig20QVhQ/VeIe0ggrHSkBR2CPb/yommUS7ZVsu9Pi5WraRx5cAAOwTGwwTmogFtQBXWAwQt4Ax/g03g13o0v43vSmjOmM/vgj4zhL8Twoik=</latexit>

F⌫ ! Ṅi(E)
<latexit sha1_base64="ipYW7xdzP8Df7wbZad6tFjrHJ/U=">AAACCXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVRFFdSwT6gLUMmTdvQTDIkd5QyzNaNv+LGhSJu/QN3/o3pY6GtBwKHc+7h5p4wFtyA5307C4tLyyurubX8+sbm1ra7s1szKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8HFyK/fM224kncwjFk7Ij3Ju5wSsFLg4qsgbckkwy3Ne30gWqsH3OooSG+ygBcvjwK34JW8MfA88aekgKaoBO6XjdMkYhKoIMY0fS+Gdko0cCpYlm8lhsWEDkiPNS2VJGKmnY4vyfChVTq4q7R9EvBY/Z1ISWTMMArtZESgb2a9kfif10yge9ZOuYwTYJJOFnUTgUHhUS24wzWjIIaWEKq5/SumfaIJBVte3pbgz548T2rHJd8r+bcnhfL5tI4c2kcHqIh8dIrK6BpVUBVR9Iie0St6c56cF+fd+ZiMLjjTzB76A+fzByP1mfM=</latexit><latexit sha1_base64="ipYW7xdzP8Df7wbZad6tFjrHJ/U=">AAACCXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVRFFdSwT6gLUMmTdvQTDIkd5QyzNaNv+LGhSJu/QN3/o3pY6GtBwKHc+7h5p4wFtyA5307C4tLyyurubX8+sbm1ra7s1szKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8HFyK/fM224kncwjFk7Ij3Ju5wSsFLg4qsgbckkwy3Ne30gWqsH3OooSG+ygBcvjwK34JW8MfA88aekgKaoBO6XjdMkYhKoIMY0fS+Gdko0cCpYlm8lhsWEDkiPNS2VJGKmnY4vyfChVTq4q7R9EvBY/Z1ISWTMMArtZESgb2a9kfif10yge9ZOuYwTYJJOFnUTgUHhUS24wzWjIIaWEKq5/SumfaIJBVte3pbgz548T2rHJd8r+bcnhfL5tI4c2kcHqIh8dIrK6BpVUBVR9Iie0St6c56cF+fd+ZiMLjjTzB76A+fzByP1mfM=</latexit><latexit sha1_base64="ipYW7xdzP8Df7wbZad6tFjrHJ/U=">AAACCXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVRFFdSwT6gLUMmTdvQTDIkd5QyzNaNv+LGhSJu/QN3/o3pY6GtBwKHc+7h5p4wFtyA5307C4tLyyurubX8+sbm1ra7s1szKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8HFyK/fM224kncwjFk7Ij3Ju5wSsFLg4qsgbckkwy3Ne30gWqsH3OooSG+ygBcvjwK34JW8MfA88aekgKaoBO6XjdMkYhKoIMY0fS+Gdko0cCpYlm8lhsWEDkiPNS2VJGKmnY4vyfChVTq4q7R9EvBY/Z1ISWTMMArtZESgb2a9kfif10yge9ZOuYwTYJJOFnUTgUHhUS24wzWjIIaWEKq5/SumfaIJBVte3pbgz548T2rHJd8r+bcnhfL5tI4c2kcHqIh8dIrK6BpVUBVR9Iie0St6c56cF+fd+ZiMLjjTzB76A+fzByP1mfM=</latexit><latexit sha1_base64="ipYW7xdzP8Df7wbZad6tFjrHJ/U=">AAACCXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVRFFdSwT6gLUMmTdvQTDIkd5QyzNaNv+LGhSJu/QN3/o3pY6GtBwKHc+7h5p4wFtyA5307C4tLyyurubX8+sbm1ra7s1szKtGUVakSSjdCYpjgklWBg2CNWDMShYLVw8HFyK/fM224kncwjFk7Ij3Ju5wSsFLg4qsgbckkwy3Ne30gWqsH3OooSG+ygBcvjwK34JW8MfA88aekgKaoBO6XjdMkYhKoIMY0fS+Gdko0cCpYlm8lhsWEDkiPNS2VJGKmnY4vyfChVTq4q7R9EvBY/Z1ISWTMMArtZESgb2a9kfif10yge9ZOuYwTYJJOFnUTgUHhUS24wzWjIIaWEKq5/SumfaIJBVte3pbgz548T2rHJd8r+bcnhfL5tI4c2kcHqIh8dIrK6BpVUBVR9Iie0St6c56cF+fd+ZiMLjjTzB76A+fzByP1mfM=</latexit>

Ṅi(E) ! �i�1,�i+1
<latexit sha1_base64="o5b5Gd40Hcy9ql2XKgVVysvgNRY=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtcyIosuiCK6kgn1AOwyZTNqGZh4kd5QyzJe48VfcuFBEcKV/Y/pY1NYDgZNz7s3NPV4suALL+jHm5hcWl5ZzK/nVtfWNTXNru6aiRFJWpZGIZMMjigkesipwEKwRS0YCT7C617sa+PUHJhWPwnvox8wJSCfkbU4JaMk1z1p+BOlt5vLi9QFuSd7pApEyesQtoV/xiZvyYzs7mrge2plrFqySNQSeJfaYFNAYFdf80nNoErAQqCBKNW0rBiclEjgVLMu3EsViQnukw5qahiRgykmH62V4Xys+bkdSnxDwUJ3sSEmgVD/wdGVAoKumvYH4n9dMoH3hpDyME2AhHQ1qJwJDhAdZYZ9LRkH0NSFUcv1XTLtEEgo60bwOwZ5eeZbUTkq2VbLvTgvly3EcObSL9lAR2egcldENqqAqougJvaA39G48G6/Gh/E5Kp0zxj076A+M718+/6Hp</latexit><latexit sha1_base64="o5b5Gd40Hcy9ql2XKgVVysvgNRY=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtcyIosuiCK6kgn1AOwyZTNqGZh4kd5QyzJe48VfcuFBEcKV/Y/pY1NYDgZNz7s3NPV4suALL+jHm5hcWl5ZzK/nVtfWNTXNru6aiRFJWpZGIZMMjigkesipwEKwRS0YCT7C617sa+PUHJhWPwnvox8wJSCfkbU4JaMk1z1p+BOlt5vLi9QFuSd7pApEyesQtoV/xiZvyYzs7mrge2plrFqySNQSeJfaYFNAYFdf80nNoErAQqCBKNW0rBiclEjgVLMu3EsViQnukw5qahiRgykmH62V4Xys+bkdSnxDwUJ3sSEmgVD/wdGVAoKumvYH4n9dMoH3hpDyME2AhHQ1qJwJDhAdZYZ9LRkH0NSFUcv1XTLtEEgo60bwOwZ5eeZbUTkq2VbLvTgvly3EcObSL9lAR2egcldENqqAqougJvaA39G48G6/Gh/E5Kp0zxj076A+M718+/6Hp</latexit><latexit sha1_base64="o5b5Gd40Hcy9ql2XKgVVysvgNRY=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtcyIosuiCK6kgn1AOwyZTNqGZh4kd5QyzJe48VfcuFBEcKV/Y/pY1NYDgZNz7s3NPV4suALL+jHm5hcWl5ZzK/nVtfWNTXNru6aiRFJWpZGIZMMjigkesipwEKwRS0YCT7C617sa+PUHJhWPwnvox8wJSCfkbU4JaMk1z1p+BOlt5vLi9QFuSd7pApEyesQtoV/xiZvyYzs7mrge2plrFqySNQSeJfaYFNAYFdf80nNoErAQqCBKNW0rBiclEjgVLMu3EsViQnukw5qahiRgykmH62V4Xys+bkdSnxDwUJ3sSEmgVD/wdGVAoKumvYH4n9dMoH3hpDyME2AhHQ1qJwJDhAdZYZ9LRkH0NSFUcv1XTLtEEgo60bwOwZ5eeZbUTkq2VbLvTgvly3EcObSL9lAR2egcldENqqAqougJvaA39G48G6/Gh/E5Kp0zxj076A+M718+/6Hp</latexit><latexit sha1_base64="o5b5Gd40Hcy9ql2XKgVVysvgNRY=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtcyIosuiCK6kgn1AOwyZTNqGZh4kd5QyzJe48VfcuFBEcKV/Y/pY1NYDgZNz7s3NPV4suALL+jHm5hcWl5ZzK/nVtfWNTXNru6aiRFJWpZGIZMMjigkesipwEKwRS0YCT7C617sa+PUHJhWPwnvox8wJSCfkbU4JaMk1z1p+BOlt5vLi9QFuSd7pApEyesQtoV/xiZvyYzs7mrge2plrFqySNQSeJfaYFNAYFdf80nNoErAQqCBKNW0rBiclEjgVLMu3EsViQnukw5qahiRgykmH62V4Xys+bkdSnxDwUJ3sSEmgVD/wdGVAoKumvYH4n9dMoH3hpDyME2AhHQ1qJwJDhAdZYZ9LRkH0NSFUcv1XTLtEEgo60bwOwZ5eeZbUTkq2VbLvTgvly3EcObSL9lAR2egcldENqqAqougJvaA39G48G6/Gh/E5Kp0zxj076A+M718+/6Hp</latexit>

F⌫ ,�i ! �i
<latexit sha1_base64="AZbq39BSCj/LC9k/3VP5x0fK6VQ=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgupCQi6LIoiMsK9gFNCJPJJB06MwkzE6WEfoIbf8WNC0XcunTn3zhts9DWAwOHc+7hzj1hxqjSjvNtLSwuLa+sVtaq6xubW9v2zm5bpbnEpIVTlspuiBRhVJCWppqRbiYJ4iEjnXBwNfY790Qqmoo7PcyIz1EiaEwx0kYK7KProPBEPjqBHjOpCAUUepImfY2kTB+gp2jCjRjYNafuTADniVuSGijRDOwvL0pxzonQmCGleq6Tab9AUlPMyKjq5YpkCA9QQnqGCsSJ8ovJQSN4aJQIxqk0T2g4UX8nCsSVGvLQTHKk+2rWG4v/eb1cxxd+QUWWayLwdFGcM6hTOG4HRlQSrNnQEIQlNX+FuI8kwtp0WDUluLMnz5P2ad116u7tWa1xWdZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mowtWmdkDf2B9/gClIJz4</latexit><latexit sha1_base64="AZbq39BSCj/LC9k/3VP5x0fK6VQ=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgupCQi6LIoiMsK9gFNCJPJJB06MwkzE6WEfoIbf8WNC0XcunTn3zhts9DWAwOHc+7hzj1hxqjSjvNtLSwuLa+sVtaq6xubW9v2zm5bpbnEpIVTlspuiBRhVJCWppqRbiYJ4iEjnXBwNfY790Qqmoo7PcyIz1EiaEwx0kYK7KProPBEPjqBHjOpCAUUepImfY2kTB+gp2jCjRjYNafuTADniVuSGijRDOwvL0pxzonQmCGleq6Tab9AUlPMyKjq5YpkCA9QQnqGCsSJ8ovJQSN4aJQIxqk0T2g4UX8nCsSVGvLQTHKk+2rWG4v/eb1cxxd+QUWWayLwdFGcM6hTOG4HRlQSrNnQEIQlNX+FuI8kwtp0WDUluLMnz5P2ad116u7tWa1xWdZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mowtWmdkDf2B9/gClIJz4</latexit><latexit sha1_base64="AZbq39BSCj/LC9k/3VP5x0fK6VQ=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgupCQi6LIoiMsK9gFNCJPJJB06MwkzE6WEfoIbf8WNC0XcunTn3zhts9DWAwOHc+7hzj1hxqjSjvNtLSwuLa+sVtaq6xubW9v2zm5bpbnEpIVTlspuiBRhVJCWppqRbiYJ4iEjnXBwNfY790Qqmoo7PcyIz1EiaEwx0kYK7KProPBEPjqBHjOpCAUUepImfY2kTB+gp2jCjRjYNafuTADniVuSGijRDOwvL0pxzonQmCGleq6Tab9AUlPMyKjq5YpkCA9QQnqGCsSJ8ovJQSN4aJQIxqk0T2g4UX8nCsSVGvLQTHKk+2rWG4v/eb1cxxd+QUWWayLwdFGcM6hTOG4HRlQSrNnQEIQlNX+FuI8kwtp0WDUluLMnz5P2ad116u7tWa1xWdZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mowtWmdkDf2B9/gClIJz4</latexit><latexit sha1_base64="AZbq39BSCj/LC9k/3VP5x0fK6VQ=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgupCQi6LIoiMsK9gFNCJPJJB06MwkzE6WEfoIbf8WNC0XcunTn3zhts9DWAwOHc+7hzj1hxqjSjvNtLSwuLa+sVtaq6xubW9v2zm5bpbnEpIVTlspuiBRhVJCWppqRbiYJ4iEjnXBwNfY790Qqmoo7PcyIz1EiaEwx0kYK7KProPBEPjqBHjOpCAUUepImfY2kTB+gp2jCjRjYNafuTADniVuSGijRDOwvL0pxzonQmCGleq6Tab9AUlPMyKjq5YpkCA9QQnqGCsSJ8ovJQSN4aJQIxqk0T2g4UX8nCsSVGvLQTHKk+2rWG4v/eb1cxxd+QUWWayLwdFGcM6hTOG4HRlQSrNnQEIQlNX+FuI8kwtp0WDUluLMnz5P2ad116u7tWa1xWdZRAfvgABwDF5yDBrgBTdACGDyCZ/AK3qwn68V6tz6mowtWmdkDf2B9/gClIJz4</latexit>

in pixel i  

Since σ depends only on X-talk rate and 
spectrum, can calculate a single σ per pixel. 

* Caveats: Assume no removal of known X-talk contamination, no secondary searches, Hp templates only, used a single pulse, X-talk, average pulse, 
and filter template for just one pixel. 



• Let’s try it for an example spectrum

xTalk Impact

phabs(pow+gauss)


NH=1x1021 cm-2

Γ=1.8

Eline=6.4 keV 
(flux is scaled as needed)


xarm_res_h5V_20170818.rmf

xarm_res_pnt_pa_20170818.arf



On-axis Line Broadening
Incident Count Rate (raw) H+Mp rate (after PSP)

X-talk Child Pulse Rate  ΔE [eV, FWHM]

phabs(pow+gauss)


NH=1x1021 cm-2

Γ=1.8

Eline=6.4 keV 
Fline=1x10-9 erg/s

FX= 2.4x10-8 erg/s

[2-10 keV]


5 eV native FWHM


1 Crab



Off-axis Line Broadening
Incident Count Rate (raw) H+Mp rate (after PSP)

X-talk Child Pulse Rate  ΔE [eV, FWHM]

phabs(pow+gauss)


NH=1x1021 cm-2

Γ=1.8

Eline=6.4 keV 
Fline=1x10-9 erg/s

FX= 2.4x10-8 erg/s

[2-10 keV]


5 eV native FWHM


1 Crab



Spectral Hardness

X-talk contamination is 
worse for a given photon flux 
with a harder spectrum.


The saving grace is that a 
harder spectrum will likely 
have a lower photon flux. 

 ΔE [eV, FWHM]  ΔE [eV, FWHM]

phabs(pow+gauss)


NH=1x1021 cm-2

Γ=1.8

Eline=6.4 keV

phabs(pow+gauss)


NH=1x1023 cm-2

Γ=1.8


Eline=6.4 keV

~3 Crab1 Crab



Centroid Shifts

 ΔE [eV, Centroid Shift]

The line profile is not 
strictly Gaussian, and 
fitting it with a Gaussian 
will lead to centroid shift 
errors that increase with 
X-talk rate. 

1 Crab, off-axis source from above



xTalk Impact at 1 Crab

Velocity Broadening: 

Centroiding:

Absorption Line  
Sensitivity:

�XT =
q
�2
obs � �2

RMF 2 [0, 1.4] eV
<latexit sha1_base64="h2cZom/OB2PeMHeHdiIhORV7DWY="></latexit><latexit sha1_base64="h2cZom/OB2PeMHeHdiIhORV7DWY="></latexit><latexit sha1_base64="h2cZom/OB2PeMHeHdiIhORV7DWY="></latexit><latexit sha1_base64="h2cZom/OB2PeMHeHdiIhORV7DWY="></latexit>

0-65 km/s at Fe Kɑ

�E 2 [0, 1] eV
<latexit sha1_base64="2lJapwiYrI7WVKFX81a+YCgWWMI=">AAACE3icbVDJSgNBEO2JW4zbqEcvjUEQkTATBD0GF/AYwSyQGUJPp5I06e4ZunuEMOQfvPgrXjwo4tWLN//GznLQxAcFj/eqqKoXJZxp43nfTm5peWV1Lb9e2Njc2t5xd/fqOk4VhRqNeayaEdHAmYSaYYZDM1FARMShEQ2uxn7jAZRmsbw3wwRCQXqSdRklxkpt9yS4Bm4IvsEBk7jlnfohDvo6IRQyr1SmYoSzQAkM9VHbLXolbwK8SPwZKaIZqm33K+jENBUgDeVE65bvJSbMiDKMchgVglSDXTQgPWhZKokAHWaTn0b4yCod3I2VLWnwRP09kRGh9VBEtlMQ09fz3lj8z2ulpnsRZkwmqQFJp4u6KccmxuOAcIcpoIYPLSFUMXsrpn2iCDU2xoINwZ9/eZHUyyXfK/l3Z8XK5SyOPDpAh+gY+egcVdAtqqIaougRPaNX9OY8OS/Ou/Mxbc05s5l99AfO5w+rB5wo</latexit><latexit sha1_base64="2lJapwiYrI7WVKFX81a+YCgWWMI=">AAACE3icbVDJSgNBEO2JW4zbqEcvjUEQkTATBD0GF/AYwSyQGUJPp5I06e4ZunuEMOQfvPgrXjwo4tWLN//GznLQxAcFj/eqqKoXJZxp43nfTm5peWV1Lb9e2Njc2t5xd/fqOk4VhRqNeayaEdHAmYSaYYZDM1FARMShEQ2uxn7jAZRmsbw3wwRCQXqSdRklxkpt9yS4Bm4IvsEBk7jlnfohDvo6IRQyr1SmYoSzQAkM9VHbLXolbwK8SPwZKaIZqm33K+jENBUgDeVE65bvJSbMiDKMchgVglSDXTQgPWhZKokAHWaTn0b4yCod3I2VLWnwRP09kRGh9VBEtlMQ09fz3lj8z2ulpnsRZkwmqQFJp4u6KccmxuOAcIcpoIYPLSFUMXsrpn2iCDU2xoINwZ9/eZHUyyXfK/l3Z8XK5SyOPDpAh+gY+egcVdAtqqIaougRPaNX9OY8OS/Ou/Mxbc05s5l99AfO5w+rB5wo</latexit><latexit sha1_base64="2lJapwiYrI7WVKFX81a+YCgWWMI=">AAACE3icbVDJSgNBEO2JW4zbqEcvjUEQkTATBD0GF/AYwSyQGUJPp5I06e4ZunuEMOQfvPgrXjwo4tWLN//GznLQxAcFj/eqqKoXJZxp43nfTm5peWV1Lb9e2Njc2t5xd/fqOk4VhRqNeayaEdHAmYSaYYZDM1FARMShEQ2uxn7jAZRmsbw3wwRCQXqSdRklxkpt9yS4Bm4IvsEBk7jlnfohDvo6IRQyr1SmYoSzQAkM9VHbLXolbwK8SPwZKaIZqm33K+jENBUgDeVE65bvJSbMiDKMchgVglSDXTQgPWhZKokAHWaTn0b4yCod3I2VLWnwRP09kRGh9VBEtlMQ09fz3lj8z2ulpnsRZkwmqQFJp4u6KccmxuOAcIcpoIYPLSFUMXsrpn2iCDU2xoINwZ9/eZHUyyXfK/l3Z8XK5SyOPDpAh+gY+egcVdAtqqIaougRPaNX9OY8OS/Ou/Mxbc05s5l99AfO5w+rB5wo</latexit><latexit sha1_base64="2lJapwiYrI7WVKFX81a+YCgWWMI=">AAACE3icbVDJSgNBEO2JW4zbqEcvjUEQkTATBD0GF/AYwSyQGUJPp5I06e4ZunuEMOQfvPgrXjwo4tWLN//GznLQxAcFj/eqqKoXJZxp43nfTm5peWV1Lb9e2Njc2t5xd/fqOk4VhRqNeayaEdHAmYSaYYZDM1FARMShEQ2uxn7jAZRmsbw3wwRCQXqSdRklxkpt9yS4Bm4IvsEBk7jlnfohDvo6IRQyr1SmYoSzQAkM9VHbLXolbwK8SPwZKaIZqm33K+jENBUgDeVE65bvJSbMiDKMchgVglSDXTQgPWhZKokAHWaTn0b4yCod3I2VLWnwRP09kRGh9VBEtlMQ09fz3lj8z2ulpnsRZkwmqQFJp4u6KccmxuOAcIcpoIYPLSFUMXsrpn2iCDU2xoINwZ9/eZHUyyXfK/l3Z8XK5SyOPDpAh+gY+egcVdAtqqIaougRPaNX9OY8OS/Ou/Mxbc05s5l99AfO5w+rB5wo</latexit>
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Fractional 
sensitivity

Ground testing with the MXS (Porter 2015, 
Kilbourne 2015) found FWHM~6.1 eV at an 
X-talk rate of 20 counts/s. We estimate 
FWHM<5.5 eV for the same rate. Why?


The MXS provides Cu and Cr K lines (8.4 and 
5.4 keV), which are significantly more 
energetic than the average photon from a 
Crab-like spectrum.


If we use the MXS spectrum, we recover a 
consistent result. However, note that the 
actual energy resolution depends 
quadratically on the event energy. 



• Pointing jitter, source variability, or bursting could make xTalk behave 
unpredictably


• Jointly fitting data from most pixels may require iterative fitting to constrain 
xTalk and true velocity structure (which should not differ between pixels for a 
point source!)

xTalk Analysis Caveats



PSF



PSF Calibration

Proposed bright  
source aim point

On-axis 1.75’ Off-axis

8’ Off-axis

3’ Off-axis

4.5’ Off-axis 6’ Off-axis

PSF structure is similar with off-axis angle up to 8’ off-axis… but it is 
highly structured, so we need to know to high fidelity where the counts in 
the wings will fall



• PSF was calibrated on the ground near a likely bright source aim point and 
at nearby angles


• PSF calibration data form inputs to the XRISM ray trace that accounts for all 
the elements in the optical path and should be used to create simulations 
(e.g., via xrtraytrace)


• The PSF calibration is expected to be validated on orbit, but the PSF will not 
be measured in detail unless the validation fails, as it will be somewhat 
degenerate with effective area

PSF Calibration



Vignetting

Iizuka+ 2018

For off-axis pointing where the PSF core still falls on Resolve, 
vignetting is a much smaller factor than the off-detector flux.

Hitomi


