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Gamma-ray ha\os around pulsars
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é/fa'iacinti, G., Mitchell, A. RLC et al., On the
" Halo Fraction in gamma-ray bright Pulsar
Wind Nebulae, A&A 636, A113 (2020).

« Long-discussions about distinct features this week
 Agreed on formation driven by particles escaping from the
shocked wind -> essential to study the morphology
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IACTs vs Particle Detectors

~100% duty-cycle
Steradian field of view
Modest precision
Modest collection area

~ 15% duty-cycle

~ 5 degree field of view
High precision

Large collection area

A. Jardin-Blicq




Gamma-ray Particle
Detector facillities
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e Proposed solutions:
e Tibet AS-y (Scintillators, Area = 36,900 m2).
e ARGO (Resistive Plate Chambers (RPCs), Area = 6,700 m?2).
« Milagro (Water Cherenkov Detector (WCD), Area = 5,000 m2).
e« HAWC (WCD, Area = 22,000 m?2).
e LHAASO (Hybrid, Inner Area = 80,000 m2, Full Area = 1.3 km?2).
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Northern Sky
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Southern Wide-field Gamma-ray Observatory

* In comparison to HAWC -> Higher altitude, larger area, higher

efficiency detection units, larger fill factor.

 => lower threshold and better sensitivity. |

* Collaboration established in July 2019 to develop the design/plan.

* First collaboration meeting October 2019. |

* 3 year program, 12 countries signed up + supporting scientists. |
Countries in SWGO
Institutes

Argentina*, Brazil, Chile,
Czech Republic,
Germany*, Italy, Mexico,
Peru, Portugal, South
Korea, United Kingdom,
United States™

Supporting
scientists
Australia, Bolivia, Costa

Rica, France, Japan,
Poland, Slovenia, Spain,
Switzerland

*also supporting
scientists




Strawman detector array

300 Gamma ray 0.2 TeV

zenith angle 20°
~100 units hit
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based on Schoorlemmer, H., Hinton, J., RLC, Characteristics
x[m] of extensive air showers around the energy threshold for
ground-patrticle-based y-ray observatories, EPJC, 79 (2019).
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Nearby pulsars observabpllity

90

—— J0633+1746 | — J0942-5657  —— J1740-3015
—— J0659+1414 —— J0954-5430  —— J1741-2054
g0/ — B083345  —— 10015507 B1742-30 e We took all nearby (<500
—— J0940-5428  —— B1055-52 J1825-0935 -
— J0942-5552 pc) pulsars likely to
70

produce a TeV halo

Mina Chungar >alt
75% of sources )5% of sources

e Some TeV halo
candidates out of the
reach for low latitudes.

Max Zd = 45 deg /

|  On the other hand, high
_ latitude sites imply short
— exposures for two sure
- TeV halos (Geminga and
\ PSR J0659).
-40 -50 —-60

Rubén Lopez-Coto - 1st Workshop on Gamma-ray Halos around Pulsars

9




Galactocentric y [kpc]

Pulsars in the neighlborhood
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* Important to focus on nearby
sources -> more extended and
therefore in which we can excel
more.

« Studied the influence of latitude
iIn the number of reachable
source

» | atitudes < 15 deg South
may make us lose some
SOources.
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Galactocentric y [kpc]

Coverage at different latitude
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Important to focus on nearby
sources -> more extended and
therefore in which we can excel
more.

Studied the influence of latitude
iIn the number of reachable
source
» | atitudes < 15 deg South
may make us lose some
SOources.

Rubén Lopez-Coto - 1st Workshop on Gamma-ray Halos around Pulsars




Galactocentric y [kpc]

Coverage at different latitude
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« Important to focus on nearby
sources -> more extended and
therefore in which we can excel
more.
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Clustering of sources
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 To make proper estimates of the number of observable sources, we
need to take into account source separation
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Angular separation between
SOurces

» Angular separation from sources SWGO

’ : : i84% | — r sens.
will be sensitive to within 1 year (orange) 8 59' —‘i zrs\r“a“
and 5 years (blue) Al ; AW\
64 1 |
« Simple evolutionary model used for 5 1 ;
halos (at roughly 1TeV). af i i
 0.5° angular resolution - resolve 93 Z
(96)% in 1 (5) years .
» (0.2° angular resolution = resolve 98 ot 1 ; 3 ! 5

(99)% in 1 (5) years Angular Separation (deg)

Vertical lines correspond to the percentage
of sources for the 1 year case
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Diffusion radius [pc]

Not only nearby sources.
Halos size
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Sensitivity

* Using the IRFs derived from
SWGO sensitivity for a
Geminga-like spectrum

10—10 4

« Caveat: usage of inner
detector to compute the
significance S
« Sensitivity is 1-yr SWGO ¢ *
straw-man inner+outer
array

N/dE [erg cm~2 s71]

5.5 deg combined sensitivity

e Geminga

103 104
Energy [GeV]

Rubén Lopez-Coto - SWGO Science call
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Sensitivity

to Known pulsars
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« Sensitivity using Strawman SWGO |RFs

» Also interested on further sources to complete these studies.
» Sensitivity will be further limited by the angular resolution of the

Instrument
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Sensitivity

1038

1036 ==

1034 .

E/d? [erg/s/kpc?

1030 .

1028 ]

1032 ]

All pulsars
Middle Age Pulsars (MAPs)
MAPs SWGO

Geminga & PSR B0656+14

1-yr SWGO Sens. for
Geminga-like sources

5-yr SWGO Sens. for
Geminga-like sources

—
3
\ S
" >
: v
. c
@ . @ . w
Rt L N - -10
" pasas. s -
: R -.. ..,., "' ‘ ..0_... . 0)
“ . .. c"." '..'.‘”. Ql}.‘ . =
PR AL A L T o
MR SEIY T 5
e eme .".'." .i.: ‘.”“ ‘ . 0. a

et B e el g

3 ¥y o, 0 " RO 1
R | MOV o Ve
Loten \' s ., o ".
Yoo s e '
: .' .l

10-1

10°
Distance [kpc]

101

ito KNoOwnN pulsars

1

1072

» Color scale representing the pulsar efficiency for transforming rotational
energy into accelerated electrons and positrons
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Conclusions

SWGO will be essential for the study of VHE gamma-ray

halos in the Southern Hemisphere

» Detectability not only of known VHE gamma-ray halos, but also promising new
candidates

Sensitivity for nearby sources with very large extensions
already proved by the wide FoV technique.

« May be more challenging for observatories like CTA

Angular resolution of the experiment also very important

e Source separation.
* And morphological studies of further sources.

Rubén Lopez-Coto - 1st Workshop on Gamma-ray Halos around Pulsars
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