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Abstract

T   - -       

 γ-     S S. S [2024]  

      ,   M B A-

, J  N T,     K B    

      -- . T   -

           E   . I ,

 S          11  . I  

   INTEGRAL/SPI      -  

 ,  511 V    -P . W   20  

,  - ,       J 

    S,           .

B        ,       

 ,            

      . S  G       511 V,

         ,      

         - -

   S S. W        

. T          

     M W. H,       

  511 V    F511 keV = (87± 13) 10−5  −2 −1    

 G ,          

   . W     GEANT4   

   -        

          E. O  ,   

           ,    -

  . O       D G  .

[2023],           .



Zusammenfassung

D W   S  A ̈

  ,  V  γ-B   S-

 ̈. S [2024]   ̈ V  

A, ß  H̈,  T  J 

N   K̈,   D     E-

  H  S  . E  , 

 S    B  E  A  .

Z̈   S   ̈ Z  S ̈ .

̈. I  A   INTEGRAL/SPI-D,   

  V-A    511-V-L    O-

P-K  . W  20 J  D,  B-

   B,    O  J   T

  S . D  ,   S  ,   S-

  ̈. D    D   A

   B   D  ̈  -

 F  . D  G  B   511 V , ̈  

V̈   ̈ Z ,   ,  ̈

B̈  A ̈   P 

 S  S ̈. W    E-

 ̈   P. E   H  

V̈  P-A   Z  Mß. I

G  ̈ B     511-V-L

 F511 keV = (87± 13) 10−5  −2 −1   N̈   Z. O

B̈  Z̈ ̈  S    E

̈. W  Aß S ( GEANT4)  

 W   S  A ̈,

   ß E  ,   A̈

 A-F   E  . A  W    

 S  F   A ,    W-

 . U E    B 

D G  . [2023] ̈,   F̈   G̈ß 

   .
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1 Introduction

E  50   ,  511 V       M W 

   . I   - ,   

        [S, 2023]. A  

     - - (CR)     

  S S  γ-. T      

      511 V. P    G 

           -

   S S   . T        

γ-             . I -

,       11-     S . T

       S S  G CR 

   . T        

           . S [2024]

        ,   M

B A,  J  N ,     K B O 

    -- . B   ,   

      γ- . F  ,    20  

 INTEGRAL/SPI (V  . [2003]  W  . [2003]),   

 2003  2023. W         400 

520 V.

S           

   S S γ- . M  P [2008] 

 γ-    M          

        [M  ., 2008],

        . F     

  S S ,     511 V    

  ∼ 5 · 10−4  −2 −1. D  , S    (

         E),    G 

      0.1–20%        

   G    [S, 2024]. S  , , 

     INTEGRAL/SPI.

T     :  C. 2,       G
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511 V         . C. 3    S S-

 γ-        CR  . C. 4

  INTEGRAL/SPI      . W   

            . I C.

5,         G     -.

C. 6         . W   

 G         . I C. 7, 

     CR . F,     (C. 8)

   C. 9.
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2 Galactic 511 keV emission in

Astronomy

T      511 V -    .

T  ,        ,    O

S S E (OSSE) [P  ., 1997]. T 

          G . T

,      OSSE ,     , 

    . W         S  . [2016].

T           INTEGRAL/SPI  

         G  

. T        . T   

      511 V γ- . W      

       . A     V ,

     ,      

  . W      ,     

   511 V .

2.1 Previous Observations

2.1.1 OSSE

O   50   G 511 V       -

. A       1960  1970 [H

 ., 1969],       OSSE     

 ,    .

P  . [1997]     G   G  -

   OSSE    C G-R O (CGRO)

(1991-1997)      T G-R S-

 (TGRS)  S M M (SMM)     

 G  511 V    . T OSSE  

      γ-    (54 ± 15) · 10−4  −2 −1  

     2D G   ℓ = (−11 ± 20)◦,  = (90 ± 13)◦
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(F. 1). T      S V D (SVD).

T    M E M [N  N, 1986] 

   .

Fig. 1: Map of the Galactic 511 keV signal reconstructed with the SVD method [Purcell
et al., 1997].

T OSSE-          

     SA∗,        ,  

  -  INTEGRAL         

    511 V           

 [K̈  ., 2005]. H,  20   INTEGRAL/SPI , 

  25     OSSE , Y  . [2025]    

 . T         ∼ 4 · 10−5  −2 −1,

..    ∼ 13    OSSE . T      

 .

2.1.2 INTEGRAL/SPI Observations

T,      G 511 V     

SPI   INTEGRAL (V  . [2003]  W  . [2003]).

T    511 V    G   S  . [2022]. F

 G       FB = (89− 101) · 10−4  −2 −1,   

FD = (131− 201) · 10−4 −2 −1    G  FGCS = (06− 12) · 10−4

 −2 −1[S, 2023]. T          S

 . [2014]  S  . [2016],       
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    . T    SPI  511 V   

     .

Fig. 2: Resulting image as the Maximum likelihood solution from INTEGRAL/SPI data at
511 keV [Siegert et al., 2016].

F. 2         SPI  ,   -

:  ,       ,   - 

   G . C     SPI  27◦,

        400  –     

  [S, 2023].

U  -  , S  . [2019]    -

    G,      F. 3. I    

  ,    -P   511 V. T

  PS      0.97  1.00. T,  

          , 

   . W        

S. 2.4            

  S. 2.5.

2.2 Life Cycle of Positrons in our Galaxy

I            M W. F  -

,     ,      

   . A        ,

       (ISM),    

   . T      (
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Fig. 3: Positron annihilation spectrum of the Galaxy using the best-t morphology model
of Siegert et al. [2016]. Shown are the SPI data points in black, and four model com-
ponents: narrow 511 keV line (red), broad 511 keV line (orange), ortho-Positronium
continuum (blue), Galactic γ-ray continuum (green). The total model is shown as
solid black line [Siegert et al., 2019a].

   G       PS = (967± 22)% [J

 ., 2005])   . T       .

B        P ,   

   . T   -    511 V

   -P (P)   511 V. T    

  P         ,  ,

, ,   .

2.2.1 Formation of Positrons

P   G        :

1. T β+     (.. 26A, 44T  56N)

2. T   π+  µ+,    

3. P-  ,   - 

4. P           
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A       : S   ,  β+

   ,    ,   W-R . T

  π+  µ+         - CR 

 .

T   (- ) γ + γ −→ + + −  -

 (  1.022 MV)         

,    , -   G  (AGN). T 

            ( )

 . I ,         G 

 (SN), ,   ( ,  ,  , .)

 CR G  . [2005].

2.3 In-Flight Phase

A  ,      ISM. A  , 

   C     , : , , 

 . F,         

ISM.

Fig. 4: Positron energy loss rates as a function of positron energy with the conditions of the
ISM [Prantzos et al., 2011].

T              . T

           ,   

        . F. 4      

              ISM

(T=8000 K) [P  ., 2011]. F    < 500MV  
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    . P     C 

         . T 

            T

1. B             

    500MV  10GV. I C   -

             ∼ 10GV.

P T (V)

+ + H −→ P + H+ 6.8

+ + H −→ + + − + H+ 13.6

+ + H −→ + + H∗ 10.2

+ + H −→ + + H∗∗ 12.1

+ + H −→ P + H+ 17.8

+ + H −→ + + − + H+ 24.6

+ + H −→ + + H∗ 21.2

+ + H2 −→ P + H+
2 8.6

+ + H2 −→ + + − + H+
2 15.4

+ + H2 −→ + + H∗
2 12.0

Tab. 1: Reactions of positrons with the ISM and their energy thresholds [Guessoum et al.,
2005].

2.4 Thermalisation and Annihilation

O          ,   -

   . T         M

       . T    -

         ,    

 . T          F.

5.

2.4.1 Charge Exchange

P     (  H, H2  H)   . I F.

5,          ∼ (104 − 106)K,    

   -       . A

      6.8 V (T. 1)    
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Fig. 5: Positron reaction rates as a function of positron temperature [Guessoum et al., 2005].

      -    M . I , 

       ISM (Tdust ∼ 100K  Tgas ∼ 10K). I    

      ISM,      ,  

 -       5 · 106 K.

2.4.2 Radiative Recombination

I  ,           .

T             ∼ 104 K.

F            

  . F  /     

 .

2.4.3 Direct Annihilation

H,        ISM,    

. T           -

   ∼ 106 K.
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2.5 Positronium Formation

P (P)          . A   

    (F. 5),        -

 . T   P         . D

            ,  P 

     . T        (

 Stot = 0)  - (P). T      

    (Stot = 1)    - (P). F

  (2S+1)  ,  P      1/4     

P      3/4   . T      

 ( )  12 · 10−10   P  14 · 10−7   P.

T            .

T P     511 V (      ). T P,

   ,            

     1022 V (   )   

    511 V [P  ., 2011]. F    ,  

 . F. 6   P  . O     ( 

  -)  511 V. T        .

T P            , 

     511 V .

Fig. 6: Three photon spectrum of ortho-Positronium annihilation [Prantzos et al., 2011].
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3 Solar System γ-ray Foreground

I    G   ,    

511 V      S S. T   

CR          . I

 ,         , 

     S S γ- . W    

   ,        

   . F,         

     G    ( 2.1).

3.1 Interaction of Cosmic Rays with Solar System Bodies

W     γ- ,   F/LAT [A  ., 2009]

 INTEGRAL/SPI,    -    S

S γ-    . M  P [2008],  -

,   γ-    M   GEANT4 M C  

    CR   M . I   ,  

     M        S S S

B (SSSB)    100   0.1MV  10 GV    -

      r    [M  ., 2008]. T 

       ,      C. 7  

.

A            -

     :

 +  −→  +  + π+ + π−

π+ −→ µ+ + νµ

µ+ −→ + + ν̄µ + νe

S        SSSB (   ∼ (1 − 4 ) 3

      ISM  ∼ 10−24 3),       -

      ,     
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. T   γ-         SSSB. O  

             γ- . T

        ,   

(..,   . T ),       , 

         E [S, 2023].

3.1.1 Orbital Periods of Selected Solar System Objects

T              γ- . T 

          S   . T. 2

        S   S S . I

    ,      M B,     K B

  .

O S P D  C

(O) []  S [AU]

M 0.24 0.39 P

V 0.62 0.72 P

E 1.00 1.00 P

M 1.88 1.52 P

V 3.63 2.36 A (M B)

C 4.60 2.77 D  (M B)

J 11.86 5.20 P

S 29.46 9.58 P

U 84.01 19.20 P

N 164.79 30.05 P

P 247.94 39.48 D  (K B)

Tab. 2: Sidereal periods and distances from the Sun of selected Solar System objects.

T    J  N      ,

       . T     

(  11.86   J   164.79   N)     

     .
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3.1.2 Modulation by the 11-Year Solar Cycle

A           ,  -

   γ-      11-    S . T -

  ,      ( )   S

,     G CR   S S. T 

    S   ϕ,   MV,  

 -    CR . D  S , ϕ -

  1000MV,    500MV     S .

S   S S       ,   

 G CR -          - 

 . I , T-N       

         511 V γ- . H,

              

[S, 2024]. T         γ-  

       F. 11.

3.2 Overview of Relevant Asteroid Populations

S [2024]  3D-        S S

    M-B A (MBA),  T  J

 N (JT  NT),     K B O (KBO). T  

       γ-  -- . T

    S S    F. 7. I  ,  

       ,       .

Fig. 7: Distribution of asteroid populations within our Solar System [Siegert, 2024].
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3.2.1 Kuiper Belt Objects

T SSSB     N        O

C [EY  ., 2007]      S S   

   T-N O (TNO). M      

    K B. T    30  50AU    

  40AU. T    K B       M

B  M  J (F. 7). W  MBA   

     1-    E  ,   

     KBO. D      KBO   

  S     ( S. 3.1.2: M   11-Y

S C),  γ-   KBO     . T, 

  KBO         M B  K B

 . F. 8   KBO     01/01/2005  

  S [2024].

Fig. 8: Appearances of Kuiper Belt Objects shown as an example on 01/01/2005 [Siegert,
2024].

3.2.2 Trojan Objects

W    γ-     JT  NT. T    -

     L  L4  L5    . T 

   JT       J  5AU. T -

    40◦     12◦. D       NT

 ( 30–40 ),        JT     N-

   ∼ 30AU. F. 9         

01/01/2005. I    KBO (F. 8),  JT  NT    -

   L4  L5,         
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γ- . B  E         ,

    -. A     

 S [2024]     : https://www.physik.uni-wuerzburg.de/astro/

mitarbeiter/ag-siegert/solar-system-gamma-ray-albedo/. D  J 

   11.86    N 164.79 ,     

JT-          NT (T. 2).

Fig. 9: Appearances of the Jovian Trojans (Top) and Neptunian Trojans (bottom) all shown
as an example on 01/01/2005 [Siegert, 2024].

3.3 Flux Expectations and Interpretation of the Signal

A    M  . [2008],   511 V   

 (KBO+MBA+JT+NT)       ∼ 5 · 10−4  −2 −1. T 

  F. 10,    γ-    CR  

  M       . I   

 ,  511 V     .

T            
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Fig. 10: Calculated γ-ray albedo spectrum for CR nuclei interactions in the Moon rock for
selected modulation potentials. Black line: no modulation; red line: ϕ = 500 MV;
blue line: ϕ = 1500 MV. Dashed and dotted blue lines show the albedo of the disk
and the rim, respectively, for the case of ϕ = 1500 MV [Moskalenko et al., 2008].

γ-     . T   G CR  E   

     -  . F  , V̈̈  .

[2023]   S   ϕ     1964

 2022. F ,      γ-      

  . T     F. 11.

T    S   ϕ       

G       2003  2023. I , 

  MBA, KBO   NT    γ-    S ,

   S. 3.1.2. B    ,     MBA

 KBO     . B,     S. 3.2.1,  MBA 

      E´  ,       

  KBO. B    ,  NT     

     G     ,    JT.

N,   S  (   2007  2010,   

2018  2022)          NT. T  

15



Fig. 11: The Solar modulation potential ϕ (dotted grey line) for from 2003 to 2022 [Väisänen
et al., 2023] and the corresponding relative ux in the Galactic bulge (arbitrary
units) for dierent asteroid populations.

    2010  2018           

 . S,           :

   SSSB    G . T     

   JT. T     L4  L5  J,     

  12 ,   . S,   , S   

(    ),   G       

 0.1–20%            G

   [S, 2024]. I        

 ,            

  G 511 V :

A  S [2023],  -    (F. 2)  

  G ,       . T   

           G,   

,     . F     

        G :   

      26A  60F,      

,    ,         .

I ,     T       

   ,       

. O      - OSSE    

 ,  OSSE  (S. 2.1.1). T OSSE  

  1991-07-12  1997-01-05 [P  ., 1997],     2000
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. T J T    167◦   ,   N

T   12◦. T      T,  

J T,        . A  ,  

            

    ,       

  OSSE . S [2024]      J  N

T             F. 12.

Fig. 12: Cumulative emission of Jovian Trojans (left), Neptunian Trojans (middle), and
combined emission (right) from 1991-07-12 to 1997-01-05, i.e. observation times
of OSSE according to Purcell et al. [1997]. Especially the Jovian Trojans appear
asymmetric along the ecliptic as the observation time is only half the orbital period
of Jupiter of 11.86 yr. Furthermore, the apparent epicyclic motion of the trojans
creates a positive latitude enhancement [Siegert, 2024].

D     ,  J T     

     N T. T      

      ,         J

T. I ,  N T     > 15◦. T,

     OSSE        

     OSSE-. T      -

   INTEGRAL/SPI         [K̈

 ., 2005]. B         ,  

          G 511 V

.
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4 Dataset and Analysis

T              

   . W        INTEGRAL  

 SPI  ,      . W  

              

     .

4.1 INTEGRAL/SPI

T I G R L (INTEGRAL, W  . [2003]) 

  ESA  O 2002. T        F-

 2025,  INTEGRAL     E  2029. D  

   , INTEGRAL        

 X-   γ-     -  

     (S  INTEGRAL (SPI), I  B 

INTEGRAL S (IBIS), JEM-X J E X- M (JEM-X),  

O M C (OMC)).

T          SPI,      , -

    V  . [2003]. O        

        ,     

  G 511 V ,          20 

8000 V   . A  , SPI     (FWHM

  511 V   (216± 003) V[J  ., 2003]),     

         ∼ 27◦    

. B  , INTEGRAL     (  9000 

   154,600 )         

   -   [D  ., 2018]. F. 13  

    SPI  .

T      19 G    . I   

   SPI ( 16◦    30◦  ). E    

        . INTEGRAL/SPI  

      (). T     

          / .

18



Fig. 13: SPI instrument onboard INTEGRAL, schematic (left) and as a cut-away showing
components more clearly (right). Its key elements are the 19 Ge detector camera
mounted in a cryostat for operations at ∼80K, a mask with tungsten elements block-
ing parts of the eld of view for about half of the detectors, and an anti-coincidence
detector system (ACS) enclosing the entire instrument and vetoing events from
prompt CR interactions, using bismuth germanate (BGO) scintillators and a plas-
tic scintillator plate (PSAC), each with photomultiplier tubes for measuring the
scintillation light [Vedrenne et al. [2003] and Diehl et al. [2018]].

T    F. 14    INTEGRAL 5 × 5    

-  [S  ., 2019].

T           

   . T     SPI       

 G . I     , F. 13      -

     -  (BGO ). R  SPI

     -     (  725),

..      [D  ., 2018]. T    

        . W   , 

            19 G . C -

     (  ) ,  ,   (

 ). A           -

,  - - . B      CR

. T         

     -     
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Fig. 14: SPI Ge detector arrangement and shadograms from the mask. The 19 Ge detec-
tors of the SPI camera are arranged in a hexagonal, densely packed, conguration
(left). Detectors are numbered inside-out, starting from 0 for the central detector.
Shadowgrams are cast by the mask onto the Ge camera. The gure set on the right
shows these shadowgrams for a point source on axis, and for the 25 telescope reori-
entations in steps of 2.1◦ (pointings) that comprise a standard 5x5 dither pattern.
Intensity received by each detector is colour-coded from black (none; shadowed)
through red, yellow to white (full exposure) [Diehl et al., 2018].

  . T      :    

,        . F    

    G        

 ,      [D  ., 2018].

N           SPI     

  ,          .

4.2 SPI Data Analysis

SPI       . T     -

    ,  ,  . T    

 SPI   0.5 V. T           

   ,      . E      

 ,          , 

, . D   ( 0.5–1.0 )       

,    G    (ℓp/p),     

[S  ., 2019]. D      (/; -

/), NObs         ,   
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  . T              ,

,              

,        . D  . [2018]  S

 . [2019]    p         

p =


t



j

Rjp

NS

k=1

θk,t Mkj +


t′

NS+NB

k=NS+1

θk,t′ Bkp (1)

 Mkj     NS   (  )    -

   (IRF,   ) Rjp     

   . T  NB   Bkp      IRF

  ,        

           [S

 ., 2019]. T       θk,t  θk,t′    

 , . A       

     . W       

    (..     S ),  

             . H, 

  θk,t′           

γ- . T          (.. 

 S       CR )        

          [S  .,

2019].

T     D         

P . T  L(Dθ)        

p    p   .

L(Dθ) =

NObs

p=1


dp
p (−p)

p!
(2)

T  θk,t  θk,t′        . I 

,   spimodfit [H, 2009]    .

T      -      

       ( L  χ2-)   

 . N,            

        . T    

       (.. M E [N 

N, 1986]  S V D      P  .

[1997]). H,           , 

       . B    
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    [S, 2024]. B      S

 . [2016]  S  . [2014] (S. 2.1.2),      

 ,           . E. 1  

   Mkj        Rjp   

        .

4.3 Modeling the Background

A      E. 1         

Mkj       (IRF Rjp,   ),  

       -        

  Bkp. F. 15    -    43-1730

 INTEGRAL/SPI.

Fig. 15: INTEGRAL/SPI-mission-integrated all-detector spectrum (orbits 43-1730), allow-
ing us to identify even the weakest background features. Inserts show spectral
regions near the two brightest celestial lines, the 511 keV line from positron an-
nihilation (lower-left), and the 26Al line at 1809 keV from diuse nucleosynthesis
throughout the Galaxy (upper-right). [Diehl et al., 2018].

A                 -

. M            ,

22



       511  1809 V. T     

             

              

.

F  ,  SPI  BG  R D (BGRDB) 

         INTEGRAL , 

      . T BGRDB   

  /,           -

 . T        INTEGRAL 

   [S  ., 2019]. D  . [2018]     

             BGRDB

     . T     γ- -

   SPI,      : T  

G- ,        (00-06)    

  (07-18). I  -      SPI   (..

G  A),     (.. G, Z  M). O  

         - . T B-

            . T 

   B,   P, R  T.

T           BGRDB  

         ,    -

         . T   

p   E. 1,     Rjp        

  Bkp. I ,  


j Rjp Mkj    

     . T      Bkp 

     ,        Bkp = Bk.

T        Bc    Bl, 

    θc  θl, . T    -

        ,    

. P      -    

 ,          S 

[S  ., 2019]. T SPI       

  ,            

Bd,e,p = θce,p × Bc
d,e,p + θle,p ×

Nlines(e)

i=i(e)

Bl
d,e,p (3)

    Bd,e,p     Nlines()   

     .
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4.4 Dataset and Iterative Background Improvement

N        INTEGRAL/SPI    

   ,       ,   

                

-   .

F       20    INTEGRAL/SPI,   -

       400–640 V  6 V . T   

143,627        369.4M.

T      BGRDB   INTEGRAL   ∼ 3 . T-

,          -    

     . H,        .

I      ,         

,                 

 . F  ,    -     

  - . M ,       3 ,

     12, 6, 1.5,  0.75 . W     

 ,        . T

        χ2-

χ2 =

NObs

i=1


i − i

σi

2

(4)

      . H,       

            . C-

,          . W 

  χ2
γ  [M, 1999]  

χ2
γ :=

NObs

i=1


i + (i, 1)− i

i + 1

2

(5)

   P      ,  

       . A    

 ,    A I C (AIC, A [1974])

AIC = 2

par − (L)


(6)

T AIC         par. T χ2
γ  AIC

           . T χ2
γ   

  P- . T AIC        

  . H, ∆AIC         ,
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          [S  ., 2019]. F.

16        -   

511 V  (508–514 V). I    ∆AIC,  . χ2   

 χ2 =
χ2
γ


(7)

        .

Fig. 16: The red. χ2 (red) and ∆AIC (blue) values for the tested background variation
timescales in the case of the 511 keV energy bin (508-514 keV). Both statistical
quantities show the standard model of 3 d re-normalization timescale as the optimal
model.

I      . χ2  ∆AIC    3   - 

      511 V . W        

      400–640 V,         ,

             6 V  

  .

T,   ,     -    INTEGRAL 

(∼ 3 )      ,      ( +

)      INTEGRAL . T   χ2 

       0.990,     511 V  (F. 16).

T        p   (E. 1),  

        . F 

20  INTEGRAL/SPI ,         

      D  . [2018]  S  . [2019], 
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     . I   ,      

          ,  

  (C. 5)      (C. 6).
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5 Point Source Analysis

T    ,          .

T       511 V,       

  511 V . I ,     C, C-X-1, CA, SWIFT

J1753.5-0127, GRS 1915+105, MR 2251-178, 3C 273  PSRB1509-58 (T. 3).

P S l [°] b [°] C

C -175.45 -5.79 P   / S 

C-X-1 71.36 3.06 H- X- 

C A -50.49 19.42 R  (AGN)

SWIFT J1753.5-0127 24.90 12.18 L- X- 

GRS 1915+105 45.36 -0.22 M

MR 2251-178 46.17 -61.35 Q (AGN, S 1)

3C 273 -70.00 64.34 Q (- AGN)

PSR B1509-58 -39.69 -1.17 P   / S 

Tab. 3: Positions (in Galactic coordinates) and classications of relevant point sources in-
cluded in our sky model.

5.1 Search for an Additional Point Source

I      ,     10  INTEGRAL/SPI

  S  . [2014]         G-

 . T      G  ,     

        . W    

 20    INTEGRAL/SPI       

    G .

W     (TS)    . T - 

 (T 3)    ,     G   [S  .,

2016]    (BB),   (NB),  G . W  

      (C. 6)      . F
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ℓ= [-20◦, 20◦]  = [-20◦, 20◦],    TS      1◦. W

             ∆χ2  

  

∆χ2 = −2 · ∆ (L) = 2

L2 − L1


(8)

 W  [W, 1938]. W       

       . W    511 V 

 (502–520 V),        P  (400–502 V)

       (520–640 V). F 17   TS  

 ∆χ2          20× 20 .

Fig. 17: TS maps for a 20× 20 grid showing the ∆χ2 values for an additional source at the
respective position. The energy range 400–502 keV (left) and 502–520 keV (middle)
have the same colorbar and show a very similar pattern with a very bright spot near
the Galactic center. The continuum (right), on the other hand, shows a dierent
prole with signicantly lower ∆χ2 values.

F    400–502 V  502-520 V,      ∆χ2

   G  (∼45  [ℓ, ] = [-0.5◦,-0.5◦])   

      . H,      

   [S  ., 2014]           

     . I       

G    ,         G

         (..   

    )           

    . B,          

         G    

      . T    (520–640 V) 

              

 . I            TS

     .

S      G    ,   

           . S   TS 
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(  )  ℓ= [-2.5◦, 2.5◦]  = [-2.5◦, 2.5◦]    0.25◦ . T

 (  F. 18)           

    SPI.

Fig. 18: TS maps for the 2.5× 2.5 grid showing again ∆χ2 valuesas before in Fig. 17.
Again, the energy ranges 400–502 keV (left) and 502–520 keV (middle) have the same
colorbar and show very similar results. The Central Molecular Zone (CMZ, white
ellipse) as well as two potential sources that are close to the statistical maximum
(highest ∆χ2 value) are shown. These are Sgr A* (black dot) and 1E1740.7-2942,
also known as the Great Annihilator (GA, red dot). The 90% condence interval
(∆χ2

max – 4.61) is also shown in red. The 520–640 keV energy range shows again a
dierent pattern with much smaller ∆χ2 values indicating the previous impression
that there must be an additional positron annihilation source to be conrmed.

I      S  . [2014],  ∆χ2     

 G     . T     C M

Z (CMZ),        M W (ℓ= [-0.7◦, 1.7◦], = [-0.2◦, 0.2◦]),

        .

W  CMZ            

  G, S A* ([ℓ, ] = [-0.06◦, -0.05◦]). T     1E1740.7-2942

([ℓ, ] =[-0.884◦, -0.106◦]),        X-   

G . B        . T 

         ,     

   .

5.2 The Legendary Comeback of the Great Annihilator

I         S  . [2014]    , 

       G   F. 18,    

ℓ= [-1◦, 1◦], = [-1◦, 1◦]. H,      TS       

P      , 400-502  502-520 V , 

          .
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Fig. 19: Central region of the Galaxy from TS maps for oPs (left) and 511 keV line (middle)
emission from Fig. 18 in comparison with the previous ndings of the 10 yr INTE-
GRAL/SPI dataset (right, Skinner et al. [2014]). All panels show the position of
Sgr A* (black) and 1E1740.7-2942 (red). The 90% condence interval is marked in
any plot with contours at ∆χ2

max – 4.61, in the case of Skinner et al. [2014] for dif-
ferent background models. These intervals show consistent results in the statistical
analysis of the data for both cases.

F. 19         S  . [2014]

  10  INTEGRAL/SPI . F  P ,    -

     [ℓ, ]=[-0.625◦, -0.125◦]   ∆χ2  47.27. T  

 S A*   (   0.099◦)   ∆χ2  42.16   

  5.11    ,    1.79σ. T  -

 1E1740.7-2942 (   0.021◦)   ∆χ2   44.80   

  2.47,  1.04σ,         90% 

.

T ∆χ2       511 V    [ℓ, ]=[-0.375◦, -0.125◦] 

   51.23. T S A*     90%     

 3.48 (1.35σ),  1E1740.7-2942     7.60,   2.3σ.

W       P      511 V 

,   TS          

400–520 V ( F. 20). T  90%       

     S A*  1E1740.7-2942. T ∆χ2  -

  [ℓ, ]=[-0.375◦, -0.125◦]     97.52. T S A*    

 7.60 (2.3σ),  1E1740.7-2942     9.09,   2.6σ.

S,             

 ,     (    S A*

 1E1740.7-2942  0.83◦)          ,

  SPI    ∼2.7◦. H,     

          (  ).

A          . S  . [2014]
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Fig. 20: Combined TS map for the Central region of the Galaxy for the energy range of 400-
520 keV. The positions of Sgr A* (black) and 1E1740.7-2942 (red) are included. The
90% condence interval (∆χ2

max – 4.61) is smaller compared to the single regions in
Fig. 19.

        . W S A*    

     ,       

   511 V    SIGMA    1E1740.7-2942

(B  . [1991]  G  . [1991]),        

G A. G         , ..

  J  . [1995]  S  . [1996],      

     . I    , S  .

[2014]            511 V   

  1E1740.7-2942   .

F  ,              1E1740.7-

2942. I     ,        

 . T P   FoPs = (18± 03) 10−4  −2 −1,   

   F511 keV = (87± 13) 10−5  −2 −1   511 V ,    

  ∼6–7σ. T        (2.3σ)  

   Fcon = (65± 28) 10−5  −2 −1.

5.2.1 Variability in the Brightness of 1E1740.7-2942

L  1E1740.7-2942   X-  14–195 V (   S/BAT

 , K  . [2013], https://swift.gsfc.nasa.gov/results/bs70mon/

SWIFT_J1743.7-2946)      (F. 21).
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Fig. 21: Lightcurve of 1E1740.7-2942 in the range of 14–195 keV. The data were taken from
the Swift/BAT transient monitor [Krimm et al., 2013]. An adjusted curve prole
is shown in red. In order to compare the curves on temporal variability scales
with our lightcurves in γ-rays, they were plotted for INTEGRAL Julian Days (IJD)
1000–9000. The rst determination of the ux by the Swift/BAT transient monitor
took place in October 2004 (1927 IJD).

W       SPI . T    F. 22.

T          : 400–502, 502–520,

 520–640 V. T     P       -

   2 · 10−4  −2 −1      ∼4000 IJD 

>6000 IJD (    (10± 02) · 10−3  −2 −1  =7750 IJD) , 

         X-  (F. 21).

T 511 V        10−4  −2 −1, 

    4000 IJD< < 5000 IJD,     5000 IJD < 

< 6000 IJD,      S/BAT X- . T    

 =7750 IJD     (44± 11) · 10−4  −2 −1.

T 520-640 V           -

. D,        =4000 IJD 

=8000 IJD         =7750 IJD    

(99± 22) · 10−4  −2 −1.

T,           =4000 IJD 

=8000 IJD,       S/BAT . D   

   SPI ,       

   ,          -

,        1E1740.7-2942    .

F ,          =7750 IJD,

      1E1740.7-2942    γ-   

. R,          

 .
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Fig. 22: Lightcurve of 1E1740.7-2942 for the measured γ-ray uxes (Top: 400-502 keV, Mid-
dle: 502-520 keV and Bottom: 520–640 keV). Upper limits are marked with orange
triangles. The plots also include the 1σ and 2σ uncertainty bands of the constant
tted uxes. For comparison, an adjusted curve prole is shown in red similar to
Fig. 21.

N,     ,     , 1E1740.7-2942

       . T        -

 . O 20  INTEGRAL/SPI ,       -

   S  . [2014],      . I 
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,          1E1740.7-

2942      X-         γ- . D

       ,      400-502 

502-520 V (6-7σ)     ,      

      . T      -

  G A         G 

.
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6 Extended Source Analysis

I  ,       . F  ,   

        G    S

 . [2014]  S  . [2016],        . U 

,                

     G   . T    

         . T 

     S [2024]    C 3. F ,

       INTEGRAL/SPI     

,       -   .

6.1 Model Components of the Galactic Emission Signal

T G 511 V   (F. 2)      

            . T

   ,    ,      S

 . [2014]  S  . [2016]    G ,  

 S A*  [ℓ,] = [-0.06, -0.05]. I C 5,       

     1E1740.7-2942. T   ( 2D G

  NB    BB,        2D G), 

,      ,         

,       (T. 3)   

,      T. 4. H      NB  

 ,     [ℓ,] = [-1.25, -0.25]. T   

  G          

 (.., R-L K̈  . [2005]  Y  . [2025]), 

           .

H-    511 V   ,     , 

          , 

         [S, 2023].
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C L. L. L.  (FWHM) L.  (FWHM)

[] [] [] []

NB -1.25 -0.25 575 575

BB 0.00 0.00 2055 2055

D 0.00 0.00 14129 2473

1E1740.7-2942 -0.88 -0.11 000 000

Tab. 4: Sky model components used in our model describing the Galactic positron annihila-
tion signal. Shown are the peak position, as well as the longitudinal and latitudinal
extents of the 2D Gaussians describing the dierent parts [Siegert et al., 2016].
1E1740.7-2942 is a point source and as such is not extended.

6.2 Lightcurve Extraction

W               

  G     . D     (-

   ),         -    ,  P

   400-502 V,        511 V   508-514 V.

I   ,       ,       

          .

T     G        F. 23.

W        511 V        

(99± 05) · 10−4  −2 −1,       P    4000 IJD

<  < 6000 IJD. T         (23± 02) · 10−3  −2 −1.

T              511 V   

P . F  ,           -

    ,       F. 23. W     

  511 V         (145± 13) · 10−4  −2 −1,

       166 ± 15 . T     

P    (651± 71) · 10−4  −2 −1,        

    140± 23 .

T           S ,  

      P    140± 23       

S      11 . W       

   S   ϕ (F. 11). H    ϕ 

 IJD 3000  4000,  S   5000 IJD  6000 IJD, 

  ϕ      7000 IJD  8000 IJD. T   

       . D          
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Fig. 23: Lightcurves (blue crosses) for the Galactic bulge (top) and the disk (bottom) to
analyse time variability in their oPs signal (left), as well as their 511 keV emis-
sion(right). The 511 keV energy bin reaches from 508 to 514 keV, he oPs energy
bin from 400 to 502 keV. The green line is a constant tted to a data indicating also
the 1σ (dark) and 2σ (light) uncertainty band. The lightcurves of the disk unclude
also a tted sinusoidal curve (grey).

,               

. S   G CR     

     (S. 3.3). T       

             

. H,           . I

 ,            S .

6.3 Sky Models of the Asteroid Populations

T               

     ,        . W

            . T KBO

 (F. 8)  ,            
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. H,  JT  NT   (F. 9)    

 . A,    JT  NT        .

T              

            . T,

          ,   

. T    F. 24.

Fig. 24: Timeline illustrating the division of the global dataset into 173 individual sub-
datasets with a length of 30-60 days. At the top, each pointing is shown in red,
representing the observation periods of INTEGRAL/SPI, which are separated by
the annealings (about twice a year, see text). The bottom timeline, in addition,
shows the anchor points of the various datasets (black), in which the observation
periods are lled evenly.

T    INTEGRAL/SPI  . A     

   SPI      CR    

      ∼100◦C. T     [R  ., 2003].

T        . T  

        . F    -

   . W  ,    ,  JT,

   ∼2.5◦,         ,  

   SPI  2.7◦. T   173  -  

 30–60      . T    F. 24

      .

F    -,          JT 

 NT. T  ,          —    1

 1,max  i,       i, Start,    i, Stop, 

   i,Elapse,     2  2,max  j, . T

  1,mean  2,mean     :

1,mean =

p1,max

i=1 (i, Stop − i, Start) 2 × i,Elapsep1,max

i=1 i,Elapse

2,mean =

p2,max

j=1 (j, Stop − j, Start) 2 × j,Elapsep2,max

j=1 j,Elapse
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F    1,mean  2,mean,      1  2

           best   

 .

best =

p1,max

i=1 1 × i,Elapse +
p2,max

j=1 2 × j,Elapsep1,max

i=1 i,Elapse +
p2,max

j=1 j,Elapse

T             -

        . T   , 

     38 , ..  1. S,    comp 

comp =

pmax

p=1 p,Elapse × ppmax

p=1 p,Elapse

   p    .

T            

   F. 25. I           (< 15%   JT,

< 55%   NT),        . F  ,

             173 -.

Fig. 25: Comparison of the approximation of our created images (one best image for each
dataset) with the comparison image (one image for each pointing) in the case of the
rst dataset. Deviations are shown as percentages. In addition, sections of the JT
and NT are shown in order to evaluate the dierences specically at their position.

A  E. 1   5,          

   SPI  (- ). G     ,

     . S,       

   INTEGRAL/SPI,       

      (n)       best   

    JT   NT

n =

173
d=1 d,Elapse × best, d173

d=1 d,Elapse
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        d,Elapse   - .

Fig. 26: Final images for JT (left) and NT (right), which will now be integrated as compo-
nents into our sky model. While the signal from JT accumulated over the INTE-
GRAL mission period extends across the entire ecliptic, the NT only cover part of
the ecliptic, with a bright spot in the Galactic center, due to their long orbit.

T           F. 26. T    JT

    . T         

J   T. A         . T NT,

   ,   ∼43.6◦   20   ,   

         .

6.4 Lightcurves of the Asteroids

H         ,   

    . T     F. 27. W    

   2  .

T KBO+MBA         INTE-

GRAL/SPI    ,  511 V      P. T -

    KBO+MBA 511 V   19 · 10−3  −2 −1,   

    ∼ 5  30 ·10−4  −2 −1. I     KBO+MBA

 400  502 V,      60 · 10−3  −2 −1    ∼ 30

 70 ·10−4  −2 −1     .

T JT        . T   

    ∼ 5 · 10−4  −2 −1,        0.5

 15 ·10−4  −2 −1   511 V , ,   P  , ∼ 25 · 10−3

 −2 −1,        20  30 ·10−4  −2 −1.

O ,  NT      ,   KBO+MBA

 JT  . I  400  502 V      

    ∼ 14 · 10−3  −2 −1,       
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Fig. 27: Lightcurves (blue data points) of the 511 keV energy bin (508–514 keV, right) and
oPs energy bin (400-502 keV, left) for the KBO (top), the JT (middle) and the
NT (bottom). 2σ upper limits are marked with grey triangles whenever the ux
appears to be negative. The green line indicates a tted constant including 1σ and
2σ uncertainty bands. None of the three asteroid populations shows signicant (i.e.
≳ 3σ) emission throughout the 20 yr of SPI observations. The NT component shows
two high ux values about 11 yr apart which may point to the Solar cycle.

10  25 ·10−4  −2 −1. F,  511 V        

21 · 10−4  −2 −1,      =4375  8145 IJD 

(83 ± 24) · 10−4  (92 ± 46) · 10−4  −2 −1. T    103 ± 24 

   ,         S -
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. W      (273 ± 64) · 10−4  −2 −1  =4375 IJD    P

 . U,      =8145 IJD,      

. W             T. 5.

P  P   HE  

C 400-502 V 508-514 V 520-640 V

[10−4  −2 −1] [10−4  −2 −1] [10−4  −2 −1]

NB 39± 11 35± 04 22 (2σUL)

BB 19± 2 60± 07 94± 20

D 63± 4 14± 3 33± 4

1E1740.7-2942 14± 04 08± 01 07± 03

C 27± 4 14± 01 19± 4

C-X-1 87± 03 02± 01 56± 03

C A 23± 04 04 (2σUL) 08± 05

SWIFT J1753.5-0127 29± 04 03 (2σUL) 17± 04

GRS 1915+105 09± 03 014± 011 09± 03

MR 2251-178 34 (2σUL) 09± 06 34 (2σUL)

3C 273 09± 04 03 (2σUL) 11± 04

PSR B1509-58 10± 04 02± 01 10± 04

KBO + MBA 60 (2σUL) 19 (2σUL) 55 (2σUL)

JT 25 (2σUL) 5 (2σUL) 23 (2σUL)

NT 14 (2σUL) 21± 09 12 (2σUL)

Tab. 5: All ux values and upper limits for all tted components and all energy ranges (oPs:
400-502 keV; 511 keV line bin: 508-514 keV and the high-energy (HE) continuum:
520-640 keV).

I           NT ,   

 (F. 11)            

      . F. 28       

  NT  (),        NT    511 V 

 ().

T      = 4375  8145 IJD      

    . W       = 3650 IJD,  

   . O   ,        > 8000

IJD,           . T,  
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Fig. 28: Comparison of the NT lightcurve with the expectations calculated from the Solar
modulation potential (Fig. 11). Left: extraction of an expected emission template
with the same time-binning as our tted lightcurves. Right: t of the expectation to
the actual curve. There is a clear dierence between expectation and observation.
The strongest signal is expected to appear at t=3650 IJD, at which time we do not
see an enhanced ux level. The two enhancements at t= 4375 and 8145 IJD, on the
other hand, have no counterpart in the expectation.

         . M, 

              

.

I               -

   ,         511 V  .

I     F. 29.

F         ,      

        . T  

 KBO  JT (),    KBO  NT (). T  -

,   KBO           

      . A  JT 

NT (),    ,            .

W         2, 4, 8,  10. F ,    

  121± 23 ,   J   11.86 . D    

  L  L4  L5,         

. T             

       E. I        

          G

,       (..,    NT)  

        .
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Fig. 29: Correlation matrix for the tted lightcurves of the 511 keV line of all sky model
components. (Anti-)correlations between all tted time bins are displayed. For
simplyed comparison of the models, areas of interest are framed in color:
Red: Galactic components, Green: KBO - JT correlation, Yellow: KBO -NT corre-
lation, and Blue: JT - NT correlation. In each of the marked areas, the correlation
between two components at the same time can be found on the diagonal of the
matrix.

A   ,             

. A     S. 4.2,       spi-

modfit   ,  ,          

          . S  

  MV-   ,         

    . I      ,     

,           ,      

   . T     SPI  ,    

  G  (ℓ = 0◦)    . T  

 G            .

T      F. 30.

W       F. 27    ,  

 KBO+MBA     JT. T KBO   511 V   

(15 ± 04) · 10−3  −2 −1      (83 ± 01) · 10−3  −2 −1  

P ,     3.8σ   511 V   83σ   P -

. T         M  . [2008],

         MBA+JT+NT+KBO  
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Fig. 30: Lightcurves (blue data points) of the 511 keV energy bin (508–514 keV, right) and
oPs energy bin (400-502 keV, left) for the KBO (top), the JT (middle) and the NT
(bottom) with the ipped models. 2σ upper limits are marked with grey triangles
whenever the ux appears to be negative. The green line indicates a tted constant
including 1σ and 2σ uncertainty bands. The higher uxes, compared to the original
models (Fig. 27), appear due to the statistical bias.

   ∼ 5 · 10−4  −2 −1. I     ,  

    ,     KBO,        

      . T    NT     

 . D      (T. 2)    

   E,      ,     
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      G  (F. 26),      

      . T     NT,    , 

    ∼ 30  60◦    ,   

. H,           

,        . I ,   

             ,

      KBO.

A     ,          

           S S.

O       (    NASA

SMEX  COSI (C S  I, T  . [2019]), 

     2027)      - . T ,

  ,        , 

     SSSB   . T     

        . W   

    (C. 7)           

.
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7 Estmating the Solar System γ-ray

Albedo

I  ,            

  γ-   SSSB. B M  P [2008]  M

 . [2008], D G  . [2023]      . T  

  CR        FLUKA . T 

  2–6        M  . [2008]  

GV . F  ,     SPI ,    -

            

GEANT4 ,  M  P [2008]  . T   

  F. 31.

Fig. 31: Setup for our GEANT4 simulations. A at spectrum of protons/photons hits an iron
sphere with radius R and a density ρ of 7 g/cm3. The interactions between particles
and material take place in the rim marked in yellow.

W       ,  γin   Pin,    

( R)     ρ = 7 3. T     

     . A     

          γout   . D

       ,     (

    )      SSSB    
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,          E   

   D G  . [2023].

T             , ..,  

,      . S        , 

         ,      

        ,       

  . W            

/   .

7.1 Photon Interactions

W    . S        

  MV ,      10       

10 V  100 MV       R  0.1   100 . T

        F. 32.

Fig. 32: Response matrices of photon interactions for sphere radii of 1 cm (top left), 10 cm
(top right), 50 cm (bottom left), and 100 cm (bottom right). For small radii, the
photons often penetrate the material without interacting. For larger sizes, a 511 keV
line appears.

F   SSSB  (1 ),         
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    . H,      .

F  SSSB   10 ,       511 V , 

      C ,      

. T      50  100     

     . B    100 ,    

. I    , ..,         ,

  50 .

7.2 Proton Interactions

T         . A   

 10MV  10GV     . C,   

  ,       0.1   1000   

 . F   ,        . F 

 0.1  30 ,   1,000,000,         

  100,000. W            (F.

33).

Fig. 33: Response matrices of proton interactions for sphere radii of 1 cm (top left), 10 cm
(top right), 50 cm (bottom left), and 100 cm (bottom right). In addition to the
511 keV line, we also observe nuclear iron lines at 0.847 and 1.238MeV.
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H,     511 V ,         0.847

 1.238MV. T            

. W         50  100 . B

  100 ,         . O, 

   (    50 )  . T    

    . N,       

    . S        

         .

7.3 Flux Expectations

A       ,    

    Rγ,ph()  Rγ,pr()     0.1  100,000 .

T      E  ,       

N/  SSSB     . I      

(D G  . [2023]  D [1969])

N


=  · −α (9)



 =
3M

4 π ρ
× 4 − α

4−α
1 − 4−α

0

 α ̸= 4. G    M       (0  1)  

  ,      ρ    ,    

    . T   E FEarth(E)    

   (E, )   -     .

(E, ) = Rγ() Sin(E) (10)

Sin    ,   CR    . M  . [2008]

 D G  . [2023]     ,  

       . A  D G

 . [2023]    E   

FEarth(E) =

 r1

r0

π 2

2
(E, )

N


 (11)

            E 

SSSB     0 ()  1 ()    (E, )   

. T  α       N/   

    . M  . [2008]    

50



. T         M-  FMoon(E)

        M       

SSSB

FEarth(E) = FMoon(E)
D2

Moon

2

 r1

r0

N





RMoon

 (12)

 DMoon      M   E  RMoon  

M .

T             

. M  . [2008]      [M  P,

2008]. H,      ,    

          ,     

   D G  . [2023]         

      . I , M  . [2008]

     1      SSSB ,  D G

 . [2023]     2   . S M  . [2008]

       M,   r
RMoon

     

       . I  , D G  .

[2023]               (A = π 2).

D    ,      ,    

 ,             

   .

G      ∆,       A 

A = π(2 − ( − ∆)2) = 2 π  ∆ − π ∆2 (13)

W     A      > ∆. F    ( < ∆),

,      D G  . [2023]   . O

        

FEarth(E) =

 r1

r0

A

2
(E, )

N


 (14)



A = 2πr∆ − π∆2  r > ∆

A = πr2  r ≤ ∆

W     ,        

   E          

-. A  ,      MBA  ,  

        D G  . [2023]. H,   
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    M = 5 · 10−4 M⊕     E  =2.7AU. T 

  α=–2.7     N/   .

W   BAT CXB        CR  [A  .,

2008].
N

E ph
=

1015 · 10−2

(E2999)1.32 + (E2999)2.88
V2  −2 −1 −1 V−1 (15)

I     ,   CR   M  P

[2008]  .

N

E pr
= 16 · 104


(E + 0458)2.75 − 3567 (E + 0936)−4.90

+ 4777 · 105 (E + 144)−6.88


 −2 −1 −1 GV−1

(16)

T  γ-    MBA    F. 34.

Fig. 34: Calculated observable spectrum on Earth, resulting from the interaction of CR
photons with the MBA. The resulting signal shows very small uxes with a peak at
approximately 100 keV. The 511 keV line, which was clearly visible in the response
matrices (Fig. 32), can hardly be seen in the spectrum.

W     ,   100 V     ∼ 4 · 10−8 V2  −2

−1 −1 V−1. T     511 V . T  

- . T     γ-  (CGB)  ∼20 V. P-

     1MV,    ,      

.

T         F. 35. H,    
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   D G  . [2023]. I     ,   

    .

Fig. 35: Calculated observable spectrum on Earth, originating from the proton interaction
of CRs with the MBA (left), as well as the calculated spectra (right) for ice spheres
by De Gaetano et al. [2023] for dierent threshold sizes of SSSBs (coded by their
respective color). For comparison, we use the dark blue curve (smallest radius
10−4 km, in our case: 10−6 km). The results are highly consistent with each other.
Both show a dip at ∼ 8MeV and dier by a maximum of one order of magnitude.
However, the nuclear lines are more pronounced in the spectra of De Gaetano et al.
[2023] due to a narrower binning.

A            -

  D G  . [2023],       (FLUKA 

GEANT4). T        ,

          . F  , 

        ,   10−4    

  SSSB . I  ,        10−6 . T -

      ∼ 8MV,         D G

 . [2023]. T      ∼ 100MV,     

,      . H,     

  ∼ 10−17 − 10−12 GV2  −2−1 −1 GV−1,      -

. D          ,    

      D G  . [2023]. T  

          1 /3. I ,   

    ,    .

T          . W   

      ,     

 (     , ,   ).

B,     ,      D

G  . [2023],   S S γ-      
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     M  . [2008].

I             -

   . T   γ-      

       α = −35. T     

     N/   SSSB ,    ,    -

           D G  .

[2023]. H,           

 . T         

       ( )  - 

     E.
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8 Discussions

8.1 Origin of the Oset in the Galactic Center

W              

. W      511 V    G ,  

  10  INTEGRAL/SPI   S  . [2014]. T   

       , S A*  1E1740.7-2942,   

    ,   . I   

,           1E1740.7-2942 

      . T,   -  

SIGMA   1991,       1E1740.7-2942 

 511 V        G A  

.

N,             1E1740.7-2942

     G . T    1E1740.7-2942   

   - ,            

. R  ,  G ,     511 V ,

             

         .

8.2 Solar System γ-ray foreground

W         511 V  

           INTEGRAL/SPI  

  20 . E         2− 3 σ   NT, 

   . T       

 S           . H,

      ,      

   . G    M  . [2008], 

 511 V     (KBO+MBA+JT+NT)      

∼ 5 · 10−4  −2 −1. O         

  ,    KBO+MBA          

 4–5     . O     
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      - . T  ,   

     ,       SSSB 

 ,           

 .

M  . [2008]       M     

     γ-   SSSB    ,   

    . D G  . [2023]    , 

          . T  

 2–6        M  . [2008]   GV

. W           (MV )

γ-. D       ,    

       ,      ,  

      .

I,           D G  .

[2023]           , 

 M  . [2008]           

( T. 5). I   ,         

     .

O      INTEGRAL/SPI   2003-2023  

      G   . T   

           . W  

   ,   COSI [T  ., 2019],   

  ,          

   . COSI          2  

1 · 10−5 −2 −1  511 V,      M  . [2008] 

  
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9 Conclusion

I  ,          G

  . W     G ,  

   . H,        ,   

         INTEGRAL/SPI. T

        S A*,     

    M W,  1E1740.7-2942,      

 X-   . S       . H,

1E1740.7-2942      511 V     

G A          

SIGMA  1991. H,  -       γ-

   . W       1E1740.7-2942   

          . W   

   X-,      . T  

  1E1740.7-2942   ,    S A*   .

I      ,       

  S S γ-      . T,  

     S S. W    

   . A   ,     

   [P  ., 1997]     OSSE-  

    JT  NT. F  ,      

CR  SSSB   . I   M  . [2008], D G

 . [2023]       S S γ- . O

         ,    

,         . T  

      D G  . [2023],    2–6

    M  . [2008],    S S γ-

      .
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