R AT 6 D 511 keV
R SR EN VNS

P4y KA
(BOR - B - KX)

H1EIMeV A > < SR ST =
W2 9F2H27~28H
FEPRY: AL G BB IO )1 H —u



Q Slides for 511 keV observations were made many years ago. For
more recent reviews, see, e.g.

Q http://galacticcentre.space/wp-content/uploads/2016/06/
[IAUZ2016 tsiegert 1.pdt




The 511 keV Annihilation Line Emission from GC

@ extended spherical bulge with ~8 deg FWHM (~1.1 kpc) + weak
disk component (Knodlseder et al. 2005)

@ bulge / disk flux ratio = 3-9 (c.f. mass ratio 0.3-1.0, Robin+’03)

@ positron production rate ~1.5x1043 s-!

Knodlseder et al. 2005



A Unique Morphology!
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FIG, 2. The INTEGRAL and COMPTEL diffuse gasmma ray
flux messtretments aro shown with & black solid line, and their
430% umcortaimtios by the gray shaded band, For positron
injection energies of 1. 3, and 10 MeV (dotted, dot-dashed and |
dashed lines), the thick lines show how this would be increased
by the inflight annihilation gamma ray fux (thin lines also
include the internal bremsstrahlung flux). Al results arc for

a 5°%diameter region at the Calactic Center. The 0511 MeV
line flix is not shown.



Proposed Models for 511 keV Emission
Q@ Disk component:
@ core-collapse SNe DIEEAREIR, °Al & consistent
Q@ Bulge component:
Q type Ia SNe:
Q rate not sufficient (~1/10) (Prantzos 2006)
Q positron escape fraction likely << 100%
Q@ B/D ratio?
Q@ core-collapse SNe, GRBs, hypernovae, cosmic-rays, pulsars...
Q@ massive star origin inconsistent with the large B/D ratio
@ Novae
Q large B/D ~ 3-4
Q@ production rate insufficient
Q@ X-ray binaries / microquasars (Guessoum+ 06)
Q@ production rate uncertain
Q@ B/D ~1

Q@ broad line 511 keV emission directly from sources



Proposed Models for 511 keV Emission

Q@ Bulge component (contd.):
@ MeV-mass dark matter
Q@ B/D ratio OK, but not a natural candidate compared with SUSY particles
Q@ Sgr A*
Q@ Cheng+ 2006

Q stellar capture onto the SMBH, jet and cosmic-ray production, and
pion-decay positrons

Q@ injection energy ~ 30 MeV

Q@ B/D ratio? compared with the gamma-ray background in EGRET
band

Q@ Totani 2006:
Q@ standard RIAF framework + higher past activity
@ production rate consistent
Q@ injection energy ~ MeV

Q starburst around Galactic center (Alexis+2014)
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Q Perets (2014, arXiv)

Q@ faint peculiar type Ia (“type .Ia”), prototype SN 2005E, originates from
helium detonation on white dwarf

Q@ Crocker et al. (2016, arXiv:1607)
Q@ sub-luminous thermonuclear SN (SN 1991bg-like)

Q@ helium WD + carbon-oxygen WD merger

Q ZNLDEHAEIFEW delay time (>~ 5 Gyr) TR E., +o4BORGET2HT
&R

Q bulge 511 keV emission %z ZiEAHIK 2 2



Positrons from Sgr A*?

Q SRR rh L DA

Q Sor A* ~NDEEREE TR 5 D positron 2 (Totani *06)
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The RIAF Model for Sgr A*

@ Application to Sgr A* (Yuan+ ’03)
Q@ Outer boundary at Bondi radius from X-ray observation

Q quiescent X-ray emission spatially resolved by Chandra

(-27~0.03 pc) :
M oxr’, s=0.27

Q@ Bondi accretion rate ~10° Msun / yr
-3/2+s

n, xr

e

@ Non-conserving mass accretion flow
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RIAF model |Z mass outflow Z V¥ =7 %

Q@ non-conserving mass accretion rate «< outflow

Q@ ADIOS: Blandford & Begelman ’99

- S Outflow from region around » ~ 7,
M oxyr, s=0.27 :
dM

n, o p ‘ mass outflow rate : ~ —r- 1.6x107°°M _ / yr
4 r

kinetic luminosity :~v__ a;’_ r ~3x10"erg/s
r



positron production from Sgr A*
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Evidence for Past Higher Activity of the Galactic Center

Q Evidence for much brighter X-ray luminosity until ~300 yrs ago
from Sgr A*

Q@ Evidence for a large scale outflow from GC



Evidence for Brighter X-ray Luminosity of Sgr A*

Q@ FORI+25 Sgr B 70 & O gkl (2, S 0D & DI D SR
TEFZZLNS

Q@ 300 yr 1F LRI E Tld. Ser A* @ XFEEEDY ~3x1039 erg/s CTHEWT
Wiz kB2 5 EEHTE % (Koyama+'96; Murakami+’00)

Q BIEDXiRIEIED 1056 {5 |

I, s -
. o~ 2 J ) .
) A .

) - b a ’f‘ p
) \ .
\ e, ‘ 'Q_:-"

\ . - “o
"\ ' -
L - .
Kol P
\. » - LA N

B RARIRR6.7 ke bt R (6.4 ke




Evidence for a Large Scale Outflow from GC

Q estimated massive outflow energy:
10°° erg in ~10° yrs on the scale of
the Galactic center lobe (GCL)

Q ~-100 km/s

Q a few degree ~ 300 pc
Q Bland-Hawthorn & Cohen ’04

Q@ Other independent evidences:

Q@ Expanding molecular ring s TOF KA NS | 77 i
(Kaifu et al. ’72; Scoville ’72) 1 0 359
Q@ North Polar Spur (Sofue ’00; Bland-Hawthorn & Cohen 03
Brand-Hawthorn+'04) Image: MSX 8.3 um (dust)
Contour: 3 cm (thermal)
Q Kinetic luminosity ~ 104142 erg/s



svidence for the Higher Activity
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FiG. 5.—Quiescent (thick lines) and flaning (thin lines) spectra for different
accretion rates. The solid lines comespond to the broken power-law syn-
chrotron model of Sgr A* shown in Fig. 3. The dashed, dot-dashed, and
double-dot-dashed lines are for systems with accretion rates of 10, 100, and
1000 times the rate in Sgr A*, respectively. For more luminous systems
(higher M), the SSC emission from thermal electrons increases substantially.
As a result, the emussion from flares would be much more difficult to detect.

Yuan et al. 2004




Explaining Observational Evidence for the Higher Activity
by the RIAF Picture

Q Xilp KRB & IR I N 5 im B D RIEEIE Lx-3x1039 erg/s
Q@ Sgr A* @ RIAF model ¢, Itz T %1213

boost factor f, =M ., /M,,,

LT, f,~10°-10*
(CDEE, L, ~107 Ly, BRABIEIIL, ~107°L,,)

Q =L =I5 outflow kinetic luminosity (%
L. ~9.5x10" £, erg/s

(S35 =15 /103'5)

Q@ GCL, EMR, NPS7: £2> 5 M Z 41 5 outflow kinetic luminosity
~3x10%! erg/s

Q@ (3IX[A L boost factor ¢, X#HOEE S outflow kinetic luminosity b
HHCZ %

%L:Lllé



Why Sgr A* Currently So Dim?
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Implications tor 511 keV Emission

Q@ positron production rate by Sgr A* accretion flow ~ required
from 511 keV observations (~-10%3 /s) when fg ~ 1034

Q@ fg ~ 10%4 is consistent with observational evidence of GC past

activity
Q propagation:
Q Hll SN LD3D 1F. ~107yr PR DIRFE] TDILELD A 7 — )b & fi&
V]

Q@ Sor A* OEEDEEIEIZ. 511 keV i @ high bulge-disk ratio @
— DD DI WFHIHZ 5 2 %
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Concluding Remarks
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