Ultrahigh-energy gamma-ray e
associated with Black Hole-jet's

Ruo-Yu Liu (NJU) & Jian Li (USTC)
for LHAASO Collaboration

AL
LHAASO

v HF AL 3k VGGRS V, 6-8 May 2025, Barcelona



Outline
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» Discussion
» Summary
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High-energy gamma rays as probes
of efficient particle acceleration
Small Scale

intense radiation from corona, companion
star; dense matter in accretion flow, wind

Large Scale
CMB/ISRF, Molecular/Atomic Clouds
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Cygnus X-1 Fermi-LAT: sporadic; correlated with hard state; hint of
orbital modulation; AGILE: day-scale flare; MAGIC: hour-scale flare
V404 Cygni? Fermi-LAT: GeV flare (controversial)

GRS 1915+105? HEGRA: tentative detection of a flare

SS 433 Fermi-LAT, HESS, HAWC: up to ~1<100 TeV, persistent
emission, from two X-ray lobes (by HESS)

V4641 Sgr, HAWC up to 200TeV

f HHESS Collaboration 2024
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Energy-dependent morphology: leptonic, acceleration of 100TeV e



12 BH microquasars in LHAASO’s FoV, 5 associated with UHE gamma-ray sources

Microquasar Distance LHAASO Source Significance Photon Index Energy Range Extension® Flux®
(kpc) (o) (TeV) (Crab Unit)
SS 433 E. J1913+0457 = 2.78 +0.19 25 — 100 —_— 0.10
SS 433 W. 4.6+ 1.3%2 J1910+0309 8.6° 2.92 +0.21 25 — 100 ' 0.082
SS 433 central J1911+0513 9.8 4.03 £0.29 100 — 400 0.32° 0.32
V4641 Sgr 6.2 + 0.7 J1819-2541 8.1 2.67 +0.27 40 — 1000 0.36° 3.9
GRS 1915+105 9.4 + 0.6 J1914+1049 6.1 3.07+0.15 25 — 630 0.33° 0.17
MAXIJ1820+070 2.96 + 0.33%! J1821+0726 5.9 3.194+0.29 25 — 630 < [128° 0.13
Cygnus X-1 2.2 + 0.9%] J1957+3517 4.0 4.07 £0.35 25 — 100 ZIBI9* o 41
XTE J1839+226 4.2 4+ 0.5%7 - 1.9 - ~ - < 0.03
GS 2000+251 2.7 +0.7% - 1.7 - ~ - < 0.04
CI Cam 417999 = 1.4 = - = < 0.03
GRO J0422+32 2.49 4+ 0.3%] - 0.8 - - - < 0.01
V404 Cygni 2.39 + 0.1444 - 0.5 - ~ - < 0.02
XTEJ1118+480 1.7 +0.1¢ - 0 - ~ - < 0.01
V616 Mon 1.06 &+ 0.14 - 0 - - — < 0.01

4 geparation between two point-like sources of SS 433 below 100 TeV; 39% containment radius for SS 433 central,
V4641 Sgr and GRS 1915+105; one-tailed 95% confidence upper limit for the source size for MAXI J1820+070

and Cygnus X-1.

®at 100 TeV, 1 CrabUnit ~ 10712 erg em 257!
¢ the combined detection significance for the two point-like sources is 12.9¢.

Resolved: SS 433; V4641 Sgr; GRS 1915+105

Unresolved: MAXI J1820+070; Cygnus X-1

All five detected microquasars
show persistent or remarkable
outbursts of BH activities in
recent years

All seven undetected microquasars
do not show notable BH activities in
recent years

cooling time of particles responsible
for UHE emission is > kyrs
Is it just coincidence?

Is a BH’s recent activity (over past decades) a
proxy of UHE emission?



$3 433 (see Jian’s talk)
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- -24.000 above 25 TeV
>1 TeV
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GRS 1915+105
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Observations with better angular resolution in
gamma-ray or X-ray bands will be crucial to
understand the origin



“new” BH
discovered in

2018
(Tucker et al.
2018,
Kawamuro et al.
2018)
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SS 433: persistent

Cyg X-1: persistent

GRS 1915: active for decades before entering a "dim state" in X-ray
band since 2018, but still exhibits frequent, bright radio flares
V4641 Sgr: highest frequency of outburst among transient BHXRBs
MAXI J1820: major outburst in 2018

V616 Mon: no outburst since 1975

GS 2000+251: no outburst since 1988
GRO JO422+32: no outburst since 1992
Cl Cam: no outburst since 1998

XTE J1859+226: no outburst since 1999
XTE J1118+480: no outburst since 2000
V404 Cygni: no outburst since 2015

—~
2
~—

Timescale
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» If not coincidence: duty cycle of BHXRBs inferred from observations of recent decades could reflect the energy release
of the binary system in past thousands of years? frequent perturbation to surrounding B field to confine injected CRs?
» If coincidence: expection of UHE emission from other quiescent BHXRBs, or even undiscovered systems; can be

tested in the future



Contribution to the measured CR flux

active BHs and their environments can be PeV proton factories

Milky Way is expected to be about 1000,
¢ Lyfuotces — 10 — 100 with a dozen of them probably boasting X-
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arge rray of herenkov elescopes

* Funded

* 32 telescopes: 8X4 array at LHAASO site

* 6-m telescopes

« Angular resolution: <0.05° @ > 10 TeV

* LHAASO MD array provides excellent y/p discrimination
* two proto type telescopes

* First light soon in next year!

* The full array will be completed by 2028



Summary

» LHAASO has detected 5 out 12 BH microquasars in FoV associated with UHE emission.
- SS433,V4641 Sgr, GRS 1915+105, MAXI J1820+070, Cygnus X-1 present gamma-ray emission around
and above 100TeV
- energy-dependent morphology of SS 433 indicate different origin of emission above 100TeV and that
<<100TeV, association of >100TeV source with atomic cloud is consistent with a hadronic origin

» Among 5 sources, there are both extended and point-like morphology -> radiation/particle acceleration
from different scales of the BH-jet system;

» Our results indicate active BH and their environment are a new class of PeVatron/Super-PeVatron
- implication for particle acceleration in more powerful SMBH-jet systems (blazar, radio galaxies) and origin of
UHECRs. Hints of other relevant processes: jet formation, jet dynamics...

> A connection between UHE emission and BH activities. More samples are needed to answer the possible
association between recent BH activities and UHE emission.

Thank you very much for your attention!
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Implications for particle acceleration at AGN

stellar-mass BH-Jet systems
-> accelerators of >~ 10 PeV at different locations of the system

Insights into particle acceleration of supermassive BH-Jet systems
(more powerful, more gigantic)
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