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Based on Suzuki et al. 2021, A&A 
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https://doi.org/10.1051/0004-6361/202141458
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Purpose and Method 
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- Purpose
Predicting the particle-induced background spectrum of ACIS 
for an arbitrary observation  
Particularly important for diffuse & faint sources

- Method
- Use data in which background is dominant (cal. data & blank-sky: ~8 Ms)
- Investigate the time and spatial dependence of the background spectra
- Develop a tool to predict the background spectral model for an arbitrary 

observation
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Data sets 

4… ~120 observations (~7 Ms)

ACIS-stowed observations

Blank-sky observations

25 observations (~1 Ms)

ACIS out of the 
focus = only 

particle-induced 
background 

events

Chandra Deep 
Field South 

(CDF-S)
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Analysis: spectral model 
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Spectral model includes:
- Al, Si, Ni and Au fluorescence lines as zero-width Gaussians
- “frame store lines” as broad Gaussians
- continuum (power-law, broken power-law, exponential and broad Gaussians)

(Bartalucci et al. 2014) Events produced by 
photons which convert in 

the frame store array  
(not the imaging array)
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Analysis: spatial variation 
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Spatial variation:
- flux and spectral shape (mainly frame store lines) vary along CHIPY axis

(Terry’s IACHEC 2019 slide)
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(Bartalucci et al. 2014)
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Analysis: spatial variation 
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Spatial variation:
- flux and spectral shape (mainly frame store lines) vary along CHIPY axis
- each chip divided into 32 regions along CHIPY, and modeled (phenomenologically)
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Analysis: time variation 
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Time variation:
- ACIS-stowed count rate varies depending on the solar activity
- < 10% variation of hardness ratio is modeled based on ACIS-stowed obs. set

S3, FAINT S3, VFAINT

Gray: S3 particle background: 
https://space.mit.edu/~cgrant/cti/cti120.html

average spec. model

w/ shape modification

Hardness ratio (= spectral shape)

https://space.mit.edu/~cgrant/cti/cti120.html
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Background spectra generation tool: 
mkacispback
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https://github.com/hiromasasuzuki/mkacispback

INPUT: 

level2 fits with analysis region (region file etc.)

Merge the template models  
corresponding to the analysis region 

& 
Hardness ratio modification 

depending on total event rate

OUTPUT: 

local model package

https://github.com/hiromasasuzuki/mkacispback
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mkacispback: demonstration 
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Comparison: data vs. mkacispback 
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Data: total ACIS-stowed & blank-sky observations

<5% accuracy for continuum, < 10% accuracy for lines
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Comparison: data vs. mkacispback 
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Data: observation of a supernova remnant (faint & diffuse source)
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Summary 
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- Particle-induced background of Chandra is investigated 
using 14-year ACIS-stowed & blank-sky observations (~8 Ms in total)


- Spatial & temporal variations are modeled (phenomenologically)

- Background spectrum generation tool mkacispback is developed 

https://github.com/hiromasasuzuki/mkacispback

https://github.com/hiromasasuzuki/mkacispback
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Analysis: time variation 
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Time variation:
- ACIS-stowed data flux showed a negative correlation with the solar activities
- < 10% variation of hardness ratio is modeled based on ACIS-stowed obs. set
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Modeling time variation of spectral shape 
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Free parameters

1–7 keV normalization 

is modified
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Background spectra generation tool: 
mkacispback
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https://github.com/hiromasasuzuki/mkacispback

https://github.com/hiromasasuzuki/mkacispback
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Comparison: data vs. mkacispback 
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Data: total blank-sky observations
- Estimated unresolved CXB intensities (in erg s−1 cm−2 deg−2): 

- 3.10 (2.98–3.21) × 10−12 (2–8 keV)
- 8.35 (8.00–8.70) × 10−12 (1–2 keV)

- consistent with or lower than Hickox & Markevitch (2006), Bartalucci et al. (2014), Luo et al. (2017)

Point-source removed ~7 Msec

blank-sky (CDF-S) image
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