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ASTROPHYSICAL JETS

» FAST OUTFLOWS OF PLASMA MOVING AT RELATIVISTIC SPEEDS.

» (ORIGINATE DUE TO ACCRETION OF MATTER ONTO A BLACK HOLE.

» AGN JETS: PERFECT CANDIDATE FOR ACCELERATION OF
PARTICLES TO HIGHEST ENERGIES: POWERFUL, LARGE ENOUGH.

> BUT HOW DOES THIS ACCELERATION HAPPEN EXACTLY?

CENTAURUS A: THE NEAREST ACTIVE
GALACTIC NUCLEUS

N\
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MEET MICROQUASARS

» INSIDE OUR GALAXY: CLOSER TO
EARTH!

» MUCH LESS POWERFUL THAN AGN:
L ~10%*ERG/S
EDD

» HIGHLY VARIABLE: SHORT-LIVED
PHASES OF ACTIVITY

5/9/24

JETS

STELLAR MASS
BLACK HOLE

Gamma 2024 - Laura Olivera-Nieto



- ACTUAL  PATA <y Lo 8] ot SRRt W it e U T e T T

BLUE: RADID.EMISS;DN FROM NEBULA - : o | s :
WHITE: OUTLINE OF JETS IN X-RAY . _ : | :
- RED/YELLOW: H.E.§.8., i DATA G- |- 7 et ot o S Sn e L e

H.E.S.S. COLLABORATION Sc;ENCQ-BSQ 6681, 2024 (LON LEADING AUTHOR) SoeY s
BACKGROUND: INII_{A‘D/AIII/.NSF, z Gorap, ﬁ,.c;ss';'

; . 1 . . B R g v g « . 'NASA’s WipE FIELD SURVEY EXPLORER (WISE); e o J
. a 1 » k . W a 2 » - -, RAYs (GREEN CONTOURS): ROSAT/M. BRINKMANN;

_TEV '(RED, COLORS) : .H.E.S.S, COLLABORATION.
. £ v -



» WITH SS 433 WE COULD IDENTIFY THE MECHANISM BY WHICH PARTICLES ARE ACCELERATED IN AN
ASTROPHYSICAL JET FOR THE FIRST TIME

» BuT SS 433 MIGHT BE A TOTAL OUTLIER - HARD TO MAKE A STATEMENT WITH ONLY ONE DATA POINT

B U1 R
200G/ \0.26¢/ \ 1.6pc

EHilla.s ~ 104 PBV,

> IN PRINCIPLE POSSIBLE - BUT VERY HARD TO MAKE A STATEMENT WHEN WE ONLY KNOW ONE!
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HAWC COMES TO THE RESCUE

GAMMA2022: REPORT OF TEV EMISSION SURROUNDING A SECOND MICROQUASAR
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radioimage of SS 433
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MEeT V4641 SGR

Blundell & Bowler, NRAO/AUI/NSF

» LMXB WiTH A B9III COMPANION STAR (2.8 DAYS PERIOD)

> GIANT X-RAY FLARE IN 1999

> RADIIO OBSERVATIONS IMPLY SUPERLUMINAL MOTION

INDICATION OF RELATIVISTIC MOTIONS AT LOW INCLINATION ANGLE WRT TO LINE OF SIGHT

> PRESENCE OF A FAST JET POINTING TOWARDS US
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H.E.S.S. OBSERVATIONS

» 15H OF ARCHIVAL DATA, AROUND 100H OF DATA TAKEN BETWEEN 2022 AND 2023

v

3D ANALYSIS IN GAMMAPY 1.2, HARD (>200 P.E.) cuTs, 2D BACKGROUND MODEL

» EXTRA STEP OF BACKGROUND REJECTION USING CT5 paTa (ABRIR, OLIVERA-NIETO ET AL 2022)
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H.E.S.S. DETECTION
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H.E.S.S. PRELIMINARY

» CLEARLY DETECTED, ELONGATED AND ASYMMETRIC

» ASSUMING D=6.2 KPC (MACDONALDS ET AL) THE
EMISSION IS ~100 pc rong (!)
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» NO BETTER COUNTERPART (52 BELOW GPLANE)
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H.E.S.S. DETECTION
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» CLEARLY DETECTED, ELONGATED AND ASYMMETRIC
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» ASSUMING D=6.2 KPC (MACDONALDS ET AL) THE
EMISSION IS ~100 pc rong (!)
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V4641 NOT AT THE CENTRE OF EMISSION

» NO BETTER COUNTERPART (52 BELOW GPLANE)
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type name value error min max frozen is_norm link prior

index 1. 4 e+l .388e-82 nan nan False False

amplitude 1. -13 Tev-1 s-1 cm-2 2.275e-14 nan nan False True
reference 2.88008e+088 TeV ©.8008e+88 nan nan  True False

MODELING - 1 COMPONENT

» SIMULTANEQOUS SPECTRAL+SPATIAL (3D) FIT USING GAMMAPY
» BEST-FIT SINGLE COMPONENT IS ELONGATED AND HAS A HARD (INDEX <2) SPECTRUM
» CORRECTING FOR NUMBER OF FREE PARAMETERS (7), THE SIGNIFICANCE IS 12.90

» BEST FIT POSITION INCOMPATIBLE (>>30) WITH V4641 SGR LOCATION
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> PARAMETERS CONSISTENT WITH SINGLE COMPONENT
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> TOP BEST FIT POSITION COMPATIBLE (~20 AWAY) WITH V4641 SGR LOCATION, NOT THE GAP!
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SPATIAL PROFILES - ALONG

» FLUX PROFILES ALONG THE EXCESS

» ASSUMING D=6.2 KPC

» V4641 SGR CLEARLY NOT AT PEAK/GAP BETWEEN MODELS
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WHAT IS THIS THING?

24°40"
H.E.S.S. PRELIMINARY V4641 Sqr 49 GHz Sep 16027
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WHAT IS THIS THING?
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ANY HELP FROM OTHER WAVELENGTHS?

A

IMAGE NOT FOUND

» PREVIOUS OBSERVATIONS FOCUSED ON THE
NARROW FIELD AROUND THE BINARY.

» NO KNOWN X-RAY EMISSION ON LARGE
SCALES, CHANDRA UL DERIVED BY NAOMI
TsuJ1

> NO COMPARABLE KNOWN RADIO STRUCTURE




SOME SIMPLE MODELING USING GAMERA
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FERMI-LAT ANALYSIS: M. LEMOINE-GOUMARD

X-RAY ANALYSIS: N. TsuJ1

» ASSUMING POPESCU ET AL RADIATION MODEL, T=2000 YR (TOTAL GUESS)

» WITH SHORT TIME PROTONS NEED TOO HIGH DENSITY

BUT TIME COULD BE LONGER

» B FIELD HAS TO BE RELATIVELY LOW (<5 MG), (SS 433 =+ 20 UG)

Electrons: B=4
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WHAT CAN THIS BE?

240a0" 1) THE STRUCTURE WE SEE IS THE JETS

H.E.S.S. PRELIMINARY

* GEOMETRY?
-25°00"

20

2) THE STRUCTURE WE SEE IS CREATED BY
PARTICLES ACCELERATED BY THE JETS
WHICH ESCAPED
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SUMMARY

ELONGATED STRUCTURE AROUND V4641 SGR

BRIGHT, HARD (<2) SPECTRUM

BEST DESCRIBED AS A SINGLE COMPONENT
ASYMMETRIC: ~0.99 MAJOR vs ~0.149 MINOR AXIS

UNCLEAR INTERPRETATION: JETS VS ISM STRUCTURE?

PAPER SOON: STAY TUNED!
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BACK UP SLIDES



