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THE UNEXPLORED MeV SKY
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HE UNEXPLORED MeV SKY

Large gap in sensitivity of
satellite missions between
~0.1 and 100 MeV

Challenging detection of ¥
rays in this regime: cross
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THE UNEXPLORED MeV SKY
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See Tonia Venter's talk on AGN physics
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See Xilu Wang's talk on SN1a and nuclear lines

See Jeremy Perkins' talk for more details and a full mission overview
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- XPLORED MeV SKY
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PROBING WIMP DARK
MATTER



SENSITIVITY FOR A SIGNAL FROM
SELF-ANNIHILATING DARK MATTER

xXx — 77 (this work) CMB (Planck)

. xx — m 4 (this work) - — = Boddy & Kumar (2015)
Considered x> 700 (this work) diffuse
1 Oo X 1 OO ROl around Diffuse Background;
COMPTEL |b| > 30°,
GC, one year exposure EGRET 20°<[b| < 60°

e-ASTROGAM like
characteristics

Energy losses,
propagation, Galactic
diffuse emission taken
Into account

10" 10* 10
[Bartels et al. 2017] M, [MeV]




SENSITIVITY FOR A SIGNAL FROM
SELF-ANNIHILATING DARK MATTER

Considered
10° x 10° ROl around
GC, one year exposure

e-ASTROGAM like
characteristics

vy — ¢ e~ (this work)

XX — QO
Energy losses, o Riﬁ (this work)
; i vy — 7 (this work)
propagation, Galactic CMB (Planck)
Essig+ (2013)
= == == Boudaud+ (2016)

diffuse emission taken
INto account

10" 102
[Bartels et al. 2017] M, [MeV]




MO TIVAT
MODELS

D MeV-GeV DM

[Cata et al. 2017]

MeV-GeV DM models often strongly
constrained with CMB measurements
[see e.q. Tracy Slatyer’s talk]

INTEGRAL

E2 A®/AE [MeV cm™2 1]

CMB constraints can be avoided for
p-wave (velocity dependent)
annihilation*

Fermi LAT

E [MeV]

Constraints from diffuse y rays for
decaying DM coupled to gravity can | S
surpass CMB bounds [see Sebastian
Ingenhutt's talk]

[Cata et al. 2017]

*See e.g. Boehm & Fayet (2004), Pospelov et
al. (2008), D'Agnolo & Ruderman (2015), Chu
et al. (2016), Choi et al. (2016), Pappadopulo )
et al. (2016), Hochberg et al. (2014) S mg [MeV]



https://indico.cern.ch/event/615891/contributions/2549830/
https://indico.cern.ch/event/615891/contributions/2642081/
https://indico.cern.ch/event/615891/contributions/2642081/
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AMEGO ANGULAR RESOLUTION

Compton at0°
Pairat 0°
Compton at 37°
Pair at 37°
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http://inspirehep.net/record/1391089
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http://inspirehep.net/record/1391089

PIN-POINTING THE GeV EI\/IISSN\}
IN THE GALACTIC CENTER <




PIN-POINTING THE GeV EI\/IISS

IN THE GALACTIC CENTER

\ -~
. l; '
»

®

' .
- »

? !_7'\.
L

- s
. I

B
| i |

- )
?,5 e GeV excess observed with Fermi
LAT in the Galactic Center [see

e.g. Tracy Slatyer's or Daniele A% r
Gaggero’s talks] ¥

Possible astrophysical origin:
population of MSP pulsars [see
e.g. Richard Bartels' or Mattia Di
Mauro's talks]
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PIN-POINTING THE GeV EMISSION'

IN THE GALACTIC C-NTER —h
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GeV excess observed with Fermi
LAT in the Galactic Center [see
e.g. ITracy Slatyer's or Daniele
Gaggero’s talks]

- EiLee et al. 2016]

Possible astrophysical origin:
population of MSP pulsars [see
e.g. Richard Bartels' or Mattia Di
Mauro's talks]

AMEGO can probe this
hypothesis due to improved PSF
and sensitivity to lower y-ray
energies
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PROBING AXIONLIKE
PARTICLES



AXIONS AND AXIONLIKE .
PARTICLES UV LMo R

of solution of of strong CP problem in QCD
* Axion mass proportional to photon coupling

- Axionlike particles (ALPs): cl Gessssapaans

» plethora of ALPs predicted in string theory
(axiverse) and other standard model extensions

* Mass and photon coupling independent parameters

» Axions and ALPs are DM candidates

[Peccei & Quinn 77; Wilczek 78; Weinberg 78;

Preskill et al. 83; Abbott & Sikivie 83; Witten 84;

e.g. Arvanitaki et al. 09; Cicoli et al. 12; Arias et al. 2012;

Raffelt & Stodolsky 1988] 10




FUTURE ALP CONSTRAINTS
USING SPECTRAL IRREGULARITFES

Prime target: NGC 1275,
central radio galaxy of
Perseus cluster

Bright y-ray emitter

Central B field of cluster:
25 uG [Taylor et al. 2006]

Used to constrain ALPs using
Fermi-LAT observations

[Ajello et al. 2016]

. Hubble image of NGC 1275
http://hubblesite.org/newscenter/archive/releases/2008/28/imagé/a/

11



http://hubblesite.org/newscenter/archive/releases/2008/28/image/a/

FUTURE ALP CONSTRAINTS
USING SPECTRAL IRREGULARITFES

Prime target: NGC 1273
central radio galaxy of

One realization

One realization,
| 5% energy resolution

Perseus cluster

95% containment
B 68% containment

Bright y-ray emitter

Central B field of cluste

Photon survival probability

Z9 HG [Taylor et al. 200¢ m, = 0.1neV, g, = 0.9 X 10~ GeV
: 10 10°
Used to constrain ALPs Energy (McV)

Fermi-LAT observations

: Photon-ALP oscillations including random
[Ajello et al. 2016 B-field in Perseus cluster (10uG) and
Galactic Magnetic field

Hubble image of NGC 1275
http://hubblesite.org/newscenter/archive/releases/2008/28/imagé/a/
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http://hubblesite.org/newscenter/archive/releases/2008/28/image/a/

ALP SEARCHES USING CORE-
SUPERNOVAE

COLLAPS

‘.\;\‘;

[Meyer et al. 2017]

o

)



ALP SEARCH

COLLAPSE SUPERNOVAE

ket ¢

=S USING COR

ALPs produced in a core-collapse SN o 7 L O
explosion via Primakoff process in burst . 3

lasting 10s of seconds

Burst would arrive simultaneous with

neutrino burst

Could convert into gamma-rays in

Galactic magnetic field

Non-observation of signal from
SN1987A with Gamma-Ray

Spectrometer on Solar Maximum
Mission satellite still strongest bounds
for ALPs with masses m_s 1neV [Payez

et al. 2015]

[Meyer et al. 2017]



ALP SEARCHES USING CORE-
COLLAPSE SUPERNOVAE

ALPs produced in a core-collapse SN
explosion via Primakoff process in burst

lasting 10s of seconds - ALP / y-ray flux
" | integrated over

Galactic center, d = 8.5 kpc, g;1 = 0. 10

Burst }/vould arrive simultaneous with explosion time

neutrino burst

Could convert into gamma-rays in

Galactic magnetic field | 300 400
Energy (MeV)

Non-observation of signal from
SN1987A with Gamma-Ray
Spectrometer on Solar Maximum

Mission satellite still strongest bounds . .
for ALPs with masses m_= 1neV [Payez ALPs in case of a Galactic core-collapse SN

et al. 2015] | within FoV

Large FoV and small PSF of AMEGO

promise similar sensitivity as Fermi LAT for

% = = v [I\/Ieyer et al. 2017]
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Helioscopes (CAST)
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AMEGO SENSITIVITY TO ALPs

LIMITS

CAST (2017) SENSITIVITIES

Globular clusters

ALPS II

X-rays
NGC 1275

Fermai LAT
NGC 1275
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AMEGO NGC 1275

HAYSTACK

transparency

Fermi LAT / AMEGO
10 M ® SN @ GC WD cooling hint

Haloscopes

10—13 10—12 10—11 10—10
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CONCLUSIONS

AMEGO: new mission concept to probe y-ray sky in the MeV-GeV
regime

AMEGO features large FoV, small PSF, high energy resolution +
capability to measure polarization

Unprecedented sensitivity to probe decaying and self-annihilating sub-
GeV WIMP DM

Excellent sensitivity to probe light axionlike particle DM

Proposed for NASA decadal review

https://asd.gsfc.nasa.gov/amego/

15


https://asd.gsfc.nasa.gov/amego/

CONCLUSIONS

AMEGO: new mission concept to probe y-ray sky in the MeV-GeV
regime

AMEGO features large FoV, small PSF, high eney

Planned to write dedicated White
Papers for AMEGO science, let us know
it you would like to contribute!

e/ N\l ol I \JVII\JILIVILJ C\J/ I\JI\JUV IIUIIL SAZNITNS 1 |

Proposed for NASA decadal review

https://asd.gsfc.nasa.go

15
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DIFFUSE BACKGROUND

_ Diffuse Background

Gruber et al. (1999) - HEAO, COMPTEL, EGRET

Interpolated Bkg

Acero et al. (2016) - LAT Galactic

Strong, Moskalenko, Reimer (2000)
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107 | Ackermann et al. (2016) - LAT Extragalactic

10'3' | '1'0'2' | '1'0'1' | '1'00' | '1'01' | I1'02' | '1'03' | '1'04' | '1'05' | '1'06
Energy (MeV)




EFFECTIVE AREA

Compton at 0°
Pairat 0°
Compton at 37°
Pair at 37°
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IAR\VICRO.

176 . [3767 Ye, Ze]

Compton Event

-VEN

77% — [51371 s Yy Z%]
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