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NOTE to editors: These documents are updated as needed, e.g. when the relevant CALDB files, or 
the relevant calibration data analysis, is revised.  
 
This document must include the CalDB file name, an explanation of how the data were collected 
and the analysis conducted and, if using standard Ftools, the software version number. All 
revisions are consolidated into the same document to maintain a full record of all changes.   
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1 Introduction 
 
1.1 Purpose 
 
This document describes how the XRISM Xtend ground/inflight calibration data to calculate the 
Pulse Invariant (PI) by the ground software was derived.  
 
1.2 Scientific Impact 
 
The final PI assignment is determined by the ftool xtdpi using the information of the gain 
difference in the odd and even columns and the gain variation due to the video board temperature 
(Vtevenodd), the Charge Trail, Charge Transfer Inefficiency (CTI), and finally, the detector gain 
correction. Accordingly, this document covers four CalDB files. 
 
1.3 Brief description of each CalDB file 
 
a) Vtevenodd 
This CalDB file covers two calibration items: gain correction due to video board temperature and 
gain difference between the even and odd columns. The former compensates for the temperature 
dependency of the gain. Regarding the latter, signals of pixels in even and odd columns are read 
by different ASICs. Therefore, those signals are adapted by different gains, which should be 
corrected before the PHA calculation.  
 
b) Charge Trail 
When an X-ray charge is transferred from pixel to pixel, a fraction of the charge remains in the 
original pixel due to the charge transfer inefficiency. This causes a “charge trail” in the succeeding 
pixel, and it should be considered when calculating the PHA values.  
 
c) CTI 
Some fraction of the charge is not read in 3x3 pixels and cannot be compensated even with the 
charge trail correction. The Charge injection (CI) technique is employed to reduce this, but there 
remains small (but non-negligible) loss of charge during the transfer that depends on the pixel 
positions. The CTI correction corrects this position-dependent remaining charge loss. The 
correction (called gfactor) depends on grade, and several parameters are employed to represent 
this grade-dependence of the CTI correction.  
 
Even after applying the CTI correction with gfactor, there remains a difference in PHA values 
among Grades. Therefore, another position-independent correction (goffset) is employed. The 
parameters of goffset are also stored in the CalDB file for the CTI correction. 
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d) Gain 
This CalDB file is used for detector gain correction to convert from PHA to PI. PHA is the sum of 
the pulse heights of each pixel (PH) of a given event. PI (pulse invariant) is an invariant channel 
converted to X-ray energy; E= PI x 6.0 [eV]1.  
 
2 Release CalDB 20181205 to 20200426 
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery 
date 

Comment 

xa_xtd_vtevnodd_20140101vh003.fits 
xa_xtd_chtrail_20140101vh002.fits 
xa_xtd_cti_20140101vh003.fits 
xa_xtd_gain_20140101vh003.fits 

20140101 
00:00 UT 

Hitomi CalDB 20160218 N/A  

 
2.1 Data Description  
The parameters and functions in the vtevnodd, chtrail, CTI, and gain CalDB files released on 
20181205 to 20200426 (CalDB Build 1 to Build 3), are exactly the same as the corresponding 
parameters and functions in CalDB 20160218 for Hitomi/SXI. Relevant keywords have been 
modified for XRISM.  
 
3 Release CalDB 20210927 
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery 
date 

Comment 

xa_xtd_vtevnodd_20190101v001.fits 
xa_xtd_chtrail_20190101v001.fits 
xa_xtd_cti_20190101v001.fits 
xa_xtd_gain_20190101v001.fits 

20190101 
00:00 UT 

xa_xtd_vtevnodd_20210325v001.fits 
xa_xtd_chtrail_20210325v001.fits 
xa_xtd_cti_20210325v001.fits 
xa_xtd_gain_20210325v001.fits 

2021-03-26  

 
3.1 Data and File Description  
The CalDB files of this release are based on the FM Subsystem integration test obtained in 2020/12 
at MHI. We integrated CCD chips in the SXI subsystem, cooled the chips at -110 degC, and 
obtained raw frame data in the experiment. The X-ray emission line of Mn-K (5.90 keV) was 
irradiated during the experiment. We also referred to data taken at Osaka University in 2019/09 
(where emission lines of O-K, F-K, Al-K, Si-K, Fe-K, and Np-L were irradiated) to obtain the 
energy dependence of parameters. VT correction has not been updated, and parameters are set to 
0. 
 
Below we describe how the files have been updated for our records. Since the CCDs were later 
replaced due to an “anomalous charge issue”, the description of the data analysis is minimal, and 
that of the correction is also minimal. Please see Section 4 (Release of CalDB 20220630, Build 5) 
for details of the correction. 

 
1 This gain of 6.0 [eV/ch] is used to display PI spectra with "setplot energy" option in Xspec. Please note that the 
central channel of the primary Gaussian component (PI_center) is not exactly proportional to the incident X-ray energy 
(EX); there can be a jump in PI_center/EX ratio. In that sense, the gain (6.0 [eV/ch]) is a global value. See "XRISM-
XTEND-CALDB-XTDRMFPARM" for more details. 
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a) Vtevenodd 
While VT correction parameters have been set to “0”, those of even-odd correction are updated by 
using FM calibration data obtained in 2020/12. The File format is identical to the Hitomi CalDB 
file. 
 
b) Charge Trail 
Values are updated by using FM calibration data obtained in 2020/12. With respect to the previous 
release, PH_CUT column is renamed as TRAIL_PHCUT. 
 
c) CTI 
On the position-dependent CTI correction (gfactor), we have made the following updates: 

• PH_CUT column is renamed as CTI_PHCUT 
• Add & change column names of CTI parameters (F: fast, S: Slow, A: anomaly, IM: 

imaging area, FS: frame store). 
• new: PARA_F_FS_{NORM,FRAC,SCALE,INDEX} 
• change: from “PARA_F_{NORM,PROB,SCALE,INDEX}” to  

“PARA_F_IM_{NORM,FRAC,SCALE,INDEX}” 
• change: from “PARA_S_{NORM,PROB,SCALE,INDEX}” to 

“PARA_S_FS_{NORM,FRAC,SCALE,INDEX}” 
• change: from “PARA_A_{NORM,PROB,SCALE,INDEX}” to 

“PARA_A_IM_{NORM,FRAC,SCALE,INDEX}” 
On the position-independent correction to solve discrepancies among grades (goffset), we have 
added a new column "GOFFSET_PHCUT" to limit GOFFSET value in lower energy side. 
The calibration parameters are determined/updated by analyzing FM calibration data obtained in 
2020/12 
 
d) Gain 
Calibration parameters are updated by using FM calibration data obtained in 2020/12. The file 
format is identical to Hitomi CALDB. 
 
4 Release CalDB 20220630 
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery 
date 

Comment 

N/A 20190101 
00:00 UT 

xa_xtd_vtevnodd_20210401v001.fits 2021-11-30 not used 

xa_xtd_vtevnodd_20190101v002.fits 20210401 
00:00 UT 

xtend_caldb_vtevnodd_20220404_VT_corrcted.fits 2022-04-04 Build 5 

N/A 20190101 
00:00 UT 

xa_xtd_chtrail_20210401v001.fits 2021-11-30 not used 

N/A 20190101 
00:00 UT 

xa_xtd_cti_20210401v003_g0_mfactor_gfactor_goffset.fits 2021-11-30 not used 

N/A 20190101 
00:00 UT 

xa_xtd_gain_20210401v001.fits 2021-11-30 not used 
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xa_xtd_chtrail_20190101v002.fits 20210401 
00:00 UT 

xa_xtd_chtrail_20190101_20220107.fits 2022-01-07 Build 5 

xa_xtd_cti_20190101v002.fits 20210401 
00:00 UT 

xa_xtd_cti_20190101v004_g0_mfactor_gfactor_goffset.fits 2022-01-07 Build 5 

xa_xtd_gain_20190101v002.fits 20210401 
00:00 UT 

xa_xtd_gain_20190101_20220107.fits 2022-01-07 Build 5 

 
There were two deliveries of charge trail, CTI, and gain CalDB data for this CalDB release. The 
final release used the 2021-11-30 delivery of VT and even/odd data and the 2022-01-07 delivery 
of charge trail, CTI, and gain data. These data are described below. Other delivered data were not 
used (marked ‘not used’ in the ‘Comment’ column above); they are not described below. 
 
4.1 Data Description  
 
a) Vtevenodd 
The VT dependence was measured at Kanto-Gakuin University in 2018 December using FM 
ASIC. The even/odd gain difference was measured at JAXA's Tsukuba Space Center (TKSC) as 
a part of the FM SXI-S cooling test in 2021 September.  
 
b) Charge Trail 
The data were taken at Osaka University in 2021 April using FM CCD. We irradiated F-K (0.68 
keV), Al-K (1.49 keV), Si-K (1.74 keV), Mn-K (5.90 keV), and Np-L (13.94 keV) lines. 
Additional data were taken at TKSC as a part of the FM SXI-S cooling test in 2021 September 
(Mn-K; 5.90 keV). 
 
c) CTI 
We used the same data as that for charge trail correction. 
 
d) Gain 
We used the data taken at TKSC as a part of the FM SXI-S cooling test in 2021 September. 
 
4.2 Data Analysis and Results  

 
a) Vtevenodd 
We use the same VT correction formula as that for Hitomi. The ratio of the gain is 
 
C=1+(Norm/PH_ref)*[(VT-offset)^index-(VT_ref-offset)^index], 
 
where VT and VT_ref are the temperature of the board and the reference temperature, respectively. 
Norm, offset, and index are the fit parameters. The corrected value of PH (ADC value of each 
pixel) is calculated as PH_corr = PH/C. We determined the parameters based on the test in 2018 
December (at Kanto-Gakuin University). The temperature dependence was exemplified in Figure 
4-1. 
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We extracted Grade 0 events from the FM SXI-S cooling test (2021 September) data (Fe-55), and 
obtained the Gaussian centers for even/odd events separately in PH channel (PHA=PH since we 
used Grade0 events). We determined the correction parameters to reduce the difference of the PH 
values between data in even and odd columns (Fig.4-2). Here, we used a linear function (PHA_corr 
= a*PHA), and stored the coefficient as GAIN_LINR.  
 
Both VT correction and even/odd correction parameters are the final ones based on the ground 
calibration; we will not update them before the launch. 

 

  
 
Figure 4-1: An example of the temperature dependencies of the video board gain (blue) with a 
model curve (green) overlaid. 
 

 
Fig.4-2: Grade 0 spectra of 55Fe data taken with CCD2CD before and after applying even/odd 
correction. Individual even/odd gains were measured (left) and corrected (right) for each CCD 
chip  segment by segment. Readnode dependence of parameters has also been measured and 
stored in this CalDB. 
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b) Charge Trail 
The formulae of the charge trail correction are shown in Appendix A. The amount of charge trail 
depends on the number of transfers and photon energies, and we used FM CCD test data at Osaka 
University and TKSC. Dark frame data were generated from raw frame data using the same 
algorithm for the SXI electronics, and were used to determine the parameters. Fig. 4-3 shows an 
example of the charge trail correction. The parameters were finalized on the ground calibration 
test results and will not be updated before the launch. 
 

 
 
Fig.4-3 The left panel shows PH shifts of preceding (blue) and succeeding (yellow) pixels of Fe-
55  events. PHs of succeeding pixels are shifted to positive due to the charge trail, and the amount 
of shift depends on the number of transfers (ACTY). The right panel shows the same plots as 
shown in the left but after the trail correction. 
 
 
c) CTI 
To measure the position-dependent CTI effect, spectra of each ACTY position were extracted for 
each Grade and fitted with Gaussians. The same calibration data as those for charge trail correction 
were used. From Hitomi, we have updated the CTI correction method; in the new method, CTI is 
assumed to depend not only on the transfer time but also on the area. See Kanemaru et al. 2020 
([1]) for details. 
 
Fig. 4-4a shows the best-fit center values of the Fe-55 line of Grade 0 events. From the data, 
parameters to compensate for the position dependence were derived. After the correction of CTI, 
the emission lines became flat as shown in Fig. 4-4b. Adequate values of the CTI correction depend 
on the grade, and specific parameters to compensate this grade-dependence (gfactor) were also 
derived and stored in CalDB.  
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Fig.4-4 a) Left and b) right panels show a PH of each line (for Mn-K) of Grade 0 events as a 
function of the number of transfers (ACTY) before and after CTI correction, respectively. Before 
the correction, a saw-tooth shape is seen due to the periodic charge-injection (CI) technique.  
 
Even after applying vtevenodd, charge trail, and CTI (w/ gfactor) corrections, there remains 
difference of PHA values among Grades. Therefore, we obtained F-, Al-, Si-, and M-K spectra of 
each Grade and applied an additional, position-independent but grade-dependent offset correction 
(called goffset) so that the peak of each Grade is the same as that of Grade 6. In Fig. 4-5, we 
compare the PHA of each grade with the sum of nine PH values (this should be grade independent) 
subtracted. We observe the difference among grades that depends on energy. We took account of 
the energy dependence and stored parameters for the correction, such as GOFFSET_ALn, 
GOFFSET_AMn, and GOFFSET_AHn (n: integer), in this CalDB file. 
 
The CTI correction parameters (those to correct position dependence, gfactor, and goffset) are 
final based on the ground calibration data, and will not be updated before the launch.  
 

    
 
Fig.4-5: (Left) Comparison of PHA values of each Grade, after subtracting the sum of 9 
PH values for all good grades as a reference. Model curves are overlaid as dotted lines, and 
are used to correct the difference. Goffset correction parameters depend on energy range, 
and “EBL” shows a lower energy boundary.  PHA values of Mn K line for each Grade 
before (middle) and after (right) the goffset correction, as a function of the number of 
transfers (ACTY). 
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d) Gain 
Finally, we used FM SXI-S cooling test data (at TKSC) and extracted the PHA spectra for Mn-K 
emission line. We adopted a quadratic function (PI=a+b*PHA+c*PHA2) to convert PHA to PI 
(Fig. 4-6). We took account of the energy dependence and stored the parameters as 
OFFSET_{LOW, MED, HI}, LINR_{LOW, MED, HI}, QUAD_{LOW, MED, HI}, and 
BOUND_{LM, MH} in the CalDB file. The current analysis does not fully consider the response 
function (RMF). Also, it uses only the Fe-55 line, and hence some parameters have been set to 0. 
They will be updated in the near future (before the launch). Also, the readnode dependence has 
not yet been taken into account (the same values have been filled) in this version; it will be taken 
into account after the launch. 

 
Fig.4-6: The relationship between measured peak values (PHA) and expected ones (PI) for 
F, Al, Si, and Mn. A linear function is adopted to convert PHA to PI.  
 
Corrected spectrum 
Fig.4-7 shows the Fe-55 spectra of good-Grade events before and after applying all the corrections 
described above. The line center is 982 ch, corresponding to the Mn Kalpha energy 5.90 keV. 

 
Fig.4-7: Fe-55 spectra are shown in blue and orange before and after applying the 
corrections, respectively.  
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4.3 Final remarks 
 
This is the first release of the CalDB files after the FM-CCDs were replaced. 
 
5 Release CalDB 20221201 
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery date Comment 

xa_xtd_gain_20190101v003.fits 20210401 
00:00 UT  

xtend_caldb_gain_20220730.fits 
 

2022-07-30 Build 5a 

 
The overall gain CalDB file was updated using ground calibration data and delivered from IT to 
SOT in July 2022. 
 
5.1 Data Description  
 
We used the data of the ground calibration test of FM CCD chips (at Osaka University in April 
2021) and the FM SXI-S cooling test (at TKSC in September 2021). 
 
5.2 Data Analysis 
 
As we did for the Build 5 CalDB files (release CalDB 20220630), we extracted the PHA spectra 
of radioisotope emission lines and adopted the quadratic function (PI=a+b*PHA+c*PHA2) to 
convert PHA to PI. We improved the analysis, by taking account of the energy response (rmf) and 
using more emission lines (O-, F-, Al-, Si-, Mn-, and Np-Kalpha lines and Mn-Kbeta line); all 
parameters (OFFSET_{LOW, MED, HI}, LINR_{LOW, MED, HI}, QUAD_{LOW, MED, HI}, 
and BOUND_{LM, MH}) were determined and stored in the CalDB file. The readnode 
dependence is yet to be included after the launch. 
 
6 Release CALDB 20240815  
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery date Comment 

xa_xtd_chtrail_20190101v003.fits 20210401 
00:00 UT  

xa_xtd_chtrail_20190101_20240501.fits 2024-05-01  

 
The charge trail CalDB file was updated and delivered from IT to SOT in May 2024. 
 
6.1 Data Description  
 
The values in the column TRAIL_PHCUT in the “chtrail” CalDB file were changed from 0 to 1 
in order to mitigate a charge-trail over-correction problem.  
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7 Release CALDB 20250915 
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery date Comment 

xa_xtd_chtrail_20190101v004.fits 20210401 
00:00 UT  

xtend_caldb_chtrail_20250507.fits 2025-05-07  

xa_xtd_cti_20190101v003.fits 20210401 
00:00 UT  

xtend_caldb_cti_20250507.fits 2025-05-07  

xa_xtd_gain_20190101v004.fits 20210401 
00:00 UT  

xtend_caldb_gain_20250507.fits 2025-05-07  

 
Gain-related CalDB files were updated using in-orbit data and delivered from IT to SOT in May 
2025. 
 
7.1 Data Description  
 
a) Charge Trail 
Parameters were updated based on the in-orbit calibration using data from the PV phase. This 
CalDB file includes time dependence. 
 
b) CTI 
Parameters were updated based on the in-orbit calibration using data from the PV phase. This 
CalDB file includes time dependence. 
 
c) Gain 
Parameters were updated based on the in-orbit calibration using data from the PV phase. This 
CalDB file does not include time dependence. 
 
7.2 Data Analysis and Results  
 
a) Charge Trail 
This CalDB file includes the time dependence of the parameters based on PV data, using an Mn 
Kalpha line for segments illuminated by the calibration source and strong Fe K lines of 
astrophysical diffuse sources for other segments. The time dependence until the end of the PV 
phase (August 2024) is an interpolation based on the measurements. After that, parameters are 
extrapolated up to August 2025. Figure 6-1 demonstrates that this CalDB file works well. 
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Fig. 6-1: Comparison of mean channels of ph2 (the preceding vertical pixel) and ph7 (the 
trailing vertical pixel) before (left) and after (right) the charge trail correction.  
 
b) CTI 
This CALDB file includes the time dependence of the parameters based on PV data. Using the Mn 
Kalpha line for segments illuminated by the calibration source and strong Fe K lines of 
astrophysical diffuse sources for other segments, we measured the time dependence until the end 
of the PV phase (August 2024).  As indicated by Figure 6-2, the CTI is properly corrected, and the 
center value of the line is generally kept constant until August 2024. The time dependence is 
extrapolated up to August 2025. The CTI trend changed slightly in November 2024 due to MIO2 
restart, and thus the center energy of the Mn Kalpha line was slightly altered (<~ 1ch), but this 
change has not been taken into account in this CalDB. 
 

 
Fig. 6-2: Time history of the CTI-corrected pulse height of the Mn Kalpha line of the 
calibration source. A vertical line indicates the date when the CI row positions were 
changed.  
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Through simulation, we revealed that the main cause of the position-independent but grade-
dependent PHA difference among grades (corrected by goffset) is the noise of the CCD (Aoki et 
al. 2023; [2]). Accordingly, we adjusted the noise and obtained phenomenological functions to 
reproduce the observed PHA difference (Fig. 6-3). 

Fig. 6-3: (left) The gain difference between grade 0 and 6 as a function of PHA for two 
representative values of the noise. (right) Measured gain difference and phenomenological model 
functions tuned to reproduce the data.   
 
c) Gain 
Gain of the on-axis segment (CCD2CD) was calibrated over the broad energy range (0.5-7 keV) 
using the in-orbit astrophysical data, and the gain of other segments was calibrated only around 
the Fe K line energy using the Perseus data and the calibration source. As indicated by Fig. 6-4, 
the difference between the measured and reference energy is at the 0.3% level after the gain 
correction.  
 

 
 
Fig. 6-4: Ratio of the fitted energy and the reference energy after the gain correction as a function 
of the energy. Two panels show the same data but with different vertical axis scales. 
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8 Release CALDB 20260315 
 

CalDB Filename Validity 
date 

 File(s) as internally delivered Delivery date Comment 

xa_xtd_chtrail_20190101v005.fits 20210401 
00:00 UT  

 xtend_caldb_chtrail_20260123.fits 2026-01-23  

xa_xtd_cti_20190101v004.fits 20210401 
00:00 UT  

xtend_caldb_cti_20260123.fits 2026-01-23  

 
Gain-related CalDB files were updated using in-orbit data and delivered from IT to SOT in Jan 
2026. 
 
8.1 Data Description  
 
a) Vtevenodd 
No update on the calibration parameters (no file delivered). 
 
b) Charge Trail 
Parameters were updated to include temporal change based on the in-orbit calibration. 
 
c) CTI 
Parameters were updated to include temporal change based on the in-orbit calibration. 
 
a) Gain 
No update on the calibration parameters (no file delivered). 
 
8.2 Data Analysis and Results  

 
a) Vtevenodd 
No update on the calibration parameters. 
 
b) Charge Trail 
We observed a gradual change in the charge-trail-related and CTI-related calibration parameters. 
In addition, there was a jump in those parameters at MIO2 restart (November 2024). This CALDB 
file provides charge-trail-related parameters based on in-orbit calibration using a calibration source 
and strong Fe K lines from diffuse sources. The time dependence from July 2025 to August 2026 
was obtained by extrapolating the observed trend. 
All the segments were calibrated individually. Calibration source events were used for segments 
illuminated by the calibration source, and strong Fe K lines events were used for CCD2CD (aim 
point). Weak Fe K lines were used for other segments, and therefore, the uncertainty is large. 
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Fig.7-1: Trends of Norm_V of eight segments. We observe jumps at MIO2 reset. 
 
c) CTI 
We observed a gradual change in the charge-trail-related and CTI-related calibration parameters. 
In addition, there was a jump in those parameters at MIO2 restart (November 2024). This CALDB 
file provides CTI-related parameters. See description in item (b) for details. 
 
 
 

  

 

 

 
Fig. 7-2: Trends of fim_norm, sfs_norm, and ffs_norm of 8 segments. We observe jumps 
at MIO2 reset.  
 



Xtend Total Gain Correction XRISM_XTEND_CALDB_ALLGAIN 
 Revision - 

     Effective Date: 2026-07-21   
 

15 

d) Gain 
No update on the calibration parameters. 
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A. Charge trail correction formula 
We show the formula of the charge trail correction below. See E. Isoda’s master thesis for details. 

• phtrail_h_pre = ph4*norm_h*(ph4/PH_REF)**index_h*(rawx+1+HUCLEGTH+offset_h) 
• phtrail_v_pre = ph2*norm_v*(ph2/PH_REF)**index_v*(acty+IMGHEGHT+offset_v) 
• ph4 = ph4+phtrail_h_pre, ph2 = ph2+phtrail_v_pre, ph0 = ph0-phtrail_h_pre-phtrail_v_pre 
• phtrail_h_post = ph0*norm_h*(ph0/PH_REF)**index_h*(rawx+1+HUCLEGTH+offset_h) 
• phtrail_v_post = ph0*norm_v*(ph0/PH_REF)**index_v*(acty+IMGHEGHT+offset_v) 
• ph5 = ph5-phtrail_h_post, ph7 = ph7-phtrail_v_post, ph0 = ph0+phtrail_h_post+phtrail_v_post 
• corr = (eslope*t.phas_evenodd[0])+eoffset, ph5 = ph5+corr 

 


