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75 B ¥5—origin of the positron annihilation line

e The Positron Puzzle:

 The 511 keV y-ray emission from
the galactic center region may
fully or partially originate from the
annihilation of positrons from dark
matter particles with electrons
from the interstellar medium.
Alternatively, the positrons could
be created by astrophysical
sources, involving exclusively
standard model physics.

(Weidenspointner, G.,2008)

Galactic latitude

Sky map of the 511 keV positron annihilation
line found with the INTEGRAL SPI telescope 43



Scientific goals—origin of the positron annihilation line

. SPI data A, =1.06+£0.23
- Total model l,pe=9.65+0.71
——————— y-continuum s
6 | ------- oPs—continuum ly =1.69+0.06 |
_______ Narrow line EN =511.05+£0.03
B Broad line I Iy =2.06+£0.08
=0.56x0.09
=510.64+0.17
i =10.59+0.53
41— fps = 0.988+0.022 —

Flux [10™* ph cm™@ s keV™]

490 500 510 520 530
Energy [keV]

Fig. 2 INTEGRAL/SPI spectrum of the entire Galaxy, decomposed
into a narrow and a broad line, in addition to the ortho-Ps continuum
and the Galactic diffuse continuum (Siegert et al. 2019a)
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Scientific goals—origin of the positron annihilation line

¢ The POSitron PUZZIG: Messenger Buuldlng Block 511 keV Signature Data Comparison
e a T INTEGRAL/SPI
Kepler — EFF e -
« High angular resolution s iy — |\ < \
. . Multi-hs—b
« High energy resolution

Formi A
02,2

(Thomas Siegert, 2023)
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Figure 4. Evolution of synthetic spectra of one-component (left) and two-component (right) sources, as seen from the distance of 3 Mpc. For clarity, the spectra are

offset by multiples of 3 dex in log space, up or down from zero-offset spectrum at 1 day. The offsets are indicated by horizontal lines. Some of the features in one-
component spectra are labeled with isotopes which are producing the features (see Table 2).

(Korobkin et al. 2022)
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Figure 10. Synthetic spectra of one-component (left column) and two-component (right column) sources at distance 3 Mpc (top row) and 10 Mpc (bottom row),

integrated over the first IMs (11.6 days).
(Korobkin et al. 2022)
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gradient graded multilayer film process
Pt/C,WI/Si



X

K

£ K (400keV)

Curved multilayer
structures

m
a-\0

Gamma-ray concentrator

Small, shielded

detector

Concentrator

—

Detector

Bent multilayer structures

Incident gamma rays

Low-density layers Converging gamma rays

High-density layers

Toward detector

100.0 T LI B B I T T T T T 17713

TTTTT
—.|
(o]
+
9

L1111

=
o
o

LI IIIIIII
L 111l

-y
o

T IIIIIII

Effective area (cm?)

11 IIIIIII

0.1 ; Lol ! [ T B B
100 1000

Energy (keV)




LaueE2£458 (80~700keV, 200keV~2MeV)
. THIRREENIRIE
: he sourc
2dhkl SIDQB = ’T?,E
o he N he i

2dp 1 Sin [% arctan ("")} dpgr v

~|

/ frme
‘ _\ \ Diffracted Beam La EER:%E“%:: [EIRE
29'\\ (Eis;l:erroiozz)






CLAIRE-BE1NHEiEEE

« 2001F6H14H®
%

s EnHILIERE,
Bk In

« A5[EXK 2 |8)AYERZE,
L HEBIFST6ER Gk

« AW mEFA
64cm?@170keV

« ¥5[@Crab, E72%
A UL B ) A
53331 170keV
B S F




%

= |
e
« T

« HFS

PR N Ky

NEHEBBRERN, TLIREEFNA SR,

BIRGTE R LIATF50%, M FEHBEIES FRES0%:;

X-ra beam
y Q,M,J___\I:auc lens

curvature

primary . 1
curvature v\ %

\}Y
3
Y

focal plane

HREEESL[E

d

o

E%//
i
fi
\\
J

Figure 10: flat crystal planes (left) versus curved crystal planes (right). The curvature along this axis reduces
nultiple reflections within the crystal, improving the reflectivity which in a flat crystal is limited to 50% due to
multiple reflections. Additionally this curvature and widens the energy bandpass of the crystal.
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Crystal ID Curvature Radius Thickness
(m) (pm)
25A 40.0 £ 0.4 1700 £5
26A 39+ 1 1717+ 5
26B 37.8£0.3 1775 £5
26C 38.8 £0.8 1744 4+ 5
28B 40.62 + 0.04 1775 £5
29A 39.08 £ 0.01 1732 £5
29B 38.44+0.9 1749 £5
30A 38.1£0.6 1676 £5
31A 40.6 = 0.1 1745+ 5
32C 40.7 £ 0.7 1731 +5
33B 40.8 £ 0.3 1678 £5

Ferro+2024, JATIS
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Laue Focusing Telescope

Scientific Motivation: Develop a space-

based focusing telescope for high
Wolter |

energy astrophysics. _

Energy range: 50-900keV (10~900keV & Laue Lens
with Wolter I). B "
Angular resolution: 30 arcsec(HPD).
Energy resolution: <0.045%@511keV

(TES)
Sensitivity: the expected increase is by a
factor of at least 10-100 with respect to
IBIS onboard Integral. () = n, nd(@ﬁf\)/‘gm
Scientific capability: Imaging,
spectroscopy, polarimetry and timina. @ pecctor

VI2B(E)A; + 1.(E)nuf Ac] AE
ndfeAeff Tobs 27/32

Lens axis

(g = 1.31n,




511keV Laue Focusing Telescope (3THA)

Scientific Motivation: Develop a space-based focusing
telescope for positron puzzle.

Energy range: 450-550keV

Effective Area: >400cm?@511keV

Angular resolution: 1 arcmin(HPD)

Field of view: ~4 arcmin

Energy resolution: <0.1%@511keV (TES)

Line Sensitivity: the expected increase is by a factor of 12
with respect to SPI onboard Integral.

Laue focusing telescope:

Laue Mirror Ge (111) Laue Lens

Focal length: ~15m

Laue Lens diameter: ~30 cm for each

Scientific capability: spectroscopy, polarimetry and timing.
28/32



X ray and soft gamma ray Focusing Telescope (FHR)

« Laue focusing telescope
— Laue Mirror + Wolter | Mirror (from WXPT)
« Ge (111) Laue Lens + Si (or nickel)
e Focal length: ~30m
e Laue Lens diameter: ~3m
« Wolter | Mirror diameter: ~30 cm

— Focal plane detector (Pixeled, 100um)
— TES

« 0.08%@511keV
« Wide field monitor (WFM)
— coded aperture
— point source localization capability:1 arcmin
— Energy range: 10keV~2MeV
— GAGG+SiPM

29/32



X ray and soft gamma ray Focusing Telescope (FHR)

Scientific Motivation: Develop a space-
based focusing telescope for high
energy astrophysics.

Energy range: 50-900keV (10~900keV
with Wolter |).

Angular resolution: 30 arcsec(HPD).
Energy resolution: <0.08%@511keV (
TES)

Sensitivity: the expected increase is by a
factor of at least 10-100 with respect to
IBIS onboard Integral.

Scientific capability: spectroscopy,
polarimetry and timing.

Sensitivity (photons/cm? s keV)
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(Enrico Virgilli, 2022)
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AR IERsTR GRER)

FIONA (Focusing Imager Of Nuclear Astrophysics)

| Energy band: 0.2~2MeV
: | ; + Effective area: 100~1000cm?
Angular res: <1 arcmin(focus)
Energy res: < 0.07%@662keV
FOV: 0.5° *0.5° (focus)

N | Line Sensitivity: 100 x COSI (2025%%t, HPGe)

(Farzane Shirazi, 2022)

Absorber | Nb electrode

/

Au
b““‘%’:&%

SiN membrane (500 nm)
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