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Bl Gamma Ray Integrated Detectors (GRID) G
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Scientific Objective: To search for
GRBs associated with gravitational
waves or Fast Radio Bursts (FRBSs).

Technical Approach: Using compact GRID-02

| space gamma-ray detectors onboard Installed on the NanoSat
Joint, multi-messenger detection of nanosatellites and multi-satellite

GW170817 and GRB 170817Al1 networking for constellation 2,

[1] B. P. Abbott et al. 2017 [2] J. Wen et al. 2019




B The need for Cross-calibration of GRID G

Launch Spacetrack

« GRID Constellation's Milestonel3!

- 12 detectors deployed across nanosatellites =~ GRID-01  2018/10/29 43663
) WG GRID-02 2020/11/06 THU 46838
» Enables continuous, all-sky GRB monitoring
GRID-03B 2022/03/11 THU 51830
GRID-04 2022/03/11 THU 51830
GRID-05B 2023/01/15 THU 55254
GRID-06B 2023/01/15 NJU&SCU 55252
GRID-07 2023/01/15 BNU 55261
GRID-08B 2023/01/15 NJU&SCU 55261
GRID-10B 2024/06/22 THU&SCU 60088
GRID-11B  2024/11/11 THU&SCU 61897
GRID-12B 2024/11/27 THU 62112
GRID-13B  2024/11/27 THU 62111

THU: Tsinghua University
NJU: Nanjing University

SCU: Sichuan University

BNU: Beijing Normal University

[3] Z. Yang and L. Li et al. 2024



B The need for Cross-calibration of GRID

* GRID Constellation's Milestonel3!
12 detectors deployed across nanosatellites
» Enables continuous, all-sky GRB monitoring
* Why Cross-Calibration Matters
» Ensures detector uniformity for
reliable multi-detector data fusion
« Validates overall constellation performance
* Essential for GRB Localization
» Methods like flux modulation and arrival-time
triangulation rely on calibration accuracy
» Misalignment in detector responses

will reduce localization precision

[3] Z. Yang and L. Li et al. 2024
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B Unique Challenges in Constellation Missions G =

* Phased Development and Deployment over 6 Years (2018-2024)
introduce variations in:
* Design and build processes
* Personnel and calibration teams
» Material and electronics differences
 Platform Differences

« Satellite structures can affect detector response matrix (DRM)
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B Unigue Challenges in Constellation Missions G

* Phased Development and Deployment over 6 Years (2018-2024)
introduce variations in:
 Design and build processes
* Personnel and calibration teams
» Material and electronics differences
 Platform Differences

« Satellite structures can affect detector response matrix (DRM)

 Effects of Radiation Damage on SiPMsl4
 Varying damage across payloads
* Increase in dark count rate and impact on energy threshold

» Effect on the DRM needs to be tracked and corrected
Parts of GRI
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Instrument
and DRMs




Bl Compact Detector Design G

XL

General Specifications of GRID detectors

ol .
e items value

<0.5U

ESR
GAGG

Aluminum case ——> GAGG:Ce* scintillator Sl LLole e o
*Ce-doped Gd3 (Al Ga)c01> Weight ~ 178049
SIPM GAGG unit 3.8X3.8X1 cm3
Preamp board = Detection area ~ 58 cm?
DAQ board Field of view 21
Energy range 10 keV to 2 MeV

GRID SiPM* array board

GRID type-A detector designlsl *Silicon photomultiplier
SensL MicroFJ-60035

[5] J. Wen et al. 2021 9



Bl DRM Construction Workflow G

S )

The DRM links true photon energy to detected signal.
It's a matrix: each element shows the chance that a photon of energy i is recorded in channel |.

-~ Channel 0

Channel 1
—— Channel 2
—— Channel 3

Ground calibration!®! 1074
using radioactive
sources and X-ray beam
tests to measure gain,
energy resolution and | | |
angular response oy e

T
1
o
=)
10
[N
|
el
:LD
1

Energy resolution [%]

1
10 - 100

Geant4 simulationsl!’!
to model energy
deposition at various
Incident directions &
energies

103 1071

1072
102

1073

Incident energy [keV]
Effective area / energy bin width
[cm? keV~1]

10! -

10! 102 103
Deposited energy [keV]

[6] H. Gao et al. 2021 [7] Q. Liu et al. 2025




Bl DRM Construction Workflow G =

&

The DRM links true photon energy to detected signal.
It's a matrix: each element shows the chance that a photon of energy i is recorded in channel |.

—— Channel 0

T e Simulation refinement using
measured energy resolution

Ground calibration!®! 107}
using radioactive
sources and X-ray beam

"Gd Kedge |

—— Channel 3

Energy resolution [%]

tests to measure gain, . S
. 10! - 10 » 100 S
energy resolution and | | | _ =
10! 10? 10° > c
angular response Eneray [keV] o 3
> 103 107 &
o g3
= c U X
. ) 104 _100 B Q 10—2 —
Geant4 simulations[” = - £ 107 5 E
to model energy 31 - 2 L3 @
- . = G 2 c - >
deposition at various £, 07 5% T Gd K-edge g
incident directions & ¢ 1074 ¢ = | . 5
energies o . . £ 10 10 10
10" 10" el Measured energy [keV]

Deposited energy [keV]

[6] H. Gao et al. 2021 [7] Q. Liu et al. 2025 11



M Evolution of DRMs due to SiPM Radiation Damage G s

TS

SiPM radiation Before o B o B
damage radiation _ 10 5 ~ 10 5
damage: & 5% 2 W%;
§ 10° 55 §w 88

Increased dark count 2 1o 8 -g s

noise 100 E §

102 10 102 108
Measured energy [keV] Measured energy [keV]

Deteriorated energy GRID-02 detected GRB GRID-04 detected GRB
resolution 210121A after being in  240229A after being in

orbit for 2 months orbit for 23 months
: After o 100 3 100 3
Svollibo o Dbk radiation £ _ i E 3 i
> 10 o7 3 10 ST
damage: @ 5% @ 5%
£ 100 R L 75E
: ) \ \ ke Low energy 5= F = 5=
In this work, Using DRMs with or without E threshold inff 07 £ ‘_=’ 10732
radiation damage accounted has insignificant i hitting " 5 e 5

influence on fitting results (10 uncertainty) Measured energy [kev] Measured energy [keV]
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B GRID and Fermi-GBM G =

103
— P
: Gam'rna ray Burst Momtor - & ' .
ik :w d -
2
2
: T Nl i : ‘ | 221:;_,\101
- ‘ 7 - el ) - | - — GRIDI(singIe detector) |
Single GRID payload Fermi-GBMI8]  Gadolinium kodge oz ke
10f 0 1 ' 2 3 4
GAGG: 30 keV-1.2 Mey a8 keV-1MeV 0 " hoton eneroy (V) ’
Overlapping energy range enables calibration Effective areas of GRID and Fermi-GBM.
: PRING dy rang Blue: single GRID detector.
high energy low energy Red: GBM- 12 Nal combined on-axis.

[8] C. Meegan et al. 2009 14



Ml Data Preprocessing G

40000F — Fermi/GBM
r Unreliable

* GRID Data Tools and XSPEC Version 12.13.0c _
- Unified file formats, units, metadata 20000¢

 Background subtraction: 10003:'

5000F

 Polynomial fit (smooth changes) E
« Bayesian blocks (abrupt changes) 0 ........... e e
7500;- i i”l i i i i i : sg:ztral Intervals
5000;_ i — Bayesian Blocks
e Tyo : Time window for 5%—95% of total fluence 2502?
9 T
» Captures core emission of the GRB %g 10
IJ C C
 Extract time and energy info within Toq §§ °f
< o
-2

Data Preprocessing for GRB 230812BU!

[9] C.-Y. Wang et al. 2025
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Bl Fitting Strategy

Three-Tier Spectral Analysis (//' it

x2 Statistics

 Individual fits: GRID & GBM

« Joint fit: shared shape, separate normalizations

Individual Fitti Individual Fittin
» Forward-folding used instead of direct unfolding

N et (Eobs ) = z:lR(Eobs ,E;) - Nirue (E9)

Joint Fitting
Linked Spectral Parameters
(Photon Index, Cutoff Energy, etc.)

16



Bl Fitting Strategy

x2 Statistics

 Individual fits: GRID & GBM

« Joint fit: shared shape, separate normalizations

Individual Fitti Individual Fitti
» Forward-folding used instead of direct unfolding

N et (Eobs ) = z:lR(Eobs ,E;) - Nirue (E9)

Joint Fitting

(Photon Index, Cutoff Energy, etc.)
Power Law: N(E)=K-E™¢
\ E
K-E%-e Eo E < Epeak
Band Function: N(E) = < :
K- (E )a_ g% 95 g
| \Tpeak S~ » £ > Epeak

E

Cut-Off Power Law: N(E)=K-E~%-e Ecut

Three-Tier Spectral Analysis (//' P

17



GRB analysis
and result

18



Ml Data Selection & Processing G

*Event Selection:
* GRID: Prioritize high-flux events with small incident
angles
* For Fermi-GBM: Select 2 Nal detectors per event
Choose based on smallest angular offset and

unobstructed view

« GRBs for Joint Analysis!19l:

* GRB 210121A, GRB 230827A, 23 GRBs from 500 hours observation
GRB 231215A, GRB 240229A of GRID-02, 03B, 04, 07, and 08B

« Spectral analysis over GRID’s Ty, intervals (30—
1200 keV)

[10] Z. Yang et al. 2025
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M Analysis Result: GRB 210121A G =

15001 ' ' —— GRID-02 101f
1250/ i —— channel-0
— i —— channel-1
< 10001 ! —— channel-2 100
O i channel-3
o 750 Fit Range T it
© $ 1071
@ 5001 S i
250 et ot L e e L e, §10-2. —— GRID-02-ch0 #—T i { .
4000 g GRID-02-ch1 l%
GBM-n0 —— GRID-02-ch2
3500 _ gta':‘“ 10-3} —— GRID-02-ch3
m Range GBM-n0
& 3000 GBM-n3
L M
@ 2500 al
i)
&< 2000 0 L
& - + H : '
15001 e M ol W [ LY D LL'B ot Thadial 8 4 b b, ‘
. . : : : § of |/ 1 %%%Wﬁ e NIttt ——
20 30 40 50 60 LT TR
T—To (s) -2[ '
: \ 50 100 200 500 1000
GRID-02 and Fermi-GBM light curves for GRB 210121A, Energy (keV)
with TO = 18:41:49.0 UT.
The vertical red dashed lines indicate the joint fit interval. Energy spectrum fitting with residuals
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M Analysis Result: GRB 210121A G =

S )

Fitting parameters for GRB 210121A (10 uncertainty) BIC = fitsta + logd.o. f.
X2
Model Detector Index(w) Index(p) Ecut (Epeak for Band) do.f BIC
O]
PL Combined 1.001 000 \ \ 39L09 _ 1.640 620.68
GRID-02 1.0870-03 \ \ 21L86 — 1367 221.95
GBM n0, n3 0.99F 001 \ \ 36934 — 1.776 385.35
CPL Combined 0.5670°03 \ 74361593 43388 — 1,195 463.35
GRID-02 0.5870-08 \ 716.27155-2 16331 _ 1,060 180.45
GBM n0, n3 0.5871 00 \ 787.97 50 229 — 1316 299.06
BAND Combined ~0.53700% ~1.5870-33 578.47931 43578 — 1.204 471.13
GRID-02 ~0.467015 ~1.5970-17 468211530 163.50 — 1.069 183.62
GBM n0, n3 ~0.567002 ~1.57704] 636.17 1131 27066 _ 1314 297.30

Boldface indicates the BIC value of the best joint fitting among all used models

21



B Analysis Result: GRB 230827A G <

5€f§r'

GRID-04 101}
200 channel-0 -
—_ channel-1
o 400 channel-2 100}
0 channel-3
E,; 300 Fit Range "|'>
& 200- 107
i ¢ €10-2l — GRID-04-cho ,‘
1 o
: : 8 GRID-04-chl
sy GBM-ng8 —— GRID-04-ch2 Ii
2000- : — GBM-nb 10-3} —— GRID-04-ch3 )
- 5 ---- Fit Range GBM-n8 UL
& 1750- i hﬂj | —— GBM-nb
= i i t e
@ 15001 | |
s~ 1 | 2
) ! ‘
X 1250 éﬂlr-H\ L : [ H—rl‘q r]‘q\ L]
iy ¥ | 2 U“L S 1 e
1000] )] Lot v LF 5 3 °WWJ R
H ] |
-10 0 10 60 i
T To (S) =2 ‘ . ‘ . .
: \ 50 100 200 500 1000
GRID-04 and Fermi-GBM light curves for GRB 230827A, Energy (keV)
with TO = 18:17:53.0 UT.
The vertical red dashed lines indicate the joint fit interval. Energy spectrum fitting with residuals
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B Analysis Result: GRB 230827A

Fitting parameters for GRB 230827A (10 uncertainty)

BIC = fitsta + logd.o.f.

2
Model Detector Index(«) Index(p) Ecut  (Epeak dx _ BIC
for Band) .0-f.

PL Combined L3100\ \ 4768 = 1.309  501.28
GRID-04 1661007\ \ 13964 — 1.068  145.33
GBMn8,nb 1307007 \ 3P = 1308  326.34

. +0.05 +58.1 345.38
CPL Combined 0911052\ 391.915-4 298 = 0,949 |374.87
+0.16 +236.0 126.25 -
GRID-04 0.887030 32117359 12625 — 1,002 140.76
GBMn8,nb 0931002\ 428.87 /82 2T 0923 239.60

BAND  Combined \ \ \ \ \
GRID-04 \ \ \ \ \
GBM n8,nb  \ \ \ \ \

Boldface indicates the BIC value of the best joint fitting among all used models




B Analysis Result: GRB 231215A

i T
: : —— GRID-04
800 E i —— channel-0
_ . | —— channel-1
W i ' —— channel-2
0 600 ] i
8 ! ! channel-3
Fit Range
L 400 ! : y
© : i
200 sl
A
e tpatet | R SR s e I Y,
. T
2000 E i GBM-n8
; i —— GBM-nb
] ! i
E 2500 : | Fit Range
i i
& ! '
0 : i
= 2000 ' '
2 i i
m 1
o 15001 |
i
1000 : N e Sy
~10 0 10 20 30 40 50 60
T—To (s)

GRID-04 and Fermi-GBM light curves for GRB 231215A,

with TO = 9:47:19.0 UT.

The vertical red dashed lines indicate the joint fit interval.

Residuals

w GRIL
&

| —— GRID-04-ch0

. —— GRID-04-ch3

GRID-04-ch1l
—— GRID-04-ch2

GBM-n8
GBM-nb

|

” TUﬂﬂﬁﬁfjﬁﬁ%HMW i

!

50 100 200 500 1000
Energy (keV)

Energy spectrum fitting with residuals
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B Analysis Result: GRB 231215A

GRIL
E S
Fitting parameters for GRB 231215A (10 uncertainty) BIC = fitsta + logd.o. f.
Musdie] Dretector Indlexic) Index] 5 Eu I“r.'-lﬂ"-'JL tor Hand ) J'x-.f BlC
a.a. .
PL Combined 121700 \ LAl — 2,433 1165.51
GRID-04 1467003 \ 1 = 1.431 186,07
. SO0 . 62254 _ 4 rvv9 4
GEM n#, nb WE S \ \ 624 — 3022 638.52
CPL Combined 0.57 0 42491308 ST — 1094 54266
GRID-04 059701 LT 016 — | 038 28685
GBM n8, nb 060711 a3kt S = 1.140 25505
BAND Combined ! 4 ! X
GRID-04 \ \ \ \ \
GEM n8, nb —0.53T00e Lo 36411500 Libdd _ g 127 229 85

Boldface indicates the BIC value of the best joint fitting among all used models

25



M Analysis Result: GRB 240229A G <

XHE
—— GRID-04 )
8001 i ] —— channel-0 10 b,
—_ i i —— channel-1 'h'r"f‘%'-m%ffﬂi ey
“E 600 i E —— channel-2 10 g
'] : channel-3
D 4001 : i ---- Fit Range .
I : : >
N MMWWWM 2107
200 o T ! T
: : S 10-2 GRID-04-ch0 |
2250- 5 GBM-n8 S GRID-04-ch1
Al ~— GBM-nb —— GRID-04-ch2
__ 2000+ i ---- Fit Range 10-3} —— GRID-04-ch3
a 1750 i GBM-n9
S | GBM-na
2 15001 : —
© :
= 250 | 2 H -
1250 ! - |
! Wl r I +'lH_ Ly ATV
1000 , Bl T 3 ° THH fifH I
-10 0 10 20 30 40 50 60 3 -2
T—To(s)
-4 ]
GRID-04 and Fermi-GBM light curves for GRB 240229A, 50 100 200 500 1000
with TO = 14:07:08.0 UT. =2
The vertical red dashed lines indicate the joint fit interval. Energy spectrum fitting with residuals
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B Analysis Result: GRB 240229A

Fitting parameters for GRB 240229A (10 uncertainty)

GRIL
A&

BIC = fitsta + logd.o.f.

Model Dietector Indexic) Index| &) Ecur {Eppak for Band) .'lfn_r BIC
[S R
PL Combined 134700 L = 1.274 494.95
GRID-04 15571 13058 — 0,952 136.46
GEM n9, na 134710 S 147 350.84
CPL Combined o7t EEL I = 0.994 396.41
T +01.29 1 A0 g 12116 _ :
GRID-04 o7+ 413,001 LB — 0,915 135,51
o . iz 4545 2d5_54 .
GBM nY, na e 455.317 55 S = 1045 267.38
BAND Combined b \ b
GRID-04 \ \
GBM n9, na —0.837000 . W B 2348150} i = 1.034 269.17
Boldface indicates the BIC value of the best joint fttiing among all used models
- e 27
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M Conclusion & Outlook Des

 Cross-calibration between the GRID detectors and Fermi-GBM was performed
through joint spectral analysis.

* The excellent agreement between the instruments validates the accuracy of GRID’s
DRMs and the reliablility of its scientific data.

* In our cross-calibration, the radiation damage of SIPM has insignificant influence on
the DRM. However it is an in-orbit issue worthy of discussion.

 Accurate cross-calibration between detectors is particularly relevant in source
localization methods

 For nanosatellite constellations like GRID, cross-calibration through orbital
observations involving multiple distributed detector payloads is a crucial tool for
ensuring uniformity and verifying overall performance of such systems.
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