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Amato & Recchia 2024 - review Te

o TeV halos detected around middle-aged pulsars (HAWC,
LHAASO)

o molk understood wikth current %ramspar& model s
0 new window o CR prop&gaémm ab mulki-TeV
d many opein qu,esﬁmms

o what ASTRI Mini-Array could do - superior angular
resolution



Pulsars and Eheir e b ulae

° fast rotating highly magnetized NS —> extracted e~
copious pair production in magnhetosphere
' maghetized relativistic wind —> spin down E

> outflow slow dowi due to ambient medium (SNR, ISM)

y Fermination shock —»

max )

(high @f{iciﬁwt:v, close to £



5 Pulsars aln A Eh ir K b ulae

® ¢* pairs confined in PWNe before release in ISM

o Cannot leave svs&em while puisar Ls i SN
o proper motion v, ~ 100skm/s —> out of SNR =~ 10skyr

8 Row shock —3 par&&i.e release i ISM

-SNK phase bow-shock Phase




o Cownsider only middle-aged pulsars that are oul of SNR
o diffuse in ISM to d »> PWNe (tens pc VS S pe)
@ ICS o CMB ——>» TeV emission (ei oﬂf 105-100s TﬁV)

o Clean probe of CR transport in mulki-TeV particles

MG Semtnseonoden 'LHAASO: Psg 0622-3749

243749 0
PSR J0622+3748

-156 -158 -160 -162 -164 -166 -168
I'L°]

97.5 97.0 96.5 96.0 95.5 95.0 94.5 94.0 93.5
R.A.[deg]

8 10 12 14




FREE ESCAPE BOUNDARY
3 se&omd&rv / erimarv

o unstable isotopes

\'.’J] \)_' ;:_ RS = : @T
o diﬂ:usiom i Cralactic halo ~ ﬂfew W‘PC c}w}wsnfﬁﬁm;\'@

o high energy less confined
o D(E) o E03-07

o magnetic confinement
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parallel diffusion MHD turbulence

o : o source injection (10s pc)
¢ CR Syromciies o field Lline walk F
o scaltering off waves e ® cascade to k~ 1/r; ?
o CR jump between lines

@ k~ 1/r, (resonance) - d&myiﬂg?
o large-scale perp diﬂ:us&on

o scattering mean free path 4., | S Prnduced b:j CRs ?
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& bransport ) Schalchi 2020 - review perp.

_Mer&sc:k ROR0 - review turbule
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® small L, << size " Leoh R
e 3D Esa&ropw diffusion ® typical B, D < b,
o Svnatl ® emissioh morphology depends

on {iu..x“%ub@, orientation
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i ¥ .
10-200 TeV e™, ICS on CMB @ small L << size —> small 4,
E, .~ 1001eV, B 201V
e i o : @ 3D &sa»%rop&e: diffusion & small D

age ~ 100s kyr @ energy losses CMB/B 7o\ = 10kyr

diskance ~ 300 pe

"m e e X
Ruao ~ /AD%cs ~ 30pcy/Dyty |

10s pc exkension



o highly turbulent reg.&éh .o;rau&\c’k some PSR
- filling nfd«:&or? ax&év\siom;? o %
- how many halos?
® anisotropic diffusion
- need small v for spherical halo
- chance? morphology?
- look for features?
o self-qenerated turbulence
- Difficult even with flux-tube and high @f{i&i@.mcv
- F'ro-blems wikh mor[ahcutcng




R Erawns F’?Q rt e halos

3D isotropic diffusion anisotropic diffusion

€y [em® GeVs]™1 1%

g |
@)
e
)
v
X
CG
™~

50
z axis [pc]

201% |




-60 -3 -60
-60 -40 -20 0 20 40 60 -60 -40 =20 0 20 40 60
pc pc

M,=0.1, ¢=5 . M,=0.2, ¢=5

o orientation of B field

® segamﬁom y—ray source - pu,tsar
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o filamentary structures ; ;
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Possibilities with ASTRI

e ——

, Mini-Array

ASTRI science er 20X

ASTRI Mini-Array HAWC LHAASO

Location 28° 18’ 04" N 18° 59’ 41" N 29° 21’ 31" N
16° 30’ 38" W 07° 18’ 27" W 100° 08 15" E
Altitude [m] 2,390 4,100 4,410
FoV  ;. , 2 sr 2 sr
Angular Res. 05° ) ’ 0.15°@ (10 TeV) (0.24-0.32)°® (100 TeV)
Energy Res. 12% (10TeV) 30% (10 TeV) (13-36)% (100 TeV)®
Energy Range (0.3-200) TeV (0.1-1000) TeV (0.1-1000) TeV

opwn S 1pc

halo asymmeér

o L/H ~3—-10

05022 (A = 300 [M:)

o <002 (d =3 t.fpa)




ASTRI Mini-Array HAWC LHAASO

Location 28° 18’ 04" N 18° 59’ 41” N 29° 21’ 31" N
16° 30’ 38" W 97° 18" 27" W 100° 08’ 15" E
Altitude [m] 2,390 4,100 4,410
o 2sr 2sr
Angular Res. 10 £0.05° (30TV) [ 0.15%@ (10 TeV) (0.24-0.32)"® (100 TeV)
Energy Res. 12% (10 TeV) 30% (10 TeV) (13-36)% (100 TeV)®
Energy Range (0.3-200) TeV (0.1-1000) TeV (0.1-1000) TeV

5 o need for targeted analyses

o Greminga-likke pulsars
o discriminating morphological features 3 Py

® . AR ?
- {itamam&arfj structures o bias on sph@.mf::&t SI&&PQ’

. o 9o beyond analyses that
- separation pulsar - TeV source i :
assume. sgh&m&& svmmeﬁrj

- asvmme&rv i halo shape >
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