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Targets for

dark matter

gamma-ray
searches
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Dark matter signal predictions
F. Calore@Fermi.sym.2018
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Dwarf spheroidal galaxies

Target:

» dSphs galaxies: “clean” target for DM
searches, high light-to-mass ratio and no
astrophysical emission Winter+ ApJ’16

Status:
* Exclude thermal cross section below 100
GeV (16 dSphs stacking, 6 yr of data)

Albert+ Apd 17
 Syst unc J-factor determination for ultra-

faint dSphs (tri-axiality, contamination,

velocity anisotropy) Ullio&Valli JCAP'16,
Hayashi+ MNRAS'16, Klop+ PRD'17
 Syst unc background mis-modelling are
important (3x weaker limits)

FC, Serpico & Zaldivar 1803.05508
Future:
* New data from Fermi-LAT (improvement
b? a factor of 2-5} Charles+PhR'16
» Expected hundreds of new dSphs with
SDSS, Pan-Starrs, DES and LSST (> 2019)
Hargis+ApJL'14
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Galactic latitude (&)

C. Boehm @Wein 2016

FERMI-LAT data
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10-30 GeV DM annihilating mostly

into b-quarks or muons
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m 1. gammas from pion decays
( ex. Stellar bulge, molecular clounds etc)

m millisecond pulsars in bulges

F. Calore@Fermi.sym.2018
Evidence for stellar bulge emission
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GeVhHybMeV A

m GeV
Galactic Center Region

astnophysical sources Z#4.
Steller-bulge, Sgr A*,
Molecular Clouds, Millisecond
Pulsars,,,,

m MeV region <30MeV
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WHAT ABOUT THE BACKGROUNDS? T.LINDEN@AASM 2018

10.2 MeV 1.2 GeV

Porter et al. (1708.00816)

» The ISRF energy density is extremely smooth

» Most of the substructure washes away, and you get
very smooth background gamma-ray emission.




MeV ~Sub-GeV DM

Mass limit DM >~3MeV from CMB obs.

XX = vy, TOn%->yyy, yo-> vyy, dd — vyyy
XX —e+e-, ', Y+y-, dd-> e+e-e+-e
Signal gammas from DM ,direct y

& radiative y from decayed e

+ GEV DM D5 De+ e-H b MDsecondary gammas
GeV K Y PRaIAav/re Ly !

ZnLlst @Axion Like Particles (ALPs)
10MeV gammas from SN (Hv 9 3)

@®PBH thermail MeV gamma



THE ANNIHILATION SPECTRA WILL UNIVERSALLY BE HARD

T.LINDEN@AASM 2018

» Annihilation of 80 MeV DM -> ete- produces gamma-

rays primarily through final state radiation and
bremsstrahlung. :

» These spectra are
brightest at the dark
matter mass.

E?d®. /(dE dSY) [GeV em 25 1 sr 1]

E, [MeV]

» Comparison of multiple targets becomes significantly
easier at MeV energies - look for identical energy cuts!




ADDITIONAL COMPLEXITIES IN BACKGROUND MODELING

3.1 x 10° yr ( L ) -
E 120 ¢ —3

. E N =
6.7 x 10° yr . ;
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5 ny o
24x10" vy ) A
a= (120 cm 3

» Assuming Kolmogorov Diffusion in the MeV regime:

» A ~10 GeV proton which produces a 1 GeV gamma-ray
travels approximately: .

» A 100 MeV electron which produces a ~1-10 MeV
gamma-ray travels approximately: :

T.LINDEN@AASM 2018



Electron Trackmg Compton Camera (SMILE-II)

gamma-ray

30cm-cubic Gas Time Projection Chamber
+ Scintillator Array for scattered y
--- tracking of recoil electron ---
Measuring all parameters of Compton process
1.well-defined 2D-PSF similar fo Xray & GeV
2. dE/dx + kinematical test using o
3. large Field of View (>4str)

©® is a Half Power Radius (HPR)
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Sub-MeV gamma-ray Imaging

Loaded-on-balloon Experiment (SMILE-Project)

From basic research of nuclear y imaging . SMILE-T Two order
spectroscopy to Satellite observation with I EG Pkl
sub-m Crab sensitivity (4orders improvements) *i — .
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SMILE-2+

Aim : certificate imaging spectroscopy of ETCC using celestial objects

Targets : et annihilation line from the galactic center region / Crab nebula
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SMILE-ITI+ Exp. 2018 4/7~8 in Alice Spring
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Time Variation of detection rate of gamma-ray events

 Fly horizontally 26 times
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Cosmic background MeV aammas
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Zenith angle more z>60 degrees => more 10> gamma rays
Backgrounds of air diffuse & equipment gamma ray are expected
less than a few 10% in total.

DM{EZE

> 0.5-5MeVDARY kILZE1E

> ERXD23EH/N—. §&.
HBERAIE, ERATE. F/NVR
AELEDHEBZERANS,

Alice Spr'mgf
18%78I UIZI%E Dexposure



Excess gamma rays from Galactic Center

Analysis of the event rate in the ON and OFF
Selez:l‘r the high Declination center of the field 4/7 9:00-13:00 (ACST) Galactic

of view to OFF coordinates
zenith angle (only available for 30 °) I
(Currently, because there is indeterminable in

the azimuth direction, only the field O FF time

information is used)

ONA o ONB 4 ONC o

LT
P 3
417 18:00-20:30 (ACST) 417 22:00-24:30 (ACST) 418 4:00-6:30 ( ACST)
events/sec/ke A event_s/sec{kev el SN S e
: spectru&m? - spectrum ¢ - spectrum ON-C
L TR LT ;_i* —F=_ | Residual
104 4+ 104 104+ T4 e
B WRLiK S
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10e 108 6|9

100 30050 1000 keV 100 30050 1000 keV 100 30050 1000 keV
; 0 : : 0
An exces$ of ~ 511 keV & diffuse components in 6.C. is observed.



Excess gammas from Galactic Center

Analysis of the event rate in the ON
and OFF time zones

4/8 4:00-6:30 (ACST)
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Comparison of significance with other observations

events/sec/ke

Same time with COSI : ~5 o X \/
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galactic diffuse gamma rays
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Expected Sensitivity based on well-defined PSF

SMILE2 + = > Crab, Galaxy 511keV Galaxy diffuse & cosmic background
MeV gamma Detected by the sensitivity as planned > ;l;l&esngg;L Ss; Lf,g;;?t in
MEV!I ==
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Summar

€® SM2+ in the ETCC technology demonstrated in the
Compton area (50kev-30MeV) imaging spectroscopic
technique for the first time, as well as x-ray, GEV,

® GeV %8I8 Astrophysical sourcesh* %<, DMED F| A R £,
® GeV. sub-GeV. MeV DDMIEEIL30MeVEL FDEFDHFS

DHDEENZLHIFINENTHY . SREELLD,

® GeV-MeV ZXIZFEMEIHE. ERIA[ &Mt DRI SRIAI

FIRICAIE TE S,

BEM

® SM2+DT—32 DMPBART. Galactic Diffuse gamma(R~R%Y
kL. 5%), Cosmic Diffuse gamma(AXRIKIL, 73%7),

PBH in Solar system MDi@XIEH T

¢ Balloon SMILE-3 project with NASA long duration
balloon => btimes better sensitivity than COMPTEL

& 2020F X sau-MeV, MEV [ESMILEDIEBEIZ DRI EETEX !

24



Primordial Black Holes in Solar System

2 ; 15, N2 15
- 10°yr (ml\fsgj L 10”erg S-l[lcl)\/l gj fiw ~ 100 Mev[10 J

h dt

Primordial B.H. still surviving
would emit ~20MeV thermal M~ 10'° g, ~ 1020 erg/s

Density ~10% pc3 (flat 2% T)
10% pc3 -> ~10 BH <Oort cloud (10*AU)
Condensation Factor in Galactic halos x ~106
=> 100AU Bk[Z~10BHs

Satellite-ETCC yi##101E (1MeV)st @1AU for 10%erg/s
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Crab (0.2- O‘8MeV)

Trajectory of FoV of SM2:+
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Comment

In COSI, 511keV signal from G.C. is obtained by
the subtraction of ~70times large 511kev
background peak.

In SMILEZ2+., as shown in light curve of gammas,
gamma rate of G.C. region was stronger than the
background region ( side region of Galactic plane),



The Galactic centre GeV excess

F. Calore@Fermi.sym.2018

Signal:
* Well-established excess of Fermi-LAT GeV photons
from the inner Galaxy™ "
Peculiar spectrum peaked at a few GeV
Extended emission up to ~10 degrees (~1.5 kpc),
almost spherically symmetric (but not quite so)
Interpretations:
Diffuse emission from electrnns,"pnsitmns at the

Galactic centre (ehnanced SF or achvltg
Gaggero+ JCAP’15; a,rlsr}n+PRD 15;

Petrovic+ JOAP'14; Cholis,FC+JCAP 15
» Sub-threshold millisecond pulsar-like point sources
Bartels+PRL'16; Lee+PRL'16; Ackermann+'17
Dark matter annihilation: large freedom in

channel/masses thanks to syst uncertainties
Calore+ PRD'15; Agrawal+JCAP'15

b [deg]

**Some Refs. since 2009: HooperdeGoodenough "08; VitaledMorselll "08;
Abazajlané&Kaplinghat PRT''12; de Boer+'18; Maclas+'168; HoopericSlatyer
PDU' 135 Huang+ JCAF'15; Zhou+ PRIV15; Daylan+ "14; Calore+ JCAP 15,
Craggero+ 2015; Ajello+ 2015; Huang+.JCAP "15; Linden+PRD"16; Horluchi+ 18;
Ackermanm+Ap.t 17; Ackermann+2017

20

107 ————

10—‘3'."

Storm FC & Weniger JCAP'17T

Calore+ PRID’15
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10°
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A NEW PICTURE TLINDEN@AASM 2018

» What can light dark matter annihilate into?

) vv: Accessible at all energies. The final state is C-even.

yr': Accessible for /s > m, 0. The final state is C-odd.

m": Accessible for \/s > 2m._o. The final state is C-even.

+

) #¥7~: Accessible for v/s > 2m,=. The final state is C-even or C-odd.

bé (£ = e, u,v): Accessible for /s > 2my. The final state is either C-odd or is weak suppressed.

» In general - annihilation into uncharged states is better
for gamma-ray observation.




