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Introduction Context and motivations

Matter-antimatter asymmetry

(

Almost) symmetric physical processes # local asymmetric universe

/

Why so ? big question in physics/astrophysics/cosmology

The observable universe is assumed to be free of antimatter domains 2

aCohen‘ A. G. et al. A Matter-Antimatter Universe?
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Introduction Context and motivations

AMS-02 He events

m AMS-02 has announced the
tentative detection of 6 3He and 2
iHe

m Possible ori%ins discussed in Poulin
et al. 2019

m Challenging to explain in term of
known physics (especially 4He)

m If confirmed implies the existence
of nearby antimatter domains

m Antistars are favored

“The detection of a single anti-helium [...] would be a smoking gun [...]
for the existence of anti-stars and of anti-galaxies” €

bPouIin, V. et al. Where do the AMS-02 antihelium events come from? @
CChardonnet‘ P. et al. Antimatter cosmic rays.
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Introduction ~y-astronomy as a probe for pp annihilation

o decay as an antimatter tracer
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Introduction ~-astronomy as a probe for pp annihilation

Fermi-LAT & 4FGL-DR2

m ~y-ray telescope : 20 MeV - 2 TeV
m Catalog : 10 years of data, 5788 sources @
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Observational constraints for antimatter
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Observational constraints for antimatter | Antistar candidates in 4FGL-DR2

Selection criteria & selected candidates

Exclusi iteria Name . b J (0.1 - 100 GeV)

degrees degrees (erg cm—?2 571)

Extended sources 4FGL J0548.6+1200 194.9 -8.1 (4.240.9) x 10712
4FGL J0948.0-3859 268.3 11.2 (2.540.7) x 10712
. —12

51 Not associated 4FGL J1112.0+1021 243.8 61.2 (2.5 +£0.5) x 10
H 4FGL J1232.14+5953 127.4 57.1 (1.8 +£0.3) x 1012
FOY.E 4FGL J1348.5-8700 303.7 -24.2 (3.0 £0.6) x 10~ 12
Slgnlflcance > 30 for 4FGL J1710.8+1135 322 275 (2.5 +0.6) x 10~ 12
E >1 GeV 4FGL J1721.4+2529 48.1 30.2 (3.340.5) x 10712
4FGL J1756.3+0236 28.9 13.4 (4.441.0) x 10712
F|agged sources 4FGL J1759.0-0107 25.9 11.1 (5.9 +1.3) x 1012
4FGL J1806.2-1347 155 3.5 (9.442.2) x 10712
4FGL J2029.1-3050 123 -33.4 (2.6 +£0.6) x 10712
B 4FGL J2047.5+4356 83.9 0.3 (1.440.4) x 10711
14 candidates for 5788 4FGL J2237.6-5126 330.8 -55.0 (2.340.5) x 10712
sources 4FGL J2330.5-2445 35.8 717 (1.6 £ 0.4) x 10712

— upper limits
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Observational constraints for antimatter | Antistar candidates in 4FGL-DR2

What are they 7

Properties

m No clear pattern on
the sky

m Weak sources close to
the detection threshold 00

107107

flux, 100 MeV - 100 GeV [erg em™?

Alternative explanations

= Unknown pulsar, AGN

m Defect of interstellar Proving or disproving the antistar nature requires
emission model significant multiwavelength work
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Observational constraints for antimatter LAT sensitivity to antistar signal

Sensitivity skymap of the LAT

Semi-analytical formula for the
significance:
w007 m Instrument response
functions

m Background model

101

m Spectrum of the source

flux, 100 MeV - 100 GeV [erg cm™?

< Minimum flux for the
detection of an antistar source
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Estimating the antistar fraction

Estimating the antistar fraction
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Estimating the antistar fraction ~-luminosity and first estimation

Luminosity derivation

m Bondy-Hoyle accretion model
m p — P annihilation

Luminosity L,

ISM Antistar SA;];II'S\?: t ISM sound
density Mass P ISM o Speed

\ N /.

2 55
L. ~ 845 x 103° _ % M
T mycm=3 ) \ My 10km s~*

Density p ¢ and galactic rotation curve € from models, ¢ ~ 1 km s *

d
Shibata, T. et al. A Possible Approach to Three dimensional Cosmic-ray Propagation in the Galaxy. IV. Electrons and
Electron induced ~-rays. /e Astrophysical Journal 727,38 (Jan. 2011)

EReid, M. J. et al. Trigonometric Parallaxes of High-mass Star-forming Regions: Our View of the Milky Way. 7/¢
Astrophysical Journal 885, 131 (Nov. 2019)
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Estimating the antistar fraction ~-luminosity and first estimation

Parametrized fraction f;

p=1m,cm™>

Method by Steigman’
Brightest candidate < closest antistar

Hypothesis on mass and speed — distance

At most 1 antistar in the defined volume

v [km s™1]
Limitations 102
m Arbitrary choices of parameters
m Only one candidate considered

m No well defined statistical meaning

10! 10?

v [km s71] ‘a
fSteigman, G. Observational Tests of Antimatter Cosmologies. A nnual Review of Astronomy and Astrophysics 14, 330574
(1976)
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Estimating the antistar fraction ~-luminosity and first estimation

Monte Carlo method

Hypothesis on population properties:
free parameter — density or fraction

!

for each parameter value

Generate 1000 Monte Carlo
populations and calculate
gamma-ray fluxes

Compare to Number of expected
sensitivity map detections N

!

Determine free parameter value for
which

95% populations | 5% populations 95% c.l. upper limit
N <14 N >14 on free parameter

via the probabilistic bisection algorithm*
(100 iterations)
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Estimating the antistar fraction Fraction for a starlike distribution

Hypothesis | : starlike distribution

102
m Antistars have the same position,
mass, velocity distribution as normal — 101 L0 £
stars T g
m No physical motivation é 100 ] ;?e
m Comparison with earlier results = 2
L 10—1
m Galactic stellar population synthesis 10-1 ]
using galaxiafcode 102 0t
m fr <25%x107%(95% C.L) d [pc]
= Steigman 1976 < 10~* Most likely LAT detection
= von Ballmoos 2014 < 4 x 107° 1M, 10 km/s, 500 pc

gSharma, S. et al. Galaxia: a code to generate a synthetic survey of the Milky Way. 1 he Astrophysical Journal 730, 3 O
ISSN: 1538-4357 (Feb. 2011)
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Estimating the antistar fraction Limits for primordial antistars

Hypothesis |l : primordial antistars

Antistars created in the early universe ?
= Naturally emerge in some baryogenesis scenarii”

m Subclass of hypothetical baryon dense objects (BDO), aka MACHOs,
also studied as dark matter candidates

Properties

m Uniform distribution (most of the close ones are in the halo, not in
the galactic disk)

m High velocities, typical value of 500 km s~!

m Unknown mass distribution, set to uniform prior

hB\innikov, S. | et al. Antimatter and antistars in the Universe and in the Galaxy. /“/ys ffev. [0 92, 0235560 (2 July 2015)
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Estimating the antistar fraction Limits for primordial antistars

Results : primordial antistars

= Derive limits as a function of mass (all antistars have the same mass)
between 0.3 M, and 10 Mg

= Converted into mass fraction (w.r.t to DM) to compare with microlensing
results : new constraints in previously unexplored mass range (M > 2Mg)

m Only detectable by the LAT within ~ 60 pc from the Sun — results do not
exclude a large number of these objects in the halo

| This work, 4FGL (MW)

& BDO, EROS (LMC)
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Conclusion

Final remarks

m AMS-02 He detections point to the existence of nearby antistars
m 14 antistar candidates in 4FGL-DR2

m Set limits on antistar fraction using novel Monte Carlo approach

m Starlike properties : fz < 2.5x 1075 (95% C.L) constraint 20x stronger
than previously published results with a more robust methodology

m Primordial antistars: constraints in previously unexplored mass range
2Ma — 10Mg, data cannot exclude large number of these objects in
the halo

Thank you for your attention !
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