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INTEG RAL/SPI 11 year 51 1 keV map (Siegert et al. 2016) (Prantzos et al. 2011)

..................
E 511 keV Flux (Ib]<15°)
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e Ia Supernovae (56N1 9 56C0 9 56Fe)
oo 800°880 KoV 1/200-1,300 keV e e e e e — —

Bl%and;asekhal Deflagration)
- ol aF al 20V1AY | - etonation —
8 (Dlehl et al. 2014) _____ Me[ge[ Detonation
B ——————e Pulsating Delayed Detonation =
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B -+ SPI Data (10 keV bins) =
ES SPI Data (2 keV bins)
i o SPI Exposure 7
6 Best Model Fit (hed8x0.9)
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i W?7 SD delDet &
WD-WD merger

| T T T T T T T T T T
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SN-2014J ]
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* Origin of %°Al (*°Al = Mg, 1.809 MeV)

 Supernova
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Galactic longitude [deg]

(Diehl et al. 2006)
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MeV SEBEH: COMPTEL KFFOISRR (G

(Diehl et al. 1995)
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INTEG RAL E’J rﬁk '53?11: Pz

— (Siegert et al. 2016)
(Vedrenne et al. 2003)
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Pump-out port

Cryostat Germanium

~ detectors (16x)

Multi-Layer
Insulation (MLI)
blankets S sEaN—

High voltage
filter/feedthrough (16x)

Detector Readout
Modules (32x) L \ O - MASS ZEiR. M. BE—5 COS| EiMIERAIRE
Anti-coincidence Shield E;S:)(HV/PMT) ¢ ﬁﬁ%lﬁl,_ﬂgﬂQ-@FA
Modules (6x
o . BET (B4%) . BEE (B . £ (hl) . =8 (R
Figure 4: .Cjutf;wa)‘f view of tl;e COSI instrument. Each germanium detector is 8 x 8 x 1.5cm?. The BGO j() . IEBEISF (E?’E‘EB;—E) . FfE (f—_ﬁ‘;ﬂ) . FyE (Eﬁg}iﬁ-) .
S ) FEE (RK) . Wi (FX) . KE (UET) . ek
cos! hVBEIRE ($145,000,000) (FTiRE)
NASALISmall Explorer (SMEX)3Z¥5, Fit20274 583 - RIZEHEH: MeV astrophysical spectroscopic surveyor
B : SEAEENRE (TERERFFIT193°C) (MASS): a compton telescope mission concept. Exp Astron 57,

2 (2024). https://doi.org/10.1007/s10686-024-09920-4
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Compton telescope proposals based- 0 ”.'(e”ti.Fﬁe'IY)."CZT o P GRID

e

TERI B P
Pixelated CZT (+ Coded Mask) ’ ﬁ
* Pixel pitch 1.72 mm &

L

S S

e e a
¢ 1.3% (FWHM) @662 keV

O W

S, N

Crystal size: 4 cm x 4 cm x 0.5 cm
Spatial resolution: 0.05 cm in 3D

7% @ 36.3 keV
4% @ 80.8 keV
® 1.5% @ 276.7 keV
La u n Ch ed to I SS O n 2025 = 04' 2 1 Energy resolution: 1.4% @ 356.1 keV
1% @ 661.6 keV
0.8% @ 1000 keV

0.6% @ 1500 keV
Trigger and noise threshold: 20 keV.
® Csl scintillator

DTU CubeSat proposal
(Owe et al. 2024)

TERI (Shy et al. 2024)

» MeVCube
* Pixelated CZT
* Pixel pitch 2.45 mm
e 2.8% (FWHM) @662 keV

8cm

HKU CubeSat proposal

* 6U CubeSat concept MeVCu be concept design (Kuijper et al. 2024)
(Lucchetta et al. 2022) 12
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B35 Polarlight - the X-ray polarimetry (e

X-ray Photon (~keV
g y ( )

collimator
A

\

e
— Track of photoelectron

(~hundreds of electrons)
GEM

i Track signal

(several hundred pm)
ASIC chip

A glitch intime

Re-detection and a possible time

variation of soft X-ray polarization The success of the authors is threefold:

from the Crab, Nature Astronomy. they have reopened a polarimetric window

4 (2020) 511-516. that has been closed for more than 40
2025/09/08 years, observed changes in the polarization
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MASS (EIRITS MASS-Cube Gz

32x16x2 = 1024 NMEEREFER(CZT)IRNZS, JLAEFR4096 cm?
1ENRZHEP https://doi.org/10.1007/s10686-024-09920-4
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> NEEFERS
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- JRE: ~ 1.7 kg
« IDFE: ~14W
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2><2I3$7>7_|J 16 cm?
GAGG « REDPER(@) <1 mm
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J  Preamp
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FWHM(%)
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Count(#)

A8 E‘FE’JE*E%’ S HEREER (FWHM/E)
apE

HeEE
(keV) CHO CH1 CH2 CH3

59.5 5.64% 541% 5.04% 5.44%
122 3.70% 3.50% 3.11% 3.11%
Wiulll| 511 1.08% 1.26% 0.98% 0.95%

w662 0.82% 1.03% 0.74% 0.69%

1332 0.54% 0.74% 0.55% 0.47%
25

Count(#)




e S

@511 kevllf_\__l\;/\: 15_.

Al
;e
Sl
Imil
Jjj
“}-IJI
VU
E
é‘éﬂ?

REMEMEES ARM \
02648 i_77g812 ' 0 —omm | EJZA%Q&%

—— data
el | 0.1502r d | Simple bkrojt method
0.2060 - 1 0.1314r |
) - I |
3 01765 1 gO01126
D 0.1471F 1 @ 0.0939 1
S s
= 01177} 4 = 00751 §
3 5
O 0.0883 - o 0.0563 1
®) [}
0.0588 - - 0.0375r .
0.0294 - Peak=508.8 ke\; 0.0188 .
' B
0.00005—355"500 780 1000 1250 500  O-0°°180-135-90 -45 0 45 90 135 180 aons
Energy (keV) 9 (deg)

26



? GRID

X&)
CZTHiERBIR(ARIR : 107! - -
> EIEIAEIR: X 4 e Lavtatie, GA
o o —_ —©— Elastic, G4
> JEEE BeetR(EEf& A BIRh): V KD — — — Elastic, SRIM | |
\ B gl() 5 -__ ............. Elastic, Theory |
> BMRiE: (FEEREY) N ] '
> MR (REDITR) -
- - 3 107
EFRETAEIR(NIEL) I BT =
N Tmax d
NIEL(T,) =—Aj dT Q(T)T (—0> L | | | |
A)r dT ). 10
min 0 0 50 100 150 200 250
« Q(T): Linhard*gRB[E+F Energy(MeV)
« T: N\BIRIFHNREE {EFHSRIM, Geant4, %i@ﬁ:‘cﬁ?%ﬁ%lﬁﬁ?ﬁ‘é
. (%) A N 2 NCZTHHRVAERR EeeiR s (L% /5
it Geant4B8 2@ IS IRGH, AN
« Ty RFBENLIFBE, Thmin = 2Ty FHIFREH) -




> IERRRFEeE:

» CZTIRNESRE:
> BIMR~: 2 x 2 X 1 cm?
> WhiEHETIR: Na22 (511keV)
> LEERRY: —NERMAEEIN1333VEE
— M ERIKRIEINSE

=42

100 MeV

Ji ARG AR AR

s =

ANk s

D,

1 3.44x10’
2 6.74%x 10’
3 2.06x%108
4 7.43%x108
5  2.03x10°

3.44 % 107
1.02 % 108
3.08 x 10®
1.05 % 10°
3.08 x 10°

3.40 x 10’
6.58 x 107
1.97 x 10®
7.19 x 108
2.06 x 10°

3.40 x 107
1.00 x 10°
2.97 x 10®
1.02 x 10°
3.08 x 10°

FaZ200MeV[R~FMFH
IEE (XiPAF)

] 1
i Actual i
i Irradiation 1
i Area E

-50 —-40 -30-20-10 0 10 20 30 40 50

RF R —ESIE D

Position (mm)

i K & EH)

? GRID

Xty

28



%103
.................................
L & biased
1.or { unbiased _
[ m
i
& 08 =
E ©
R 3
> 0.6 =
~ a
| £
= 0.4 <
3 (]
e o
©
0.2 C
iased : (uTe) ™t (18 57+873)+ (3 36+0.22)*%10° *'Du* <
unbiased: (g o)1 =(9. 62)+(3.04£0.26)*1077 * 0}
0.0

1.0 1.5 2.0 2.5 3.0
Proton Fluence (102 p*/cm?)

o« B MR FEE
i =R R TR AR IR RN .

o o o =
~ foe} [te) o
T

o
o

Solid : unbiased
Dashed: biased

o

(9]
=4

i)

Il
)
X
)
o

©

o
S

08 10 12 14

C/A

BRI R FEEEN, RE
-BEEHZE AR TRELE,
FSERVREEMTREERE -
LISWREE,

FRiANuT vs.

10007

(MeTe)™™ (V/icm?)

ﬂ GRID

flﬂrf‘fﬂ

ENVER G

* Data
- -Single exp (p=0.000)
—Double exp (p=0.977)

Annealing time (days)

- FER. ERFNERFEER XD
- [R/MNERRDEEHIZT g 22 1 78
2B X ATBIEEZY 1004 X

29



(e

TH U Gamma Ray
Integrated Detectors 4

MASS-Cube E’mf@ 75




EMEARERFMASS-CubeRs) G

MASS-Cube

CZT . sy, ~ PEEK frame

> B PMASS-CubezifaifE2025F 98 5HF B R &5
- T KTERERmS: 65488
o H5E: 525 x 543 km, 97.4° SSO
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> KIBRRESBECZTIRNUESIRARNZAE, AMASS, MeVGROFEFHERAEZW 31
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> FUE=EM: ~ 90% I

~150 -100 -50 0 50 100 150
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After Depth-Energy Correction(C/A), Detector O

rgy Correction(C/A) (Fine), Detector 0
T T

Mean=506.95
FWHM=8.24
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Energy (keV)

3000 | wer
3 —— Spectrum
[ 400 f — Fit
2500 |
. g 300
#* 2000 F R
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3 1500 |
O :
1000 |
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U [ IJ

0 500 1000
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* Preliminary on-orbit results, publication in preparation

1500 2000
Energy (keV)
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BEIS
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* 1.[1« jg ~4 keV
o BEEDHIER(FWHM): 8.24 keV@511 keV

Temperature Variation with UTC Time
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- ZERIERIERD G, 1SR TREER
BXLANBEBS i, S/MEREEIE
1 x 10°p™ /cm? 1E{LIFE

* Preliminary on-orbit results, publication in preparation
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MASS-Cube FERURITHIZZRIE .

e 511 keV Peak Downward Shift

* (Gain Variation & Radiation Damage

* Power-Law Fitting Correction

Dynamic Energy Drift (EVENTSO Single Pixel)

Energy Drift Trend: EVENTSO
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e Instrumental Range. 50 - 50,000 keV
e Current Analysis Range: 100 - 3,000 keV

e 511 keV Line: Successfully Modeled with 4-Component Fit (the same
as INTEGRAL)

10~ LF T T T T ' T T ‘ oo T TTT j T T T2 =) 0.012r [ I . I‘ I —To[talfit I I
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Broad 511 keV line
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. Background L1nes (100 3000 keV) Dommated by Internal CZT

Activation Lines

Fitted Energy Activation Reaction Significance _ Joint Spectrum Fit - Merged All Re
(keV) Line Channel : et A,
—— Total Joint Model |
---- Continuum
124Te(n Y)/ e B e, s 511 Narrow
125m ’ L 1 &SN e 511 Broad
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Absolute Background Rate Model (10.0-50000.0 keV)
Total Pure Exposure: 601.8 hours | Real Peak: 2592 cps

e Orbit Track: SAA Avoided Initially, Recent
Passes Near SAA

* High Background Rates at at High Latitudes
(Polar Regions)

Background Rate vs. Cutoff Rigidity

\\\\\\
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10° 10! 102 10°
True Background Rate (cps) - Log Scale

102 2

101 }

* R Correlation: Higher Rates at Lower R

Absolute Background Rate (cps)
Rt

Consistent with Geographical Expectations
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Cutoff Rigidity R; (GV) 38
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GRB 260507A
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(| Transients'

U

solar flare and 3 GRBS
260507A, GRB 260511A, GRB 260616B)

Solar Flare Light Curve: No instrument
saturation
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o
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%

counts s~ keV~1

GRB 260616B

L

Eare +¢+

ﬂ GRID
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Total Light Curve (UT Stitched)
I I |

200— . _ Total Even{s: 55,662
Bin size = 1 §s Avg Rate (Global): 46.07 cps [
- Active Duration: 1180.5 s
175
2 Solar fl i
2 olar riarc
S 125- -
o
L
@ 100- —
@
- 15— -
c
3
25— -
0- I 1 I I I ]
2025-11-03 2025-11-03 2025-11-03 2025-11-03 2025-11-03
09:56:17 10:00:27 10:04:37 10:08:47 10:12:57

UTC Time (Stitched)

Mass-Cube TO - TO + 15 s
Energy range: 100 keV - 1 MeV

Alpha = 1. 81+8 %g |
Fermi Alpha = 1. 70+8 %g Consistent

t Fermi/GBM data re-fitted with the same method for a direct comparison.

ul
_Hu

(data-model)/error

Energy (keV)

Reliable transient detection capability
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OH-BASANE: SEESTENEER G

[ —— 511 keV: FWHM=5.7 keV
500 F —— Pulser: FWHM=2.9 keV

Simple back projection method

200 300 400 500 600 700
Energy (keV)

« S511IEBEEDHER: 5.7 keV (~1%)
FWHM
. EEFERKH: 2.9keV FWHM

511 keV,

SR R : ~20° ARM

A1
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> BfEERERMNE: PAIRS / FIONA
(TES) , &% 511 keV E iR B0 HER




« MeVGRO (MeV Gamma-Ray Observatory)

Collaboration: PMO, THU, NPU, BUAA, SU, Microsat Sensitivity is expected to be improved by
1~2 orders of magnitude 53



Aim to observe 0.3~3MeV(100MeV) gamma-rays in wide-field

Gamma-ray converter tracker(GCK)

» 50 layers DSSD
<« Converter and tracker

Low Energy Calorimeter(LECA)

2 « 3D CZT (2 layer)
' « Precise energy measure, Compton camera

High Energy Calorimeter(HECA)

* Scintillators(CeBr3 or new material)
» Absorber, high energy measure

Anti-concident Detector (ACD)
* PSD+MAPMT, Veto for charge particles

Cosmic burst monitor(CBM)
» LaBr3+SiPM array




PAIRS balloon project (2025-2029) (s
Positron iilto Iag 'h

E— perormance

Energy 450 keV ~ 550 keV TES array
range
~2 arcminutes @511keV

resolution ~ Focal length = 10 m

Energy <0.1%@511keV ~ angular resolutiohf 2 : ;/-,//‘"-
resolution —

Lines ~1.E-06 A ////

iy  ph/cm?2/s@0.511MeV(1Ms) Pt

Observation time: 12 days . . _
« multiple 24h~48h flights in China Laue direct imaging

« or continuous flight around South Pole ot ,
superconducting microcalorimeter

Altitude: 30 km ~ 40 km 55




TES mlcrocalorlmeter de5|gn O

i T |

. Tran5|t|on Edge Sensor (TES) materlal AIMn aIon

« Absorber material: Ta, Pb, Bi or other heavy metals

« Absorber size: 2 mm x 2 mm x 2 mm (2’ anglar resolution)
« Geometry: 201 pixels per layer, 2 layers (402 pixels in total)
o Effective area: 8 cm? per layer -
» Resolution: 0.5keV @ 511 keV (E/AE = 1000) 4
» Total QE: 50% @ 511 keV e
« Working temperature: ~100 mK

_____________________________________________________________________________

Absorber - (NS 000 e 4
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Outlooks-development plan = (Ga

M eVGRO & MeVGRO prototype ‘
(MeV Gamma-Ray Observatory) T LT
0.2-5 MeV (extendable to 100MeV); large FOV WSmuaiaisis

PAIRS
(Positron Ann|h|lat|on Imaging high-
esolution Spectrometer)

511 keV high angular & energy resolution

Late 2020s 2030s and beyond
—MeVGRO prototype — MeVGRO
—PAIRS-balloon — FIONA (satellite) 57

FIONA
Focusing Imager Of Nuclear Astrophy5|cs
0.1-2 MeV; high angular resolution; high lines sensitivity
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