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Talk based on the following papers:

1. Detection of a y-ray halo around Geminga with the Fermi-LAT data
and implications for the positron flux, MDM, S. Manconi, F.
Donato, PRD 100, 123015 (2019)

2. Evidences of low-diffusion bubbles around Galactic pulsars, MDM,
S. Manconi, F. Donato PRD 101, 103035 2020.

3. Does the Geminga, Monogem and PSR J0622+3749 y-ray halos
iImply slow diffusion around pulsars?, S. Recchia, MDM, F.A.
Aharonian, S. Gabici, F. Donato, S. Manconi Phys.Rev.D 104
(2021) 12, 123017.

4. Constraining positron emission from pulsar populations with
AMS-02 data, L. Orusa, MDM, S. Manconi, F. Donato. JCAP 12
(2021) 12, 014.

5. Geminga's pulsar halo: an X-ray view, S. Manconi, F. Donato,
MDM and others. ArXiv: 2403.10902

T. Linden, D. Hooper, P. Martin, T. Sudoh, E. Pinetti, C. Evoli, Morlino...
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https://arxiv.org/abs/2403.10902

_What positron excess’?
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vy rays produced by inverse Compton scattering
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HAWC results for Geminga and Monogem PWNe

- HAWC detected an extended emission from Geminga and
Monogem PWNe for E>5 TeV.

* In the vicinity of the PWN, the diffusion coefficient D
must be about 500 times smaller than the average in the
Galaxy.
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https://doi.org/10.1126/science.aan4880

Predlctlons for the et qux from Gemlnga usmg HAWC data

- Tuning the model with HAWC data (above 10 TeV) is not
possible to have a precise prediction for the AMS-02 positron

EXCesSS.
- We should use y-ray data between 10 GeV to 1 TeV.

- Fermi-LAT is ideal for this scope.
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__Geminga proper motion

- (Geminga has a proper motion of
211 km/s which implies this
pulsar moved about 70 pc across

its age.

- Our analysis is unique Iin y-ray
astronomy because we search for
a source that is moving across

the sky in y rays.
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Analysis of Fermi-LAT data

Sa e o

- We have performed an analysis of 115 months of Fermi-LAT
data for E>8 GeV.

- Our model with the pulsar proper motion is preferred at least at
40 significance.

- We find a 7.8-11.8 o significance emission from Geminga
with a diffusion D(1 GeV)= 2.3 1026 cm?/s with 6=0.33.
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Serch of a Snchrotrn halo

e e

- We performed the most comprehensive X-ray study of the
Geminga pulsar halo to date, utilising archival data from XMM-—
Newton and NUSTAR (0.5-79 keV).

- We find no significant emission and set robust constraints on the
ambient magnetic field strength and the diffusion coefficient.
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https://arxiv.org/abs/2403.10902

Contribution of Geminga to the positron excess

aias e s agioa o ol

- Geminga alone can contribute to the entire positron
excess around 1 TeV.

- The exact contribution depends on the size of the low-
diffusion halo.

- Several other pulsars will contribute as well.
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Results for the dlffusmn coeff|0|ent around PWNe

Nagos o s o

- 27 source detected by HESS and cIaSS|f|ed Ip TeVCat as PWN or Unid.

- We use HESS flux maps in HGPS.

- We find a diffusion coefficient around the PWNe of our sample of 8
1025 cm?/s at 1 TeV.

- We find that the size of the ICS halo is at least 35 pc.
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Inhibited diffusion
around middle-age
pulsars seems a
common pattern!
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Possible theoretical mterpretatlon

Theoretlcal mterpretatlon for |nh|b|ted dn‘fusmn IS related to
“cosmic-ray gradient produced by the central source that
induces a streaming stability that "self-confines” the cosmic-ray

population” (P. Mukhopadhyay, T. Linden 2022, C. Evoli, T. Linden, G. Morlino PRD 98
(2018) 6, 063017).

- The effect seems to be relevant for middle-age pulsars BUT
not for TeV energies!!
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Transition between ballistic and diffusive propagation

Ballistic
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Fit to Geminga, Monogem and PSR J0622+3749 data
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The model works well for the three pulsars.
Best-fit of D is of the order of 1028 cm?/s.
No new phenomenon or suppressed diffusion is needed.

However, large efficiency (even larger than 100%) are required
for Geminga.
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Contributions of pulsars to the positron excess

Pulsar Simulated Benchmark Variations
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A few pulsars dominate the positron flux

AMS-02 errors

Total flux 1%

ModA

1.3/2.9/3.3

1.0/1.8/2.2

ModB
ModC
ModD
ModE

3.9
3.9
5.4
1.0

1.9
3.0
3.9
1.0

to fit the data

Efficiencies between
1-10% are sufficient

101 d<0.5 kpc --- PWNe 101 d<0.5 kpc -=-- PWNe
0.5<d<1.0 kpc -== Secondary L =4 kpc 0.5<d<1.0 kpc -== Secondary L =4 kpc
---- 1.0<d<3.0 kpc — TOT ---- 1.0<d<3.0 kpc — TOT
——— + - ———— + _
— 10-2 3.0<d<5.0 kpc ¥ e* AMS-02 —10-2 3.0<d<5.0 kpc ¥ e’ AMS-02
v ---- 5.0<d<10.0 kpc v ---- 5.0<d<10.0 kpc
2 2]
~ ~
o o~ <
E = * E =X
— 3 _PRRRSR eI SEIEITS / -3 MR -
O 1073 #2007 oo Sms A L 10 *-—-;_,.4_’:’:____ .
o - —— \‘ -~ o~ = A hmmm———
P e e . o~
> _ens A~ e > 27 T SN—
q) /’,//’ 17 " q) /f// 1
O ol ,"‘F*\ :I J 555-7’ O = !
T 1074 V2R | s T 1074 A
- I I
+0J /’l - —’7",‘1 /’ ! - | "l ! /,II +<D ///’/ /,/ ! :I - 4
e 44;‘:' PR | // : _JI :\ // II :| P e 7’ 4 ,/ : :: PR \‘ 7\
" \y | ’,—r’ TESY - I 7 / 4 y 7 - 8
i 4"‘ 4//: ’Il;'},” -4 : Ik\ ', :"” I/ ™ // =T // : :, 7 1~ I’:‘\
Ly ////// /’:,’/’/ K : 15,//4'{ -~ :'\\ : : || / " Y W % ”,/ : J : R : "
-5 7™~ ==X A g7 v’ N ! / -5 -7 ’ L/ _ -l
10 \v: . :/‘(/f;;,;'/”//,ﬁ/ "()I‘ /”rl H ! | \ 4I’_| H / 10 LE7TTTN //f i ,’r o | / Y
:"/\«":"',\ 4 ; :1(_/ AN A // ¥ N "\,/:’A\ Lo Lo e | Aol == v 7 '/ s
D) - 77 70 I \ oA -1 I ] ’ I
- =, )‘,7",“/ )'l //\ A A 7 I A /( 1 1 1 Y R4 4 -7, -\ -7 I /7 /|1 ,1 \ I 7 /’| / /)/
75 2V HRVW * ) A A AT 0y N WY R - HE R e PRI (A | R
2 ALl ,rL | \ IA 1 7y I.T¥ A | » I 1 A 1
é,:*‘ : +/’"'WIA} ’r’/u{‘_ ,Il/,{ /j/”’ N7 oA o/ ‘\;'i| AN LA v fl w1 //l{h : S I B X
10-6 ;;"“'—}I’ 20 A Treg 7 e 4 m My S Y | 10_6 AR v e S A I O S it
101 102 103 104 101 102 103

Orusa et al. JCAP 12

(2021) 12, 014.

17

—
-
- -~ —




E o_[GeV? m?

pen problms o

- AMS-02

Energy [GeV]
PR I |

c ey A Lins -
10 100

taaal
1000

ICS halos:

Are inhibited diffusion halos around pulsars
really needed to fit gamma-ray halos?

If low-diffusion halos are presented, what's
their size and are they a general feature?

What is the theoretical interpretation for low-
diffusion halos?

Future observations (LHAASO-HAWC-
SWGO-CTA)

Positron excess:

Since a few pulsars contribute to most of
the excess, what are these objects?

What is the physical process that produce
positrons from pulsars (efficiency,
injection of positrons)?
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HAWC results for Geminga and Monogem PWNe

- HAWC detected an extended emission from Geminga and
Monogem PWNe for E>5 TeV.

- In the vicinity of the PWN, the diffusion coefficient D
must be about 500 times smaller than the average in the

Galaxy.
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1S halo extension
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Pulsar proper motion

e S

- The average pulsar proper motion is around 200 km/s
(Faherty et al. 2007).

- At GeV the proper motion is not relevant for d>a few kpc and
T< few hundreds Kkyr.

- At TeV the effect is much smaller.
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Are pulsars TeV Pevatron?
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Cosmic-ray e* accelerated by PWNe

- The engine of a PWN is a pulsar, i.e. a rapidly spinning neutral star (NS).

- ANS has huge magnetic fields (109-1012 G) which produce wind of
particles extracted from the NS surface.

- This wind shines from radio to gamma rays and after a few kyrs interact
with the SNR reverse shock.

- The pulsar proper motion and the interaction with the SNR reverse shock
generate a relic PWN and a bow shock.
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Contribution of Geminga to the positron excess
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HESS flux maps_

Weselected’s‘our-ces detected malnly by HESS becausethey

released flux maps.

The flux is provided for a correlation radius of 0.1 and 0.2 deg
and in maps with a pixel size of 0.02 deg.

We removed sources close to our sources of interests.
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Surface brightness data
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- Source detected by HESS and classified in TeVCat as PWN or Unid.
- We have a list of 27 sources.
+ We use HESS flux maps in HGPS™.

- We extract the source surface brightness that we use to calculate Do.
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Extension of Geminga sync. halo

For sources within a few kpc, sync. halos are at least of
the size of one degree at radio and X-ray energies.

This makes the detection of these halos very
challenging with current X-ray and radio telescopes.
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Current observations of pulsars and PWNe in X rays
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Possible theoretical mterpretatlon

Theoretlcal mterpretatlon for |nh|b|ted dn‘fusmn IS related to
“cosmic-ray gradient produced by the central source that
induces a streaming stability that "self-confines” the cosmic-ray

population” (P. Mukhopadhyay, T. Linden 2022, C. Evoli, T. Linden, G. Morlino PRD 98
(2018) 6, 063017).

- The effect seems to be relevant for middle-age pulsars BUT
not for TeV energies!!
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X-ray observations compared to halo size and HAWC data

Geminga size X'rays
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E2.2Le [GeVl'Zlcmz]

- Accounting properly for the transition between ballistic
and diffusive propagation is important above TeV
energies.

- For lower energies the diffusive propagation
dominates the ballistic one.
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Fit to Geminga, Monogem and PSR J0622+3749 data

- The model works well for the three TR L ST TS
pulsars. "l = ff:jm,

- Our model has the advantage of ge 3 L0
being very simple (Occam’s Razor). 3, X L
* No new phenomenon or C::féz_

suppressed diffusion is needed.
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