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Gamma-ray binaries:

1. Introduction:
»TeV catalog — TeV Binaries
» X-ray binaries — y-ray binaries

2. Binary systems:
>0 -type yBs: PSR B1259-63, etc.
»Be-type yBs: LS 5039, etc.

3. yBs with LHAASO & CTA:

> Particle acceleration and radiation
> TeV binaries — PeV binaries ? Figure: techexplorist



https://www.techexplorist.com/

1.1 TeV Catalog:~300

a) Extra-Galactic: AGN, GRB, SBG, etc. So far, more than 300 VHE (>0.1TeV) sources being

discovered, with a few of them being detected at UHE

b) Galactic: PSR, PWN, SNR, Binary, etc. (>0.1PeV) band.

GRB, Starburst, Superbubble

PWN, TeV halo, PWN/TeV Halo, Composite
SNR, BIN

HBL, IBL, FSRQ, AGN {unknown type), FRI,
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Massive Star Cluster, Globular Cluster, Star
Forming Region



http://tevcat2.uchicago.edu/

C ﬂ Carinae: a very Large Hadron Collider

1.1 TeV Binaries:~12 |SUEEE S R

a) Nova: only 1 (RS Ophiuchi)

accelerated accelerated

b) Colliding wind binaries: only 1 (n-Car) A Fiectrens | prevens
¢) Micro-quasars: only 2 (SS 433, Cyg X-1) -
d) Gamma-ray binaries: ~8 (PSR B1259-63, etc) nQso | '
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http://tevcat2.uchicago.edu/
http://www.isdc.unige.ch/result.cgi?101213_EtaCar

1.2 X-ray binaries V.S. y-ray binaries

Cygnus X-3 E, ~keV 1FGL J10]8-3856 E]pk > MeV
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1.2 X-ray binaries V.S. y-ray binaries

Accretion-powered Rotation-powered
Y jet termination shock stellar wind

stellar wind

Figure: Dubus 2013, Astron Astrophys Rev



2.y-ray bInarie€s pe-iype yBs  O—type

PSR PSR HESS Y 1FGL HESS
m B1259-63 | J2032+4127 | J0632+057 | +61 303 SR LMCP3 | 11018.6-5856 | J1832-093
Compact Pulsar Pulsar ? Pulsar ? Pulsar ? ? ? ?
object
Pulsation 47.73 ms 143 ms ? 269 ms ? ~9s8? ? ? ?
period (Radio)  (Radio/y— (Radio) (X-ray)
ray)
Comganion 09.5Ve BOVe BOVpe BOVe 06.5V OS5I o6V 0?
star
Stellar va e e g x X X X
disk
Orbital 0.87 0.96 0.64-0.83 ? 0.55-0.72 ? 0.35 0.40 0.31 ?
eccentricity
Orb.it.:ll 1236.7d ~17000d 317.3d 26.496d 3.906d 10.314d 16.58d ~86d
perio

Distance 2.39 1.33 1.6 2.0 2.9 ~50 54 4.4
(kpc)




COs In rest yBs are believed to be non—accreting NSs:

> Similar spectral
characteristics

»Lack of accretion signal
»Binary mass functiom
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Emission model:

_ Lsd/c
T M., Shock position
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2.1: PSR B1259-63

PSRB1259-63 i1s the first variable galactic source of VHE y-ray:

* Pulsar:

P=47.76ms, P~2.28 X107 s-s, L,~8X10%erg/s
e Star:

09.5Ve, M, ~30M;, R, ~9.5R;, T.x~=33500K

* Orbit:

e~=0.87, a~5AU, P,,~3.4yr, d;,~2.6kpc

The companion star possesses an equatorial disc

that is inclined to the orbital plane !

PSR B1259-63

L to observer

Dubu82013_10—_2IIIclllIIEIII4IIISIII8III10III1-2

. - —

NASA/Goddard Space Flight Centre
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2.2: PSR J2032+4127 2.3: HESS J0632+057
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Mysterious GeV flares of
PSR B1259-63 ?
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No counterpart in other bands during GeV flares
Indicating distinctive emitting particles or regions?

IC in PWZ, with seed photons from:

® The companion star (Kirk+2000). X

@ The stellar disc (van Soelen+2012) . X
® Synchrotron X—ray (Dubus+2010). X

@ Transient accretion disc (Yi +2017,2018) .

T
120

Missing GeV emission from
HESS J0632+057 ?

+ PLR J0631+0646
NEW * psrR J9633+0632

HESS J06;32+057

101.0 1000 \99.

Li et al. 2017

Comparing to other very luminous yBs, why
JO632’s GeV emission is so weak?



2.4: LS 5039

* Compact object:
»BH or NS ?

 Companion star:

06.5V((f)) T.s==39000K

* Binary system:

Porb:3-9d7

Counts/bin

oL
0.0 0.5 1.0 1.5
Pulse Phase (2 cycles, 24 bins)

Makishima et al.
2023
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2. 4 LS 5039
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3. Can vy Bs be PeVatrons?

LHAASO coll. 2021, Nature

LHAASO Source Possible Origin Type Distance (kpc) Age (kyr)® L, (erg/s)’ Potential TeV Counterpart®
LHAASO J0534+42202 PSR J0534+2200 PSR 2.0 1.26 4.5 x 10*°  Crab, Crab Nebula
LHAASO J1825-1326 PSR J1826-1334 PSR 3.1+£0.29 21.4 2.8 x 10°° HESS J1825-137, HESS 11826-130,
PSR J1826-1256 PSR 1.6 14.4 3.6 x 103  2HWC J1825-134
LHAASO J1839-0545 PSR J1837-0604 PSR 4.8 33.8 2.0 x 10% 2HWC J1837-065, HESS J1837-069,
PSR 11838-0537 PSR 1.3° 4.9 6.0 x 103 HESS J1841-055
LHAASO J1843-0338  SNR G28.6-0.1 SNR 9.6 £ 0.3/ <2/ — HESS J1843-033, HESS J1844-030,
2HWC J1844-032
LHAASO J1849-0003 PSR J1849-0001 PSR 79 43.1 9.8 x 10%  HESS J1849-000, 2HWC J1849+001
W43 YMC 5.5% — —
LHAASO J1908+0621  SNR G40.5-0.5 SNR 3.4 ~ 10 — 207 —_ MGRO J1908+06, HESS J1908+063,
PSR 1907+0602 PSR 2.4 19.5 2.8 x 10%6  ARGO J1907+0627, VER J1907+062,
PSR 1907+0631 PSR 34 11.3 5.3 x 10%  2HWC 1908+063
LHAASO J1929+1745 PSR J1928+1746 PSR 4.6 82.6 1.6 x 10°°  2HWC J1928+177, 2ZHWC J1930+188,
PSR J1930+1852 PSR 6.2 2.9 1.2 x 103"  HESS J1930+188, VER J1930+188
SNR G54.140.3 SNR g3toa? 1.8 —3.3" —
LHAASO J1956+2845 PSR J1958+2846 PSR 2.0 217 3.4 x 10%  2HWC J1955+285
SNR G66.0-0.0 SNR 23102 — —
LHAASO J2018+3651 PSR J2021+3651 PSR 18737 17.2 3.4 x 10°°  MGRO J2019+37, VER J2019+368,

LHAASO J203244102

U+

Cygnus OB2

PSR 203244127
SNR G79.8+1.2

1.40 + 0.08°
1.40 + 0.08°

TeV J2032+4130, ARGO J2031+4157,
MGRO J2031+41, 2ZHWC J2031+415,
VER J2032+414

LHAASO 1222646057

SNR G106.3+2.7
PSR J2229+6114

VER J2227+608, Boomerang Nebula




3. Can vy Bs be PeVatrons?

(1) Leptonic processes: electrons

»With the magnetic field: Synchrotron g
et +B— Y pr /

>With the photon field: IC scattering
et +y—=7

stellar wind

(2) Hadronic processes: protons

»With photon field: p—IC, Bethe—Heitler & Photomeson processes
p+7
pt+y—4pte+e
p/n+nem’ +nmt oo
»With stellar outflows: proton—proton interaction
70 syt Chen et al. 2023, in preparation
p+p—=sn —u v, p—e v, +v,
T U tv, p —e +v.tv, 20
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3. Can yBs be PeVatrons?

(1) Leptonic processes: electrons  E.mu? - of
»Potential drop: - o /
B, e =q. (Laa /) >~ 2 X 10 LY%, 6V 10 '
»>Hillas criterion: o %Zrl'
E...—qBR~3x10"B,R, eV o )
»>Energy losses: Adiabatic or Radiative cooling
E, s = 31.q.BR ~1x10"7_, B, Ry, eV T
[Ee,mw:(Gﬁneqe/aTB) Y2 mec? ~6x10%2n' 2By /2 eV] i p | |
.
(2) Hadronic processes: protons  E, max? o]
>Hillas criterion: h “’
( By — 4. BL~3X10" B, L,, eV ] -
»>Energy losses: Adiabatic cooling : ;E‘?
E ) max = 4Rgng.cB/v, ~ 3 X107 B, Ri21-1 V4.3 €V Chen et al. 2023, in“prep&ratidh o, ™ 0



3. Can vy Bs be PeVatrons?

Flux [erg/s/cm”]
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vBs with LHAASO

TeV Binaries

PSR B1259-63

PSR J2032+4127

HESS J0632+057

LS I+61 303

- 1FGL J1018.6-5856

LMC P3

LS 5039

) HESS J1832-093
SS 433 '

Eta Carinae

Eta Carinae

PSR B1259-63 1FGL J1018/6-5856

[1p]
o

N Chen et al. 2023, in preparation



Tibet—AS v

The Southern Wide-field Gamma-ray Observatory

cherenkov telescope arra




* VHE y-ray sources h ‘. Particle acceleration:
»Production: Leptonic or Hadronic »Magnetic reconnection
\>Annihilation: pair creation D S »Fermi 1th acceleration

What can we learn from HMGBs ?

* pairs, B — field WS stellar outflows, photon field

Figure: Aharonian et al. 2010 Figure: Wikipedia

e Pulsar wind physics: ) "« Evolution of binary system:
»G-problem »Pulsar spin-down

> B-field structure . » (/B star and its outflows ..
\_




Thank you very much
for your attention.



Extra slides



Unsolved questions In gamma—ray binaries:

1. The unknown nature of compact objects Iin other binaries?
2. The origin of GeV flares from PSR B1259—63?

3. The missing GeV emission from HESS J0632+057?

4. The super—orbital modulations as seen in LS [+61 303?

b. The observed HMGBs are much less than predictions

28



Unsolved questions:

PSR PSR HESS LS| 1FGL HESS
m B1259-63 | J2032+4127 | J0632+057 +61 303 LS 5039 LMCP3 | 1018.6-5856 | J1832-093
Pulsar ?

Compact
object

Pulsar Pulsar

Pulsation 47.73 ms 143 ms
period (Radio) (Radio/y-
ray)
Comganion 09.5Ve BOVe BOVpe BOVe 06.5V OS5l o6V o7
star
Stellar va e e g x X X X
disk

Orbital 0.87 006 [ICIEOESE OBSRONERE .35 0.40 0.31 ?

eccentricity

Orb_it::ll 1236.7d ~17000d 317.3d 26.496d 3.906d 10.314d 16.58d ~86d
perio
Distance 2.39 1.33 1.6 2.0 2.9 ~50 0.4 4.4

(kpc)



2.2: PSR J2032+4127

PSR J2032+4127 is the longest-period gamma-ray binaries with largest orbital eccentricity.

* Pulsar: I
P=143ms, L,~1.7x10%erg/s, T~115.8kyr o | b "-’7 —
e 1l
* Be star: — >t = cotro ]
BOVe Tur=230000K = ff [ L8 R
* Binary system: 20 i - gl
§200 ’-I-‘J, LLL'-LFL IS TR I E i
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0.467 Casares et al., 2012

2.3: HESS J0632+057 3
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04 __
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2.6: 1FGL J1018.6-5856
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