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VHE Galactic Sources

f‘l— O GRB, Starburst, Superbubble

o PWN, TeV halo, PWN/TeV Halo, Composite
f—— SNR, BIN

" HBL, IBL, FSRQ, AGN (unknown type), FRI,

' & L _ Blazar, BL Lac (class unclear), LBL, EHBL
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Shell, SNR/Molec. Cloud, Giant Molecular
Cloud, Composite SNR

© UNID, TeV halo, DARK
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\ ‘ . ’ O Binary, PSR, Gamma BIN, Nova
‘\ “ ",, , . Massive Star Cluster, Globular Cluster
Rl

« 252* sources of VHE gamma rays (http://tevcat2.uchicago.edu/)
* Blazars are the largest population (~80)
* Followed by SNRs and PWNe (63)

* March 30, 2023


http://tevcat2.uchicago.edu/

~100 VHE Galactic sources
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Fermi LAT 0.1 — 2 TeV, 7 years
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SNRs: cosmic accelerators

e Diffusive shock acceleration mechanism

*Repeated multiple scatterings with
magnetic turbulence produce small
energy gain at each shock crossing (|
order Fermi acceleration)

NASA/Goddard
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SNRs: cosmic accelerators

e Diffusive shock acceleration mechanism

e Repeated multiple scatterings with magnetic
turbulence produce small energy gain at each
shock crossing (I order Fermi acceleration)

 Two direct evidences in gamma raysas a
signature for sources of Galactic CRs:

e the 'pion bump’' below 100 MeV, due to the n0
decay

e and y-ray emission at £ > 100 TeV

Gamma rays from Electrons

Energy Density

Photon Energy
C.Dbrool




SNRs: cosmic accelerators
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Science

e PeValironse

* Protons need to be accelerated at least up to ~ 1PeV

PeV
*Produce ~100 TeV photons

B amplification needed and good acceleration efficiency (10%)
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Cassiopea A: a hadronic PeVatron?
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nature > articles > article

Article | Published: 17 May 2021
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LHAASO: 12 PeVatirons

Detection of more than 530 photons af

E>100TeV - 1.4 PeV from 12 y-ray sources

source

Number of
on-source events

number of
background events

exposure (hr)

LHAASO Sky @ >100 TeV

Significance (o)
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LHAASO J2226+6087 LHAASO J2032+4102 LHAASO J1956+2845 LHAASO J1908+0621 LHAASO J8-$3-O338 LHAASO J1825-1326

LHAASO J2108+5157 LHAASO J2018+3651 LHAASO J1929+1745 LHAASO J1849-0003 LHAASO J1839-0545

70 60
Galactic longitude (deg)

Sources associated mainly
with PWNe, pulsars...
leptonic PeVairons

LHAASO J0534+2202 67 55 2236.4
LHAASO J1825-1326 61 3.2 1149.3
LHAASO J1839-0545 26 4.2 1614.5
LHAASO J1843-0338 30 4.3 1715.4
LHAASO J1849-0003 36 4.8 1865.3
LHAASO J1908+0621 74 5.1 2058.0 .
LHAASO J1929+1745 29 5.8 2282.6 S 6 &
LHAASO J1956+2845 34 6.1 2461.5 i
LHAASO J2018+3651 42 6.3 2610.7 £ o
LHAASO J2032+4102 45 6.7 2648.2 g
LHAASO J2108+5157 30 6.4 2525.8 S -6
) 8
LHAASO J2226+6057 60 6.2 2401.3 o
Source name RA (°) dec. (°) Significance above 100 TeV (x0) Emax (PeV) Flux at 100 TeV (CU)
LHAASO J0534+2202 83.55 22.05 17.8 0.88 = 0.11 1.00(0.14)
LHAASO J1825-1326 276.45 -13.45 16.4 0.42 + 0.16 3.57(0.52)
LHAASO J1839-0545 279.95 -5.75 7.7 0.21+ 0.05 0.70(0.18)
LHAASO J1843-0338 280.75 -3.65 8.5 0.26—-0.10*"1° 0.73(0.17)
LHAASO J1849-0003 282.35 -0.05 10.4 0.35 + 0.07 0.74(0.15)
LHAASO J1908+0621 287.05 6.35 17.2 0.44 + 0.05 1.36(0.18)
LHAASO J1929+1745 292.25 17.75 7.4 0.71-0.07%%10 0.38(0.09)
LHAASO J1956+2845 299.05 28.75 7.4 0.42 + 0.03 0.41(0.09)
LHAASO J2018+3651 304.75 36.85 10.4 0.27 £ 0.02 0.50(0.10)
LHAASO J2032+4102 308.05 41.05 10.5 1.42 + 013 0.54(0.10)
LHAASO J2108+5157 31715 51.95 8.3 0.43 = 0.05 0.38(0.09)
LHAASO J2226+6057 336.75 60.95 136 0.57 £ 0.19 1.05(0.16)

LHAASO, Nature 2021



LHAASO: 12 PeVatrons

 Here we report the detection of more than 530 photons at energies > 100 TeV - 1.4 PeV from 12
ultrahigh-energy y-ray sources with a statistical significance greater than seven standard

deviations
LHAASO Source Possible Origin Type Distance (kpc) Age (kyr)® L, (erg/s)” Potential TeV Counterpart”
LHAASO J0534+2202 PSR J0534+2200 PSR 20 - 1.26 4.5 x 10" Crab, Crab Nebula
LHAASO J1825-1326 PSR J1826-1334 PSR 3.1+0.27 214 2.8 x 10  HESS J1825-137, HESS J1826-130,
PSR J1826-1256 PSR 1.6 14.4 3.6 x 10% 2HWC J1825-134
LHAASO J1839-0545 PSR J1837-0604 PSR 4.8 338 2.0 x 10%  2HWC J1837-065, HESS J1837-069,
PSR J1838-0537 PSR 1.3 4.9 6.0 x 10°*  HESS J1841-055
LHAASO J1843-0338  SNR G28.6-0.1 SNR 0.6 + 0.3/ <2 — HESS J1843-033, HESS J1844-030,
2HWC J1844-032
LHAASO J1849-0003 PSR J1849-0001 PSR 79 43.1 0.8 x 10%  HESS J1849-000, 2HWC J1849+001
W43 YMC 5.5" — —
LHAASO J1908+0621  SNR G40.5-0.5 SNR 3.4 ~ 10 — 20/ = MGRO 11908+06, HESS J1908+063,
PSR 1907+0602 PSR 2.4 19.5 2.8 x 10*  ARGO J1907+0627. VER J1907+062,
PSR 190740631 PSR 3.4 11.3 5.3 x 10%°  2HWC 19084063
LHAASO J1929+1745 PSR J1928+1746 PSR 4.6 82.6 1.6 x 10%  2HWC J1928+177, 2HWC J1930+188,
PSR J11930+1852 PSR 6.2 2.9 1.2 % 10°7  HESS 11930+188. VER J1930+188
SNR G54.1+0.3 SNR 6.3132¢ 1.8 — 3.3 —
LHAASO J1956+2845 PSR J1958+2846 PSR 2.0 21.7 3.4 x 107 2HWC J1955+285
SNR G66.0-0.0 SNR 2.340.2¢ - o
LHAASO J2018+3651 PSR J2021+3651 PSR Tuiph 17.2 3.4 x 10%  MGRO J2019+37, VER J2019+368,
Sh 2-104 HIVYMC 3.3+ 0.3"/4.0 + 0.5" VER 120164371
LHAASO J2032+4102  Cygnus OB2 YMC 1.40 = 0.08° TeV J2032+4130, ARGO J2031+4157,
PSR 2032+4127 PSR 1.40 £ 0.08° 201 1.5 x 10%  MGRO J2031+41, 2HWC J2031+415,
SNR G79.8+1.2 SNR candidate — — — VER J2032+414
LHAASO J2108+5157 = S o = B =
'LHAASO 1222646057 SNR G106.3+2.7 SNR 0.87 ~ 107 — VER J2227+608, Boomerang Nebula
PSR 1222946114 PSR (.87 ~ 107 2.2 x 10%7

y—rays with E slightly higher than 0.1 PeV have been reported from a few objects in the Galactic plane by Tibet and HAWC
(Amenomori et al. 2019, Abeysekara et al. 2020, Abeysekara et al. 2021, Amenomori et al. 2021) LHAASO, Nature 2021



LHAASO: 42 PeVairons!

LHAASO Sky @ >100 TeV

(o)

Significance

New results!!!

Detection of 90 sources: _ _
32 new TeV sources  EE 0 -
« 7 do not have any associations N e
« 8 GeV counterparts only
16 pulsar or PWN/SNR associations .
+ 1 extragalactic KM2A (E > 25 TeV) Significance Map 50

43 sources are detected at E> 100 TeV at > 40

8 are not detected by WCDA at energies 1-25 TeV,
which would represent a new class of gamma-ray
sources with dominant gamma-ray emission at

energies around tens of TeV or E> 100 TeV (Cao et
al. 2023)
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Cao et al. 2023
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current and future detectors
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Galactic Center: a PeVatron
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 Fermi bubbles: SgA* remnants?
e Hadronse |C on CMB photfonse

H.E.S.S (Science 2016):
Sgr A* first PeVatron in the Galaxy! -> hadronic PeVairon

Origin of diffuse emission:
Interaction of CRs (from central BH) with ISM?¢

CR acceleration in CMZ (and in particular star forming
regions) e

Emission profile consistent with propagation of protons
accelerated continuously from a region < 10 pc from GC

Science, 2011

Fermi,




Crab Nebula
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The Crab Nebula

- Systematic uncertainty (MAGIC) e Standard candle for TeV astronomy

q.,"’ —e—— MAGIC stereo data (this work)

§ 107 e Log parabola fit (Fermi+MAGIC) e Fermi-MAGIC: IC peak at 53 GeV (Aleksié et al. 2015)
E’ - Modif. log-parabola fit (Fermi+MAGIC)

B - | Fermi.LAT Apy 749 2012 e MAGIC: very large zenith angle observations (ZA>70°):
g 107 ’ ’ | | | spectrum measured until ~100 TeV!!!

W

e L[HAASO SED up to

o » Careful monitoring of atmosphere

- * No evidence of cut-off
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The Very Large Zenith Angle (VLZA) technique

e To detect gamma rays > several tens of TeV

e Flux decreases rapidly — low count rates

e Solution:
* InCcrease observation time X
* Increase the collection area v
e Build larger telescope arrays -> future CTA
e Observe at Very Large Zenith Angles > 70° zenith
* MAGIC @VLZA
e MAGIC collection area @zenith: ~ 0.05 km?
e MAGIC collection area: ~ 2 km?
e unprecedented gamma-ray collection area

* MAGIC VLZA performance is impacted by the limited
reconstruction of the shower parameters

e remoteness of shower

e small shower in camera (3-4 pixels)

]_02 = T T T T T T T T T T T T T T 1] =
- MAGIC, 2019 .
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Crab Nebula: standard candle?

April 2011

Crab Nebula .

Geminga pulsar

Fermi, Science, 2011

 Fermi-LAT detects increase in the Crab Nebula emission x30 !

e What is the mechanism at worke PeV electrons rapidly coolinge
 No variabillity at X-rays (Chandra, INTEGRAL) -> two populations of e¢
e Not yet detected at VHE
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Famous pulsars at VHE

Crab Vela Geminga

SN explosion: SN explosion: SN explosion:
1054 AC 110 000 - 123 000 years ago 300 000 years ago
Pulsar rotation: Pulsar rotation: Pulsar rotation:
30 times per second 12 fimes per second 4.2 times per second

33 msec 83 msec 238 msec



Pulsars at TeV energies

2008: Crab Pulsar VHE Discovery, 2w, L maaic
Ruled out polar cap model. Aliu E. et al.(MAGIC L g5 25-100 GeV
S

Collab.) Science(2008) 322, 1218

184

il”]]ll”

2011: Detection up to 100 GeV. Excluded the cutoff
at more than 6o0. Aleksic et al. (MAGIC Collab.) ApJ
742 (2011) 43; Aliu E. et al. (VERITAS Collab.)
Science(2011) ,334, 6052

(Science 322, 2008)
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2012: Detection up to 400 GeV. Existence of a hard
component. Aleksic et al. (MAGIC Collab.) A&A 540 P st e gircnan, |

2014: Detection of the Bridge emission. Aleksic et al. e | | " “ﬁ-r*w 3
(MAGIC Collab.) A&A 565 (2014) 12) ot Pulsag T o
Slide from Jezabel R. @ ' TR o
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Crab Pulsar at TeV energies

MAGIC, 2016, A&A, 585, A33
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e MAGIC discovered pulsed emission from Crab
spectrum extending up to 1.5 TeV

e Spectra of both peaks extending as PWLs far beyond
the expected cutoffs:

e P1 deftected up 10 0.6 TeV (I'=3.5+0.1 )
e P2 detected up to 1.5 TeV (Ir=3.0+0.1)
 Model implications of detection of TeV photons:

e Synchrofron-curvature ruled out (It would require
unrealistic curvature radii) but IC required

e Emission from outer magnetosphere via IC
e Magnetospheric synchrotron-selt-Compton

e However no model can fully explain presence of TeV
pulsations

25



Vela pulsar at TeV energies

JlT
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B H.ESS. I |

80000
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€l 1 % % 20-80 GeV with H.ES.S. |l telescope
S
77000 f
76000 e e HESS, Texas symposium 2017
] TN VT OTY 10
600 I Pl P3 Lw2 P2 ‘OFF |->I§$e§l
cool FermrLAT PRELIMINARY
B > 10 GeV
a00l 1 >20GeV (x3) 2
3 300f
O
200 F
100 | 2.4 P1 P3 w2| P2 OFF  Fermi-LAT
17.5 > 30 GeV
%0 0.2 0.4 0.6 0.8 1.0 15.0 -
BRaall  HESS, 2018, A&A, 620, Abb
10 — . — . gw
PSR B0833-45 (P2) B H.E.S.S. II error box ] 7.5
Energy scale syst. 5.0
’ 4 Fermi ECPL 2.5
107} v
0.0 0.2 0.4 Phace 0.6 0.8 1.0
fg: 1010 * Data from 2004-2016 observations = Significance of the signal, Cm test:
: | ——— * 60 hours in stereoscopic mode: >3 TeV: 5.30
e (1010 R 4 Fermi PL > 10 GeV | at least 2 telescopes among CT1-CT4 > 7 TeV: 5.60
wooul | * H-test>7TeV: 4.50
E ]
N 10! ; : 4
102} - v e Also claimed detection at TeV energies
2 S SR s | - : :
10 IN Texas 2017, but no more information
108 T —~ since then

10 10° 101 107
Energy [GeV]



o
Geminga
e Detection by MAGIC at 15-80 GeV (Acciari et al. 2020)

e Third known pulsar

e First middle-aged one

e The power-law tail emission detected by MAGIC is interpreted as the transition

GEMINGA

from curvature radiation to Inverse Compton Scattering of parficles accelerated in

the northern outer gap.

MAGIC > 15 GeV

23400 -

23200 -

23000 A

22800 -

Counts

22600 -

22400

22200
0.00 0.25 0.50 7D 1.00 1.25 1.50 7 2.00

Fermi-LAT > 5 GeV Fermi-LAT > 15 GeV

1500 A
10—14

1000 A

Counts

500 -

Ceribella, 2021

109 -

| 4 MAGIC data
Phase 10—13_: 0

| —— PL Exp Fit (8 =0.74)

= MAGIC Fold

Fermi-LAT data
PL Exp Fit (B=1)

| ()

0.1 1

LI | T \ L T v T T L |

Energy [GeV]

MAGIC, A&A 2020
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Which scenario?

e Harding et al. 2021 predict three distinct VHE components: Adapted from Hirotani, 2008

e SC from primaries whose high-energy tail can extend to 100 GeV

e HE tail of the primary SC that produces the Fermi spectrum in Vela & Geminga /
* $SC from pairs that can extend to several TeV WIND
e Detected in Crab by MAGIC
PC
e ICS from primary particles accelerated in the current sheet that scatter pair \ /.‘,’
synchrotron radiation, which appears beyond 10 TeV Leptonic acceleration
e~ (TeV) Synch;otron
e |CS component peaking above 10 TeV from Vela by H.E.S.S w " —
®
From Harding et al., 2021 8 W x
e .
. y(ev)/ﬁ!\verse Compton 15:
1071 | Pair SR (c)g:\cpﬂﬂ (‘9@ F S
Pair SSC OSSE "Q s O
10-3 - Primary SC :Ae{;ngjl’lt_t Osed Field Lin€e ' :50
a,&';\lorth : ':i
NE 103 -
> from G. Ceribella, Bonn 2023
> 1077 -
=
1077 -
10—11 -
10-13 28

10° 1077 10> 1032 10! 10t 103 10° 107
Energy (MeV)



Stage 1 (< 10 kyr) Forward shock

Cpntacft .
LI | ll | | | | | LI B | ll | | | | | LI B ll Free equ nSion dlscontInUIty

rrrrr Positron Spectrum
* AMS-02

== Fit with Eq.(4) and
68% C.L. band i 1

AMS coll.

N
V/E, [Tev )|~

Reverse
shock

Pulsar velocity
-

-2 -1 -1 -1 V4
05k C [m"sr's GeV ] - ++ /
A A A A A 2

A A Al s
62 64 66 68 70 72 74

ISM density
gradient
Source term

(in all three panels)

| /"\\,_/“/
Geminga
PSR B0656+14

Diffuse term

Stage 2 (t~ 10-100 kyr)

Ener GeV
L SR . gy [...l ] Reverse shock crush
1 10 100 1000

==}
‘—
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s HAWC detected two very extendd gamma-ray sources coincident with Geminga and
PSR BO656+14 (Abeysekara et al. Science 2017)

e Single PWL 8-40 TeV
e Electrons (100 TeV): IC upscaterring CMB

 Not a substantial contribution to the electron and positron spectra at the Earth by
fhese two pulsars (assumption of a uniform (one-zone) diffusion coefficient To The | EE—GCGE-
Earth)

e Still debated in the community (see Hooper et al. 2017) e
e TeV halo produced by elecirons diffusing into the ISM
e halo: population of particles freem from their parent PWN

* 35 TLHAASQO sources are found with one associated pulsar each and 2 TLHAASO U
sources (Cao et al. 2023)-> PSR J0218+4232 tMSP association? D — WS, Coto et al. 2022




Magnetars
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e Extreme magnetic fields -> ~1014-101°G
® 10% SN explotions-> magnetars (Popov & Prokhorov 2006)
¢ Slower rotation than pulsars: 0.3-10 segundos

e ~ 30 known magnetars in the Milky Way

NASA



« Magnetars have highly twisted and
complex magnetic field morphologies,
both inside and outside the star. The
surface of young magnetars are so hot
that they are bright in X-rays.

 Magnetar magnetospheres are filled by “-x
charged particles trapped in the twisted
field lines, interacting with the surface
thermal emission through resonant
cyclotron scattering. Magnetars Normal Pulsars

« Twisted magnetic fields might locally (or -~
globally) stress the crust (either from the _,  —
inside or from the outside). Plastic % e
motions and/or returning currents W
convert into crustal heating causing the ')
outburst onset and evolution.

(Thompson & Duncan 1993; Thompson, Lyutikov & Kulkarni 2002; Fernandez & Thompson 2008; Nobili, Turolla & Zane 2008a,b)

slide from N. Rea



MAGNETAR PULSAR

A magnetar is a neutron star with a particularly strong magnetic field,
about 1,000 times stronger than a normal neutron star. That's about a
trillion times stronger than Earth's magnetic field and about 100 million

times stronger than the most powerful magnets ever made by humans.
Scientists have only discovered about 30 magnetars so far.

Most of the roughly 3,000 known neutron stars are pulsars, which emit
twin beams of radiation from their magnetic poles. Those poles may not
be precisely aligned with the neutron star's rotation axis, so as the
neutron star spins, the beams sweep across the sky, like beams from a
lighthouse. To observers on Earth, this can make it look as though the
pulsar's light is pulsing on and off.

~1014-1015G



Types of bursts

NASA

Short bursts 5 (Kaspi et al. 2003)

* the most common

* they last ~0.1s

« peak ~104' ergs/s

 soft y-rays thermal spectra

° they last 1-40 s (Israel et al. 2008)

 peak ~1041-1043 ergs/s
« abrupt on-set
« usually soft y-rays thermal spectra

(Palmer et al. 2005) -

104 s7)

* their output of high energy is exceeded
only by blazars and GRBs

 peak energy > 3x104 ergs/s

<1 s initial peak with a hard spectrum
which rapidly become softer in the burst
tail that can last > 500s, showing the NS

v\! gL ALl W\U\‘\Miﬁﬂmwmw

A
ol Bl

. . » . . - dew . Sley
spin pulsations, and quasi periodic U : - 0

oscillations (QPOs)

Count rate S0-350 keV (=~

Slide from N. Rea




INTERMEDIATE FLARES

NASA/Fermi



GIANT FLARES

Rare (1/decade) short (few min-1 h) transient events
Energy: ~ 1044 — 1047 erg s—1



GIANT FLARES

® Most energetic explosions(~ 1044 — 104/ erg s—1)

® 3 detected in the last 40 years in the Galaxy:

® Very luminous hard peak, lasting about a second and with a luminosity of ~ 1047 erg s—1

e Rapid decay into a softer tail lasting hundreds of seconds

¢ Thermal afterglow of <1h at hard x-rays

1979 March 5 SGR 0626-66 1998 Aug 27 SGR 1900+14 2004 Dec 27 SGR 1806-20

Initial spike L., : 4 10* erg/s > 8 10* erg/s =10% erg/s

peak *
Tail energy: 4 10% erg 10% erg 10% erg

Rare (1/decade) short (few min-1 h) transient events



GIANT FLARES

Also Giant Flares?

15 million light-years from Sun

100,000 light-years from Sun

«
/’/r
' -
1979
o. : S - 2020] )
Ed i ‘
Large Magellanic Cloud o @ 2007
Milky Wa -
yvay N T, © -~fR} M31

Apﬁllslzozo | Jjﬁﬁ
NGC 253 (Sculptor) s

2005
M81 group

ESO/J. Emerson/VISTA

11.4 Mly
1.3x10% erg*

- e

t

i

———— =

NASA



GIANT FLARES

NASA



GIANT FLARE NGC253
15 abril 2020

‘" 't:"“"__s_ . . NGC 253
e TR N _ Sculptor galaxy
B R "y RiSs ' ’ ' "

» Duration: 140 ms
» Very rapid flare risetime ~77 us (Fermi-GBM coll. 2021)


https://svs.gsfc.nasa.gov/13792
https://vcresearch.berkeley.edu/news/astronomers-find-signature-magnetar-outbursts-nearby-galaxies

GIANT FLARE NGC253
Fermi-LAT: first GeV detection of a magnetar

Only 3 HE photons: 480 MeV, 1.3 GeV and 1.7 GeV (Fermi-LAT coll. 2021)

GeV emission arises from dissipation associated with the collision between an ultra-
relativistic outflow from the GF and an external shell of swept-up material



MAGIC as optical telescopes

* Magnetars can emit fast optical bursts (FOBs) (Yang et al. 2019)
e Spectral extension of the same radiation mechanism that generate FRBs

e Inverse Compton upscattering
e The MAGIC telescopes are able to operate simultaneously both as VHE and optical telescopes

e The cenftral pixel has been adapted to perform optical observations

o« Capable to detect isolated 1-ms optical flashes as faint as ~ 8 mly (13.4 mag) with maximum
sensitivity at 350 nm (Hassan et al. 2017)

e MAGIC cenftral pixel is an opfimal system to search for short optical flares (FOBs)
42



MWL collaboration: SGR 1935+2154 P

outer shell

Gamma rays
P Fast optical

Cvan: 12 CO J=1-0

19:34:40 24
. y 1 \ ' ' g =i '

. ”
g
\ s
>
—_— >
|~
3 ’
e
'7 e -

e - AR
="

More info
on SGR1935+2154
i |- e Stay tuned!

(0]
o

x10712
1

()]
o

i Radio (Onsala)
= = Optical (TNG)

N
o

o
17T T T T T T T T
| | | | | | |

Flux (E>100 GeV) [cm-2 s-1]
N
o

! mKi t Example of bursts detected by Swift/XRT

¢ - T__ﬁ ___________ | QU I I AN -
®
Swift/XRT ID.00033349084 | | |
-20 'Y © 100 [~
I c
1 @)
~40[— : . : 0 1 “ Iﬂlllllllli IIIIIIIIhII | | | | L
: | : A 22.8 23.0 23.2 23.4 23.6 23.8 24.0
~60— | ! : H Time (hours since 2020 Sep 10 00:00:00 TDB)
I i | i 7
_ | : [ | | I | | I |EI I | | I I | | :I 1 1 ::: 11 1 | | I | Lopez_oramas et a-l-. 2®21
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MJD [days]
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The hunt at VHE is still ongoing

. [ —
e .

Intermediate flare
Giant flare
Opticalburst _a, |
FRB
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Gamma-ray
(loud) binaries



Massive microquasars Be+Bh HMXBs

I (Pulsar-wind)

Circumstellar disk *

\

Pz

,.; /i ("'I/’ 7 .’j"_‘_. ; o
Wy w7
. e " o A
. /* 7 . . =

Colliding wind binary




Gamma-ray binaries

ev

107° 10° 10° 101 .
T Compact binary:
e A LS 5039 - .
N .* Star + compact object (NS/
10"0— . f ] BH)
A TN U
o'lg é * Bulk of the non-thermal
-12 ° ° ° °
o T emission in the y-ray domain
e (E>1MeV)
% 107" - massive star + compact object n .
" SED peaking > 1 MeV Only 7 known SYS'l'emS .
T 1 (out of ~300 X-ray binaries)
l1c;‘°l - .1(;15. l1(;2°l .1625.
v (Hz) Dubus 2018

Common characteristics:

Questions to answer: Massive companion star
Nature of compact object Similar spectra & y-ray emission variability
Emission mechanisms?e Non-thermal radio emission
Low-mass companione Moderate X-ray emission

Why so few?e 47



Star
D Porb VHE
spectral . ALSEL kpc] | [days] emission
type [M,]

PSR B1259-53 e 2.3 1236.72 0.87 19-31 ~P P

2.5 391 035 13-64  -P INFC
2.0
LS 1 +61 303 2649 054 10-60  ~P A
HESS 15 31550 083 47-80  yes A

J0632+057

FGL
J1018.6-5856 54 16.58 - - yes yes

48



Gamma-loud binaries: state-of-the-art

type object [days]
Be yes

48ms pulsar 1236.72 yes
BN o o s ye e ]
Be pulsar (magnetar?) 26.49 yes yes g
Be - 315.50 yes yes ‘S_
O - 16.58 yes yes g
O - 10.2 yes yes 8
Be 143 ms pulsar 50 years yes yes
(40 hint once)
microquasars WR BH< yes No
mictoblazer BIII BH 2.8 no yese (HAWC)
colliding wind eta Carinae LBV O/B star 5.5 years yes yes
-— red giant white dwarf 454 yes yes




Gamma-ray Binaries : Scenarios !5’

Pulsar-wind Microquasar
* Rotatfion-powered highly * Accretion onfo compact
magnetized pulsar object
* Pulsar wind+stellar wind * Ejection of plasma in jets

* |C: UV photons to gamma * [IC or hadronic

NO PULSATIONS NO JETS

Credit: Walt Feimer, NASA/Goddard Space Flight Center



Gamma-ray binaries: discovery ﬁ

* 2005: discovery of VHE from PSR B1259-63 by HESS
* 3-year orbit
* Emission during periastron passage

Mass: About twice the sun's
Diameter: 12 miles (20 km)

.

_ Fermi observes faint gamma-ray emission

Dec. 15,2010 _ ‘/ |

Type: Be star
Mass: 24 solar masses
Diameter: 9 suns

Fermi sees INtense gamma-ray emission

Pulsar oebit

Period: 3.4 years

o1



PSR J2032+4127/MT191 213

Pulsar + Be star

Extremely eccentric binary: Orbital
period: ~50 years (Ho et al. 2017

Emission at VHE during periastron
passage: November 2017 (MJD 58070)




Pulsar-wind or microquasarse

™ EVNat5CHz Apastron:
o Ejector regime
VHE
o| gamma-
0 D VLBA at 8.4 GHz rays
+ S | . ", " e o ” $=0.5-0.75
Resolved radi L t 4 towards th @@ . @ VLBA observations show a
— e.SO veda raadio emISS.IOH p0|.n ed towardads tne % rotating jet-like Structure
microquasar scenario (Massiet al. 2001 A&A 376, 217) (Dhawan et al. 2006, VI Microquasars
. . Workshop, C
&) Accretion onto a compact object (NS or BH) orishop, Gome)
embedded in mass outflow of the B-star Non-accreting young pulsar in orbit
Taylor & Gregory 1982, ApJ 255, 210; around a mass_losing B Star PeriOS-I-ron .
Tayloretal. 1992, ApJ 395, 268 Maraschi & Treves 1981, MNRAS 1941 .
(Slide from J.M- Paredes) Dubus 2006, A&A 456, 801 Propeller regime

40 : r ' I
| PéredeSLZGGG L
. EVN 1 <00 - MERLIN
:: 20 + .
—20 - . - NuSTAR B
L i “50—_ _—
“©1 o « | @) | 7% :
_40 I | L | oo (\ | | | | L | g - .
40 20 0 —20 —40 200 0 —200 ) N -

||||||||||||||||||
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—— MAGIC
-=- VERITAS

— Constant

W
(&)

L[S 1 +61°303

W
o

b T — Sinusoidal

+ Step function

A /JH\I
N

N
(&)

N
(e

—
(&)

Ejector regime

Periodo: 26 dias

—
o

Be’star + ? . \ Apastron: %

=z
e
"~

Integral Flux Peak (E>300 GeV) [10'2 cm2 s

HE: periastron L 5 - \\ l
VHE: apastron 7+ I2!
0 ?
VHE gamma-
rays -5
(I):OS_O75 _10 | | | ' | | [ B B B A B
02 04 06 038 12 14 16 1.8 2
Superorbital Phase
Small disk Large disk
TeV emission No TeV emission
Periastron: %
Propeller regime

- Be startcompact object
* Magnetar- like short burst (0,31 sec) detected by Swift/BAT (Barthelmy et al. 2008) from its direction
- The luminosity of this burst is on the lower end of the distribution of short bursts from magnetars
* Magnetarin LS| (Bednarek 2009, Dubus 2010, Torres 2012) iﬁgiggrsbi:o;lh\éﬂzzﬂz;s
» Flip-flop magnetar model (Torres 2012): rate can set the propeller
. . regime even at apastron
« For ejector (apastron) to propeller (periastron)

« Compatible with super-orbital modulation (Paredes 1987, Gregory 2002, Ahnen et al. 2016)



A pulsar in LS | +61° 303

wwwfmtum.com/natasumlmmz Vol.6 No.6

nature

e Pulsations 0.27 seg detected with FAST (Weng et al. 2022)

e No periodicity in the signal

® 'S |61 303 is the first binary system containing a pulsar behaving
as a magnetar, probably one of the low-field magnetars class”

A

Gamma-ray binary -
- with a pulse

0.6

Fraction of Observation

Weng et al. 2022

o

10 5 O
Reduced x2

e “We find that 5-10% of the galactic magnetar population could plausibly have a
bound companion” (Crimes et al. 2022)



Microquasars

',’

Hardness Intensity Diagram (HID)

High/soft state

)

4
>y

X-ray Luminosity
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.
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’ /"t}—r‘—‘-—o\
| Hard

\ Intermediate
NE—
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Spectral Hardness
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Jets
(radio, mm, C
X-rays, soft gam D

450”— X-ray spectrum — VRO

X-ray luminosity

Accretion disk
(optical, UV, soft X-rays)

* About 20 known Galactic microquasars, possibly up to 150 (Paredes&Marti, 2015)

o'l
| NASA/CXC/M.Weiss



Steady+iransient emission: Cygnus X-1

bremsstrahlung

@ . ' bow shock front

 Massive O9.7 lab star + BH
* Highly collimated jet (stiring et al. 2001) 0

* Surrounded by radio/optical nebula
(Gallo et al. 2005, Russell et al. 2007)

* Three transient episodes with AGILE

during HS and IS(Bulgarelii et al. 2008, Sabatini et
al. 2010, 201 3) synchrotron

lobe

|||||||||||||||||||||||||

* Detected at HE during HS:

7.5yr Fermi-LAT data (zanin et al. 2016) |

* Likely jet origin

* Evidence of flux orbital variability:
anisotropic inverse-Compton on
stellar photons as the mechanism at
work

* Different hadronic component might
exist at higher energies

30'00.0" g

4L {20

Dec (J2000)

+35°00'00.0" &2

+34°30'00.0" g4

Zanin et al. 2016

1 | | | | | | | | | | | O | | | | | | | | | | | | | | | | | | | |
02m00.00s 20h00m00.00s 58m00.00s 56m00.00s 19h54m00.00s 02m00.00s 20h00MO00.00s 58m00.00s 56m00.00s 19h54m00.00s
RA (J2000) RA (J2000)




Cygnus X-1: results

* Hint of emission with MAGIC.: : :: MAGIC 8 ] CYome
T=78.9 min 35°20°

* Simultaneously with
hard X-ray flare .

» During hard state (HS) and SUPC "

30

34°50'
0 +

0 0.05 0.1 0.15 0.2 0.2 " 19'59" 19"58" 19"57" 19"56™

60 S =4.90 (4.10 post-trial)

III|IlllllllllllIllllllllllllll
_+_
_+_
_+_
w
2
o

35°00°

62 [deg?] —— : =

. 100 h (2007-2014) of MAGIC observations The MAGIC collaboration, 2006

=
o
4

mainly at HS (83h)

BeppoSax HS (Di Salvo et al., 2001)
INTEGRAL-ISGRI HS (Rodriguez et al., 2015)
INTEGRAL-PICsIT HS (Zdziarski et al., 2012)
Fermi-LAT HS (Zanin et al., 2016)

MAGIC HS (this work)

- CTA-North 50 hr-sensitivity

« No significant excess at either X-ray state o

=
9
»
«—%
RTER

for steady, orbital or daily basis emission _ 107 53 %, CTA-North 200 hr-sensitivity
. ‘T'E 10-10 ;
« No emission above 200 GeV due fo 5 {
interaction between jet and ISM S qomd N
Zly * :

e Jet-medium interaction discarded as : \ /{,
possible region for VHE emission above 1077 \T \i‘\l}} ’///'/

epe . /
MAGIC sensitivity level: not affected by Lo | N
v—y absorption ‘ i
10_14 I I 1 I 1 1
. .. . 10° 10* 10° 10° 10%° 101 10
* Transient emission (Albert et al. 2007) still Energy [eV]

possible at binary scale " The MAGIC collaboration, 2017, MNRAS, 472, 3474




M W C 6 5 6 Circumstellar disk -

Mev l 4 ‘}M e : . ) “ =

= .

Accretion disk

)
'. bremsstrahlung bow shock front

gas y -
. f k\Cygnus X- ]

Cevv [ v
TeV ¥ (hint) - ‘ :

' / V404 Cygm .
’ ' coll\i;r\l\a‘tedj\e\t\;. Ge\/x (h|n'|') .
Gallo et al. 2005 ot | R Tevx
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Chorro de

Agujero negro

-
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~
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Chorro de
particulas
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To Earth

NASA/CXC/U.Amsterdam/S.Migliari et al //

Goodall et a.

2011 /// NRAO

The microquasar
SS433

61



Declination

SS433 at HE: Fermi

/ona compleja, no hay acuerdo entre distintos analisis

+07.0°

+06.0°

+05.0°

+04.0°

+03.0°

2015

Bordas et al.
5 years of data

ps2

}

290.0 289.5 289.0 288.5 288.0 287.5 287.0 286.5 286.0 285.!

Right ascension

Rasul_et al. 2019
9 years of data

289.0°

288.0°
RA (J2000)

iBordas et aliagpliilio Ps1

. 7 years of data
i ps4

4,

25 30 35 40 45 50 55 6.0 65 7.0

289.0 288.0 287.0

Riaht ascension

Sun et al. 2019
9 years of data

DEC--AIT

286.0°

3.7
289.2

288.6 288.0 287.3

Degrees of Declination (J20

286.0

286.7

289.0

4.000 4.500 5.000 5.500 6.000

3.500

288.5 288.0 287.5 287.0
Degrees of Right Ascension (J2000)
'l Xing et al. 2019
FL8Y J1907.9+0602

10 years of data y

FL8Y J1913.3

289.000 288.500 288.000 287.500 287.000 286.500

RA (Degree)

Torres (VGGRS2019)
10 years of data




Dec (J2000)

SS 433 at VHE -

MAGIC + H.E.S.S. campaign
~ MAGIC and H.ES.S.., 2017, A&A, 612, A14 * No significant excess detected

) ¢ *Upper limits for central binary compatible
with predictions (Reynoso et al. 2008)

T TS |

MGRO J1908406! 5

Central binary

+6° == , 4  Hadronic scenario:

v Flux prediction depends on efficiency in

3 transferring jet kinetic power to relativistic p*:

 We can consirain: gp<2.5x10°

OOUROYIUSTIG

Interaction regions:
Leptonic scenario

e X-ray specira of synchroiron origin ->
presence of electrons up to ~50 TeV

e Expected VHE fluxes (Bordas et al. 2009):

& ' o . roughly at level of the reported ULs
1 3° ENm | gl I.I VT TR ﬁ —9 . . .
|gm | 5m | om 09m  19hogm *  Our ULs: constrains on the magnetic field
RA (J2000) in inferaction regions: lower limit of
20-25uG
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33433 at TeV by HAWC

",IP

g

-
~
’

i

-

* HAWC detects TeV emission at interaction regions!

log (v[Hz])
12 15 18 21 24 27 30
- = - Leptonic (Inverse Compton) A Radio (Geldzahler et al 1980)
3 [ === |_eptonic (Synchrotron) XMM-Newton (Brinkmann et al 2007) -
Hadronic (m1y decay) % RXTE (Safi-Harb & Petre 1999)
21 x MAGIC-HESS 95% UL (2017) ¢ HAWC (this work)
VERITAS 99% UL (2017)

B R R O O O e

Y53 94 1 3 5 7 9 11 13 15
-1 0 1 2 3 4 5 Chang Dong Rho log (E., [eV]) K
Pre-trial Significance [o] (TeVPa 2018) '

5.40 (combined) detection by HAWC in el and wl (HAWC coll., Nature, 2018)

64
Also in LHAASO catalog (Cao et al. 2023)



35433 af TeV by HESS

E2dN/dE (erg cm~2 s71)
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Zoom In to SS 433

 Two separate TeV excess consistent

with each of the jets

« Western and eastern jet detected
with 6.80 and 7.8c respectively

e No detectable emission from the
central binary

 No detectable emission past the e2

region in eastern jet
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300 h of data

TeV emission at interaction regions

Measured spectra between
800 GeV and 50 TeV

First microquasar by an IACT



Connected gamma-neutrino emission in microquasars? Cta

. Protons can be accelerated in microquasar jets -> likely production of neutrinos

. Neutrino and gamma-ray emissions are products of reaction chains that are caused by the
P-p and p-y interactions inside the jet (Papavasileiou et al. 2021)

IIII l

| LMCX T
e Tests on CygX1 and LMC X1 suggest possible neutrino —_ 10‘45 Cyg X-1 — - - -
detection associated to the former v 6l ANE?&%@ -
v 107 KM3NeT - = = - |
« Hadronic dark jets of $8433 could produce neutrino SN *
emission (Reynoso et al. 2008) %
G
e Predicted neutrino flux at 1 TeV of ¢v=2 x 10-12cm-2 —
s-1 (averaged over all precessional phases) =012
e UlLat1TeV (8years): 2.71:10-13TeV cm-2s-1(Aartsen et _% 10_14‘
al. 2019), howeveritis spatially extended (angular a8 | ‘\ f
size of up to several degrees >PSF_Icecube) -> analysis 10710} c)V W
sensifivity is reduced. 103 10 10° 10

E [GeV]

Papavasileiou et al. 2021

. lcecube has set ULs to the steady neutrino flux of many high-mass microquasars such as $§433, CygXT1,
CygX3 (Aartsen et al. 2019) after 8 years of data-> is transient emission still possible?






Novae

* Novae are thermonuclear explosions caused by accumulation of material from donor star on a surface of a white dwarf (WD)

donor star

» Classification depening on the donor star: (RG)

* Symbiotic binary: the donor star is a red giant (RG). The WD is
immersed in the RG wind

gas stream

 Classical novae: the donor is a low-mass star

* Novae outbursts usually last from weeks to months

» Some novae show repeated outbursts within a human lifetime: A

recurrent novae (RN)

Credit: ESO / M. Kornmesser
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Novae: sources of HE gamma rays

. . V407 Cyg 2010
+ The first nova to be detected by Fermi-LAT was 79
the symbiotic system V407 Cyg (Fermi-LAT, |
Science, 2010) <
* Novae established as HE emitters 2 o
(HE, E>100 MeV) ‘E * Fermi-LAT data \\
|~ 7° model
| — -Inverse Compton & bremsstrahlung
\
10700 1000 o000

E (MeV)

Fermi—-LAT, Science, 2010
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Novae: sources of HE gamma rays

» The first nova to be detected by Fermi-LAT was B 7 -
° ° . 10'10_— -10
the symbiotic system V407 Cyg (Fermi-LAT, . "
Science, 2010) :,r -
5 5
* Novae established as HE emitters 2 o e .
° . 1wl
(H E' E>‘Ioo MeV) E: Fermi-LAT data \ :L,L/
- n’ model \ | e Fermi-LAT data -
| — -Inverse Compton & bremsstrahlung | ——Hadronic model ‘\\‘
. \ | ——-Leptonic model i
* Classical novae (WD+low-mass star) are also oz | R R | |
sources of HE gamma rays (Fermi-LAT, Science, o0 ' Nev) 10099 100 eV, 10000
2014) . | V959 M;m 2012 | | V339 [I)el 2013 |
. . L 1070k | | 1 10T
* Emission could be explained with either | ?
pp interaction or leptonic models (IC+Brems.) T —— 1T ?
g K L
 SED measured up to 6 — 10 GeV g 107" g 10™ '
L I 1 W
it T
e Fermi-LAT data \ e Fermi-LAT data \\
—Hadronic model \\ —Hadronic model \
— — -Leptonic model — — -Leptonic model
\
1000 1000 10000 10700 1000 10000
E (MeV) E (MeV)

Fermi-LAT, Science, 2014

Are novae very-high-energy (VHE, E>100 GeV) emitters?




Searching for VHE emission

 HE data alone is not enough to disentangle electron and proton acceleration models

» Particles are accelerated in nova shock, non-thermal processes are at work

* Protons can reach much higher energies due to lower energy losses and thus possibly produce a second component
detectable by [ACTs

* |ACTs had searched for a VHE component in novae for more than a decade (Aliu et al. 2012, Ahnen et al. 2015)

= 9.5
§  LCdNJdEx E"® x ™% dN /dE= E]'® x e ° ™", L =0.10L
- - p P p e
» 10—
> C
= F V339 Del
w-10.5— T
g _ I Photosphere par. from:
=S — Metzger et al. (2015)
‘i:\u’ 11—
(o} _
o N
-11.5—
12 I I
N |
/ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I |l 1 1 I | 1 | l 1 1 1 1
134 0 1 2 3 4 5

log (Energy / GeV
Ahnen et al. 2015 Q( gy )
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RS Ophiuchi

* RS Oph is a recurrent symbiotic nova which displays major outbursts every ~15 years
« WD + MO-2 lll RG star
e Mwp = and Mrg = 0.68-0.80Mo

* Distance: 2.45 pc (Rupen et. al. 2008)

 Recent Gaia DR3: parallax distance of
2.69 £0.18 kpc

* Nine eruptions between 1898 and 2021
* Latest outburst: August 2021

« GeV emitter candidate:

» 2006 outburst of RS Oph detected by Swift/BAT
could not be accounted by the decay
of radioactive isotopes

* Emission could be explained via the

superbossa/MPP

production of non-thermal particles by
diffuse shock acceleration
(Tatischeff et al. 2007)
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MWL view

10
» First nova detected in the VHE regime (HESS coll Science <
2022, MAGIC coll Nature Astr. 2022) S
ng:
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Novae established as a new type &=
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RS Ophiuchi



http://superbossa.com/MPP

What's going on?

B l.E.s.5. 2022

* Protons: pp interaction on nova ejecta (with some conftribution from RG wind)
* Elecirons: IC on thermal radiation of the WD photosphere

* Modeling: particles are injected and either cool down completely (electrons) or we gather their emission during the
acceleration time (protons) e




MWL flux evolution

Fermi vs MAGIC Fermi vs optical
ap TJO
5! . { ANS
4}
S
Q
=
o
O
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A 3t
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39
O
©
o> 2F
Q
2 />
1! x2/ndf = 12.7/3 _ x2/ndf = 9.8/7
% i 5 3 4 5 5 0 50 100 150 200 250

Integral flux (E > 100 GeV) V-Band Flux Density [Jy]
[10711 cm™2 s71]
Acciari et al. Nat. Astronomy, 2022

 VHE rougly flat, while HE decays faster: can < HE and optical emission show similar decay:
be explained as hardening of the emission not compatible with IC model

during its decay + |IC emission should decay faster (due to
Increase of distance to photosphere)

* Protons are favored -



Gamma-ray modelling
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* Daily SED
 Hadronic scenario favored

* Increase of the cut-off energy with time:
hint of spectral hardening

* In line with the expectations from the cooling and

acceleration timescales
* Hadronic scenario favored
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Comparison with other novae

Yy | .
10 . _ RS Oph ® Classical novae
! V1324 Sco % Symbiotic novae
N 10421 +
|E _ V959 Mon
(@)
10710 3 V407 Cygi +v339 Del
! * 1 + o V1369 Cen
= o T )
2 - e (5 ¢
.“EJ ©
S 10-1 o S V5668 Sgr
TIJ -:':.'-. 41 '
4 V407 Cyg 2010 P> V5668 Sgr 2015 10 ]
B V1324 Sco 2012 @ RS Oph MAGIC + ]
* V959 Mon 2012 A RS Oph Fermi-LAT (MJD 59435.8 - 59439.8)
+ V339 Del 2013 <> RS Oph Fermi-LAT (MJD 59434.8 - 59464.8)
_12 # V1369 Cen 2013
10 161 160 101 102 103 10 20 30 40 50 60
Energy [GeV] Emission duration [days]

* RS Oph is the nova with the highest flux and brightest nova
* Almost two orders of magnitude larger than previously-detected eruptions
 Comparison does not reveal any peculiarity in the emission of RS Oph, except for its brightness
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Galactic novae and cosmic rays

3 -
* Accelerated protons will eventually escape the nova shock .
carrying away most of their obtained energy. Such protons can 0- <—— 1 particle/(m? s?)
contribute to the Galactic Cosmic Ray sea _3] influence
4 dominates
. . . S 64
* Using the CR energetic derived for RS Oph (~ 4.4 x 1043 erg): T -
<0.2% of the contribution from supernovae . Knee
- 1 particle/(m? yr?)
Ep0 p m*y
* Despite the small contribution to the overall CR sea, novae would T Galactic
significantly increase the CR density in its close environment: < i }““F"?“CE’
. . - daominates
E_density(nova)>E_density (CR) ‘%_18_
* In the case of recurrent novae, protons will accumulate in a R
~10 pc bubble with enhanced CR density 24+ Ankle -
- 1 particle/(km? yr')
_427':

I 1 I 1 I 1 | '
9 10 11 12 13 14 15 16 17 18 19 20
log Energy (eV)

Extracted from Dulgig, Science 2020
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RS Oph at gamma rays: H.E.S.S.

« Fermi-LAT & H.E.S.S. combined analysis

— Finite acceleration of VHE protons (delayed VHE peak)
— Single y-ray component (similar temporal profiles & spectra)

Source: H.E.S.S. Collaboration 2022
« Hadronic scenario Is preferred
— Efficient acceleration up to E, jpqx = 10 TeV ‘
—~ 10710 -
: 7 ;
Qs = 1.43 +0.18 : S . D
1011 = aiar =1.31+0.07 : » <~ Fermi-LAT x10 g
_ o : 'i N *\ % 10—11
P A :F TH <
™~ é N =
lE SS9 L;
% + #% 5 1012
5 10712 e, 4 -
5 . "?\1\ ! & Fermi-LAT (9 Aug)
o 5 - j0-34 A HESS.CT5 (9Aug)
- 3 [ sy i ® HE.S.S. CT1-4(9 Aug)
O Fermi-LAT (13 Aug)
I ¥ H.E.S.S.CT1-4 (13 Aug)
10-13 : - | | ' P ' 10"‘14 —rrT ——rrrr7 —rrrrT ———T—TTTTTT ———r—rrrrTT -
i 5 10 30 10 10° 10! 102 103
Time (days) Energy (GeV)

81 Slide from Aguasca—Cabot, VGGRS-VI



RS Oph at gamma rays: LST-1

i B —— 7!
T Sasudl
 Clear detection of RS Oph with LST-1(6.4 h)

E2dN/dE [TeV cm—2 s71]
=
o

— Significance of ~ 7.5¢ & S/N ratio of ~ 4.8% | PRELIMINARY
» ~Smooth transition from HE to VHE range ol 28
— Spectral analysis down to ~ 45 GeV - Eifbiid
* Preliminary results compatible with other R
IACT facilities
le—11 10710,
971 =+~ LST-1 average i — Bestfit
-1 dai ¢ 4+ LST-1
W ? _:g ;TGTCdjO:zt o x’x ; mGsICs (9 Aug)
71 % MAGICdaly ¥ 10713 i i HES.S. (13 Aug)
New analysis =~ l 5§ T
with improved 25 ¢ + =
MC is ongoing 5 ! 2107
53 I + : " | PRELIMINARY :
i PRELIMINARY | r=-33=02
' 50436 59437 59438 59439 w0 102 10
Time [M)D] E [GeV] 15

82 Slide from Aguasca—Cabot, VGGRS-VI



Neuirinos prediction in novae
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* Prediction VHE and neutrino emissions from symbiotic
nova explosions (V407Cygni-like) (Sitarek & Bednarek

2012)

e-EeIZ0.0 GeV -E,/80.0 TeV

" dN./dE< E]*° x , dN_/dE= E;° x e

lllll\l\llllllllll

L L 1 1 l L 1 L L l L 1 L L l L 1 L L I L L 1 L I L 1 1 i

-1 0 1 2 3 4

log (Energy / GeV)

:dNe/dEoc E:.S 5 e-Ee/20.0 GeV, de/dEOC E:.S 5 e—E,,/80.0 TeV

i
\

llllllllllllllllllll

ae”
.
o

Illlll

Pl
ane®
"
Bl
PL A

.
cea,
.
e

I Ll I L1l I L.l I Ll 1l 1 I Ll ‘\ }

—

1.5

2.5 3 3.5 4 4.5

log (Energy / GeV)
Sitarek & Bednarek 2012

83

magnetic

field ‘A

wind

photosphere
Nova shock

Bednarek & Smialkowski 2022

« Production of neutrinos in collisions of relativistic protons
with the matter of the fast wind from the WD (Bednarek &

Smialkowski 2022)



Nevutrinos from RS Oph?

* No signal detected by IceCube in the 3 first days (Pizzuto et al. ATel #14851)

« We calculated the neutrino emission corresponding to the proton model and compared it with limits from the IceCube
Collaboration

* Protons reach only sub-TeV energies-> the predicted neutrino emission does not reach energies higher than those of
protons and these limits cannot constrain the model

— |ceCube limits
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* Could SuperKamiokande have detected neutrino emission from RS Oph?
* No: low collection area at the GeV energies the expected number of events is only of the order of 5 x 10-7.
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Declination (J2000)

[
59 00'00" - Bk Y
~ | —+
e U
@ g - ; |
% o [ ] l f*
40'00" o o - i
S» Lﬁ = ; { Nathan Smith (University of California, Berkeley), and NASA
-60°00'00” 7 % - —+— H.E.S.S.:p=0.78 - 0.96 (DS-I) e
Ty Lt
" ——4—— H.E.SS.:p=0.96-1.10 (DS-Il) :fi::: . . .
000 0 oAT: 5052 1.0 (Babo ot ol 2017 » Detected at HE by AGILE and Fermi-LAT in 2009 (Tavani et al.
E . Fermi-LAT: full orbit (Reitberger et al. 2015) : 2®®9 ; Abd O et a -L " 2®®9a )
40007 51M00° 48M00° 45M00° 42™00° 10"39M00° — 1““1'(1)9 — 1““11(;10 — 1““1'(1,11 - '”“11(;12 . . .
Right Ascension (J2000) Energy (eV) e Composed of aluminous blue variable primary star of ~100 Mo
(H.E.S.S. Coll. 2020) .
| | and an O- or B-type companion of ~30 Mg
x10"7 % 10-9
- +++ ++ >100 Me+v _ 1o e very eccentric orbit (e ~ 0.9) with a period of ~2023 days ( ~5.5
» 0.81 "
? + | { 4 | I " o8 years)
Tty T WY o
E H ++ P + JF e sfrong and dense supersonic stellar winds
0.4 + 0.2 . e . . .
o p—— p p—— — — — L — ] e colliding wind region (CWR) at the locations of ram-pressure
MJD MJD balance

larti-L - al. 202

e contact discontinuity and a stfrong shock on either side of it.
Slide from P.Bordas, Gamma 2022

* high mass-loss rates: 2x104Mo/yr (500km/s) and 2x10-5Moe/yr
(3000 km/s)

 wind material is shock-heated to 50 MK and gives rise to soft X-

ray emission
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HESS J1857+026 HESS J1857+026
HESS J1858+020 = HESS J1858+020
PSR J1856+0245 ' = PSR J1856+0245
Fermi-LAT J1857+027 _ . Fermi-LAT J1857+027

MAGIC, fitted position | MAGIC J1857.2+0263
MAGIC J1857.6+0297
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